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local bathymetry
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The introduction of mul-beam swath systems gives impressively detailechaadrate information on the s
bed bathymetry. So far however, approaches areingiss extract the vat amounts of information oe th
morphology from the data. The data contain vitalwledge on bed forms in the field that have nonbeea-
lysed to their full potential. This paper presesmsanalysis technique, that determines orientatawgelength,
height and the asymmetry between crest and trosigiell as between lee and stoss side of any rhgtberl
form. This approach distillates this shape infoiorafor every individual bed form in the measureinéo-
main. Examples given on the application of the apph to data sets of tidal sandbanks, sand wawks an
mega-ripples results in statistical informationtbe characteristics of these bed forms. Three rigglishow
the power of the approach, leading to knowledgeithdifficult to retrieve in any other way. 1) Theight of
the tidal sandbanks correlates with depth, suchtlhigadepth over the highest point of the crestsiform at
about 21m. 2) The height of mega-ripples superiregpas sand waves depends on the bed level variation
the sand waves. The ratio of the height on the sede crest and trough equals the ratio of thenseuli
transport on the crest and trough of the sand wa)eEhe wavelength of sand waves show a rhythrarav
tion with a wavelength of 1.5 km. In individual fiites these relationship are disguised by randornatians,
but the large number of data points generated wgingpproach does disclose this information.

1 INTRODUCTION an improved height estimate and gives additional in
formation on the shape and orientation of the bed
The introduction of state-of-the-art measuremenforms.
techniques has lead to large amounts of accuratkhe sandy beds of shallow seas are covered by a
bathymetric data. Multi-beam swath systems measwide range of rhythmic bed forms. These patterns
ure bands of seabed on high spatial resolutionsange from the very small ripples that can be found
Knaapen et al. (2005) for example achieve a 0.3mat the beach near the water line, to the largdat ti
resolution on 25 meters depth. When combined metand banks that are well known because of thédr ris
high precision Ernstsen (2006), this gives impnassi for ships. In between, a range of wavy patternstexi
detailed and accurate bed levels of the sea bed. Shich all vary in wavelength, height and orientatio
far however, these data are not analyzed to tb#ir f (Table 1). We will apply the proposed data analysis
potential. Approaches are missing to extract the esechnique to mega-ripples, sand waves and sand
sential information from the data. This gap inbanks. This approach leads to the amounts of infor-
knowledge is very obvious in the analysis of bedmation on the bed patterns that can be used to de-
forms on the sea bed. Often, they are used only termine statistical information on the propertids o
visualize the subject, or analyzed by hand to @erivthe bed forms in the field. The interpretation fudge
information that could be gathered with single-beanstatistics results in some challenging findings.
echo sounders. Section 1 describes the different steps in the ap-
Recently, progress has been made. Knaapen et @oach to analyze bed forms. Section 2 presents the
(2005), Knaapen (2005) and Ernstsen (2006a), atlata to which the analysis approach is being agplie
determine bed form migration for multiple creses, r The results are given in section 3 and discussed in
lating it to the height and wavelength of the bedsection 4. Finally, section 5 summarises the cenclu
forms. The approach proposed by Knaapen (2005ion from the research.
allows this analysis to be applied to very large
amounts of bed form crests. This paper presents an
improved and extended analysis technique that gives
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2 BED FORM ANALYSIS MULTI-BEAM DATA Therefore, one has to smooth the bathymetric data
removing all bed forms smaller than the bed form of
Knaapen (2005) and Knaapen et al (2005) were thaterest. A window size that is about half the wave
first publications describing the analysis of lasgés  length of the targeted bed form gives reliable and
of multi-beam bathymetric data to determine thebust results.
characteristics of offshore bed forms: sand waveblow that the orientation of the bed forms is know,
and mega-ripples, respectively. For this purpose aone can analyze the other shape characteristing alo
automated approach is used. This approach leads ¢cest-normal profiles.
the amounts of information on the bed forms that ar
necessary to test models on. Here, we extend their
approach to include a measure for the sand volu - .
within the profile, which also is a measure for thrgf'2 Determining the crest and trough positions
crest-trough asymmetry, and crest orientation. AddiBased on the orientation, the bathymetric data-is i
tionally, the height estimate of Knaapen (2005) igerpolated to a regular orthogonal grid with therma
replace by a more accurate estimate. axis in the direction of the bed form orientation.
Taking the profiles in the direction of the bednfor
orientation, which is normal to the crests, thestre
and trough positions in bed forms are identified fo
The first step in the analysis of the bed form®is lowing an improved approach to the one proposed by
determine their orientation, here defined as thecdi Knaapen (2005).
tion perpendicular to the crest line. The orieotais  In that approach, the bathymetry is smoothed using
determined based on the gradients in the bathymetryweighted averaging in which the weight reduces
following the approach of Bazen and Gerez (2002)linearly with distance (Bartlett window). The siaé
They determined orientation of ridges on gray-scaléhis window is depends on the typical wavelength of
fingerprints, but the same principles are validded the targeted bed form. It should be less considigrab
forms in bathymetric data. This approach is based dess than this wavelength but larger than the &fpic
the principle that in regular rhythmic patters thesize smaller bed forms. A window size that is about
steepest gradient is perpendicular to the direation half the wavelength of the targeted bed form gives
the crests. The orientation angle between the -gradieliable and robust results.

