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Samandráttur 
Dátur frá aldumátingum úti á landgrunninum og nær landi eru kannaðar fyri at áseta árinini, sum 
sjóvarfallið hevur á aldu á hesum støðunum. Tíðarseriurnar eru nóg langar til at brúka 'wavelet' og 
'band pass' filtrerings háttir til at leita eftir virkanini, sum rákið hevur á máldar aldu parametrar. 
  
Støðin á djúpum vatni  gevur møguleika til at hyggja eftur ávirkanini, sum  partvís lívd hevur á aldu 
mátingar á støðum við sjóvarfalsráki. Í tíðarseriuni frá djúpum vatni sæst, at støddin á 
parametrunum broytist lítið í miðal orsakað av sjóvarfallinum, men broytingin er nakað størri í 
ávísum førum, serliga við atliti til aldu bráttleikan. 
 
Alda, sum kemur inn á landgrunnin frá djúpa havinum, er í stóran mun bert ávirka indirekta av 
stáðarfallinum. Tað er eisini funnið at stórsta broytingin í sjóstøðuni orsaka av sjóvarfallinum er tá 
innkomandi aldan ferðast tætt við land. Ein orsøk til hetta kann verða at sjóvarfalsráki broytir 
lívdarárinið í økinum, sum liggja í lívd. 
 
Í økjum, sum líkjast støðini á djúpum vatni, og sjóvarfalsráki bert hevur týðandi árin, um aldurnar 
koma frá einum ávísum rætningini, er tað tí ikki altíð líkatil hjá sjófarandi at spáa um sjóstøðuna. 
Tað helst mest ørkymlandi úrsliti av tí sædda rák og lívdarárininum er at tær bráttastu aldurnar, á 
hesum staði eru nær við harðasta viðstreym, sum er beint ímóti vanligum innlivingarevni. 
 

Abstract 
Wave measurements from the shelf and coastal zone of the Faroe Islands are investigated in order to 
determine the tidal influence on the waves at these locations. The time series are long enough to 
apply wavelet and band pass filtering techniques, in order to inspect the current induced variations 
in measured wave parameters.  
  The deepwater location provides the opportunity to address the impact of partial sheltering on 
wave measurements in tidal waters. Inspections of the deepwater time series reveal, that the extra 
parameter modulations caused by tidal impact are small, compared to the average values of the 
parameters. The temporal tidal influence on the parameters is somewhat larger, especially with 
respect to the mean wave steepness ξ m02.  
  Waves coming from the deep ocean into the shelf-area are found to satisfy the quasi-homogenous 
assumption. It is also established that the largest tidally caused sea state variation occurs, when the 
incoming waves have travelled closer to land. It is argued that these variations are induced by a 
combination of current induced refraction and sheltering. 
  At locations similar to the deepwater site, where tidal dynamics only have significant impact if the 
waves come from a specific direction, it is not a trivial task for seafarers to fully predict the sea 
state. The perhaps most confusing result of the observed wave-current effect, is that the steepest 
waves at this site occur near maximum following current, which is clearly in contrast to common 
intuition. 
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Introduction  
 
The understanding of the impact that tidal processes have on the sea state has greatly increased 
trough the last decades. Since the introduction of wave action conservation (Bretherton, 1968) the 
theory of current influence on linear waves has become well-established. Comprehensive treatment 
of the theory can be found in textbooks and review papers e.g., Mei (1983) and Jonsson (1990). 
  In deep-sea conditions the tidal processes are usually too small to have an impact on wave 
forecasting (Kommen, 1994). On large shelf scales, Tolman (1990) was the first to inspect the tidal 
impact taking into account spatial and temporal gradients in depth and current. He found trough 
numerical modelling that spatial and temporal variations of the tidal processes could have a 
significant impact on the sea state. One wave measurement series with clear time modulation, close 
to the mean tidal periods, was used to illustrate the potential influence of the tidal impact (Tolman, 
1990). When the same tidal impact was investigated by numerical modelling of a specific weather 
situation, most of the short time variations in the wave field turned out to be wind induced (Tolman, 
1991). This example illustrates the need for caution when measured time series are analysed for 
tidal influence. It is important to keep in mind that not all parameter modulations with periods close 
to 12-hours, are generated by the tides/currents, and if wave parameters in an area usually are 
modulated by the tidal influence, this does not necessarily mean that this is the case in all situations. 
  Recently two-way coupled wave-current models have been tested in the North sea at large scales 
(Ozer, 2000) and smaller scales (Osuna, 2004). These indicate a small coupling influence that 
increases from deep to shallow water. The numerical investigations suggest that the cause for 
variations in the wave height is location dependant, mainly current-induced at some locations and 
induced by depth gradients at others (Osuna, 2004; Ozer, 2000). A common feature seems to be that 
the tidal wave height variations increase with increasing wave height. The tidal influence on the 
mean wave period is in both cases primarily caused by the Doppler shift. 
   
As the regional wave models have proven their worth, the interest in near-shore coastal areas has 
increased. If the tidal depth variations are insignificant and the major current gradients are 
concentrated in a small area, the tidal impact at a site can be predicted using an analytical model, 
given the current at the measuring site is known. Such analytical models are based on the quasi-
stationary assumption, that is, wave propagation is assumed fast compared to time-variations of the 
tidal-current.  
  Jones (2000) tested if such a model could explain the semi-diurnal sea state variations observed at 
two shallow water locations off the south-west Wales. The analysis showed that the quasi-stationary 
assumption failed to induce the observed modulations, and better agreements were obtained if 
instationary ray-tracing techniques were used.  
  Wolf and Prandle (1999) provide a comprehensive list of potential wave-current interactions, and 
demonstrate several of the effects with examples from two shallow water series measured at 
Holderness. The measurements from this location illustrate that spatial gradients of the current, as 
well as unsteadiness in depth and current, play an important role in this area. Among other things 
they stress the importance of measuring waves and currents simultaneously, and the necessity of 
correcting the measured wave period for current influence, as the measured period is not directly 
correlated to wavelength. 
  Masson (1996) analysed a series of deep-sea wave series situated of coast at Cape St. James off the 
British Columbia, Canada. This region contains strong local currents with large spatial gradients, 
which are confined to a limited area. Using an analytical model, based on the quasi-stationary 
assumption, she found that the wave height variations were of similar order of magnitude as the 
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measured ones, but almost in opposite phase. A ray tracing test showed, that the impact of wave 
refraction is highly dependant on incoming wave direction. If the incoming waves came from the 
north (travel close to land) the tidal-current wave refraction was dominant, but if the waves came 
from a more westerly direction (offshore direction), the local analytical model was sufficiently 
accurate. Looking at the geographical setting and wave direction, it is quite possible that tidal 
current-refraction in some cases has changed the local sheltering from the cape, and this effect has 
contributed to the variations in the measured wave height. 
 
In this report the impact of sheltering combined with moderate currents in deep water will be 
discussed. A directional wave series from the Faroe Islands, spanning several years, is analysed 
using wavelet power spectra. This makes it possible to clarify the directional-, as well as sea state 
influence on the measured tidal variations, observed in the wave data at this location. Relevant 
wave parameters for small vessels are also discussed. 
 
