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1 Introduction

Thetide we observe in Norway is created in the Atlantic Ocean and propagates as along
wave into the Norwegian Sea. One part of the wave propagates northwards along the
Norwegian coast, while another part turns south and into the North Sea. South in the North
Seathe wave is reflected and moves northwards again and we get a complicated tidal pattern
caused by the influence of varying depths, irregular coastlines and the rotation of earth. The
tidal variations along the southwestern coast of Norway, between Tregde and Stavanger
(Figure 1), are small and often subordinate to the meteorological effect (caused by variationsin
air pressure and wind build-up of water).

% J U'z-' ﬁzw
! .r" b
i / ; - NORWAY _
) [y b S b
/ e L
':L l"-a_-f::' %:‘?. 3
Y /o (Stavanger
o ! 2@ " ’
' i k- By
100 ﬁ‘eq \ 208, 5
o AT e ¢
L 300 "\ eEgersund gl g e
— o 5 e il
gt HHM \Ilq-\ /’O Il/ | 11.\"'-._ Y
. 7/ 890 \\\ ¢
LN 300 Tregdeg .~~~ " 300% oy
SUR N WA A
{_\__Lx\\. o 2"00 ) . = _:_'_'::_--‘-__:_ e —— H-#-F’:;_::—F!F _:’?ﬂu\-} ] *
1{10“ f ) b 509_"_-_’:,_»-:’.-{"} HES mﬁ/
i ::.df’“’f"'_'

Figure1l: Map of the southern part of Norway with depth contours (meter).

This report presents analyses and results of water level observations from thirteen temporary
tide gauges and two permanent tide stations (Stavanger and Tregde). All located at the
southwestern coast of Norway (see Figure 5). The temporary tide gauges were each deployed
for approximately one month during the period June 2004 — October 2005.



2 Instrumentation

2.1 Aanderaatidegauge WLR 7

The Aanderaatide gauge used in this project isaWLR 7 (Water Level Recorder 7)
manufactured by Aanderaa Instruments, Norway. The water level recorder measures pressure,
temperature and conductivity (optional sensor) at regular intervals. On basis of these data and
barometric pressure, variations in water level are calculated.

Figure 2 : Water Level Recorder 7
(see http://mww.aanderaa.com)

WLR averages the pressure for 40 seconds, i.e. the integration time, in order to eliminate
fluctuations in water level due to surface waves. When the integration time is completed, the
data words are recorded.

The datais stored in the Data Storing Unit (DSU).

The barometric pressure and density of water at the location of the WLR must be taken into
account when cal culating the actual water level. The WLR7 recorder measures the total
pressure. This pressure is the sum of the hydrostatic pressure due to the water column above
the pressure gauge and the barometric pressure at the sea surface. Neglecting current effects,
the conversion from pressure to water depth is done by the formula:

H = PT - PB
r xg
H : the water column in m above the pressure sensor
Pr . total pressure
Ps : barometric pressure (from the nearest permanent tide station)
r : mean density of the water column above the pressure sensor [kg/m’]
g : acceleration of gravity [m/s?]

r is calculated from depth, temperature and salinity (salinity is calculated from conductivity
and temperature).



2.2 Sutron mobiletide gauge

The Sutron mobile tide gauge is equipped with a sutron datalogger and aindustrial
submersible pressure transducer, series 735, from Pressure Systems Inc., USA.

Figure 3 : Submersible pressure transducer
(see http://mwww.kpsi.com)

To compensate for barometric pressure the transducer is equipped with avent tube.
The pressure transducer is shipped with calibration information unique for the transducer.

The Sutron datalogger collects observations every second. The readings are averaged over
three minutes and logged every ten minutes into the memory of the datalogger. The 10 minute
water level samples are transmitted to the central computer at The Norwegian Hydrographic
Service (NHS) once every night.



2.3 MDStidegauge

MDS is the name of the permanent stations in the Norwegian tide gauge network. The
network consists of 23 stations along the Norwegian coast.

The MDS is equipped with a Sutron datalogger, atraditional float, chain and counterweight
system, an encoder, alevel switch and a barometric pressure sensor. A principle drawing is
shown in Figure 4.

Sutron
Optical encoder
8210 P
Counterweight
Float
L evel switch I
Copper cone

\QV/Bronze plug

Figure4 : Silling well with copper cone and bronze plug.

The Sutron datalogger collects observations every second. The readings are averaged over
three minutes and logged every ten minutes into the memory of the datalogger. The 10 minute
water level samples are transmitted together with the barometric pressure values and the level
switch samples to the central computer at the Norwegian Hydrographic Service (NHS) once
every night.



