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Shore platforms are ubiquitous morphological features along rocky coastlines and display a spectrum of
forms from gently-sloping to sub-horizontal with a low tide cliff. They generally front eroding coastal
cliffs and play an important natural coastal protection role by dissipating wave energy, especially during
energetic wave conditions. Sea-swell wave energy dissipates during wave breaking, but the transfer of
incident wave energy to lower frequencies, resulting in infragravity waves, can enable significant amounts
of wave energy to persist up to the shoreline. This residual wave motion at the shoreline can carry out
geomorphic work, for example by directly impacting the cliff face, but also for removing cliff-toe debris.
There are two main mechanisms for generating infragravity wave motion - group bound long waves and
breakpoint forcing - and it is not known which of these mechanisms operate on shore platforms. Here we
show, using field data collected at a sloping platform in England and a sub-horizontal platform in New
Zealand, and supported by numerical modelling, that the group bound long wave mechanism is most
important on sloping platforms, whereas breakpoint forcing dominates on sub-horizontal platforms. Our
results also suggest that the infragravity wave motion on the sloping platform is somewhat more energetic
than that on the sub-horizontal platform, implying that the latter type of platform may provide better
protection to coastal cliffs. However, site-specific factors, especially platform elevation with respect to
tidal level and platform gradient, play a key role in wave transformation processes on shore platforms
and more field data and modelling efforts are required to enhance our understanding of these processes,
especially collected under extreme wave conditions (Hs > 5m).

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

agating across its surface (e.g., Farrell et al., 2009; Ogawa et al.,
2011; Poate et al., 2018), and thus the amount of wave energy

Shore platforms exist within a continuum of forms and are typ-
ically observed as (quasi-) horizontal or low gradient (tang < 0.05)
rocky surfaces that occur within or close to the intertidal zone of
rocky coasts and are commonly backed by cliffs (Trenhaile, 1987;
Sunamura, 1992). The surface of shore platforms ranges from very
smooth (like a sandy beach) to very rough and depends on geolog-
ical factors such as the lithology and stratigraphic characteristics
of the bed. Shore platforms are of particular interest to coastal
scientists as they directly control the transformation of waves prop-
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reaching the base of coastal cliffs. In turn, this is important in driv-
ing coastal cliff recession rates, but rock platforms also provide key
evidence for the age, inheritance and mode of development of rocky
coasts. Although existing across a spectrum of forms, two end-
member types of shore platform have been commonly described
in previous studies (e.g., Sunamura, 1992): Type A platforms are
gently sloping (tanf ~ 0.01-0.05) and usually extend into the sub-
tidal zone and Type B platforms are sub-horizontal with a low
tide cliff or reef-type feature, the upper part of which can some-
times be seen at low tide (Kennedy, 2016). Shore platform type
appears predominantly controlled by tidal range (Trenhaile, 1987)
with sloping platforms typical of large tidal environments (mean
spring tidal range > 2 m) and sub-horizontal platforms more com-
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mon in regions with a small tidal range (mean spring tidal range
< 2m). However, the balance of rock resistance versus wave force
is also highly significant (Sunamura, 1992) and sea level history
and morphological inheritance also provide important controls on
shore platform geometry (e.g., Stephenson et al., 2017).

Infragravity waves are low frequency (0.005-0.04 Hz; 20-2005s)
waves that can dominate the spectrum of water motions and
sediment transport processes within the inner surf zone (Bertin
et al., 2018). There are two widely accepted mechanisms for the
generation of infragravity waves, both related to the variation in
sea-swell energy induced by wave groups. The first theory for infra-
gravity wave generation was proposed by Biesel (1952), and later
by Longuet-Higgins and Stewart (1962) and Hasselmann (1962),
who demonstrated theoretically that the modulation of short wave
height by wave groups induces a variation in water level causing it
to become depressed under groups of large waves, and enhanced
where the sea-swell waves are smaller. This variation in water
level creates a second-order wave that is ‘bound’ to the wave
groups. The bound infragravity wave propagates at the group veloc-
ity and has the same wavelength and period as the wave groups,
but is 180° out of phase (i.e., the trough of the bound infragrav-
ity wave is coincident with the largest waves in the wave group).
It is commonly assumed that the bound long wave is released
by short-wave breaking and continues to propagate to the shore
as a free wave (e.g., Masselink, 1995; Inch et al., 2017). The sec-
ond generation mechanism, proposed by Symonds et al. (1982), is
the time-varying breakpoint in which freely propagating infragrav-
ity waves are generated as dynamic set-up/down oscillations as a
result of the spatially fluctuating breakpoint of different sized wave
groups. According to this mechanism two infragravity waves are
generated, both originating at the sea-swell wave breakpoint and
with the same frequency as the wave groups: a set-up wave prop-
agating to the shore (in phase with wave groups) and a set-down
wave travelling out to sea (in anti-phase with wave groups).

Laboratory studies have demonstrated that the relative impor-
tance of the two generation mechanisms is largely controlled by
the beach slope, with bound infragravity waves dominating on
mild sloping beaches, and steeper beaches being more conducive to
breakpoint generated infragravity waves (e.g., Battjes et al., 2004;
Van Dongeren et al., 2007). In addition to bed slope, sea-swell wave
steepness has also been shown to have an influence on the gener-
ation of infragravity waves (Baldock and Huntley, 2002; Baldock,
2012).

Energetic infragravity wave motions have been suggested as a
mechanism to perform geomorphic work, for example by directly
impacting the cliff face, and for removing cliff-toe debris (Dickson
etal., 2013). Additionally, infragravity waves may increase the level
of sea-swell energy at the base of cliffs backing shore platforms by
reducing short-wave dissipation through the increase in the local
water depth under the infragravity wave crests (i.e., relatively large
sea-swell waves ‘ride’ the infragravity wave crests). However, to
date, detailed infragravity wave studies have focused primarily on
sandy beaches.