2.1 Orientation angle

ent vector and the x-coordinate is defined as: The crests and troughs are than defined as the high
est and lowest points in the profiles of the smedth
p =lata{ 2G,, j+¢ 1) profiles. The weighted averaging leads to an under-
2 G -G,y ¢ estimation of the crest position, especially inecab

sharp crested sand waves. In the new approach, we
in which Gj; is the product of the gradient in direc- fit a forth order polynomial through the original

tioni and the gradient in directign measurements that are in the neighborhood of the
5 extreme points in the smoothed profile. Once the

G {gj crest and trough positions are known, they are ana-
* | 9x lyzed to retrieve information on the wavelength,

) height and asymmetry. Although the definition of
G = 0z ) these characteristics is straightforward, to cakboih
Yooy them from the observed crests and troughs oneohas t
make a few assumptions.

_0zo0z
Y ax oy
andg, is a correction to make correct for the fact that £ )
- - . q)
areas on opposite sites of the crests have opposing & ~28
gradient vectors: E _30
¢ =nlG.,-G,<0&G.,-G,=20 10.5 16.6 16.7 16.8 16.9 1.1 1i.1 11.2
¢ X y X y position [km]
@. = -G, - Gy2 <0&G,, - Gyz <0 Figure 1. Definition of the height H, length L aasymmetry of
the bed forms as function of the crest and troeyels (After
¢c = ODGXz - Gyz 20 Knaapen, 2005). The dotted triangle defines trangpilar sur-

face created to calculate the relative volume efttbd form.
If one applies this algorithm to the matrix contag
the sea bed bathymetry, it produces an array @il loc
estimates of the orientation of the smallest beohfo
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2.2.1 Wavelength 2.3 Research area and bathymetric data
The distance between the trough positions on both
sides of the cresk{, x;) determines the length of the
bed form:

The bed form analysis will be performed on a part
of the Dutch sand banks in the North Sea. Figure 2
shows the local bathymetry. Three data sets are
L =|x, - X, |cos@) processed to analyze the sandbanks in this area anc

. . superimposed sand waves and mega-ripples in sub-
With a being the angle between the mean crest orisets of this area.

entation and the direction of the profiles.

depth [m]

2.2.2 Height - -20
The height is defined as the difference between the 2570 N Bl | ' 5
crest levelsz,, and the trough levelz(z). 5860/ -

g -40
H=27 _ab vzl : zh 55850 L

g 58400
The height of the pattern is here defined as th *
height of the envelope resulting from a linear linte 58308
polation of the crest en trough levels (see figlixe : ; i
This results in heights that are equal to the difiee o - v 560 556
between a crest level and the mean level of th Esstarig: [kin]
neighboring troughs weighed by the distance berigyre 2. Bathymetry of the research area in thettgon Bight
tween those troughs and the crest. of the North Sea. The bathymetry clearly shows Ehech

Banks, of which the Brown Bank can be recognizethéeast.
Less visible are the sand waves, with crests attlibgonal to
2.2.3 Lee-stoss asymmetry the tidal sand bank crests. The tidal sandbankdwianalyzed

B ; . . or the bathymetry in the whole area, the sand wéwhite rec-
The Iee.StOSS asymmetry is defined as the Cllff(mfen(g;mgle) and mega-ripples (black spot within whéetangle) for
of the distance between the trough north of thetcre gynsets of this area, that have been measurechigtter reso-
and the distance between the crest and the troug@hion. Northing and easting are in UTM ED50 prdijec. The

south of the crest divided by the wavelength: tidal ellipse is shown in lower right corner.
L, - L,