3 Observations
Thirteen temporary tide gauges were each deployed approximately one month during the
period June 2004 — October 2005. The temporary tide gauges were located at the
southwestern coast of Norway between Tregde and Stavanger (Figure5). More detailed
descriptions of the temporary tide gauges are presented in and Table 1 and Chapter 9.
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Figure5: Map showing the locations of the temporary tide gauges (marked with red dots)
and the two permanent tide stations (marked with green squares).

Station Coordinates Observation period Instrumentation
Stavanger (Permanent) N 58°58’, E 05°44 1919 — Ongoing MDS tide gauge
Hafrsfjorden N 58°56'24", E 05°40°06’’ 23.08 —17.10.2005 AanderaaWLR 7
Risavika N 58°55'28", E 05°35'44" 15.10 — 25.11.2004 Sutron mobile tide gauge
Dlberg N 58°52'12'’, E 05°33' 54" 15.10 - 25.11.2004 Aanderaa WLR 7
Obrestad N 58°39'08'", E 05°34'03"’ | 01.12.2004 — 25.01.2005 Aanderaa WLR 7
Kvassheim N 58°32'41"", E 05°40'48" | 01.12.2004 — 25.01.2005 Aanderaa WLR 7
Sirevag N 58°30°'11", E 05°47'47"" | 01.12.2004—05.01.2005 | Sutron mobile tide gauge
Egersund N 58°26'57"’, E 05°59'34” 30.06 — 18.08.2004 Aanderaa WLR 7
Jassingfjord N 58°19'00’, E 06°20°' 22"’ 25.01 —01.04.2005 Aanderaa WLR 7
Rasvag (Hidra) N 58°12'45", E06°34 49"’ 25.01 - 01.04.2005 AanderaaWLR 7
Flekkefjord N 58°17°41", E 06°39' 29" 25.01 - 01.04.2005 AanderaaWLR 7
Djupvik N 58°07'02'", E 06°57' 08’ 18.08 — 23.09.2004 Aanderaa WLR 7
Farsund (Inner) N 58°05'46’’, E 06°48' 11" 18.08 — 23.09.2004 Aanderaa WLR 7
Farsund (Outer) N 58°05' 15", E 06°48 28" 18.08 — 23.09.2004 Sutron mobile tide gauge
Tregde (Per manent) N 58°00", E 07°34 1927 — Ongoing MDS tide gauge

Table 1. List of stations.




4 Tidal analysis

In tidal analysisthe aim is to reproduce significant time-stable parameters which describe the
tidal regime at the place of observations. The parameters are often termed tidal constants on
the implicit assumption that the responses of the oceans and seas to tidal forcing do not
change with time. Also implicit in the use of thisterm is the assumption that if a sufficiently
long series of water levelsis available at asite, then atrue value for each constant is obtained
by analysis. In practice measurements extend over finite periods, often ayear, a month or
even afew days, and so the results from analysing these finite lengths of data can only
approximate the true constants. The longer the period of data available for analysis, the better
will be the approach to these true values. The Norwegian Hydrograpic Service (NHS) is using
the Institute of Ocean Sciences (10S) Tidal Package (Foreman 1977), for determining
harmonic constants. Amplitudes and Greenwich phase lags for the tidal constituents are
estimated through a least squares fit method. Gaps within the time series are permitted. The
time zone used in the harmonic analysisisMET (UTC + 1 hour).

The observation period for the temporary tide gauges (approximately one month) is too short
to perform a complete tidal analysis. The long period constituents can not be cal culated, and
constituents at close frequencies will not be separated (according to the Rayleigh criterion).
In this case the constituents P;, NU, and K, will not be included, but it is possible to include
them indirectly by inferring their amplitudes and phases from neighbouring constituents
which areincluded in the analysis. In order to do this we have to specify amplitude ratios and
phase differences. We have used the amplitude ratios and phase differences from earlier
harmonic analyses from Stavanger (01.01.1987 —09.11.1997) and Tregde (01.01.1988 -
26.11.1997). Analysis of awater level record of half a year will include the above mentioned
constituents.

4.1 Major tidal constituents

A list of harmonic constants for the four mgjor tidal constituents (M», S;, N2 and K1) from the
thirteen temporary and two permanent tide gauges are presented in Table 2.