Some of the data presented here have previously been used to
quantify incident wave dissipation and platform roughness effects
(Poate et al., 2016, 2018) and to model incident and infragravity
wave signals (McCall et al., 2017), however, prior to these, few pub-
lished studies have focused on infragravity wave transformation
over rocky shore platforms. Beetham and Kench (2011) undertook
two field experiments on sub-horizontal shore platforms in New
Zealand, however, the study was relatively modest in its analysis
and experimental set-up as data were only collected by five pres-
sure sensors deployed for up to 36 h, and wave conditions were
low-moderate with maximum offshore wave heights not exceed-
ing 1.5m. The results of this study were mostly consistent with
those from sandy beaches, with infragravity wave height linearly

dependent on the offshore sea-swell wave height and increasing
shoreward with a maximum infragravity wave height of 0.20m
close to shore. Infragravity wave shoaling, quantified as the change
in wave height from the platform edge to the cliff toe, was strongest
on the wider of the two platforms. A shoreward increase in infra-
gravity wave height and the increasing significance of infragravity
energy relative to sea-swell energy on the inner platform, analo-
gous to dissipative sandy beaches, has also been observed on other
sub-horizontal shore platforms in New Zealand and in Australia by
Marshall and Stephenson (2011) and Ogawa et al. (2011, 2015).

Coral reefs have a morphology that is analogous to sub-
horizontal shore platforms, with arelatively horizontal reef flat and
alow tide reef step, and have been the subject of several infragravity
wave studies (e.g., Lugo-Fernandez et al., 1998; Brander et al., 2004;
Pomeroy et al., 2012; Pequignet et al., 2014; Cheriton et al., 2016;
Masselink et al., 2019). Coral reefs exist primarily in microtidal
regions and have a large bed roughness, and thus friction coeffi-
cient, compared to sandy beaches. On a fringing reef in Western
Australia, Pomeroy et al. (2012) found that the water motion shore-
ward of the reef crest was dominated by infragravity waves and that
the dominant generation mechanism of the infragravity waves was
the time-varying breakpoint at the steep reef crest. This was sup-
ported by numerical simulations and is consistent with the theory
that breakpoint-generated infragravity waves are more prevalent
in steep sloping regimes. The efficiency of the time-varying break-
point for infragravity wave generation was also observed on coral
reefs by Pequignetetal.(2009,2014)and Beckeretal.(2016),and in
numerical modelling by Van Dongeren et al. (2013) and Masselink
et al. (2019).

Whilst a number of studies have investigated infragravity waves
on sub-horizontal shore platforms and similar coral reefs, there
are few studies from sloping shore platforms. In a study of wave
transformation at five sloping shore platforms around the UK, Poate
etal.(2018) observed the total infragravity energy to either remain
constant or decrease in the shoreward direction through bed rough-
ness. This characteristic of infragravity waves on rocky platforms,
generated by bound wave theory, was supported by Jager (2016),
based on the analysis of the field data collected on one of these
sloping platforms and supported by XBeach numerical modelling.
Recently, an approximate 10 % increase in total infragravity energy
was observed across a sloping platform in a macro-tidal setting by
Stephenson et al. (2018); however, low-energy wave conditions,
measurements at only three cross-shore locations and a largely
qualitative analysis limit the ability of their study to elucidate more
fully the geomorphic significance of infragravity waves on such
platforms.

This paper investigates and compares the generation and trans-
formation of infragravity waves on contrasting sub-horizontal and
sloping shore platforms. Field data from a sub-horizontal plat-
form at Leigh, New Zealand, and a sloping platform at Lilstock,
UK, are analysed and complimented by numerical modelling using
the XBeach model (phase-resolving). The specific objectives of this
study are to: (1) assess the relative importance of the bound wave
and the time-varying breakpoint theories of infragravity wave gen-
eration on the two platforms; (2) investigate and quantify the
transformation of infragravity energy across the platforms; and (3)
discuss the geomorphic implications of the findings.

2. Methodology
2.1. Site description
Data presented in this paper originate from two field sites: Lil-

stock (LST) in Somerset, UK, and Tatapouri (TAT) on the east coast
of the North Island in New Zealand (Fig. 1). Both sites are part of
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Fig. 1. Location maps and aerial images of LST (a) and TAT (b). Red dashed lines indicate the location of the instrument arrays across the intertidal platforms. Cross-shore
profile of the platform at LST (c) and TAT (d). Black dots are the pressure sensor locations and the vertical black bars indicate the local tidal range. The standard deviation
(std) of the profile surface is provided as an indication of relative roughness. Note the different axis limits. Dashed line indicates un-surveyed section of profile.

a larger project looking at wave transformation across rocky plat-
forms, with data from LST presented in Poate et al. (2016, 2018) and
McCall et al. (2017). LST experiences macrotidal conditions, with a
mean spring range of 10.7 m, and is characterised by a wide (300 m),
rather smooth and uniformly sloping platform (tanf3 =0.021). The
platform at TAT has a microtidal regime with a 1.4 m mean spring
range and is characterised by two distinct slopes with a smooth,
upper sub-horizontal section (tanf3 = 0.0004) that extends ~150 m
before a break in slope where the profile drops away more rapidly
(tanp =0.002) over the lower 150 m. The profiles presented in Fig. 1
show the surveyed intertidal portion of the survey area. Extended
profiles, highlighting the steep gradient at the edge of the platform
at TAT, are presented later in Section 3.3.

The site at LST is located on the southern side of the Bris-
tol Channel, orientated north, making it relatively sheltered from
the dominant south-westerly waves moving in from the North
Atlantic. The profile itself is composed of sub-horizontal, c. 0.4-m
thick mudstone beds which, through variable exposure and ero-
sion, results in pools and shallow channels (Fig. 2c). The field site
at TAT is located on the east coast of the North Island exposed
to the Pacific Ocean with incident swell approaching from the
south-east (Ogawa et al., 2011). The wide, sub-horizontal platform
is dominated by siltstone interbedded with weathered sand-
stone, which leaves shallow pools and crevices (Fig. 2a). Due to
the sub-horizontal bedding planes at both sites, the shore plat-
form surfaces are relatively smooth, minimising frictional wave
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Fig. 2. Site photos at low tide and high tide at TAT (a and b) and LST (c and d).

energy dissipation during wave transformation (cf.,, Poate et al.,
2018).

2.2. Data collection

For each site, a detailed topographic survey was undertaken
across the intertidal platform using RTK GPS (LST) and a total station
(TAT). Each dataset was transformed onto a local coordinate system
as shown in Fig. 1. To provide a comparison of platform roughness,
the standard deviation was calculated for a detrended profile using
a 5-m moving window. The mean value of this is presented in Fig. 1
and shows that LST (0.08 m) exhibited a slightly larger mean value
compared TAT (0.06 m), and is hence somewhat rougher.