There is a lot of local interest in the currents and waves. Davidsen (1974) commented this interest in 
the following manner “It is impossible to talk about waves on the Faroe Islands without mentioning 
tidal-currents the same time. If you talk to a Faroese person about waves, he will talk about 
currents”.  
  In spite of the local interest, the actual size of the tidally induced modulations in local wave 
parameters is yet not assessed. To this aid two very different data series from the Faroe area are 
investigated. The first series is recorded offshore at deep water and with moderate tidal currents, 
and the second one is situated in between the islands in the in shallow water (see Table 1 and Fig. 
1). Unfortunately there were no wave series available from the intermediate areas (fjords etc.) 
where strong currents are known to dominate the sea state. The scope of this part of the 
investigation is not to go into details with specific sea states, both rather to obtain rough average 
estimates of the tidal influence in general. These average quantities can tell us something about the 
relative importance of the tidal effects locally, and clarify whether it is important or not, to take 
these effects in to account in local design-wave criteria or in local wave forecasting models. 
 
 

Theory  
 
If we exclude sources and sinks, the linear theory makes up the foundation of our understanding 
tidal-wave interactions on coastal scales. Given a depth h and using a relative reference-frame, that 
is a coordinate system moving with the local current, the relative wave period Trel and wavelength L 
of a linear wave, satisfy the dispersion relation: 
 
  (1.1) 2 tanh( )gk khσ =
 
 
where σ is the intrinsic wave frequency (2π/ Trel) and k the wave number (2π/L). If a steady current 
is present, the observed period Tabs in a stationary or absolute reference frame is Doppler-shifted 
and the dispersion relation is given as: 
 
      
 cos( ) ck U kU v kUω σ σ σ= + ⋅ = + = +  (1.2) 
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Here ω is the absolute frequency (2π/Tabs), K is the wave number vector, U  the current vector and 
Uc is the relative current where v is the angle between the current and wave direction. The time 
derivatives of the intrinsic and absolute frequencies are (Jonsson, 1990): 
 

 
sinh(2 ) g

d kh U c k
dt kh ds
σ σ
= − ∇⋅ − ⋅

dU  (1.3) 

  

 
sinh(2 )

cUd k h U hk k C
dt kh t t t t
ω σ ∂∂ ∂ ∂ = − + ⋅ = + ∂ ∂ ∂ ∂

, (1.4) 

 

where 
tanh

sinh 2
gk kh

kh
=c  where cg is the group speed and s is the direction of the wave propagation. 

  Here we can see that the time variation in the absolute period is dependant on the time variations 
in depth and relative current, whereas the time variation of the relative period is only dependant on 
spatial derivatives of the current. The depth dependence in (1.3) decreases as the water gets deeper, 
and there is threshold somewhere in the region of 40 meters after which it becomes insignificant for 
most cases. The time variations of the absolute and relative periods in deep water are therefore a 
measure of the unsteadiness and in homogeneity of the current field respectively. 
 
Current influence on the wave height is usually described in textbooks using the quasi-stationary 
assumption where current is assumed to be stationary compared to wave propagation (Mei, 1989). 
The quasi-stationary assumption makes the basis for many ray tracing investigations of current-
wave phenomena (Jonsson, 1990). Applying such methods to inspect the effect of the tidal currents 
is limited by the temporal variation of the tidal process. If we assume that the tidal-current in an 
area can be considered almost constant in a time window of 30-60 minutes, and that the mean wave 
period is 4-6 seconds, then linear theory gives us a spatial window of 10-30 Km downwind where 
the quasi-stationary assumption is a reasonable approximation. The correctness of this assumption 
is valid for a larger area if the waves being propagated are long and a shorter area if the waves are 
short. Under stationary conditions it is the wavelength (relative period Trel) and wave height that 
change whereas the absolute period remains constant. This gives shorter waves with increased wave 
height in opposing currents of increasing strength and longer waves with decreased wave height in 
following currents with increasing strength.  
  The directional influence of the currents on the local wave field can be described trough Snelles 
law, and the effect of current refractions on the wave height can be determined trough ray tracing 
(Jonsson, 1990). Third generation wave models such as SWAN (Holthuijsen, 2004), which also 
take sources, sinks and wave-wave interactions into consideration, are also well suited for such 
stationary investigations.  
 
Another simplifying assumption is the so called quasi-homogeneous approximation, where the 
current is assumed to be homogenous (Tolman, 1990). The quasi-homogeneity approximation is 
rarely mentioned in the literature, most probably because the areas where this assumption is valid 
are less interesting in the current-wave discussion, as the current only affects the wave field 
indirectly. From (1.3) it is clear that the wave length (relative period Trel) remains constant under 
such conditions, and since the current is homogenous there can be no current refraction causing 
changes in wave height. If the water depth is large, the modulation in the absolute period is merely 
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caused by the current Doppler shift (1.4) and the tidal processes do not have any direct impact on 
the sea state other than a change in the apparent mean wave direction and period.  
 
  Using Eq’s (1.1) and (1.2) it is possible to transform a measured unidirectional monochromatic 
wave from an absolute reference frame to the relative frame, using the deepwater approximation 
without taking into account wave blocking etc. 
 

 
2

c ckU U
g
σσ ω ω= − ≅ −  

  

     2 0cU
g
σ σ ω+ + =  

 

 
1 1 4

2

c

c

U
g

U
g

ω
σ

− + +
=  (1.5) 

This equation does only describe waves in following current or waves which group velocity is faster 
than a possible opposing current. A more general treatment of the possible solutions can be found in 
Peregrine (1976). If we assume that the strength of the opposing current is 1 m/s, Eq. (1.5) can be 
applied to absolute wave periods larger than 2.5s (Fig. 24).   
 
The measured parameters that will be examined for tidal influence are Hm0, Tm02 and the average 
wave steepness ξ. The parameters are derived from the measured energy spectrum E(f) and are 
defined as 
 

    0 04mH = m   and 0
02

1
m

m
m

=T     (1.6) 

where m f  is the n’th moment of the wave energy spectrum. The average steepness 

ξ is calculated as: 
0

( )n
n E f

∞
= ∫ df

 0
2
02

2( ) m

m

Ht
gT
πξ =  (1.7) 

  
 
Eq. (1.5) can also be used directly on the measured wave period Tm02 using the predicted tidal-
current. This gives Tr*, a first guess of the correct mean relative period. Strictly speaking (1.5) 
should be calculated separately for each directional-frequency bin of the measured 2D wave 
spectrum, where after the second momentum and Tm02 have to be computed once again. To apply 
such a comprehensive procedure is outside the scope of this preliminary investigation.  In stead an 
approximation will be done where the spectra is only represented by its mean wave period and 
direction. The mean period and direction represent so to speak the centre of gravity of the 
directional spectra. It is therefore reasonable to assume that the direct application of (1.5) to Tm02 at 
least gives a correction that has the right trend and a similar order of magnitude, as the proper 
correction would have. 
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To summarise we know the following facts from theory:  
- In deep water it is only the tidal-current that causes tidal modulation of wave parameters.  
- The direct one-dimensional current influence is as mentioned by shortening or lengthening the 
waves (quasi stationary assumption) and thereby increasing or decreasing the wave height and 
steepness.  
- In the two-dimensional case, the current can also influence the wave field trough current 
refractions and thereby increase/decrease local wave height.  
- If the current gradients are strong enough the currents can also alter the composition of the 
propagating wave field trough processes like wave refraction, reflection and breaking.  
- The current influence mechanisms mentioned above are linked directly to spatial gradients of the 
current field. These mechanisms will induce modulations in the relative period Trel with tidal 
periodicity, if the currents are mainly tidally induced, (see Eq. (1.4)).  
 