L 2.3.1 Sandbanks

The general bathymetry of the Dutch banks is
available in an equidistant matrix with a resolntio
of 200m. The bathymetry is a mosaic of data col-
lected through time. This will have introduced some
2 2 4 Volume errors related to morphodynamic changes. However,

The relative volume is defined as the area of gt b given the rate of bathymetric change, the positiona

form above the line through both neighboring trougherrorS are assumed to be in the order of about 10m

positions divided by the volume of a triangle with gndhthe Vertlcl?l error mdthe ohrder_ of abfoukt] 25cmd
the same length and height: oth are small compared to the sizes of the sand-

banks.
% -7Yd The tide is fairly unidirectional, with a maximum
(2, — 7,)dx : : :
J-Z—T depth averaged flow velocity of 0.81thsThe sedi-
% ments consist of medium fine sands with a mean di-
z,-7 ameter of 0.225mm in the north to 0.275mm in the
(X, =%))| Zyrest ~ 5 south of the area McCave (1971).

in which z is the local bed level. This measure for2.3.2 Sand waves

relative volume gives a value of 0.5 for any sand Within the general bathymetry, an area of 5xikm

wave without crest-trough asymmetry and has limitdias been surveyed within a single multi-beam swath

of 0 and 1 for asymmetric waves with infinite nar-survey (figure 3). The center of this area is ledait

row crests and troughs respectively. A sand wave56274m Easting and 5833391m Northing. The

with a high and narrow crest, will give a relative longer axis of the area makes a 16 degrees angle to

volume between 0 and 0.5. the North. This area is on average about 28m deep
and is covered by sand waves superimposed on the
slope of a tidal sandbank. Locally the sediments is

A=

Following this definition, a perfect symmetric wave
has a asymmetry valwe=0.5.

V =
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well sorted RYD10=1.5 and a median grain size of fective error in the vertical is 5 to 10cm. Theoerof

0.275mm with some sorting effects between cresthe positioning error is about 2.5m. However, about
and trough Passchier and Kleinhans (2005). Th&m is related to the correction relative to theebas
depth averaged tidal velocity is about 0.7ma& a  station which is constant throughout the domain. No
tidal range of 0.6m. information was available about the standard devia-
tion of the remaining error. This error is almost
purely random, which makes it possible to analyze

el : X :
] bed forms that have amplitude with the same magni-
| tude as the measurement noise.

=]

=

§ 0 | E |

= 0 1000 2000 3000 4000 5000

track position [m] 3 RESULTS

Figure 3. Sand wave field superimposed on the Dbutks. The approach to analyze bathymetric data on bed

Position is in orthogonal coordinates relativetie most south- - forms is applied to the three data sets. First, the
e point of the rectangle. height predictions with the polynomial approach are
. . . compared to the predictions by the approach of

The' data with a _resolutlon of.about $2-5”.“$ InKnaapen (2005) (section 3.1). After that we will
both directions was interpolated linearly to aniequ show some examples of bed patterns analysis ap-

distant grid with the same resolution in both direc lied to sandbanks (section 3.2). sand waves ecti
tions. The orientation of this grid is such thaton 2_3) and mega-ripplés (section %’_4)_ (e

axis is approximately parallel to the sand wavstsre
and the other one orthogonal to them.

For this survey, the positioning system has an ed.1 Height estimates
ror with a 2.5m standard deviation Knaapen et al

(2005). The depth measurements still have a staligimate the bed level of the crests and troughs re
dard deV|_at|on Of. apout 20cm. However, the MAOmoves the noise from smaller bed patterns without
part of this error1s related to the t'd‘:fll CO'I‘I’GD'[IOf' the underestimation of the height resulting frora th

the dep_th. Since the measurement time s relat'Vek)(/eighted averaging. Figure 5 shows the differences
short this part of the error is about the sameufiie o yeen the raw data and the smoothed data for the

out the whole domain and will not influence the ,,\nomial estimate and the window averaging es-
analysis performed here. The remaining standard d%—

iation in th tical is about 5 to 10 Thisid mate for the measured sand waves.
viation in the vertical Is about 5 o 10cm. | NISE- The estimates of the window averaging show a
ficiently small for the approach to give reliablgtie

larger error that still depends on depth and thus o
mates. the sand wave height. Consequently, the sand wave
5 3.3 Mega-rippl height is being underestimated. The differences be-

"~ ega-rippies , tween the raw data and the polynomial fit are much
A subset of %he sand wave area, W't.h a S.urfacgmaller and are independent of depth. The remaining
area of 500x75mhas been surveyed within a single it rence has the same magnitude as half the heigh

multi-beam swath track. The direction of this swathof the superimposed smaller bed forms.