Hydrodynamic data were collected over eight tides from the 8t
December 2014 at LST and over six tides from the 24™ February
2016 at TAT. At each site, a linear array of RBR Solo pressure sensors
(15 at LST and 14 at TAT) were housed within steel tubes (0.23 m
long) and fixed to the platform surface using bolts or heavy weights.
The sensors logged continuously at 8 Hz and were evenly spaced
across the platforms between the low- and high-water lines. Each
sensor was surveyed in position using the GPS or total station for
vertical precision.

At TAT, a 1200 kHz Teledyne Workhorse ADCP was deployed on
the seabed (looking up) ~300 m from the edge of the platform in
8-10 m water depth to measure the nearshore wave climate. The
ADCP was configured for burst sampling, recording 2400samples
at a rate of 2Hz every 20 min. At LST, offshore wave conditions
were not available and therefore the outermost PT has been used to
represent boundary conditions (when this PT was outside the surf
zone). Table 1 provides a summary of the experimental set-up and
platform morphology associated with the two field experiments.

2.3. Analysis methods

The local barometric pressure logged when each pressure sensor
was exposed at low water was used to convert the absolute pressure
to water surface elevation, and linear wave theory was used to cor-
rect for depth attenuation. The results presented herein are based
on the analysis of ~17-min data segments (8192 data points), which
provided a suitable compromise between tidal stationarity and
being able to obtain representative statistical parameters. Bursts
that were found to be intermittently wet and dry were excluded
from analyses.

Auto-spectra were computed using Hanning-windowed, 50%
overlapping segments of 2048 points, providing 12 degrees of free-
dom (Nutall, 1971) and a frequency resolution df of 0.0039 Hz.
Infragravity (0.005-0.05Hz) and sea-swell (0.05-0.33 Hz) signifi-
cant wave heights (H;,; and Hgs, respectively) were calculated as

0.05

b=y [ ey M
0.005

and
0.33

o] [ ey @)
0.05

where E(f) is the spectral density at frequency f. The transition fre-
quency of 0.05Hz between infragravity and sea-swell waves was
selected to be consistent with most previous studies and also corre-
sponds to the spectral valley present in the spectra for the majority
of bursts. The high frequency sea-swell cut-off of 0.33 Hz corre-
sponds to an attenuation level of >80% at the most seaward pressure



T. Poate, G. Masselink, M.J. Austin et al. / Geomorphology 350 (2020) 106880 5

Table 1
Summary statistics for the LST and TAT field experiments.
Parameters LST TAT
Deployment data Duration (tides) 8 6
# PTs 15 14
PT spacing (m) ~15 ~25
PT z range (min, max) m ODN, m NZD —1.46,3.14 -1.18,-0.22
PT x range (m) 225 325
Platform morphology Intertidal platform width (m) 325 340
Bedrock Mudstone Siltstone
Average tanf between PTs 0.021 0.0004
Mean spring tide range, mean low water spring (m) 10.7,-5 14

Note: PT = pressure sensor, tan f = slope, ODN - ordnance datum Newlyn, NZVD = New Zealand Vertical Datum.

sensor during high tide at LST, and thus higher frequencies could
not be resolved confidently.

The infragravity wave generation mechanism at the two study
sites was investigated using cross-correlation analysis between the
infragravity time series and the wave group envelope. This tech-
nique considers the relationship between two time series with zero
mean by applying a time shift to one of the series and has been
widely used in infragravity wave research (e.g., Masselink, 1995;
Janssen et al., 2003; Pomeroy et al., 2012; Ruju et al., 2012; Inch
etal, 2017; Masselink et al., 2019). The infragravity and sea-swell
time series (7, and 7ss, respectively) were calculated using a fre-
quency domain filter whereby the discrete Fourier transformation
of the total water surface elevation time series is multiplied by a
filter function that has a value of unity at the passband frequen-
cies and zero at all other frequencies, before undergoing an inverse
Fourier transformation back into the time domain. The wave group
envelope A(t) was calculated following the method of List (1991)
as

A = Z1ss(0)] 3)

where subscript low indicates a low pass filter of frequency 0.05 Hz,
and |..| represents the modulus. The wave group envelope reflects
the modulation of sea-swell amplitude on the time scale of wave
groups.

The cross-correlation is expressed as

(Miny (DAt + 7))

r(T)=
® Otling OA

(4)
where 7 is a time shift, (..) denotes a time-averaging operator, and
Otling and oy are the standard deviations of n;,r and A, respectively. If
the infragravity waves are predominantly bound to the short-wave
groups, then the cross-correlation coefficient at a time lag of zero rg
will approach -1 because the two time series will theoretically be
180° out of phase. The 95% confidence intervals on the zero corre-
lation, calculated following Garrett and Toulany (1981) and Jenkins
and Watts (1968), are £0.02 at LST and +0.04 at TAT, respectively.

The grouped nature of the sea-swell waves is investigated fur-
ther by calculating the groupiness factor GF, proposed by List
(1991), as

CF — \/2vf1r[A(t)] 5)
A(t)

where var is the variance and the overbar represents the mean.

The groupiness factor provides a normalised value between 0 and

1, with 1 representing maximum groupiness of the wave group

envelope.

To better understand the infragravity wave characteristics on
each of the platforms, it is important to know the relative location
of the data, within the surf zone. Throughout the TAT dataset, H;s
decreases from the seaward-most to the shoreward-most sensor
for every data burst. This implies that the sea-swell wave break-

point, through all tidal stages, is located in the unsurveyed ~20 m
zone between the seaward-most sensor and the platform edge,
regardless of the water depth over the platform. This is consis-
tent with visual observations during the field experiment, which
indicate consistent sea-swell wave breaking at the platform edge
(refer to Fig. 2b). Therefore, it is assumed that the location of the
sea-swell wave breakpoint x;, is at the platform edge, 20 m seaward
of the seaward-most sensor. The shoreward limit of the surf zone
(x=0) was taken as the location where the water level at the shal-
lowest sensor intersects with the shoreline profile, and thus the
normalized surf zone location x/x;, is obtained, where x/x;, =0 indi-
cates the shoreline and x/x;, = 1 represents the seaward edge of the
surf zone.