 
 

The data 
 
The deep-sea data series is recorded by a Datawell wave rider buoy, and the near shore series is 
recorded with an RDI-workhorse. Some information related to these sites is given in Table 1, and 
their relative positions are show in Fig. 1. 
  The measuring rate of the buoy depends on the sea state from 1999 to 2002 and is on average 2-3 
hours in this period. In 2003 the buoy setup was altered and a measuring rate of 1 hour has been 
used since then (Heinesen, 2004). The buoy mooring satisfies the recommendations made by its 
manufacturer for such areas, and does to our knowledge, not influence the measured wave 
parameters. Time series of the wave parameters and power spectra of their time series, are given in 
Fig. 3-7 and some data statistics are given in Table 2. 
  The workhorse, which is moored directly to the bottom, has a measuring rate of 1 hour trough out 
its entire deployment. Time series of the workhorse data are given in Fig. 8 and data statistics are 
given in Table 3. 
 
To get a general impression of current strength and its gradients, the Colour contours of the 
maximum current calculated from the numerical tidal model (Simonsen, 1999) of the area herafter 
named NTM, is given in Fig. 2. 
 
 
 

The procedure of inspection 
 
The wind fields in the Faroe area are linked to the passing of low pressure systems and these 
systems can at times have a periodicity which lies in the order of days. In finer timescales, such 
periodicity is generally not present in local wind measurements. This can be seen from the fact that 
the power spectra of locally measured wind speed are approximately flat and do not have any 
excessive peaks corresponding to periods with time scales of hours (plot omitted here). With respect 

 7



to the analysis of tidal influence in wave data, it is of special interest that the tidal periods are not 
overrepresented in the wind field spectra. It is therefore reasonable to assume that the regional wave 
field, which ultimately is forced by the wind field, should not favour any particular short periodic 
variation near the main tidal period. The variations in the tidal-current are on the other hand, bound 
to specific periods. In the offshore area of the Faroe Islands the M2 component (period ~ 12.4 
hours) is clearly dominant, but in the near shore environment the picture is more complicated.  
  Since the variations in the wave field are approximately random, seen over a long time span, the 
idea is to perform a band pass filtration of the time series of relevant wave parameters, to see if 
there’s any abundant energy in the power spectral band corresponding to the strongest tidal 
frequencies.  
   
The steps are: 
Calculate the power spectrum of an as long as possible continues time series of the relevant wave 
parameter 
 
Calculate the total amplitude AT corresponding to a period interval surrounding the main tidal 
periods usually [11.5; 13.5] hours. 
  
Calculate equivalent amplitudes Adown, Aup from intervals just bellow and above with equal 
frequency bandwidth. 
 
The average abundant amplitude for the interval containing the largest tidal components is labelled 
tidal-variation-amplitude or simply Atide. It can be computed as: 
 
     

 
2

down up
tide T

A A
A A

+
= −  (1.8) 

 or up
tide T down

down

A
A

A
= −A A  (1.9) 

 
Eq. (1.8) is based on the assumption that the spectrum is at most linearly increasing with lower 
frequency, whereas Eq. (1.9) assumes an exponential growth. The spectra of the wave parameter 
time series resemble exponential growth (red noise) so it is most appropriate to use Eq. (1.9). The 
difference between these approximations is very small, usually none or in the last decimal of the 
values given in the tables, so only results using the later method will be displayed. 
 
In this manner it is possible to get some information on the average influence of the tidal dynamics 
on the relevant parameter.  
  Since the parameter time series contains some gaps (although gaps below 24 hours are filled 
automatically by linear interpolation), the process outlined above is applied to each continues time 
section and a total average is obtained from each of the partial result trough weighted averaging. 
The minimum time span of a continues time section, which is allowed to influence the end result, is 
14.5 days. This is done because time series that are below a half lunar cycle (29 days) do not give 
spectra that resolve amplitudes in the interval around the tidal periods, clearly enough. 
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To get temporal information about the exes of parameter modulation in the “tidal” frequency band, 
wavelet transform plots are used. Alternative band-pass methods have been tested, but the transform 
wavelet method gives the clearest visible representation.  
  The wavelet technique used is adopted from (Torrence and Compo, 1998). The colours of the 
wavelet transform plots are scaled to the 95 % significance value of the corresponding periods (see 
Torrence and Compo, 1998). The wavelet used is the complex Morlet wavelet, which is particularly 
well suited to detect wavy variations in a time series (Addison, 2002). 
  The wave height was found to have larger tidal modulations in high seas, and since the wavelet 
technique is scale dependant, this caused many of the tidal modulations occurring in low seas to be 
invisible in the wavelet power spectra, in spite of the fact that they were significant compared to the 
sea state they occurred in. In order to correct for such scale effects in the wavelet power spectra, 
wavelet power spectra were also computed for scale detrended parameter series. To this aid the 
parameter series were multiplied by the inverse of a running average before the wavelet transform 
plot were generated. The length of the running average box was chosen to be 49 hours. The length 
of the time box filtered out most of the “high sea effect” and still made it possible to do the red 
noise significance testing (see Torrence and Compo, 1998). The wavelet power spectra of the 
original parameter series and detrended parameter series are given as plot b) and d) respectively in 
Fig. 10-14  
 
 
 

Results 
 
For convenience the buoy data were split into individual time series of one year time span each. 
Plots of the buoy time series are given in Fig. 3-7 together with the high frequency part of their 
power spectra. Data statistics series and results from band-pass filtering analysis of the deep-water 
are summarised in Table 2.  
  The time series with corresponding spectra of the shallow-water series are given in Fig. 8 and 
corresponding data statistics and band-pass results are displayed in Table 3. 
  In the Tables the average exes of energy in the tidal domain, of the different wave parameters, are 
converted into amplitude Atide. To set this amplitude into perspective it can be divided by the 
parameters mean value, thus indicating the tidal relative influence on the parameters long-term 
value. If the amplitude is divided by the parameters standard deviation, it gives an estimate of how 
significant the tidal modulation is relative to the average modulation of the parameter. The ratio 
Atide/Mean is therefore interesting in relation to design criteria etc. whereas the ratio Atide/Std rate is 
of more interest related to the possible tidal impact in local wave forecasts etc.  
The results concerning the tidal impact on the deep- and shallow-sea series are discussed in separate 
sections. 
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The Deepwater series  
 
In Table 2 there some discrepancies between the tidal influence on the parameters from year to 
year. Most of these differences can be explained by the combined effect of data coverage and the 
difference in wave characteristics in summer and winter months. In the winter time the sea state is 
governed to a larger extent by a rougher wind climate and the sea state is therefore composed on 
average by longer waves than in the summer time. Since longer waves are less influenced by 
currents, it is therefore to be expected that the tidal influence is relatively stronger in the summer 
months.  
  Another effect that has an influence, and will be discussed later, is the directional distribution of 
the incoming waves. 
 