The proposed use of a fourth order polynomial to

has a 2B angle clockwise with the North, which is
about perpendicular to the crest of the mega-rgpple © window averaged
(figure 4). The center of this area is located at .
556274m Easting and 5833391 Northing. This area
is on average about 28m deep and is covered by
mega-ripples superimposed on sand waves on the
slope of a tidal sandbank.

27

crest level in smooth data [m
(3=
2
h

T

=, 0.06
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Easting [km] ’/’
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Figure 4. Mega-ripple field superimposed on thedsasaves. 29 285 t—%s 1_-27.5 d£27 -26.5
Position is in orthogonal coordinates relativehte most south- . , s e e b (]
ern point of the rectangle Figure 5. The differences between the raw crestléeand the

alues after window smoothing (black) and the pofyral fit

The multi-beam echo soundings have a resolutio
gray) for the and waves.

of about 0.35m, which we interpolated to a equidis-
tant grid with the same resolution. For this survey
taken in 2002, the positioning system has simitar e
rors as the sand wave survey of section 2.3.2ethe
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3.2 Sandbanks 3.3 Sand waves

This data set is analyzed in the east-west direcFhe sand wave orientation is approximately 30 de-
tion, since the sandbank crests are almost patallel grees clockwise with respect to the North. Thetcres
the north-axis. Figure 6 shows the crest of the&lsan trough analysis shows that the sand waves are very
banks in the research area. Additionally, the cofor regular, with only a few bifurcations (figure 8).
the dots denotes the height of the sandbank at th
point.

trough
crest

E
5 800 N\ \W
oo S AN HANNN
58701 ‘ L ( € 200 ] )
5865, ” ) N fe“fju \ % 500 1000 1500 2000 2500 3000 3500 4000 4500
\/ track position [m]
5860+ }
5855 ) | i Figure 8. The crests (black) and troughs (graygaoid waves in
= { \ | \ the research area. The coordinates are given iarsnahd the
<, 5850 N ; principal tidal direction is from left to right.
s H
§ 58451 , : . . -
= {9 s / This observation is confirmed and quantified by
= ) £ / & the statistics and the probability density funcsion
5835 { (figure 9). The pdf's of all characteristics show a
- | ) symmetric bell-shape curve suggesting a Gaussian
, } distribution. The wavelength has a mean value of
= ! J 201m, with a standards deviation of 44m. The height

550 540 550 560 570 580 has a mean of 1.6m, with a 0.4m standard deviation.

Easting [km]

Figure 6. The crests of the tidal sand banks irr¢isearch area _The crests and troth lines in figure 8 are pair-
with the height estimates indicated by the colmo@inates in ~ Wise close together, which shows asymmetry. The

UTM kilometers. histogram of the asymmetry in figure 9 confirmssthi
observation, showing a narrow peak at 0.2. On aver-
The sandbank height shows an increase goingge the south-western slopes are 50\% longer than
east. This trend is confirmed when looking at thehe North-eastern slopes.
maximum crest level as function of the easting posi

tion. The increase in crest height compensates the yotd : : ‘
increase in mean depth completely, resulting in an 5t . ]
almost constant value of the minimum navigation g — . — =
depth (Figure 7) of about 21m. No other characteris Orientatior [}
tic shows any structural variation within the domai o ‘ ‘ -
The number of crests in the area is limited. A sta- ST0L ‘
tistical analysis of the characteristics for thadadset o5 , o z : 5
is not very reliable. Height [mj
1500 T T T T
7000+ 1
500+ 1
25 . ‘ ‘ . . ‘ % 100 200 300 400 500
Length [m]}
! 1500 T :
zoM ] 1000} Il ]
s 5001 .
E |} 0 ‘
= -1 -0.5 7} .5 1
o 15¢ ] Lee-Stoss Asymmetry [-]
E 2000 T T T -
8 10t 1000} ]
v ‘
m 0
[ Q.2 0.4 o6 0.8 1
3t Relative Volume [-]
max. sand bank height
—min. water depth
i iy o

520 530 540 550 560 570 580 590

Basting [km] Figure 9. Histograms of the orientation, the heigheé wave-
Figure 7. Sandbank height and minimum water deptfuac-  'ength the asymmetry and the relative volume of saed
tion of easting. Easting in UTM kilometers. waves.