At LST, visual observation of the data revealed a clear initial
shoreward increase in Hss due to wave shoaling followed by a more
rapid decay for the bursts close to high tide during all tides. There-
fore, an average breaker coefficient y,, defined as Hss/h at the onset
of short wave breaking, was defined for each tide. The mean y,
throughout all tides was 0.4. Using y,, data are given a normalised
surfzone position h/hy, where hy, is the water depth at the sea-swell
wave break point defined as h, = Hy/y}, where Hy, is the breaking
sea-swell wave height. Given that the profile at LST is quite linear
in the region of the pressure sensors (refer to Fig. 1¢), it is assumed
that x/xp, = h/hy,.

2.4. XBeach modelling

Numerical modelling is used to complement the field data anal-
ysis and help with the interpretation of the results, as well as
extending the parameter space beyond the conditions experienced
during the field experiments. Modelling of the rock shore platform
hydrodynamics was conducted using the phase-resolving (i.e., non-
hydrostatic) variant of the widely used and open-source XBeach
model (Roelvink et al., 2009). For the comparison between field
measurments and model results, the model was set up using the
surveyed intertidal profile, extending down to low water, and then
extended to ensure the boundary conditions were in 15 m water
depth. For TAT, the depth at the offshore ADCP was used to inter-
polate the bathymetry towards the platform edge where it was
merged with the survey data, based on local knowledge. At LST,
nearshore bathymetry was extracted from United Kingdom Hydro-
graphic Office (UKHO) data, interpolated onto a regular grid and
merged with the intertidal survey. When exploring the parameter
space, idealised platform profiles were used and the model domain
was extended to 20 m water depth to accommodate for peak wave
periods of up to 14s. The sloping platform (LST) was simply repre-
sented by asingle gradient of0.02 (1:50) extending 1000 m offshore
to z = -20 m. The horizontal platform (TAT) was represented by a
150-m wide section with a gradient of 0.005 (1:200), fronted by
a steep 5-m cliff with a gradient of 1, before extending offshore
with the same gradient as the LST platform to z = -20 m. Both ide-
alised profiles were backed by a 5-m high cliff with a gradient of
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Fig. 3. Summary wave conditions during the two field experiments: significant sea-swell wave height H, (a and b), peak wave period T, (c and d), and water depth h (e and
f) at LST (left panels) and TAT (right panels). Mean depth across platform at LST =4.2 m and TAT =0.95 m. Data shown are from the seaward-most PT at LST and the ADCP at
TAT. Vertical dashed lines indicate burst times used for subsequent analysis. Note the different axis limits between e and f.

1. The profiles were constructed to resemble the natural profiles of
Lilstock and Tatapouri, but with identical landward and seaward
sections to avoid biasing the model results.

The numerical model was first validated using field observa-
tions with the natural platform profiles, and then used to generate
an extended numerical data set for each of the field sites using
the idealised platform profiles. To generate the extended numerical
dataset, a constant water level was specified (SWL at the landward
extend of the platforms; thus, at the base of the cliff) and H, and
T, were varied, with H, ranging from 1 to 4m at 1-m increments
and T, ranging from 6 to 14s at 2-s increments. The purpose of
these model runs was to explore the Ho-T, parameter space beyond
the field dataset and further examine the relationship between the
infragravity wave height H;,r and the wave power expression H2T,.
In these simulations, the model was run using default parameters
for a duration of 30 min., with the initial 2 min. used to allow the
model to ‘spin-up’. The modelled data were also decomposed into
shoreward- and seaward-propagating infragravity components as
was done, for example, in a similar numerical study of infragrav-
ity wave generation across coral reef platforms by Masselink et al.
(2019) using the methodology of Guza et al. (1984).

3. Results
3.1. Event summary

Wave conditions at the seaward-most sensors during the LST
and TAT field experiments are presented in Fig. 3. At LST, the largest
values of H, were during the middle and latter half of the study
period, during which H, exceeded 1 m at high tide at the seaward-
most sensor, with a maximum value of 1.91 m during tide 6. Peak
wave periods ranged between 4 and 13 s, with a mean of 6.7 s. At
TAT, H, measured at the ADCP ranged between 0.59 and 1.57 m,
peaking during tide 1 before decreasing for the remaining tides.
Maximum and minimum peak wave periods were 7.8 s and 16.0s,
respectively, also peaking during tide 1. Mean Hgs and T, at TAT
were 0.92 m and 11.8 s, respectively.

Maximum Hj, on the LST platform was 0.34 m, measured at the
shallowest sensor during tide 6 when H, at the seaward-most sen-
sor was largest. This is almost twice as large as the maximum H;,s

0.3

0.25

0.2

0.1

0.05

0 I L | I I
0 5 10 15 20 25 30

2 2
HoTp (m“s™)

Fig. 4. Infragravity wave height H,; averaged across the surf zone versus H2T,
at LST (circles) and TAT (dots). Black lines are best-fit linear regression lines with
coefficients of determination r? given in the figure.

measured on the TAT platform of 0.18 m. This was also measured
at the shallowest sensor, although typically H;,; decreases across
the TAT platform, but increases across the LST platform (discussed
later). Furthermore, unlike at LST where the largest values of Hjys
tend to coincide with the most energetic offshore forcing, Hiys at
TAT shows little response to offshore forcing.

To investigate the infragravity wave energy level over the com-
plete field survey period and its relationship with the offshore wave
forcing at both sites, Fig. 4 shows Hj,r parameterized by the forc-
ing parameter H2T}, (following Inch et al., 2017), where H, is the
offshore wave height. The parameter H2Tj, is used as it is propor-
tional to the offshore wave energy flux. To have a consistent value
representing H;,r with which to relate to the offshore forcing con-
ditions, H;ys is averaged over the surfzone (i.e., 0 < x/x; < 1) for each
burst. To obtain values of H,, Hgs at the seaward-most sensor at LST
during high tide conditions and the ADCP at TAT is deshoaled to a
representative offshore water depth (20 m) using linear wave the-
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Fig. 5. Wave spectra at three different water depths, as indicated in the figure legend, at LST (a) and TAT (b). Vertical dashed line indicates the transition between infragravity

and sea-swell frequencies at 0.05 Hz. A 95% confidence bar is given in the figure.

Table 2
Offshore wave conditions during two example data bursts at LST and TAT.
H, (m) Ty (s) HLTp (m? s71)
LST 0.81 111 7.30
TAT 0.90 10.7 8.59

ory (ignoring wave refraction). Furthermore, data from LST are only
included for bursts where h > 3H;s at the seaward-most sensor to
ensure that the data are well outside the surf zone when deshoaled.