From Table 2 it is quite clear, that the average tidal modulation of wave height is insignificant, less 
than 3% and 6% compared to the mean and standard deviations, respectively, although an 
overrepresentation in the power spectrum is visible in most of the time series power spectra (see 
Fig.s 3-7).  
  The modulation of the absolute period is small compared to its mean value (up to 3%) but not so 
with respect to the series standard deviation (up to 15%). When the mean wave period is corrected 
to Tr, the tidal influence is reduced to approximate half the value compared to the absolute mean 
period. 
  The absolute wave steepness is on the temporal scale significantly influenced by the tidal 
modulation, with a ratio to almost a quarter of the standard deviation in the year with best data 
coverage. The tidal influence on the corrected steepness is roughly only half the value of the 
absolute steepness. 
 
Sheltering effects in the mean wave-direction distribution 
In Fig. 9 a histogram of the directional distribution at the buoy site is given. As can be seen there is 
a clear tendency that waves coming from Northeast and especially West-Southwest are more 
frequent compared to waves coming from the other directions. Because of the geographical location 
of the buoy (se Fig. 1) it is reasonable to assume that sheltering/slanting-fetch effects influence the 
local directional distribution (the term slanting fetch is used for a site, which is partly sheltered from 
the incoming wave field).  
Sheltering has the following influences on downwind locations:  
- Reduced wave height (due to sheltering). 
- The mean wave direction turns towards land.  
- If wind-generation is present, the mean wave period is reduced as part of the wave field is 

generated under fetch limited conditions.  
 
It is at present not possible to estimate how much of the directional bias is triggered by slanting-
fetch turning of the incoming wave field, because the open sea direction is unknown. It is possible 
to get an estimate of the mean wave turning by comparing Fig. 9 with existing directional 
wave/wind diagrams done for the area from wind measurements. Using the statistics presented in 
Cappelen et al (2001), based on the F-8 Glivursnes wind series (spanning from 1987 to 2000), 
suggests that the most frequent wind-wave directions aught to be 270° (West) and 45° (North-East). 
Comparing this with the actual directional distribution (see Fig. 9), gives a rough upper limit to the 
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directional influence of the sheltering effect. Most of the directional bias between wind and wave 
data is probably due to swell from the Atlantic Ocean.  
  When the incoming sea is recorded as coming from the west, it is difficult to estimate, from the 
wave series alone, if this direction is the same as the offshore wave direction, or if the direction is 
altered by sheltering. 
 
Temporal tidal influence in the buoy data 
It is known that currents have largest impact on the wave height if the waves and currents are 
travelling in the same or opposing directions (Eq’s. 3 & 4), and that long waves are less influenced 
by the currents compared to shorter waves. From Table 1 it is clear that the tidal ellipse is 
asymmetric with much stronger currents along the Northeast to Southwest axis relative to the 
perpendicular directions. On top of this the waves can (in principle) come from any direction so it is 
obvious that the relative influence of the tidal current is a situation dependent process. 
  In order to localise sea states in which the tidal modulation of the relevant parameter is significant, 
that is larger than the 95% confidence level of a red noise approximation to the data, a wavelet 
transform method with red noise testing is used. 
  Wavelet power spectra of the Hm0 and absolute and relative versions of Tm02 and ξ are given in 
Fig.’s 10-14.  
  As mentioned before, the local wind field does not, on average, favour modulations close to the 
main tidal periods. It will therefore in the following be assumed, in correspondence with the 95% 
confidence limit of the red noise test, that 95% of the events with approximate 12-hourly period 
which exceed their significance level in the wavelet power spectra are not accidental but driven by a 
physical cause. In lack of other options, the physical process causing excessive modulations in the 
11-13 hour domain (excessive relative to the wavelet power spectrum) must be the tidal influence 
on the sea state.  
 
Temporal Hm0 variations 
As can be seen in Fig. 10 b) there’s a tendency that events with 12-hour periodicity are significantly 
to large compared to the red noise test of the data. Looking in detail at these possibly tidally 
influenced events (zoom plots are excluded here), it is seen that many of them are stormy events, 
which contain single peaks or troughs with a 12-hour period.  
 The problem with stormy events, is that they are unsteady and short compared to the length of the 
tidal period. In such events, it is therefore very hard to say how much the wave height is modulated 
in meters because of a possible tidal influence. The only thing we can say at this time is that the 
shape of many of the stormy events seems modified by the tidal current. In order to get a better 
understanding of how much the tidal currents influence the sea state in stormy events, it is 
necessary to do a fine resolution modelling of the local area, which includes the effect of the tidal 
currents.   
  Fig. 10 d) gives the wavelet power spectrum of the moving-average de-trended Hm0 series. Here it 
is no longer only the stormy events that make up the majority of tidal belt in the spectrum. This 
indicates that the tidal influence in Hm0 is sea state dependant, being larger in rougher seas.  
  Looking in detail (zoom plots omitted) reveals how much the mean wave direction influences the 
tidal modulations. Almost all the tidal influenced events occur when the waves come from West to 
West-Southwest direction, and quite close to all cases with waves from this direction are tidally 
influenced. This corresponds quite well with the direction of the tidal ellipse (se Table 1). The scale 
of the 12-hour variations depends on the sea state, but events with modulations of 0.5-1 meter, that 
is the amplitude of the tidal modulations is 0.25-0.5 meters, are not uncommon. Comparing this 
with the tidal modulation indicated in Table 2, makes it clear that the average values (over all 
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directions) of the tidal influence at this location, are of limited value as the tidal influence seems to 
be governed by wave direction. 
  Looking at events from the 40° (Northeast) directions that encounter maximum local current 
strength, the variations in Hm0 are not steady. In some relatively long time spans with waves from 
this direction, there occurs no excess in 12-houly variations. At other times there are events that 
look like they are clearly modulated by the tides, but these events are usually connected with abrupt 
changes in the wave direction. These sudden changes from say 40° to 340° (Northwest) and visa 
versa indicate that the local sea state most probably is dominated by tidal-sheltering related effects 
from the other islands, and less by the influence of the local current.   
  Waves coming from directions where the local current is weak do not seem to be modulated with a 
periodicity close to the tidal period. 
  
Temporal Tm02 variations  
Looking in detail at Fig. 11 (zoom plots omitted here) it can be seen that all the events that are 
significantly modulated by the tidal period, relative to all the data series, come from directions near 
250° (West to West-Southwest). 
  Fig. 11 d) displays the wavelet power spectrum with significant testing relative to the moving-
average inverted data. Here the picture is much the same as in Fig. 11 b) indicating that the 
amplitude of the tidal influence on the absolute period is the same regardless of the present average 
value of Tm02.  
  Sea states with mean direction near 250° are modulated by the tide, whereas it only once occurs 
when the mean direction is near 40°. The size of the modulations, with directions close to 250°, are 
frequently in the region of 1-2 seconds with extreme cases of up to 3-4 seconds, whereas the 
modulations coming from 40° typically lye in the region of 0.5 seconds. 
  The 12-hour modulations of the Tm02 series, with directions near 250°, are generally in phase with 
the directional 12-hour variation. When the mean direction, in its 12-hour cycle, is closest to land, 
Tm02 is at its lowest value, and correspondingly Tm02 is largest when the mean direction is furthest 
from land. This could imply that the tidal current alter the sheltering effect observed at downwind 
locations. 
  Looking in detail at the wavelet transform plots of the corrected mean wave period Tr relative to 
the uncorrected absolute mean wave period Tm02, it can be seen that they are very similar. The only 
difference being that some 12-hour events that are significant corresponding to the absolute are not 
so with respect to the corrected period. A clearer picture of the correction is given in the first plot of 
Fig. 15, where it can be seen that the correction (from Tm02 to Tr) has only a small influence on 
waves coming from the West, but that the correction cancels out most of the tidal modulations of 
the waves coming from northeast. Since the tidally induced changes observed in the mean period 
seem to vanish when the mean period is corrected for the relative current, this implies that the 
quasi-homogeneity assumption is useful to describe the tidal influence on waves arriving from 
deeper areas into the shelf, in the absence of sheltering.   
 