M- S, N2 Ky

Station Observation H g H g H g H g

period ecm | @ [(em | O [(em ]| ) | (m | (9
Stavanger 1987-1997 159 3024 | 71 | 3544 | 28 | 2879 1.7 189.9
Hafrsfjorden 23.08—-17.10.2005 | 13.1 | 324.1 57 21.3 2.1 309.2 14 215.9
Risavika 15.10-25.11.04 141 | 296.7 6.3 346.2 2.3 295.6 1.9 206.5
Dlberg 15.10-25.11.04 12.8 | 297.3 59 346.6 2.0 297.7 1.7 208.3
Obrestad 01.12.04 — 25.01.05 6.8 309.3 50 354.2 15 315.6 2.0 190.0
Kvassheim 01.12.04 — 25.01.05 4.8 316.0 4.2 51 1.3 332.8 1.8 200.2
Sirevég 01.12.04 — 04.01.05 35 310.5 31 94 1.0 305.8 0.9 198.4
Egersund 30.06 —18.08.04 2.4 227.9 2.8 7.7 0.7 74.4 0.6 141.4
Jassingfjord 25.01-01.04.05 1.8 149.6 2.3 41.1 1.2 39.1 0.8 190.2
Rasvég 25.01 -01.04.05 31 132.6 2.3 49.5 14 455 0.6 195.8
Flekkefjord 25.01 -01.04.05 2.8 130.7 2.2 51.6 1.3 447 0.6 173.9
Djupvik 18.08 — 23.09.04 55 135.3 2.9 70.3 2.8 83.5 0.7 94.2
Farsund (Inner) 18.08 — 23.09.04 53 131.8 2.7 67.0 2.4 83.6 0.6 39.2
Farsund (Outer) 18.08 — 23.09.04 55 1234 2.7 58.6 2.6 71.9 0.6 419
Tregde 1988 — 1997 9.0 128.6 2.4 76.8 2.4 80.6 0.4 62.7

Table 2. Harmonic constants for the four major tidal constituents. Amplitude (H) isgivenin
cmand phase (g) is given in degrees. The time zone used isMET (UTC + 1 hour).




Elevation {H) is given in cm
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Figure 6 . Amplitude (H) given in cmfor the four major tidal constituents.

Phase {g) is given in degrees

Stavanger
Hafrsfjorden
Risavika
@lbergy
Obrestad
Kvassheim
Sirevag
Egersund
Jegssingfjord
Flekkefjord
Djupvik
Farsund (Inner)
Farsund {Outer)
Tregde

Figure 7 . Phase (g) givenin degreesfor the four major tidal constituents. The time zone used is
MET (UTC + 1 hour).

The amplitude for the tidal constituent M2 is decreasing from 15.9 cm at Stavanger to 1.8 cm
at Jossingfjord, whereit isat aminimum (Figur e 6). From Jassingfjord towards Tregde the
amplitude isincreasing to 9.0 cm. The harmonic constants for the other three maor tidal



constituents are also small in the area between Sirevag and Flekkefjord, i.e. there are very
small tidal variationsin this area.

The phase for M2 is decreasing from 310.5° at Sirevag to 149.6° at Jgssingfjord (Figure 7),
indicating that there is large time difference in the tide on this short distance.

4.2 Shallow-water constituents

In shallow water the dynamics become nonlinear and the tidal spectra appear more
complicated. The nonlinear distortions cause compound and overtides to appear within the
diurnal, semidiurnal, quarter-diurnal and even higher constituent bands. Compound and
overtides are normally called shallow water tides, as they are caused by the nonlinear
distortions of the major tidal constituents (e.g. M2, S,, K1) in shallow water. Shallow-water
constituents are largely dependent on the bathymetry, the shape of the shelf, and the regional
tidal regime. The nonlinearities enter the nonlinear depth-averaged shallow water equations
through the quadratic term of bottom friction and spatial advection and mass conservation. All
of these interactions can conveniently be expressed as simple harmonic constituents with
angular speed being multiples, sums or differences of the frequencies of the well-known
astronomical constituents (e.g. M, and S,). The spatial advection term generates constituents
of twice the frequency of the interacting constituent (e.g. M4 is generated from My). The
friction term is responsible for odd harmonics (e.g. M, generates Mg).

A list of harmonic constants for the two shallow-water constituents M, and Mg from the
thirteen temporary and two permanent tide gauges are presented in Table 3.

My Mg

Station Observation H g H g

period cm | ) | (em | O
Stavanger 1987-1997 0.8 12944 | 23 |1591
Hafrsfjorden 23.08 —17.10.05 01 | 3277 0.6 233.9
Risavika 15.10-25.11.04 0.8 296.7 15 145.5
dlberg 15.10-25.11.04 0.6 292.0 14 141.9
Obrestad 01.12.04—-25.01.05 | 03 | 243.6 11 152.3
Kvassheim 01.12.04 — 25.01.05 04 237.7 1.0 134.5
Sirevdg 01.12.04—-25.01.05 | 05 | 263.0 1.2 148.4
Egersund 30.06 — 18.08.04 04 | 1922 11 152.6
Jossingfjord 25.01 —01.04.05 0.3 | 200.9 0.6 159.0
Rasvég 25.01 —01.04.05 02 | 187.6 0.6 162.3
Flekkefjord 25.01 —01.04.05 03 | 188.2 0.6 164.0
Djupvik 18.08 — 23.09.04 04 | 167.9 0.4 194.5
Farsund (Inner) 18.08 — 23.09.04 03 | 1604 0.4 199.0
Farsund (Outer) 18.08 — 23.09.04 04 | 1372 0.4 168.7
Tregde 1988 — 1997 0.0 0.0 0.2 191.1

Table 3. Harmonic constants for the two shallow-water constituents M, and Me. Amplitude (H) is
given in cmand phase (g) is given in degrees. The time zone used isMET (UTC + 1 hour).