Data from LST show that Hj,s is well predicted by H2Tp, with
a linear regression revealing a coefficient of determination r2 of
0.79 (Fig. 4). There is no evidence of infragravity saturation at LST
as H;,p progressively increases with increasing H2T,. These results
are consistent with the findings of Inch et al. (2017) using data
from a dissipative sandy beach, and other sandy beach studies that
have indicated the importance of wave period in parameterizing
infragravity energy in the nearshore (e.g., Ruessink, 1998; Senechal
et al., 2011; Contardo and Symonds, 2013). In contrast, Hjyr at TAT
shows a very weak and barely significant relationship with H2Tj
(Fig. 4). The maximum H2T}, value at TAT exceeds that of LST; yet,
the corresponding Hy, is over 50% smaller at 0.11 m compared to
0.26 m at LST. There is also a strong indication that the infragravity
wave motion at TAT is saturated for H2T, > 10.

3.2. Infragravity generation and propagation

To investigate the generation and propagation of infragravity
waves on the two contrasting platforms in detail, two example
data bursts were selected for further analysis. The bursts that were
selected have a similar level of offshore forcing (Table 2) and a good
range of water depths throughout the surf zone.

Fig. 5 shows the wave spectra at three different water depths
on each platform, including the seaward-most sensor at LST and
the ADCP at TAT, for the two data bursts. The sea-swell vari-
ance at LST is quite broad-banded and there is a slight decrease
between h =5.1m (x/x;=1.83) and h =1.8 m (x/x;, =0.65), before
becoming significantly less at h =0.5m (x/x, =0.19) (Fig. 5a). The
infragravity variance displays the reverse of this trend, with a
small increase between the two deepest sensors and a large

increase to the shallowest sensor. The sea-swell variance at TAT
is more narrow-banded at the ADCP location where h =10.1m
(x/xp=1.77), but decreases and becomes less narrow-banded in
shallower waters on the platform (Fig. 5b). The infragravity vari-
ance increases significantly between the ADCP and the platform
at h =1.5m (x/x, =0.55), and then increases further at low infra-
gravity frequencies (< 0.02 Hz), but decreases at high infragravity
frequencies (> 0.02 Hz) at h =0.6 m (x/x; =0.19).

Time series of the incident waves, wave groups and infragrav-
ity waves for different locations across the shore platforms for the
two data bursts are illustrated in Fig. 6a and b. Compared to the
seaward-most sensors at LST, waves at the ADCP at TAT are narrow-
banded, clearly grouped, and fewer in number. Individual wave
groups at LST can be traced through the shoaling zone into the
outer surf zone before becoming indistinguishable. At TAT, while
the wave groups are clear at the ADCP, the groupiness is much less
defined on the platform. The increasing importance of infragrav-
ity waves in shallow water is quite clear at LST, but less so at TAT.
Incident-wave statistics are shown in Fig. 6¢ and demonstrate that
Hgs at TAT decreases very rapidly in the outer surf zone close to the
platform edge, before decreasing steadily in the inner surf zone.
In contrast, the dissipation of Hgs at LST is more rapid through the
surf zone. As alluded to earlier, H;, increases shoreward on the LST
platform, but decreases on the TAT platform, until the very inner
surf zone where it increases (Fig. 6d). Infragravity energy becomes
increasingly important relative to sea-swell energy in shallower
water on both platforms, accounting for ~25% of the total variance
at the shoreward-most sensors (Fig. 6e).

Cross-correlation analysis was used to explore the infragravity
wave generation mechanism for the two data bursts at LST and
TAT shown in Fig. 6. The cross-correlation between the wave group
envelope at the seaward-most sensors (PT15 at LST and the ADCP
at TAT) and the infragravity signal at all locations, and between the
wave group envelope and infragravity signal locally are both shown
in Fig. 7.

At the seaward-most sensor on the LST platform, ry is signifi-
cantly less than 0 indicating the presence of a bound infragravity
wave that is 180° out of phase with the wave groups. However, the
strongest negative correlation does not occur at zero time lag, but at
alag of 1.8 s, thus implying that the trough of the bound infragrav-
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Fig. 6. Example sea-swell (black), infragravity (red), and wave group envelope (blue) time series of 180s for LST (a) and TAT (b). The time series are stacked from the
seaward-most (top) to the landward-most (bottom) and are offset for clarity. The horizontal dashed lines indicate the seaward edge of the surf zone. Sea-swell wave height
Hg; (c), infragravity wave height H;,s (d), percentage of total wave variance in the infragravity band IG % (e), and water depth h (f), versus normalized surf zone location x/x,
at LST (circles) and TAT (dots). Vertical dashed lines indicate the sea-swell wave breakpoint at x/x, = 1.

ity wave lags behind the crest of the wave group envelope. As the
bound infragravity wave propagates shoreward towards the sea-
swell wave breakpoint, this lag grows to almost 55, as evidenced
by the increased deviation away from the predicted lag according
to the wave group celerity Cg (Fig. 7a). The lag does not appear to
increase further in the surf zone where the bound wave continues
to propagate shoreward according to Cg, but the correlation weak-
ens significantly in the inner half of the surf zone (x/x;, < 0.5). The
local cross-correlation between A and n;, at LST (Fig. 7b) remains
negative at zero time lag from the seaward-most sensor all the way
to the very inner surf zone where there is some evidence of a switch
from negative to positive correlation very close to shore.

At TAT, there is also clear evidence of a bound infragravity wave
at the ADCP location, as shown by the bar of strong negative (blue)
correlation (Fig. 7c). Similar to LST, the strongest negative correla-
tion occurs at a non-zero time lag of 4 s. Due to the lack of sensors on
the platform edge, where sea-swell wave breaking occurs, as well
as uncertainties regarding the exact bed profile shape between the
ADCP and the seaward extent of the measured profile, calculation
of the predicted lag was not attempted; therefore, the fate of the

bound infragravity wave on reaching the platform cannot be deter-
mined using the field data alone and is investigated using numerical
modelling later in the paper. However, in contrast to on the LST
platform, the local cross-correlation between A and 7;,r at TAT is
positive at all locations on the platform, indicating that the infra-
gravity wave and the wave group are in phase. This switch from
negative to positive correlation suggests that the infragravity wave
motion on the platform is generated using the breakpoint-forced
mechanism, operating at the platform edge.