Temporal steepness variations  
The absolute steepness variation is mainly governed by the Tm02 variations, as can be seen by the 
similarity between the Fig. 11 (the Tm02 wavelet power spectra) and Fig. 13 (The absolute-steepness 
wavelet power spectra). The main trend is still that only sea states with mean directions parallel to 
the tidal ellipses major axes are influenced by the tides. The waves coming from Northeast are 
influenced by the tides, but the effect is much less compared to waves arriving from West to 
Southwest. This trend is even stronger in the wavelet spectra of the relative steepness.   
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  One feature that is somewhat clearer in the wavelet-spectra of the steepness is the unsteadiness of 
the tidal influence in the winter months. Inspecting the winter months it turns out that the lack of 
tidal influence in these months is partly caused by constantly changing mean wave directions.  
  The 12-hour steepness variation seen in waves arriving from Northeast are typically below 0.01 in 
the absolute steepness series but this tidal influence is virtually gone in the corrected steepness 
series, with the exception of a few transient events, occurring in connection with abrupt changes in 
wave direction. The tidal modulations of the steepness of the waves coming from West-Southwest 
are most of the time equal to or above 0.01 for the absolute steepness series, and variations in the 
0.02-0.03 range are quite common. In the relative steepness series the variations are somewhat 
smaller usually the reduction is less than –20%. This depends of course on whether the specific sea 
state is dominated by short of long waves or not.  
  A good example of how the Doppler correction of the mean period cancels all tidal modulations in 
steepness in waves from northeast, but only slightly reduces the tidal modulation in waves from the 
east is given in Fig. 15. The lag between the steepness and the relative current is steered by the 
corresponding lag of the mean wave period to the relative current.  
 
Temporal mean wave direction variations    
Examples of the tidal influence on the absolute and relative wave period and steepness, is given in 
Fig.’s 15 and 16. It is also clear from the figures that the mean wave direction and the relative 
current are closely correlated. Usually the lag between the local maxima of the relative following 
current and the local maxima of the mean wave direction is in the order of 0-1 hour. The influence 
of the tidal modulation on the mean wave direction depends on many factors but is usually found to 
be in the order of +/- 0-15°. 
 
 
Tidal influence on large waves in the buoy data 
Strong stationary currents or large current eddies can result in large wave events (Lavrenov, 2003; 
Holthuijsen, 1991). Therefore it was tested if the tide influenced the ratio between the largest wave 
recorded (Hmax) and significant wave height (H1/3) in the buoy data. The spectra of these series 
(Hmax/H1/3) were calculated and the results (omitted here) were flat indicating a random white noise 
process. So the tidal currents, at least on the buoy position, do not have any general correlation with 
the occurrence of larger waves. This aught to be expected as the current at this location only seems 
to influence the wave field weakly trough direct current-wave action. The largest part of the current 
influence is either only apparent, trough Doppler shifting, or indirectly trough alterations in the 
sheltering effect. 
  It would never the less be interesting to do a similar test on other wave-data where the direct 
influence of the tidal currents is significant.  
 
 

Discussion (deep-water series) 
From the results it is clear that the tidal influence at the buoy location is clearly connected with the 
direction of the incoming waves. The tidal influence being of no consequence if the waves are not 
coming from the West to Southwest direction (see Fig. 15). When the waves do come from the 
West there are almost always clear modulations in mean wave direction, absolute and relative 
period and steepness (see Fig.’s 16-17). 
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  The wavelet inspection of the wave height data revealed that the tidally forced modulations were 
larger in sea stats with high waves. Similar inspection of mean wave period and steepness indicated 
that the tidal modulations of these parameters did not increase if the parameter value increased.  
  The tidal currents seem to change the local wave field between a sea-state mainly dominated by 
open ocean waves (potentially large waver height) and a sea state influenced by fetch limitations 
(potentially higher wave steepness). At the buoy site the potential danger of large steep waves 
caused by current-sheltering variations is to some extent compensated by the effect that as the 
variation in wave height is found to increase with increasing wave height, the steepness variation is 
found to be smaller for larger wave heights. One example of the decreasing steepness variation in 
growing seas is given in Fig. 18. 
  When waves come from the West-Southwest and encounter a following current, the following 
parameter changes are typically all present: the mean wave direction is turned towards North, 
indicating that sheltering effects are increased at this time, and the mean relative period and 
steepness reach their lowest and highest value respectively in the tidal cycle. When the waves 
encounter opposing relative current, all the effects mentioned above are reversed.  
  The measured wave height also influenced by the tidal processes, but is usually lagging the wave 
period with 3-6 hours. This means that the largest wave height is measured when there is slack or 
following current. The measured tidal impact on waves travelling close by the island is summarised 
in Table 4.   
 

Simplified models 
To get an impression of what kind of processes are dominant in the tidal-wave influence this area, 
some idealised scenarios are investigated below, and the effects are summarised in Table 4. 
  Using a local analytical model, based on the 1-dimensional quasi-stationary assumption as used by 
Masson (1996) and Jones (2000), to analyse the tidal modulations observed in the waves coming 
from the west, is clearly not sufficient. Most model modulates occur almost in opposite phase 
compared to those seen in the measurements. The idealised stationary 1-dimensional model gives: 
an absolute period that is constant, a relative period that reaches its highest value following 
currents, steepest waves occurring in opposing current and the wave height also peaking in 
opposing current. 
  As noted earlier, the quasi-homogenous approximation seems sufficient to describe the current 
influence offshore in this region. This assumption is though not directly applicable at the buoy site, 
when the waves come from the west, as the corrected mean period Tr and Hm02 vary with the tidal 
period (see Fig. 12, 16, 17 and 18). One slight improvement of this approach would be to include 
the sheltering effect caused by the island. Assuming the current field at each time step to be 
homogenous implies, that the locally measured current vector describes the whole current field in 
the area. Looking at waves coming from West, this approximation would cause the sheltered area 
behind the island (shadow) to increase towards the South when the current obtained its maximum 
value in the South-westerly direction (maximum opposing relative current). This would imply that 
the sheltering effect observed in the buoy data would be larger in this case. The wave height and 
wave period would therefore be reduced in opposing currents, using this approximation. The 
steepness would also be expected to increase, as the local sea state at the buoy site would be slightly 
more influenced by fetch limited conditions. The effect on mean wave direction is not clear as it 
depends on whether the current movement (changing original wave direction towards North) or the 
slanting fetch effects (changing the wave direction towards South) would be dominant. By similar 
reasoning in the case with maximum following current (current travelling towards Northeast), the 
sheltering effect at the buoy site would be reduced. The wave height and relative period would in 
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this case be larger; the wave direction would be less influenced by sheltering and thus be shifted 
slightly towards the South, and the steepness would be closer to the open ocean value. 
  In Fig.s 19-20 it can be seen that the current directions are in phase south of the southernmost 
island, while the current magnitude increases towards land. A wave field coming from west will 
therefore encounter a shearing current field. Idealised stationary shearing current conditions will 
cause the wave energy (ray paths) to turn towards the direction where the current are stronger, if the 
waves run against the current, and will cause the wave energy to turn towards the weaker current 
direction, if the waves are travelling in the same direction as the current (Peregrine, 1983). Using 
such an idealised shearing current mechanics as a first estimation of how the 2-dimensional ray 
behaviour is at the buoy site; we see that a wave field coming from west will, when encountering 
opposing current, be refracted towards land. The ray paths of the incoming waves will therefore 
originate further away from land compared to rays in the no-current case. The mean wave direction 
at the buoy site will therefore have turned slightly towards south in the opposing current case, and 
because the waves have travelled further offshore the sheltering effect of the island will be reduced, 
giving an increment in the mean relative period. If the current direction was inverted the effects 
mentioned above will also be the opposite. The rays will have travelled closer to land thus having a 
smaller mean period (due to increased sheltering effect) and will arrive at the buoy with a direction 
closer to north compared with the no-current case. The argumentation here is only based on an 
rough estimate of the ray behaviour in a steady current case, and do not take into account the 
concentration or dispersion of wave energy. To obtain a more realistic insight into the influence of 
the tidal currents on the seat state in this area, the area must be inspected using some unstationary 
numerical model. 
  Looking at Table 4 it is clear that the idealised quasi-stationary/-homogenous approximations are 
not able to generate the modulations observed in the data. The case where an approximation of 
stationary ray tracing was used in combination with sheltering effects, gives correct representation 
of the modulations in mean wave direction and relative period. This indicates as mentioned earlier 
that the modulations observed quite possibly are caused by a combined effect of current refraction 
and sheltering. 
 