Elevation {H) is given in cm
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Figure 8. Amplitude (H) given in cmfor the two shallow-water constituents M, and Me.
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Figure 9. Phase (g) given in degrees for the two shallow-water constituents M, and Mg. The time
zone used isMET (UTC + 1 hour).

Table 3 and Figure 8 show that the amplitudes of both M4 and Mg are largest at Stavanger and

smallest at Tregde. Thisisillustrated on Figur e 10, showing the effects of shallow-water
distortion on the tides of Stavanger.
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Heights in cm rel. MSL

— Stavanger

1/11:05 0:00

Figure 10

111105 2:00 -
1/11:05 4:00
1/11105 6:00 -
1/11:05 8:00 -

1/11/05 10:00 -
1/11/05 12:00 -
1/11/05 14:00 -
1/11/05 16:00

5 Secondary port analysis
The secondary port analysis gives the deviation in time and range between two ports. The
method requires simultaneous water level observations in the two ports. Thetime deviation is
given in minutes, where a positive time difference means that the secondary port lags the
primary port. The deviation in rangeis given as arange factor. A range factor equal 1.00
indicates that the tide in the secondary port has the same amplitude as the tide in the primary
port. A range factor less than 1.00 indicates that the tide in the secondary port has less
amplitude than the tide in the primary port. The method works best in the vicinity of a
primary port and when the meteorological surgeis small. The tidal variations between
Farsund and Risavika are small and often subordinate to the meteorological effect, soitis
difficult to perform secondary port analysis based on water level observations. It seems that
for most of the secondary portsin this area we get a better result if the secondary port analysis
is performed on tidal predictions from both the primary and secondary port. So except for
Hafrsfjorden and Risavikathe secondary port analysisis performed on tidal predictions. The
tidal patterns for Sirevag, Egersund and Jgssingfjord are so different from both Stavanger and
Tregde that we have not published any time- and height corrections for these ports. The users
should anyhow be careful using the time- and height corrections for the whole area. The
results from the secondary port analyses are givenin Table 4.

1/11/05 18:00 -

1/11/05 20:00 -

1/11/05 22:00 -

. Tidal predictions for Savanger and Tregde for 11" January 2005
showing the effects of shallow-water distortion on the tides at Savanger .

Primary port | Secondary port Period Range Time Comments
factor | difference
Stavanger Hafrsfjorden 23.08 — 17.10.2005 0,89 +49 min Based on observations
Stavanger Risavika 15.10 — 25.11.2004 0.92 -9 min Based on observations
Stavanger Dlberg 15.10 — 25.11.2004 0.79 -12 min Based on tidal predictions
Stavanger Obrestad 01.12.04 — 25.01.05 0.49 +9min Based on tidal predictions
Stavanger Kvassheim 01.12.04 — 25.01.05 0.36 + 21 min | Based ontida predictions
Tregde Rasvég 01.03 — 01.04.2005 0.44 -8 min Based on tidal predictions
Tregde Flekkefjord 01.03 — 01.04.2005 0.40 -9min Based on tidal predictions
Tregde Djupvik 18.08 — 23.09.2004 0.68 +4 min Based on tidal predictions
Tregde Farsund (Inner) | 18.08 — 23.09.2004 0.64 -1 min Based on tidal predictions
Tregde Farsund (Outer) | 18.08 — 23.09.2004 0.66 -19 min Based on tidal predictions

Table4. Range factors and time differences. The users should be careful using these time-
and height corrections.
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6 Estimate of M SL

Mean sealevel (MSL) isan arithmetic mean of all hourly water level observations during a
given period. From analyses of water levels the Norwegian Hydrograpic Service has
experienced that the annual mean sealevel might vary considerably from year to year. The
monthly mean sea level varies too, and is normally highest in October/November and lowest
in April/May. These variations are mainly due to meteorological effects on the water level.
Many years of water level observations are necessary in order to establish mean sealevel
(MSL) not contaminated by monthly and annual variations.