There is little asymmetry between the crests and
troughs, with a relative volume of 0.48; the sand
waves have an almost perfect saw-tooth shape.

18¢



x 10°

_ wavelength [km] m’ﬁ' 2

Eos . =l g ‘ ]

00 -100 0 100 200

= : _ Qrientation [-]

<

05 1 15 zEaSﬁig[km]s 35 4 45 ;égg___-_-_
Figure 10. The variation of the sand wave lengtér die meas- 6 071 02 03 04
urement area. Height m]

From the pdf's one can deduct that the variation ii ;égg _* ]
the sand waves is very limited. Still there is some 0 5 10 15
variation. The second axis in figure 9 shows a pea Length [m]
with a wide shoulder for higher wavelengths. Figure ;égg
10 shows the wavelength over the area after linec L

1 -0.5 0 0.5 1

interpolation to a 100x100ngrid. In this figure one
Lee-Stoss Asymimetry [-]

can see an alternating pattern of areas in whieh tr
wavelength is 200m and areas in which both large
and smaller wavelengths, related to the bifurcation 00 ‘ ]
coexist. Apparently, the deviations from the mear 00 0.5 1
wavelength occur grouped in bands with a wave Relative Volume [-]
length of about 1.5km.

Figure 12. Histograms of the orientation, the hgitfre wave-
length the asymmetry and the relative volume of itega-
ripples.

The minima-maxima analysis applied to the mega-
ripple data results in the crests and troughs iposit ‘ ‘ ‘ T
shown in figure 11. The approach detects no meg: i L .
ripples on the steeper slopes of the underlyingl sar 1
waves. However, close inspection of the topograph
faintly shows some low mega-ripples in this loca-
tion.

)

|
100

3.4 Mega-ripples

mega-ripple height [m]

Y
s 3

slant position [m]

-29 * -28.5 -2; * -27‘.5 : ‘-;“7‘ - -iti‘.j -2‘6 255
track position [m] bed level [m]

Figure 13. The mega-ripple height as function odlisturbed
Figure 11. The crests and troughs of mega-rippiethé re-  water depth (i.e. without mega-ripples)
search area. Coordinates in meters.

Figure 12 gives the pdf's of the orientation, l&ngt 4 DISCUSSION

height, asymmetry and relative volume of the mega-

ripples. The mean wavelength is about 8.7m, with &he proposed data analysis approach captures almost
standard deviation of 2.1m. The mean height il bed waves we have analyzed. It did not detest t
about 30cm, but occasionally mega-ripples are fountpw amplitude mega-ripples on the steep slope f th
that are much higher. On average the mega_ripp|é§1derly|ng sand waves. The sand wave slope and the

: : . : mega-ripple height are such, that the up-slope mega
zrr:aﬁyg;nrﬁinngtir; with the majority having only very ripple trough is only marginally lower than the stire

The height of the mega-ripples shows a correl As a result one or two mega-ripples are missed on

. . o : he lee-side of each sand wave. This absence of
tion with the position on the sand waves. Figure 1 : - ;
shows the mega-ripple height as function of the anSome data hardly influences the statistics whieh ar

: based on a far larger number of mega-ripples. The
disturbed water depth, e.g. the local water depsh h . , . : o
been corrected for the disturbance by the meg biggest effect is a distortion of the charactersstf

Fhe first mega-ripples next to the steep slope.irThe

ripples. Although the random variations exceed thtf : :
. ength, asymmetry and relative volume are distorted
trend, the mega-ripples on the troughs are on geera, tghe pdfy(figureylz) this shows up as long tails.