  Looking at the area where the wave measurements used in Masson (1996) originate and the wave 
directions occurring during the experiment, there are some striking similarities with the case 
discussed here. Her results indicate that the Hs variations have similar discrepancies compared to 
the analytical model, as the ones observed here, when current-sheltering effects are dominant. These 
inconsistencies observed in her article, are larger when the incoming waves travelled close to the 
cape and smaller when the wave-direction turns offshore. It is therefore possible that the effects she 
observed in her data are the same as those labelled current-sheltering effects here.   
 

Wave parameters important for small vessels 
Basic small-vessel seamanship tells us that it is not primarily the wave height which dictates when a 
given sea state can be hazardous. Large waves after a passing of a storm might be large, but will 
most often be long and smooth compared to the length of the vessel. These waves will therefore in 
most situations not be a treat to the stability/safety. It is therefore not as much the height as the 
steepness of the waves, which decide how rough the sea journey will be. The potentially dangerous 
situations occur when the waves are steep and high at the same time. Such circumstances are 
experienced in the growing phase of a storm; in fetch limited situations with strong winds or in 
strong opposing currents. When a captain encounters such situations, he can alter the course and 
speed according to the sea state, in order to reduce the apparent steepness experienced by the vessel.  
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  It aught to be pointed out, that apparent steepness is far from the only influence which can affect 
the vessel handling and stability. Travelling in the same direction as steep waves of some height can 
cause the boat to veer sharply off course. This effect is known as “broaching” and can in rough 
conditions cause the captain to lose control of the vessel.  
  The issue of good seamanship under severe wave conditions is very complex, and is dependant on 
the specific vessel, sea state, heading and speed. Some relevant references and an interesting 
discussion on this topic can be found in e.g. McTaggart et al (2002). 
  When planning a voyage under potentially rough conditions, the main parameters of interest for a 
captain are wave height, steepness and wave direction. Apparent steepness that the vessel 
experiences can’t be predicted a priory as it depends on the vessels speed and course relative to the 
wave and current direction. It is therefore my opinion that absolute-, and not only the relative-
period (or average wave length), aught to be used in the calculation of steepness in wave forecasts 
in tidal waters. If absolute steepness is predicted, the user will get a directly applicable steepness 
value, which corresponds to holding the position (fishing grounds or similar operation) or travelling 
perpendicular to the wave direction. Travelling against/with the wave direction will increase or 
decrease the apparent steepness according to the absolute speed of the vessel. It must nevertheless 
be remembered that the absolute period not directly proportional to the average wave length in a sea 
state. Wave steepness derived from the absolute period, does therefore not give information directly 
related to the shape of the waves (percentage of breaking waves etc.).   
 

Steepness and safety 
To put the steepness variations observed into perspective, the steepness of a fully developed sea 
corresponding to a Pierson-Moskowitz spectrum, has a constant significant steepness of 0.0508 
(Tucker, 1991).  
  Monbaliu and Toffoli (2003) investigated the sea state parameters associated with recently 
reported ship accidents, attributed to heavy seas (from the Lloyd’s global database). They found that 
70% of the accidents happened at rather low sea-states (Hm02 lower than 4m), but the wave 
steepness was often high (steepness larger than in fully developed seas). Rapid wave developments 
were also observed in connection with the accidents, especially in the wave steepness (change 
grater than 20% in more than 50% of the cases) and the wind sea component (change grater than 
20% in more than 80% of the cases).  
  As noted above it is primarily the wave steepness, which is affected by the tidal modulation 
observed in the measured wave series. Since the tidal steepness modulations quite often are 
relatively large (in Fig. 18 the tidal modulation causes the steepness to increase from 0.05 to 0.06 in 
a sea state with 4 meter wave height), and since steepness appears to be connected to increased 
probability for casualties, it seems important to include tidal effects in coastal wave models. The 
fact that wave steepness can be significantly influenced, by tidal processes, can also be seen in an 
example given in Wolf and Prandle (1999). 
 

Future modelling 
The quasi-homogeny approximation seems to be sufficiently accurate for describing the current 
induced changes in the Faroese offshore region. This implies that the size of a local nesting of some 
phase averaged wave model, does probably not have to cover the entire Faroese shelf, in order to 
capture the influence from the tidal currents on the waves. 
  On the other hand strong and complex current patterns can occur in the Faroese near-shore 
regions, which violate most of the mentioned assumptions. The area might therefore become an 
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interesting test site in order to evaluate the capabilities of phase-averaged wave models in complex 
sheltered areas. Measurements and modelling in areas with small-scale complex currents might also 
make it possible to specify, at what scale the statistical assumptions of the phase-averaged wave 
models break down.   
 
 
 

The Shallow water series  
Since the direction of the wave field at this location can’t rotate a power spectral analyse of the 
mean wave direction is included in Table 3. 
  In this dataset the Hm0 power spectra clearly indicate that a super harmonic was present, and it is 
thus included in the Table as the 6-hour variation. It is at present not clear if this super harmonic is 
due to real a current with a 6-hour period, or it is an artefact of the measuring technique. The 
current data are not extracted for this data series yet, and the position is too close to the shore to be 
covered by the NTM.  
  Since the site is so close to shore we know that the currents can only run parallel to the coast. 
Combining this information with the fact that the wave direction is usually perpendicular to the 
coast (see Fig. 1 and Table 3), we can assume that difference between the absolute and relative 
period series are small.  
 