Mean sealevel (MSL) for Tregde and Stavanger is calculated using 19 years (1979-1997) of
hourly observations. 19 years with data are used regarding the nodal tide, due to the
regression of the moon’s node, which has aperiod of 18.6 years

We have estimated MSL at Hafrsfjorden, Risavika, @lberg, Obrestad, Kvassheim, Sirevag
and Egersund by transferring MSL from Stavanger in the same way as we transfer MSL from
primary to secondary ports (Table 5). MSL at Jassingfjord, Rasvag (Hidra), Flekkefjord,
Djupvik and Farsund is transferred from Tregde (T able 5). The method requires simultaneous
water level observations in the two ports (primary and secondary port), and MSL in the
primary port (Stavanger / Tregde) must be known previously (see Chapter 5).

Secondary Primary Observation MSL for MSL for “Longterm” “Longterm”
Port Port Period observation observation MSL Primary M SL
period period Port transferred
Primary Secondary Port | (cmrel. TGZ) | from Primary to
Port (cmre. TGZ) Secondary Port
(cmrel. (cmre. TGZ)
TGZ)
Hafrsfjorden | Stavanger | 23.08 — 17.10.2005 104 80 95 71
Risavika Stavanger | 15.10 — 25.11.2004 105 398 95 388
Dlberg Stavanger | 15.10 — 25.11.2004 104 130 95 120
Obrestad Stavanger | 01.12.04-25.01.05 113 72 95 54
Kvassheim Stavanger | 01.12.04-25.01.05 113 77 95 59
Sirevég Stavanger | 01.12.04-05.01.05 112 196 95 179
Egersund Stavanger | 30.06 — 18.08.2004 97 192 95 190
Jossingfjord | Tregde 25.01 —01.04.2005 89 250 101 262
Rasvég Tregde 25.01 — 01.04.2005 89 162 101 174
Flekkefjord Tregde 25.01 —01.04.2005 89 112 101 124
Djupvik Tregde 18.08 — 23.09.2004 111 80 101 70
Farsund (In) | Tregde 18.08 — 23.09.2004 111 141 101 131
Farsund (Out) | Tregde 18.08 — 23.09.2004 111 155 101 145

Table 5. Showing how “ Long term” ML istransferred from primary to secondary port.

7 HAT,LAT,CD,MHWSand MLWS

Highest astronomical tide (HAT) isthe highest tidal level which can be predicted to occur

under average meteorological conditions and under any combination of astronomical

conditions.

L owest astronomical tide (LAT) isthe lowest tidal level which can be predicted to occur

under average meteorological conditions and under any combination of astronomical

conditions.
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It isrecommended that HAT and LAT are calculated over a minimum period of 19 years
using harmonic constants derived from a minimum of one year’ s observations.

Chart Datum (CD) is the datum to which levels on a nautical chart and tidal predictions are
referred; usually defined in terms of alow water tidal level, which means that chart datum is
not a horizontal surface but it may be considered so over alimited local area. Since 1 January
2000 Chart Datum in Norway isidentical to lowest astronomical tide (LAT) from Utsira (west
of Haugesund) and northwards, included Svalbard. In Oslofjorden (north of Drgbaksundet)
Chart Datum is 30 cm below LAT and between the Swedish border and Utsira (west of
Haugesund) Chart Datum is 20 cm below LAT.

Z0 isasymbol recommended by the International Hydrographic Organization to represent the
elevation of mean sealevel above chart datum.

Mean high water spring (MHWY) isthe average height of the high waters of spring tides.

Mean low water springs (MLWY) isthe average height of the low waters of spring tides.

M ean spring tidal range = MHWS- MLWS

Table6 and Figure 11 show the values for LAT, HAT, CD, Z0, MHWS and MLWS aong the
coastline from Tregde to Stavanger.

Z0 LATrel. MSL |HATrel.MSL | Mean spring
Port (cm) (cm) (cm) tidal range
(cm)

STAVANGER 65 -45 46 46
Hafrsfjorden 60 -40 40 38
Risavika 62 -42 42 41
Dlberg 60 -40 39 37
Obrestad 49 -29 31 24
Kvassheim 45 -25 28 18
Sirevag 46 -26 30 13
Egersund 39 -19 19 10
Jossingfjord 39 -19 19 8
Rasvag (Hidra) 40 -20 21 11
Flekkefjord 40 -20 20 10
Djupvik 45 -25 22 17
Farsund (Inner) 43 -23 21 16
Farsund (Outer) 43 -23 22 16
TREGDE 45 -25 24 22

Table 6. Z0, LAT, HAT and mean spring tidal range calculated for the
coastline between Tregde and Stavanger.
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Figure 11. Showing the valuesfor CD, LAT, HAT, MHWS and MLWSfor the coastline
between Tregde and Stavanger.

8 Tidal model and comparison with sea level data

The GOT00.2 model isaglobal tidal model developed by Richard Ray at Goddard Space
Flight Center (NASA). This ocean model was in 2003 the latest solution in the series
beginning with the work described in E.J.O Schrama and R.Ray (1994). Itsimmediate
predecessor (GOT99.2) is described in R.Ray (1999).

