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ABSTRACT: Lower shoreface seabed dynamnare poorlyunderstood. Tidal sand waves (as wel
other bedforms) play an important role in the sesttriransport and bed evolution of this region., Yet
they are usually overlooked in basin-scale modeadingies. The present work presents a novel method
to parametrize bedform friction in order to inclusend wave effects on the hydrodynamics of basin-
scale domains (such as the North Sea, hundreds)ofPkeliminary results show that, due to the prese
of sand waves, the flow is deflected and modifrechagnitude.

waves, and/or sand waves on top of ridges
(van der Spek et al., 2022). Thus, they can
1 INTRODUCTION interact and affect the flow through a
The lower shoreface forms the transition modified bed roughness (Soulsby, 1983). As
between the inner shelf and the uppera result, they also affect sediment transport,
shoreface. It is usually covered by bedformsand thus the morphodynamic evolution of the
characterized by different spatial and seabed, resulting in a closed hydro- and
temporal scales. We can find ripples (a fewmorphodynamic loop (Fig. 1).
decimeters long), tidal sand waves (100 — However, sand waves as well as other bed
1000 m long), and ridges (5 — 10 km long). patterns are mostly studied in isolation (e.g.,
These bedforms are usually found to co-exisBlondeaux, 1990; Hulscher, 1996; Roos et
in the field, for example ripples on top of sand al., 2004). Little is known about the two-way
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Figure 1. Sketch of the proposed research: Weimistigate the effects of bedforms on the currdmis also
the interactions between sand waves and largee-beaiforms, which affect (and are affected by)cineents.
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couplings between sand waves and other By addressing the above mentioned
bedforms, and how these affect the flow.knowledge gaps, the proposed research aims
Consequently, the effects of bedforms onto: (1) explain bedform effects on basin-scale
basin-scale flows (such as in the North Seahydrodynamics; (2) understand how sand
see Fig. 2a) are usually not considered inwaves affect the flow at sand wave field
modeling studies (see Brakenhoff et al.,scales; and reveal sand wave
2020, and references therein). Similarly, themorphodynamics superimposed on a sloping
effects of sand waves on the flow at a sandbackground topography (such as ridges or the
wave field scale (Fig. 2b) are poorly lower shoreface) during (3) the sand wave
understood. The above mentioned knowledgdormation stage, and (4) the subsequent
gaps primarily concern the hydrodynamics ofevolution. Aims (1) and (2) will serve to
the lower shoreface. In addition, there is abetter represent bedform-induced
lack of knowledge regarding the hydrodynamics on larger-scale domains
morphodynamics of sand waves on the lower(basin scale or sand wave field scale,
shoreface. More specifically, the effects of arespectively). Aims (3) and (4) will serve to
sloping background topography on sandgain system knowledge on sand wave
wave evolution (Fig. 2c)and vice versa dynamics on the lower shoreface.

remain unclear. As part of the MELODY
project (ModEling LOwer shoreface seabed
DYnamics for a climate-proof coast), the
proposed research will tackle these

knowledge gaps in order to better understan re presented and discussed in §2. Future

the dynamps of sand waves on the IOV\’erresearch approaches are summarized in 83.
shoreface. Since sand waves (as well as other

bedforms) affect the flow and hence sediment
transport, more insight on their dynamics will
contribute to a better understanding and
representation of the processes shaping the
lower shoreface.

This work focuses on the first aim, i.e.,
the effects of sand wave-induced friction on
basin-scale hydrodynamics. An overview of
he methodology used and preliminary results

(a) Basin scale (b) Sand wave field scale (¢) Individual sand wave scale
~ 100 km ~ 10 km ~100m - 1 km

Figure 2. Sketch of the different spatial scalesstered in the proposed research: (a) basin ssadh, as the
North Sea, corresponding to hundreds of km, (bjl seave field scale, containing several sand wavdsmit,

and corresponding to tens of km, and (c) individsehd wave scale, corresponding to hundreds ofha. T
proposed research aims to include sand wave effiectse hydrodynamics at basin (a) and sand wale (b)
scales, as well as understanding sand wave (c) hondymamics superimposed on a sloping background
topography
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sand wave fields are present. Each sand wave

2 BEDFORM-INDUCED FRICTION IN field is characterized by the sand wave field

BASIN-SCALE FLOWS profile h(x,y) mean water deptiH and
orientation angle (defined as the angle of
2.1 Motivation the crest-normal direction with respect to the

x-coordinate). The momentum and continuity

The effects of sand waves and/or ridges onsquations for a depth-averaged, shallow
hydrodynamics are usually overlooked in\yater flow on thd-plane read

modeling studies considering basin-scale 3 p
domains. In such cases, the friction%® 9% u f 4 tbx

coefficient is usually taken as an overall 0t  0x * vay H+h+¢
calibration parameter, thus taken constant in _ 0 (1a)
the entire domain (see Brakenhoff et al., B gax'
2020, and references therein). In order togy, ov ov Ty
better represent bedform-induced effects onz- + U= tv—+fut—0