To assess whether the results from the two example data bursts
presented in Fig. 7 are representative for the two entire datasets,
Fig. 8a and b shows the local cross-correlation coefficient at zero
time lag for all locations and all bursts, relative to the normalized
surf zone position. At LST, rg is almost entirely negative outside of
the surf zone indicating that bound infragravity waves are dom-
inant. The negative correlation increases towards the sea-swell
wave breaking point and decreases across the surf zone. This can be
interpreted as the bound infragravity waves being released as the
sea-swell waves break and lose their group structure. Correlation
becomes positive in the inner third of the surf zone, thus supporting
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wave propagating at the wave group celerity C,. Red indicates positive correlations and blue indicates negative correlations.

the previous assertion that the correlation in Fig. 7b looked likely
to switch from negative to positive close to shore. The relationship
between bound infragravity waves and the sea-swell wave group
is further elucidated by the corresponding groupiness factors pre-
sented in Fig. 8c. The groupiness decreases in the outer surf zone
following initial sea-swell wave breaking, and coinciding with the
release of the bound infragravity waves, before rising rapidly in the
inner surf zone to correspond with the switch to positive ry.

The TAT data show that bound infragravity waves are preva-
lent at the ADCP, as indicated by the predominantly negative ry
at this location. However, on the platform ry is mostly positive at
all locations, as was also apparent in Fig. 7d. This provides further
evidence that breakpoint-forced infragravity waves are dominant
on the TAT platform as they are in phase with the sea-swell wave
groups. The groupiness of the sea-swell waves at TAT increases sig-
nificantly between the ADCP and the platform (Fig. 8d), perhaps as
a result of strong shoaling on the platform slope. Unlike at LST, the
groupiness decreases and is lowest in the inner surf zone. This is
likely associated with the rapid dissipation of the sea-swell waves
in the outer surf zone shortly after they have propagated onto the
platform, as was shown in Fig. 6¢.

3.3. XBeach modelling

The field results presented thus far have provided strong evi-
dence that bound infragravity waves are dominant on the LST
platform and, with slightly more reservations, that breakpoint-
forced infragravity waves dominate the platform at TAT. To
investigate this further, the non-hydrostatic (i.e., phase-resolving)
version of the XBeach numerical model (Roelvink et al., 2009) was
used.

The two example data bursts of field data shown in Figs. 5-7
were used to help validate the XBeach model. It is emphasised that
we do not seek to provide an extensive calibration of the numer-
ical model as at both sites we do not have the appropriate wave
boundary conditions to force the model, nor do we have the com-
plete bathymetry at the TAT site. Rather, the comparison, presented
in Fig. 9, serves to demonstrate qualitative agreement between the
field data and model results. The numerical model reproduces the
observed shoreward decrease in Hgs across the shore platform quite
well at both LST and TAT (Fig. 9c and g). Qualitatively, there is also
good agreement between modelled and observed H;,s ; however,
quantitatively the agreement is not great: H;, is over-predicted by
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around 0.07-0.10m for LST (Fig. 9d) and by 0.03-0.05 m for TAT
(Fig. 9h).

The modelled cross-correlation between the wave group enve-
lope at the most seaward coordinate and the infragravity time
series at all locations for LST (Fig. 9a) closely mimics what was
seen in the field data (Fig. 7a). As was observed in the field data,
the lag associated with the strong band of negative (blue) corre-
lation increases relative to the predicted lag as it approaches the
surf zone, reaching ~7s at the outer edge of the surf zone. This
suggests that the trough of the bound wave lags behind the crest
of the wave group by an amount that increases as the sea-swell
waves shoal prior to breaking. The local cross-correlation between
A and 5y (Fig. 9b) also matches the field results (Fig. 7b) very
well, remaining negative at zero time lag throughout the model
domain up until the very inner surf zone where it turns to positive
(Fig. 9b). This occurs because the infragravity wave crests increase
the local water depth allowing for larger sea-swell waves to exist
whilst the smaller sea-swell waves propagate in the infragravity
wave troughs.

The modelled cross-correlation between the wave group enve-
lope at the most seaward coordinate and the infragravity time
series at all locations for TAT is similar to LST outside the surf zone,
where a band of negative correlation indicates the presence of a
bound infragravity wave (Fig. 9e). This was also observed in the field
data (Fig. 7c). Also, like in the model run for LST, the bound infra-
gravity wave lags increasingly behind the predicted lag according

to Cg, up to ~7s at the platform edge. However, on reaching the
shore platform, the band of negative correlation associated with
the bound infragravity wave rapidly weakens, whilst a band of pos-
itive (red) correlation suddenly emerges in front of the wave group
and propagates towards the shore, by which time the bound infra-
gravity waves has all but disappeared (Fig. 9e). As with the field
data from the TAT platform (Fig. 7d), the local cross-correlation at
zero time lag sees a rapid switch from negative to positive at the
platform edge (Fig. 9f), supporting the loss of the bound wave and
introduction of a breakpoint-forced infragravity wave. The outgo-
ing infragravity wave, originating at the sea-swell wave breakpoint
is also characteristic of the breakpoint-forced mechanism.

Before presenting all model results across the full parameter
space (Ho =1-4m; Tp =6-14s) in the next section, Fig. 10 shows the
model output for an idealised sloping and horizontal platform, for
Ho,=4mandT,=12s.Anidentical wave signal was used in these two
simulations and a snapshot of the wave profiles across the topog-
raphy, as well as the cross-shore variation in mean sea level and
significant wave height, are plotted in the upper panel of Fig. 10.
For both platforms there is a residual wave height at the base of the
cliff. The two middle pairs of panels shows the incoming and outgo-
ing infragravity wave signal, derived using a lowpass filter of T/4
and the method of Guza et al. (1984), and the lower pair of panels
shows the cross-shore variation in the total, incoming and outgoing
significant infragravity wave height Hg ;,r. For the sloping platform
(left panels) the incoming infragravity signal (assumed to be the
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Fig. 9. Cross-correlation between the wave group envelope at the most seaward coordinate and the infragravity time series at all locations (a and e), and cross-correlation
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Comparison between modelled (black dots) and measured (red dots) sea-swell wave height Hys (a and g) and infragravity wave height H,s (g and h). Results are from XBeach-G
model runs simulating LST (top panels) and TAT (bottom panels) using the same forcing conditions as in Fig. 7. Note the different axis limits.

bound long wave based on previous results) progressively increases
in amplitude towards the shore. Part of the incoming signal reflects
at the cliff, generating a less energetic outgoing infragravity signal.
The infragravity motion on the horizontal platform is more com-
plex. There is still an incoming bound long wave signal, but, at the
submerged platform edge, the infragravity crests become troughs
on the platform, and the troughs become crests. As demonstrated
earlier, this is the indicative of the time-varying breakpoint mech-
anism of infragravity wave generation. There are also two outgoing
infragravity wave signals: one originating at the submerged plat-
form edge (outgoing time-varying breakpoint wave) and one at
the cliff at the landwards limit of the platform (reflection of the
incoming time-varying breakpoint wave). The infragravity wave
motion at the base of the cliff on the sub-horizontal platform (H; jns
=1.5m) is more energetic than that on the sloping platform (H; ;s
=1.2 m). The reduction in H j;s at x =100 m on the sloping platform
and x =150 m on the sub-horizontal platform is due to standing
infragravity wave motion.