10 cm higher than the ones in the troughs. Note that the tail of the wavelength is outside the
limits of the axis.
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In principle, the algorithms presented here to deAlong the research area, the wave climate is umifor
termine height, length and asymmetries works indeleading to uniform water depths above the rests.
pendent of the orientation of the profile relatize The height of mega-ripples also correlates with
the crest orientation. One only needs to correet ththe local water depth. The mega-ripple heighthat t
wavelength by multiplication of the length alongth sand wave crests are (0.35-0.22)/0.35=24.8% higher
profile with the cosine of the angle between peofil than in the troughs. A straight forward analysis
direction and bed form orientation. However, if theshows that the difference in the potential sediment
angle gets to large and the sinuosity of the des$  transport between crests and the troughs of thé san
is large, the crest detection will start missing th waves has the same ratio. As the principal tidal cu
crest points, whose orientation is close to thereri rent is almost perpendicular to the sand wave grest
tation of the profile. Therefore, it is advisedwork  the flow velocities at the crests will be largearth
with profiles that are about perpendicular to thethe velocities in the troughs. Mass conservation
mean orientation of the bed pattern. gives that the flow wvelocity is about

The proposed analysis gives accurate estimates 88.5/26.5=1.075% higher over the crests than over
the characteristics of bed forms with statistical d the troughs (see for example Hulscher, 1996).
scriptions, which cannot be achieved with current Sandbank related sediment is assumed to be a
approaches. Passchier and Kleinhans 2005 for ekdnction of the cubed flow velocity. So the magni-
ample only give the ranges of the height and lengttude of the sediment transport will be 1.875
of mega-ripples, whereas we present more detaileti=24.4% higher on the crests.
information based on the same bathymetric informa- No height variations could be discovered in the
tion. The large number of data points makes itiposssand waves, but this might just be because the bed
ble to reliably detect relationships that are reédy  level variation over the measurement domain is to
weak compared to the noise. The constant watemall. The sand waves do show a variation in wave-
depth over the sand bank crests would be difficult length. It is impossible to explain these rhythmic
determine from an individual profile, as the maxi-variations based on the measurements only. How-
mum crest heights of different sandbanks don't linever, the 1.5km wavelength of these variation is
up along a single line. Similarly, the wavelengthsimilar to the wavelength of the long bed waves de-
variation of the sand waves can only be detected iscribed by Knaapen (2001).
the 2D distribution of the wavelengths over space. The orientation of the bed forms is linked to the
The relationship between mega-ripple height andlirection of the tidal current. Hulscher (1996) ex-
depth does show up from individual profiles. How-plains why the crests of tidal sandbanks have d sma
ever, only the repeated result from several prafilecounterclockwise rotation with respect to the grinc
increases the reliability of the found relationship pal axis of the tidal ellipse and that the cre$tsamd

With exception of the Brown Bank, the sand-waves are at small angles to that principal axis.
banks in this area are much lower than the betté3imilarly, the crests of mega-ripples are generally
known sandbanks in the North Sea, such as thgerpendicular to the direction of the flow. The ob-
Flemish Banks or the Norfolk Banks, reaching noservations here agree well with these assumptions
more than 25% to 50% of the maximum water depthfor the tidal sandbanks $&B The angle between the
The location of the research area is fairly clasthe  principal axis of the modeled tide and the crests o
amphidromic point resulting in lower tidal currents the sand waves -34nd mega-ripples 2ds slightly
the driving mechanism is less strong. This suggestsigher than expected (1and G respectively). This
that the Brown Bank, which is much higher, isdifference is provoked by the disturbances of ithe t
(partly) relic. due to the presence of the tidal sandbanks.

The variation in the depth-to-height ratio of the The tide has been calculated on a grid with a
sandbanks, even ignoring Brown bank, contrastspacing that is too large to include the tidal sand
with the findings of theoretical work, which assiesne banks. These flat bed calculations are perfectsto e
that the sandbank height is a fairly constant pgrce timate the angle of the sandbanks, but introduee er
age of the maximal water depth (Idier and Astrucrors if looking at superimposed smaller bed forms.
2002). The marginal variations in tidal strength or
sediment characteristics

McCave (1971) cannot explain the variations in5 CONCLUSIONS
the height-to-depth ratio. This height variatiortlod
sandbanks results in an almost constant water depth In this paper, a automated variation on a classical
over the highest point of the crest, about 21msThiapproach is followed to analyze bed forms from
might be explained by the assumptions of Huthnanceulti-beam bathymetric surveys. After the orienta-
(1982) and Roos (2004) that the tide is driving thdion is determined, the data the crest and troagés
generation of the sandbanks whereas the wave fordetected objectively along profiles that are perpen
ing is limiting the crest level to a constant level dicular to the sand wave crests. The detectioalis r

able, robust and easily implemented.

191
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sand waves shows an unexplained rhythmic varia- their relation to currents and combined flow coiodis.
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