. . . x ady H+h+(
basin-scale hydrodynamics, we hereby derive aq
a parametrization of the bed shear stress, =—g—, (1b)
which incorporates local bedform field dy
information. Therefore, by using the given a7 0
parametrization on a basin-scale domain, thé; + Ox [(H + h+ Ou]
effects of bedforms can be accounted for, d
without actually resolving them. + @ [(H +h+Qv]

=0. (10)

2.2 Methodology
. . . Here, u and v are the depth-averaged
Consider a basin-scale domain (such a3elocities in the X and y directions,

the North Sea, see Figure 3a), where differenFespectively. Furthermord, is the Coriolis

(a) Basin scale (b) Sand wave field scale

~
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Figure 3. Sketch of the 2DH hydrodynamic model uggdbasin-scale domain with several sand wavedigach
characterized by the bedform averaged orientatighes?, sand wave field profil@(x,y) and mean water depth
H), and (b) sand wave field-scale domain with #haxis pointing in the cross-crest direction. Asault of this
choice of axis orientation, the friction experietidxy the bedform-averaged flow is differentimndyj directions.
Note that two different reference systems are clamed at asin scale,x’,y’) being rotated with respect tx,y).
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parameterg is the gravitational acceleration, a¢ -

andZ is the vertical displacement of the sea _ga_y =G, (3b)
surface with respect to the mean (defined at
= 0). The friction terms are written in terms
of the bed shear stressesy andt,y. In the
absence of bedformk & 0), we adopt

where F and G are the components
corresponding to the tidal wave, thus
spatially uniform at sand wave field-scale.
The corresponding momentum  and
Tpx =TU, Tpy =17, (2) continuity equations in the local reference

where for convenience, as a first step, the bedYStem read

shear stresses are parametrized to scale g ~ rii B {

linearly with the flow velocities. Herejsthe o=~ fU+——F=-F—-g=2, (4a)
referencefriction coefficient, corresponding
to a mean water depttH. The main §_— 4 ¢4 -G (4b)
motivation ~ behind  the  following 0%
methodology is to obtain parametrizations for o B
the bed shear stresses such that thggl(H +M)a]=0. (40)
dependence on bedforms is already
accounted for inp xandty,y, and it is thus not
explicitly included in the equations. We will
see that due to the presence of sand wave
the expressions for the bed shear stresses will 1t
differ from those in Equation (2). As a result, ()= Zfo - dx,
Toxandtp,y Will depend on both flow velocity . .
components andv, and on sand wave field With L covering an integer number of
characteristics, such as bedform height, shapgedforms. We also define sand wave field-

From Equation (4c), we infer a spatially
uniform discharg€®) = (H+h)ii. Furthermore,
we define the spatial averaging operator

(5)

and angle of orientation. averaged flowd/ = (@) andV = (¥), such
We define three reference systems (Fig.that
3): two basin-scale reference systemg)( _ Q Q 1
and Q(’,y’_), the latter being rotated by an U=(u)= <H_+h> —E<m>
angled with respect to the former. The third 0 nooR2
reference systemj(y), is defined at sand =14 —_
wave field scale (also referred to kxal H H  H? >
reference system). Th&axis points in the Q (h?) Q
cross-crest direction, and tlyeaxis int the ~ ﬁ(l + F) T (6)
along-crest direction. _
By zooming in on the local reference thusi can be written in terms of as
system £, ¥), we can assume periodicity in _ H
the ¥ direction and uniformity iry, because & = alp——. (7)
we consider regular bedforms (Fig. 3b). For _
simplicity, we assume steady flow and a low H€ré we have defined the factoas
Froude number, such that the contribution of H?
the free surface displacement to the local® = 7z (pay - (8)

water depth can be neglected. We also o ) ) )
decompose the forcing terms into two Substituting Equation (7) into Equations

components, (4a,b), and by ta_king the sp_atial average over
o1 o7 the sand wave field, Equations (4a,b) reduce
g2 — _F_ g2 to
~ Tefo ~
—fV+ I =—F, (9a)
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~ 1V - ov N ov N ov P Tpy
of Ut =-G Ob) Gt Uty T M T
respectively, where we have defined the = _ gﬂ _ (12b)
effectivefriction coefficientres as dy
, 1 Given that we are interested in the effects of
Test = Al <m> : (10)  pedform-induced friction, and for the sake of

simplicity, a has been approximated to 1 in
We thereby identify two different friction the Coriolis terms. Yet, it is included in the
Coeﬁ|C|entS aCt|ng on th.é andj; dlreCtlonS parametrization foreﬁ (Eq 10)’ on WhiCh’b,x
(rert andr, respectively), witlrer comprising  andt,, depend, i.e.,
sand wave-induced effects. Thus, sand wave-