4. Discussion
4.1. Bound long wave versus breakpoint forcing

The numerical modelling results agree very well with the
field data and indicate that the infragravity waves on the sloping
platform (LST) have characteristics akin to those observed on dis-
sipative beaches (e.g., Ruessink, 1998; Janssen et al., 2003; Inch
et al., 2017), whilst infragravity wave observations on the sub-
horizontal platform (TAT) agree well with those from steep beaches
and coral reefs (e.g., Baldock, 2006; Lara et al., 2011; Pomeroy et al.,
2012; Masselink et al., 2019). Furthermore, cross-correlation anal-

ysis between the infragravity motion across the shore platform and
the wave groupiness seaward of the surf zone provides strong evi-
dence that infragravity waves on the sloping platform are related
to bound long waves whereas those on the sub-horizontal platform
are breakpoint-forced long-waves. The key distinguishing factor
between the two mechanisms of infragravity wave generation is
the gradient over which the incident waves shoal and break (e.g.,
Battjes et al., 2004), with a secondary role played by the incident
wave steepness (e.g., Baldock and Huntley, 2002).

Baldock (2012) proposed a useful framework to enable an eval-
uation of the relative importance of the two mechanism through
a surf beat similarity parameter &g, peqr,» Which combines the nor-
malised bed slope with the wave steepness as

[H
%_surjbeat = lgnorm r: (6)

where Ly is the short-wave deep-water wave length, Hj, is the wave
height at the sea-well wave breakpoint and Bnorm is the normalised
bed slope as proposed by Battjes et al. (2004) as

hy |8 7)

,Bnorm C()[OW hb
where hy and h, are the beach slope and the depth at breaking,
respectively, wj,,, is the radian long-wave frequency, and g is the
gravitational acceleration. Small and large values of &,,peq favour
the BLW and BFLW mechanism, respectively, with a &, fpeq Value
of 0.05-0.1 separating the two IG wave regimes (cf. Baldock, 2012,
his Table 1; Contardo and Symonds, 2013, their Table 2).
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Inserting Eq. (6) into Eq. (7) yields where Ti; and T, are the infragravity and incident wave period,
respectively, and y is the breaker criterion Hy/hj,. Assuming a typi-

(8) calIG-wave period Tj; of 4 times the incident-wave period T, and an

§surlbeat = (1/“/E) (TIG/TP) ﬁhx
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irregular breaker criterion of Hy/hy, =0.5, Eq. (8) reduces t0 &g fpeqr
~ 1.13hx, and &g fpeqr is independent of the incident wave height
or period. Finally, inserting a &g;meqr threshold of 0.05-0.1 sep-
arating the two IG wave regimes, following Baldock (2012) and
Contardo and Symonds (2013), results in a beach gradient thresh-
old of 0.04-0.09. This implies that the bound long wave mechanism
can be expected to dominate on most sloping platforms, whose
platform gradient is always less than 0.1 and usually less than
0.05 (Trenhaile, 1999), whereas the breakpoint-forced mechanism
is expected to dominate sub-horizontal platforms as these gener-
ally have a very steep low tide cliff and subtidal profile (Sunamura,
1992; Kennedy, 2015).

4.2. Which mechanism is most effective at generating
infragravity waves?

Using data from the additional XBeach model runs with
Ho=1-4m and T,=6-14s, Fig. 11 illustrates the relationship
between Hj ;,r and H2T, across this wide parameter space. The LST
and TAT field data are included in the plot, as well as field data
collected from Perranporth Beach, Cornwall, UK, from the study by
Inch et al. (2017), to provide comparison with a dissipative sandy
beach. During the Perranporth field experiment, H, ranged from 0.4
to 3.9m and T, varied between 6 and 20s; thus, conditions signifi-
cantly more energetic than experienced during the shore platform
experiments. For all measured and modelled data sets, H js is aver-
aged over the zone 0 < x/x;, < 0.33 (i.e., inner third of the surf zone),
hence the notation < H; ;s > is used.

The model results for both rock platform sites are comparable
and indicate that < Hj ;¢ > increases rapidly for H2T, < 50 m? s~1,
before increasing at a slower rate beyond this level. This trend is
replicated in the Perranporth field data, although the latter seem
to plot somewhat below the platform model results (note, how-
ever, that these are field measurements and not model results). The
field data from LST and TAT generally agree well with the model
results; however, they cover a very small parameter space (Hng
< 230 m? s~1) and additional data from both types of platforms
under a greater range of forcing conditions is required to confirm
the model results.

The relationship between < H; j;r >and HZ2T, shown in Fig. 11 for
both sites suggests that a linear parameterization of the infragrav-
ity wave height with the offshore forcing, as has often been applied
in previous studies, may not be suitable. The present results agree
with those of Senechal et al. (2011) who found that the best sta-
tistical predictor of infragravity runup on a dissipative beach with
a steep foreshore slope is not a linear fit, but rather a hyperbolic-
tangent function. Furthermore, a non-linear fit solves a common
issue experienced when attempting to fit a linear line to infragrav-
ity wave height or runup in which the linear line intercepts the
vertical axis at a value greater than 0. This is counter-intuitive as it
implies that there is some infragravity energy even when there is a
complete absence of offshore forcing. The non-linear curves fitted
to the model results for LST and TAT, and the linear fit for Perran-
porth, plotted in Fig. 11, describe the model data very well, with r2 of
0.85, 0.79 and 0.94, respectively. It must be emphasised, however,
that these equations are highly site-specific (mainly dependent on
morphology and water level) and are not universally applicable.