GOT00.2 is along wavelength adjustment of FES94.1 tide model using TOPEX/POSEIDON
altimetry data and are given on a 0.5 by 0.5 degree grid. ERS1/2 altimetry datais used in the
assimilation process. FES94.1 is a pure hydrodynamic tide model tuned to fit tide gauges
globally. It has been calculated on afinite element grid with very fine resolution near the
coast. More about FES94 (the Grenoble model) in Lynge (2003).

GOTO00.2 used 286 10-days cycles of TOPEX and POSEIDON data, supplemented in shallow
seas and in polar seas (latitudes above 66 deg) by 81 35-day cycles of ERS-1 and ERS-2 data.
A priori model was used that consisted of the hydrodynamic model FES94.1 of Le Provost et.
Al. (1994), and severa other local hydrodynamic models, including Mike Foreman’sin the
Gulf of Alaska

The solution consists of independent near-global estimates of 7 constituents (Q1, O1, K1, N2,
M2, S2, K2 with P1 inferred).

Richard Ray (personal communication) tellsthat all constituents except S2, Q1 and K2 were
adjusted by use of ERS altimetry in polar seas. Richard Ray says he had alot of trouble with
ERS because of the sun-synchronous orbit of ERS, which freezes S2 (i.e., S2 is aways
observed at the same S2 phase).

14



8.1 The M, constituent

Contour lines for the M, sealevel amplitude and phase are shown in Figure 12. The phase
lines are rotating around a point near the coast, south of Egersund, with increasing phases
anti-clockwise. The amplitude of M, has a minimum, with zero amplitude in the same point,
indicating that it is an amphidromic point. It is difficult to compare the results from the model
with measurements along the coast, since the resolution of the GOT00.2 tidal model is only
0.5°. To get abetter understanding of the fine scale features of the tides aong the coastline
thereisaneed of high resolution tidal models, i.e. grid resolution less or equal 500 metres.

30

59°N

.5)
; m Egersund (R.4,227.9)
V
Josgingfjord (1.8,149.6)

30

o (9.0,128.6)
58°N E / e A2\

30 e e

Figure 12. M, sea surface elevation. Isolines for amplitude (blue lines, 2 cm separation) and
phase (red lines, 20éseparation) from the GOT00.2 tidal model. Permanent tidal stations
mar ked by black squares and temporary tide gauges marked by red squares.
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8.2 The S, constituent

Contour lines for the S, sealevel amplitude and phase are shown in Figur e 13. The phase
lines are gradually increasing southwards from Risavika towards Tregde. With exception for
Sirevag the phases based on measurements are also increasing southwards,

Both the GOT00.2 model and measurements along the coast shows that the amplitude of S; is
decreasing from Stavanger and southwards towards Sirevag. Between Sirevag and Tregde the
amplitude is small and varying between 2.2 and 2.9 cm. It is difficult to compare the results
from the model with measurements along the coast, since the resolution of the GOT00.2 tidal
model isonly 0.5° To get a better understanding of the fine scale features of the tides along
the coastline there is a need of high resolution tidal models, i.e. grid resolution less or equal
500 metres.

30'
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Figure 13. S sea surface elevation. Isolines for amplitude (blue lines, 1 cm separation) and
phase (red lines, 20éseparation) from the GOT00.2 tidal model. Permanent tidal stations
marked by black squares and temporary tide gauges marked by red squares.
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8.3 Mean spring tidal range

Semidiurnal tides have arange, which typically increases and decreases cyclically over a
fourteen-day period. The maximum ranges, called spring tides, occur afew days after both
new and full moons, whereas the minimum ranges, called neap tides, occur shortly after the
times of the first and last quarters (lunar quadtrature). The harmonic constituents can be
related to some of the common non-harmonic terms used to describe tides. The most useful of
these terms describes the spring-neap modulations of the tidal range which, in the absence of
shallow-water distortions are given by the combination of the principal lunar (M2) and
principa solar (S;) semidiurnal harmonics.

Mean high water springs (MHWS) Humz + Hs, (incmrelative MSL)
Mean low water springs (MLWS) -(Hm2 + Hsp) (incm relative MSL)
Mean spring tidal range = MHWS-MLWS

Where Hy2 is the amplitude of the constituent M, and

Hs; isthe amplitude of the constituent S,.

Figure 14 shows that the mean spring tidal range has a minimum south of Egersund, near the
coast and not far from Jassingfjord, in good agreement with measurements (see Chapter 7).

2*(M2+S2) from GOTOO
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Figure 14. Showing mean spring tidal range (cm) based on GOTQ00.2 tidal model (isolines, 5
cm separation) and measur ements from permanent tidal stations (black squares) and
temporary tide gauges (red squares).
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9 Temporary tide gauges — Detailed infor mation

9.1 Hafrsfjorden

Location Mgallebuktain Hafrsfjorden.