induced friction effects are experienced inthe, . = u Tett +7
crest-normal direction. ' 2 _
+ Teff — 7 (ucos 206
By zooming out on the basin-scale and 2
rotated reference system;,y’) (Fig. 3a), we + v'sin 20) (13a)
can include sand wave-induced effects on the T+ Toge
basin-scale flow by considering the aboveTsy =V 5
obtained friction coefficient. Hence, sand Teff — T ]
wave information is already accounted for, + (usin26
and we do not need to explicitly inclutden —vcos 26), (13b)

the momentum equations, yielding which replaces Equation (2). Indeed,

ou' Jou’  ou’ , Teffl' Equation (13) shows that both velocity
etttV v tay + componentsu and v affect both bed shear
aC stress components. Note that the present
=95 (11a)  apalysis only considers hydrodynamics, so

the bed is considered not to change over time.

ot ox' ay’ H+( 2.3 Preliminary results
= _ga_Z’ ) (11b) The described analysis has been applied in
oy a local reference system with two different

By transforming to the non-rotated basin- (synthetic) bedform patterns, both uniform in
scale reference systenx,\) (Fig. 3a), we thej direction, one purely sinusoidal and the
obtain the depth-averaged, shallow waterother more sharply crested,
equations for a basin-scale, non-steady flow, .\ _ 7 -
on the f-plane, in which the effects of hy (%) = hcos(k%), (142)
bedforms are implicitly incorporated trough S
the bed shear stressgs andty. As aresult, hy(%) = hz — cos(jkX). (14b)
the flow is not resolved at sand wave scale, j=1]
yet the effects of bedforms on the flow are yare K corresponds to the bedform
considered. The corresponding momentu

: rr\Navenumberﬁ is the bedform amplitude,
equations read

and we have taken a mean water depth of
ou au+ ou N Tpx H = 20 m (Fig. 4a). Note that both bed
Yax v@ fv H+ profiles have the same mean water depth.

at  “ox
—g % ) (12a)  The respective values oji increase with the
dx bedform amplitude relative to the mean water
depth (Fig. 4b), withress being always larger
thanr. Furthermore, the sinusoidal sand wave
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Figure 4. (a) Different sand wave profiles usethapresent study, and (b) resulting effectiveifsit coefficient
rer relative to the reference friction coefficiantor different sand wave field amplitudes. Thickidgdines in
panel (b) correspond to the situation in whichlibd shear stress is parametrized linearly on tive ¥elocity,
while thick dashed lines correspond to a bed skass scaling quadratically on the flow velocitiisther
discussed in 8§2.4.1). The vertical dashed lineaneb (b) corresponds to the situation depictedanep (a),
where the sand wave field amplitude is 1 m. We haken a Coriolis parameter representative forlNbeh
Sea f=1.15-10~* ¢1), anc a linear friction coefficient ¢r = 2.5 - 1073 m/-.

field results in a higher friction coefficient This results in variations in flow magnitude
(for equal sand wave field amplitudes). Thisand angle (Fig. 5). These effects depend,
IS because the region over which the bedformhowever, on the angle¢, of the flow with

is above mean water depth is larger in therespect to th& axis. When the flow is purely
sinusoidal bedform case, thus resulting inin they direction ¢, = +90°) the flow is not
higher friction. Note that the results are modified because the sand waves are straight-
independent on the chosen bedformcrested in this direction.

wavelength.
2.4.2 Simplifications
2.4 Discussion Several simplifications have been made in
) order to obtain the sand wave field-scale
2.4.1 Flow deflection over a wavy bed friction parametrizations. Most importantly,

Starting from Equation (9) and further the bed shear stress has been taken to scale

Considering the situation in which the Same”near|y on the flow Ve|OCitieS, whereas it is

forcing is present, but now on a flat bed, weusually taken to scale quadratically (Soulsby,
can obtain the flow on a wavy bdd,{) with ~ 1997). The effects of bedforms become more

respect to that on a flat bedo(Vo), relevant if the bed shear stress is taken to
S 5 scale quadratically on the flow velocity
__r HZ+f (15a) (dashed lines in Figure 4b). Future work will
TertTH™2 + af 2 o’ incorporate this formulation in order to better

f o reg—ar capture the effects of bedforms on friction.

— U, .
HregrH 2 + af? °

V=V,+ (15b)

Separately, for simplicity we have also
assumed steady state and low Froude number
when computing the parametrizations at sand
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Figure 5. Effects of sand wave-induced friction lonal flow (sand wave-scale) depending on the saade
amplitude with respect to the mean water depth,thedlow angle with respect to tlieaxis. There are variations
in flow magnitude(a), andangle(b). Theappliedsand wave field is sinusoidal (Eq. 1:

wave field scale (Eq. 4), but we aim to use
them in 'non?ste.‘ady models, which do not5 REFERENCES
necessarily lie in the low Froude number
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