Results 
All the parameters are only weakly influenced by the tidal modulation, even compared to their 
standard deviations. It is interesting to note that even if the governing physical processes are much 
different at the shallow and deep-water sites, the relative amplitude of the tidal impact of all the 
parameters are of the same order. Since the local current has little influence the measured wave 
data, as it is almost perpendicular to the mean wave direction most of the time, the 12-hour tidal 
modulations measured here must be caused by depth variations (8.5m +/- max 1m) or tidal 
influence down wind.    
  The wavelet power spectra of the Hm0, Tm02 and ξ data series are given in Fig.’s 21-23. Compared 
to the buoy data, it is clear that the tidal influence has a weaker and more unevenly distributed 
influence at this shallow water site.  
  An important note to make in is that the 6-hour and 12-hour modulation periods in Hm0 are rarely 
significant at the same time (see Fig. 20). If one only were looking at Table 3, one might assume 
that the 12-hour tidal period and its higher harmonic 6-hour period might occur simultaneously, and 
thus could play a role in the local wave climate or wave forecasting under special circumstances.  
 
 
 

Conclusion 
The wave height Hm0, absolute wave period Tm02 and steepness series from one deepwater and one 
shallow water site, are examined for tidal influence using band-pass filtering and wavelet transform 
plots. 
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The deepwater measurements indicate, that the tidal influence on wave fields coming from the open 
ocean into a narrow shelf-area with moderate currents, are merely apparent. The quasi-homogenous 
assumption is therefore a reasonable approximation for similar offshore areas. 
 
It is found that the largest tidally driven sea state variations occur, when the mean wave direction 
indicates that the waves have travelled closer to land. The observed effects could therefore be due a 
combined influence from current refraction and sheltering.  
 
The tidal effect at the deepwater site is found to have insignificant influence on the local wave-
climate in general, but the temporal influence on particularly wave steepness can in some situations 
be quite large. 
 
The variations in wave height, caused by the current-sheltering interaction, increases with 
increasing wave height. The steepness variations on the other hand are generally largest in moderate 
to calm sea states, although they in some situations are seen to increase the apparent steepness by 
more than 20% (from ~0.05 to >0.06) in somewhat rough sea-states (Hs 4 meters).  
 
Understanding the sea state at such a site requires knowledge not only of the wave height, period 
and tidal-current, but also awareness of the interaction that can occur between the tidal-current and 
sheltering in that area for specific wave directions. One complication factor in current-sheltering 
conditions is that the steepest waves will be encountered in following currents.  
  If a local wave forecasting model is implemented, it is therefore recommended that the tidal effects 
are accounted for, as large variations in the wave steepness can be a safety issue for the small boats 
in the coastal area.  
 
Since waves coming from the open ocean behave in accordance with the quasi-homogenous 
approximation until quite close to the coast, and since diverse strong small-scale currents 
phenomena occur in the region, the area could be an interesting test site for specifying the lower 
spatial limit of fine-scale spectral-wave models, incorporating current influence.  
 
There is no correlation between the tidal-current and the occurrence of single large waves at this 
site.   
 
The measurements from the shallow water series, indicate that the tidal influence at this location 
(surf zone in a sheltered area), is variable and of small magnitude. 
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Tables 
 
 
Table 1 

       

   Waverider*  Workhorse  
       
 Depth  240 m  8 m  
       

 
Approx. Distance 
from shore 25 Km  20 m  

       
 Start of series  19-02-1999  26-06-2003  
       
 End of series  23-09-2003  05-05-2004  
       
 M2 major/minor 0.33 & 0.04 m/s ?  
       
 S2 major/minor 0.10 & 0.00 m/s  ?  
       
 Inclination M2 & S2 39º & 45º ?  
       
 M2 & S2 amplitude 0.39 & 0.15 m ?  
       

*The tidal constants are not measured on site but are taken from the NTM  
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Table 2 (Band-pass analysis of buoy data) 

                    
  Parameter Year Mean Std # data Data cov. Atide Atide/Mean Atide/Std  
            
  Hm0 1999 2.67 m 1.43 m 2561 73% 7.1 cm 2.7 % 5.0 %  
  Tm02 … 6.38 s 1.36 s … … 0.17 s 2.7 % 12.5 %  
 Rel Tm02 … 6.38 s 1.35 s … … 0.08 s 1.3 % 5.9 % 
  ξ … 0.0397 0.0121 … … 0.0024 6.0 % 19.8 %  
 Rel ξ … 0.0396 0.0118 … … 0.0012 3.0 % 10.2 % 
            
  Hm0* 2000 2.56 m 1.36 m 2278 66% 5.5 cm 2.1 % 4.1 %  
  Tm02* … 6.48 s 1.25 s … … 0.14 s 2.2 % 11.2 %  
 Rel Tm02* … 6.49 s 1.24 s … … 0.09 s 1.4 % 7.3 % 
  ξ* … 0.0369 0.0123 … … 0.0025 6.8 % 20.3 %  
 Rel ξ* … 0.0368 0.0128 … … 0.0012 3.3 % 9.4 % 
            
  Hm0 2001 3.57 m 1.41 m 1226 42% 1.9 cm 0.5 % 1.3 %  
  Tm02 … 7.26 s 1.18 s … … 0.12 s 1.7 % 10.2 %  
 Rel Tm02 … 7.26 s 1.17 s … … 0.02 s 0.3 % 1.7 % 
  ξ … 0.0421 0.0107 … … 0.0016 3.8 % 14.0 %  
 Rel ξ … 0.0420 0.0106 … … 0.0006 1.4 % 3.8 % 
           
  Hm0* 2002 3.01 m 1.61 m 3151 96% 5.7 cm 1.9 % 3.5 %  
  Abs Tm02 … 6.76 s 1.43 s … … 0.21 s 3.1 % 14.7 %  
 Rel Tm02 … 6.76 s 1.42 s … … 0.12 s 1.8 % 8.4 % 
  Abs ξ … 0.0395 0.0114 … … 0.0027 6.8 % 23.7 % 
 Rel ξ … 0.0394 0.0112 … … 0.0016 4.1 % 14.3% 
           
  Hm0 2003* 3.10 m 1.69 m 4653 57% 9.1 cm 2.9 % 5.4 %  
  Abs Tm02 … 6.94 s 1.50 s … … 0.17 s 2.4 % 11.3 %  
 Rel Tm02 … 6.93 s 1.49 s … … 0.07 s 1.0 % 4.7 % 
  Abs ξ … 0.0385 0.0113 … … 0.0023 6.0 % 20.5 %  
 Rel ξ … 0.0385 0.0111 … … 0.0012 3.1 % 10.8 % 
             

* The measuring rate in 2003 is one hour, but before this it lies in average between 2-3 
   hours. 
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Table 3 (Band-pass analysis of Workhorse data) 

                      
    Hm0  Tm02  Dir   ξ   
             
  Mean  0.70 m  5.35 s  75.9 °  0.0150   
             
  Std  0.35 m  0.79 s  17.1 °  0.0064   
             
  Atide6 *  4 cm  0.01 s  2.3 °  0.00047   
             
  Atide6/Mean  5.7 %  0.2 %  No meaning  3.3 %   
             
  Atide6/Std  11.4 %  1.2 %  13.5 %  7.8 %   
             
  Atide12  3 cm  0.06 s   1.3 °  0.00048   
             
  Atide12/Mean  4.3 %  1.1 %  No meaning  3.3 %   
             
  Atide12/Std  8.5 %  7.6 %  7.6 %  7.8 %   

                    
* in this data set a super-harmonic component of the tidal 12.4-hour period appeared in the Hm0 and Dir and 
is here labelled Atide6. 
 