Position N 58° 56’ 24" E5° 40' 06"

Contact person | Egil Sglvberg, Norwegian Hydrographic Service

Instrument AanderaaWLR 7
Instrument number s.n. 1116
Measuring interval 10 minutes
Depth of the instrument n/a

Sea depth n/a

Start of instrument 23.08.2005 08:10

In measuring position

Out of measuring position

Stop of instrument 17.10.2005 15:10

Comments
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Figure 15. Location of the tide dauge in Hafréfjorden,
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Figure 16. Location of the tide gauge in Hafrsfjorden.
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9.2 Risavika

Location Concrete bollard at Sola Harbour, south in Risavika.

Position N 58° 55’ 28"’ E5° 35 44"

Contact persons | Torleif Frafjord / Leon Petersen (Telephone: +47 51 94 28 00)

I nstrument Sutron mobile tide gauge (SJOKART1)
Instrument number Sutron s.n.: , KPS| s.n. 0106811
Measuring interval 10 minutes

Depth of the instrument About 4 metres

Sea depth > 5 metres

Start of instrument 15.10.2004 09:50

In measuring position

Out of measuring position

Stop of instrument 25.11.2004 09:00

Comments

o

% -
\,
I\Nedf’e -Sietthei

Figure 17. Location of the tide gauge at Risavika, The map is not up to date and the instrument was placed at a
new quay that is not included on the map.

__
,

Figure 18 and Figure 1. Plétur&e of the location and euipment deployed at Risavika.
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9.3 dlberg

Location @lberg Harbour..

Position N 58°52' 12" E5° 33 54"

Contact person | n/a

Instrument Aanderaa WLR7
Instrument number s.n. 1433

DSU number 10523
Measuring interval 10 minutes
Depth of the instrument About 1.5m

Sea depth 2.5m

Start of instrument 15.10.2004 11:00
In measuring position 15.10.2004 11:36
Out of measuring position 25.11.2004 09:52
Stop of instrument 25.11.2004 10:03
Comments

Figure 20. Location of the tide gauge at @lberg.

Figure 21 and Figure 22. Pictures of the location at Jlberg.
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9.4 Obrestad

Location Obrestad Harbour (Private harbour, number 21).

Position N 58°39 8’ E5° 34 3"

Contact person | n/a

I nstrument Aanderaa WLRY
I nstrument number s.n. 1433

DSU number 6536

Measuring interval 10 minutes
Depth of the instrument About 60cm

Sea depth 1.8m

Start of instrument 30.11.2004 15:20
In measuring position 01.12.2004 14:38
Out of measuring position 25.01.2005 09:23
Stop of instrument 25.01.2005 09:32

Figure 23. Location of the tide gauge at Obrestad.

Figure 24 and Figure 25. Pictures of the location at Obrestad.
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9.5 Kvassheim

Location Kvassheim Harbour.

Position N 58° 32’ 41" E5° 40’ 48"

Contact person | n/a

Instrument Aanderaa WLR7
Instrument number s.n. 1116

DSU number 4614

Measuring interval 10 minutes
Depth of the instrument About 0.7m

Sea depth 1.6m

Start of instrument 30.11.2004 15:10
In measuring position 01.12.2004 13:17
Out of measuring position 25.01.2005 10:23
Stop of instrument 25.01.2005 10:33
Comments

Figure 26. Location of the tide gauge at Kvassheim.

Figure 27 and Figure 28. Pictures of the location and equipment at Kvassheim.
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9.6 Sirevag

Location On anew public quay, near the course centre (Sirevag K onferansesenter AS).

Position N 58° 30 11" E5° 47 47"

Contact person | Arnold Sirevag (Sirevag Konferansesenter AS)

Instrument Sutron mobile tide gauge (SJOKART1)

I nstrument number Sutron s.n.:, KPSl s.n. 0106811

Measuring interval 10 minutes

Depth of the instrument 2.7m

Sea depth About 4m

Start of instrument 01.12.2004 10:20

In measuring position 01.12.2004 11:38

Maler ute av maleposigon

Stop of instrument 25.01.2005 10:45

Comments Error with data logger and sensor broken. Last
measurement : 05.01.2005 02:10

Figure 29. Location of the tide gauge at Srevag. The map is not up to date and the instrument was placed at a
new quay that is not included on the map.

Figure 30 and Figure 31. Pictures of the location at Srevag.
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9.7 Egersund

Location In Egersund Port Authority pumping house.

Position N 58° 26’ 57" E5° 59 34"

Contact person | Egersund Port Authority

Instrument Aanderaa WLR7
Instrument number s.n. 1721

DSU number 10523
Measuring interval 10 minutes
Depth of instrument 3.1m

Sea depth 4.8m

Start of instrument 30.06.2004 07:40
In measuring position 30.06.2004 08:41
Out of measuring position 18.08.2004 09:25
Stop of instrument 18.08.2004 09:37
Comments n/a

Figure 32. Location of the tide gauge at Egersund.

Figure 33 and Figure 34. Pictures of the location at Egersund.
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9.8 Jgssingfjord

Location Jossingfjord, not far from Bu.

Position N 58° 18 59,58 E 6° 20" 21,45’

Contact person | n/a

Instrument Aanderaa WLR7
Instrument number s.n. 1721

DSU number 4641

Measuring interval 10 minutes
Depth of the instrument About 3.4m

Sea depth >5m

Start of instrument 25.01.2005 13:10
In measuring position 25.01.2005 13:39
Out of measuring position 01.04.2005 10:03
Stop of instrument 01.04.2005 10:12
Comments n/a

Figure 35. Location of the tide gauge at Jassingfjord.

Figure 36 and Figure 37. Pictures of the location at Jassingfjord.
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9.9 Rasvag (Hidra)

Location Rasvag.

Position N 58° 12" 44,69° E 6° 34 48,66’

Contact person | n/a

Instrument Aanderaa WLR7
Instrument number s.n. 1433

DSU number 8749

Measuring interval 10 minutes
Depth of the instrument About 2.45m

Sea depth 4.8m

Start of instrument 25.01.2005 16:30
In measuring position 25.01.2005 17:49
Out of measuring position 01.04.2005 12:23
Stop of instrument 01.04.2005 12:32
Comments n/a

Figure 38. Location of the tide gauge at Rasvag.

Figure 39 and Figure 40. Pictures of the location at Rasvag.
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9.10 Flekkefjord

Location

Quay (Eschebrygga) near the Port Authority.

Position

N 58° 17" 40,59 E 6° 39" 28,79

Contact person

Port Captain Helge Nilsen (+47 38 32 89 90/ +47 95 21 01 94)

Instrument Aanderaa WLR7
Instrument number s.n. 1116

DSU number 10523
Measuring interval 10 minutes
Depth of the instrument About 2.6m

Sea depth >5m

Start of instrument 25.01.2005 15:20
In measuring position 25.01.2005 15:44
Out of measuring position 01.04.2005 11:03
Stop of instrument 01.04.2005 11:12
Comments n/a

Figure 41. Location of the tide gauge at Flekkefjord.

Figure 42 and Figure 43. Pictures of the location at Flekkefjord.
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9.11 Farsund (Outer), Naudodden

Location Quay at the Boat Club, Naudodden.

Position N 58°5 15" E6°48 28"

Contact person | Mr. Brekne, Farsund Port Authority.

Instrument Sutron mobile tide gauge (SJOKART1)
Instrument number Sutron s.n.: , KPS| s.n. 0106811
Measuring interval 10 minutes

Depth of the instrument 1.5m

Sea depth 3.3m

Start of instrument 18.08.2004 14:30

In measuring position

Out of measuring position

Stop of instrument 23.09.2004 11:33

Comments n/a

Figure 44. Location of the tide gauge at Farsund (Outer), Naudodden.

Figure 45 and Figure 46. Pictures of the location at Farsund (Outer), Naudodden.
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9.12 Farsund (Inner)

Location On public wooden quay.

Position N 58°5 46" E6°48 11

Contact person | Mr. Brekne, Farsund Port Authority

Instrument Aanderaa WLR7
Instrument number s.n. 1721

DSU number 6536

Measuring interval 10 minutes
Depth of the instrument

Sea depth

Start of instrument 18.08.2004 15:20
In measuring position 18.08.2004 16:40
Out of measuring position 23.09.2004 10:56
Stop of instrument 23.09.2004 11:12
Comments

Figure 47. Location of the tide gauge at Farsund (Inner).

Figure 48 and Figure 49. Pictures of the location at Farsund (Inner).
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9.13 Djupvik (Lyngdalsfjorden)

Location Djupvik in Lyngdalsfjorden..

Position N58°7 2°EG°57 8

Contact person | n/a

Instrument Aanderaa WLR7
Instrument number s.n. 1116

DSU number 4614

Measuring interval 10 minutes
Depth of the instrument Im

Sea depth Im

Start of the instrument 18.08.2004 17:40
In measuring position 18.08.2004 18:00
Out of measuring position 23.09.2004 13:04
Stop of instrument 23.09.2004 13:12
Comments

Figure 50 and Figure 51. Location of the tide gauge at Djupvik (Lyngdal sfjorden).

Figure 52 and Figure 53. Pictures of the location at Djupvik (Lyngdalsfjorden).
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