 
 
Table 4   
(General trends of simplified models regarding waves from West)   

                      
     Dir  Hm02 Tr Steep.   
            
  Data Urel > 0  N  * - +   
   Urel < 0  S  * + -   
            
  1-D Stat. Urel > 0  …  - + -   
   Urel < 0  …  + - +   
            
  Hom.  Urel > 0  S  + + -   
  + Shelt. Urel < 0  ?  - - +   
            
  Approx.  Urel > 0  N  ? - +   
  Stat. Ray Urel < 0  S  ? + -   
                      

 * Hm02 usually obtains its maximum somewhere between zero relative current 
   and maximum following current.  
 … The model does not account for directional behaviour. 
 ? The result is case dependant and can therefore not be estimated. 
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Figures 
 

                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 

The black arrow gives the approximate location of the waverider buoy, and the red arrow gives the 
location of the workhorse. The colours indicate the water depth in meters as indicated by the colour 
bar to the right. The picture is taken from (Simonsen et al. 2002) 

  
Figure 2 

Maximum currents based on the NTM. 
Colour bar to the right gives current speeds 
in cm/s. Figure is taken from (Simonsen 
1999). 
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Figure 3 

The 1999 buoy time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 
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Figure 4 

The 2000 buoy time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 

 26



 

 

 
Figure 5 

The 2001 buoy time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 
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Figure 6 

The 2002 buoy time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 
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Figure 7 

The 2003 buoy time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 
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Figure 8 

The workhorse time series of Hm0, Tm02 and Steepness parameters with partial plots of their 
respective “power” spectra. The x-axes of the spectra are given in period rather than frequency, so 
the area under the curve is therefore not proportional to power as in proper power spectra. 
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Figure 9  

Histogram of the mean wave direction measured at the buoy in the interval 1999-2003. Note the 
bias, which probably is influenced by the sheltering effects. 

 31



 

 
Figure 10 

a) The 1999 Hm0 time series of the buoy data plotted with the mean wave direction. b) Wavelet 
power spectrum of the Hm0 series. c) Global wavelet spectrum of the Hm0 time series with 95% 
significance line. d) Wavelet power spectrum of the de-trended Hm0 time series. e) Global wavelet 
spectrum of the de-trended Hm0 time series with 95% significance line. Areas in b) and d) 
surrounded by a black line lie above the 95% significance level. 
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Figure 11 

a) The 1999 Tm02 time series of the buoy data plotted with the mean wave direction. b) Wavelet 
power spectrum of the Tm02 series. c) Global wavelet spectrum of the Tm02 time series with 95% 
significance line. d) Wavelet power spectrum of the de-trended Tm02 time series. e) Global wavelet 
spectrum of the de-trended Tm02 time series with 95% significance line. Areas in b) and d) 
surrounded by a black line lie above the 95% significance level. 
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Figure 12 

a) The 1999 Tr time series of the buoy data plotted with the mean wave direction. b) Wavelet power 
spectrum of the Tr series. c) Global wavelet spectrum of the Tr time series with 95% significance 
line. d) Wavelet power spectrum of the de-trended Tr time series. e) Global wavelet spectrum of the 
de-trended Tr time series with 95% significance line. Areas in b) and d) surrounded by a black line 
lie above the 95% significance level. 
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Figure 13 

a) The 1999 Steepness time series of the buoy data plotted with the mean wave direction. b) 
Wavelet power spectrum of the Steepness series. c) Global wavelet spectrum of the Steepness time 
series with 95% significance line. d) Wavelet power spectrum of the de-trended Steepness time 
series. e) Global wavelet spectrum of the de-trended Steepness time series with 95% significance 
line. Areas in b) and d) surrounded by a black line lie above the 95% significance level. 
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Figure 14 

a) The 1999 relative Steepness time series (rξ) of the buoy data plotted with the mean wave 
direction. b) Wavelet power spectrum of the rξ series. c) Global wavelet spectrum of the rξ time 
series with 95% significance line. d) Wavelet power spectrum of the de-trended rξ time series. e) 
Global wavelet spectrum of the de-trended rξ time series with 95% significance line. Areas in b) 
and d) surrounded by a black line lie above the 95% significance level. 
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Figure 15 

a) The mean absolute (Tm02) relative (Tr) wave periods. b) Mean wave direction and relative 
current. c) Absolute and relative steepness. Here we see a small reduction in the tidal influence in 
waves coming from West, but close to total removal of all tidal influence on waves coming from 
Northeast. 
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Figure 16 

a) The mean absolute (Tm02) relative (Tr) wave periods. b) Mean wave direction and relative 
current. c) Absolute and relative steepness. In b) it is visible how the relative current and mean 
wave direction are interlocked when the waves come from the west. 
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Figure 17 

a) Mean absolute period (Tm02) and wave height (Hm0). b) Mean wave direction and relative current. 
In b) direction is leading relative current. Tidal variations in the relative period are following the 
mean direction for most of the time sequence. The tidal wave height modulation is lagging the tidal 
variations in the relative period. 
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Figure 18 

a) Wave period and significant wave height. b) Mean wave direction and relative current. c) 
Apparent and relative steepness. Note in a) how the largest wave periods occur in counter current, 
in b) how the tidal current modulates the mean wave direction and in c) how the maximum 
steepness occurs in following currents. It can also be observed how the steepness variation 
decreases with increasing wave height. The dashed line in c) gives the steepness as it would be 
observed floating with the local current. 
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Figure 19 

Current direction and magnitude, corresponding to strongest current in east direction. The plot is 
taken from the NTM model (Simonsen 1999). 
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Figure 20 

Current direction and magnitude, corresponding to strongest current in west direction. The plot is 
taken from the NTM model (Simonsen 1999). 
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Figure 21 

Wavelet power spectrum of the workhors Hm0 timeseries. a) gives the direction in blue and the 
original Hm0 series in green. b) wavelet power spectrum of the locally detrended Hm0 series. c) 
global wavelet spectrum with red noise 95% significance level of the detrended data. Significant 
events in the tidal belt b) are sparse, and in c) we see that on average does the tidal 12-hour 
influence not exceed the significance level, but the 6-hour variation does. 
 

 
Figure 22 

Wavelet power spectrum of the workhors Tm02 series. a) gives the direction in blue and the original 
Tm02 series in green. b) wavelet power spectrum of the locally detrended Tm02 series. c) global 
wavelet spectrum with red noise 95% significance level of the detrended data. Significant events in 
the tidal belt b) are sparse, and in c) we see that on average the tidal influence does not exceed the 
significance level. 
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Figure 23 

Wavelet power spectrum of the workhors Steepness (ξ) series. a) gives the direction in blue and the 
original steepness series ξ  in green. b) wavelet power spectrum of the locally detrended ξ series. c) 
global wavelet spectrum with red noise 95% significance level of the detrended data. Significant 
events in the tidal belt b) are sparse, and in c) we see that on average does the tidal influence barely 
exceed the significance level. 
 
 
 
 

 
Figure 24 

The two solutions to the relative period derived from a known absolute period and relative current 
(see Eq. 1.5) when the absolute period is 2.5s.  
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