The field observations at LST and TAT, and the supporting
numerical model simulations, strongly suggest that the potential
for infragravity wave generation for sloping platforms is simi-
lar to that for sub-horizontal platforms. This suggests that the
bound long wave mechanism of infragravity wave generation is
as efficient as the breakpoint-forced mechanism. This is in appar-
ent contrast to the recent study of Masselink et al. (2019), who
applied XBeach to model wave transformation across coral reef
platforms and concluded that the breakpoint-forced mechanism

is the more effective generator of infragravity energy, and that the
most energetic infragravity wave motion (normalised by incident
wave motion) is generated on reef platforms with a steep fore reef
slope >1/6. There is, however, a fundamental difference between
the topographic profiles of coral reef and shore platform settings.
Horizontal platforms are similar to coral reefs with both charac-
terised by a (sub)-horizontal platform fronted by a steep submerged
cliff; however, a sloping platform represents a continuous gradient
and does not have terminating (sub)-horizontal platform. Thus, in
the continuously sloping platform case, any BLW is able to ‘grow’
as it propagates across the sloping platform, whereas in the case
of a coral platform fronted by a low-gradient fore reef, the BLW is
‘released’ at the breakpoint near the seaward edge of the reef plat-
form. It is also worth pointing out that the water depth at the base
of fore reefs is generally much larger than at the base of the low tide
cliff of sub-horizontal shore platforms. Therefore, the characteris-
tics of the infragravity wave motion arriving at the different types
of platforms are expected to be dissimilar. Clearly, some care has to
be exercised when transferring the current findings across to dif-
ferent coastal settings as site-specific factors play a very significant
role in the wave transformation and infragravity wave generation
processes.

4.3. Geomorphic implications

This paper provides the first detailed comparison of the differ-
ent ways in which sloping and sub-horizontal shore platforms filter
the wave energy available for geomorphic work (erosion) at the
cliff toe. A unified conceptual framework for the origin of rock
platforms is not yet available: Trenhaile (1987, 1999) described
the critical role of tidal range (sloping platforms occur mainly in
larger tidal ranges and sub-horizontal platforms occur mainly in
micro-tidal settings), whereas Sunamura (1992) distinguished both
types in micro-tidal settings on the basis of incident wave force and
rock resistance: larger waves/weaker rock result in erosion of the
seaward edge of shore platforms and sloping platforms develop,
whereas harder rocks/weaker incident waves preserve or partially
preserve the seaward edge, forming sub-horizontal platforms. In
the field, a clear demarcation between platform types is not always
obvious and recent modelling has demonstrated that different plat-
form types can develop across a very broad parameter space in
which wave erosion and rock weathering processes variously dom-
inate (e.g., Matsumoto et al., 2018).

Regardless of formative demarcation conditions and the relative
importance of wave and weathering processes, our results high-
light important differences in the wave regimes operating on each
platform type. Comparison of wave transmission across sloping
and sub-horizontal platforms, that are relatively similar in width
and wave exposure, but different in terms of tidal range, platform
slope and the presence/absence of a steep seaward edge, suggest
that sub-horizontal platforms are more effective in filtering both
incident and infragravity wave energy and should therefore be
characterised by lower wave energy levels at the emerged cliff
toe. Results further suggest contrasting mechanisms of infragravity
wave generation on sloping and sub-horizontal platforms. Over-
all the results are generally consistent with conceptual models
of shore platform development, but add important mechanistic
understanding.

Recent reviews of rock platform development (Trenhaile, 2018,
2019) emphasise the importance of both wave erosion and weath-
ering across the full spectrum of platforms. Under stable sea level
conditions platforms attain states of static equilibrium, and hence
stable profile morphology, due to wave erosion. During times of
changing sea level, sloping shore platforms are thought to evolve in
dynamic equilibrium through shore-parallel cliff retreat and main-
tain their general profile shape (e.g., Challinor, 1949; Trenhaile,
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and measured data from Perranporth Beach (PPT), UK, from Inch et al. (2017).

1974; Walkden and Dickson, 2008). Our results in a macro-tidal set-
ting confirm that rapid tidal translation exposes the entire surveyed
width of the sloping platform surface to wave energy at incident
frequencies, and that the bound long wave mechanism dominates
infragravity wave energy generation on these surfaces, providing
a mechanism for elevating water levels at the cliff toe. Whilst this
elevates the zone of maximum wave energy expenditure upwards
and further landwards, which increases the mechanical impact of
short-period waves, enhances debris removal and enlarges the spa-
tial extent of the wetting and drying that leads to weathering,
rock resistance also remains important in setting the height of the
cliff toe (cf. Trenhaile 2018). In contrast, sub-horizontal platforms
are thought to have declining rates of cliff recession through time
(e.g., Sunamura, 1992), because platform gradients are reduced to
a level where wave generated shear stresses are below the ero-
sional threshold. Continued cliff recession becomes possible only
through rock degradation accomplished by subaerial weathering
processes and debris removal by infragravity wave energy (Dickson
et al., 2013). Our results confirm other studies that show that sub-
horizontal platforms are effective in filtering incident energy (e.g.,
Marshall and Stephenson, 2011; Ogawa et al., 2011), and explain
that the breakpoint-forced mechanism is the likely source of infra-
gravity wave energy on such platforms. As described above, the
key distinguishing factor between the two mechanisms of infra-
gravity wave generation is the gradient over which the incident
waves shoal and break. Following Baldock (2012) and Contardo
and Symonds (2013), the threshold gradient is likely to be in the
range 0.04 to 0.09. Therefore the breakpoint-forced mechanism
must clearly be the dominant source of infragravity wave energy
on shore platforms where a steep seaward edge (low-tide cliff) has
been preserved as a near-vertical cliff (e.g., Dickson, 2006). This
paper shows that on sub-horizontal platforms with partially pre-
served steep seaward edges developed in softer rocks such as the
silt- and sandstone at TAT the dominant mechanism of infragravity
wave generation remains breakpoint forcing.

It is interesting to contemplate that future sea-level rise may
change the wave regime on sub-horizontal shore platforms. While
the relative elevation of the platform edge compared to the tidal
elevation remains important, as water levels rise, wave breaking
may be less constrained to the seaward edge and shift to parts of
the shore platform that slope more gently. Hence, increased water
depth will not only increase the proportion of energy at incident
and infragravity wave frequencies that reaches the cliff toe (because
less energy will be expended on the platform edge), but it is also
likely to switch the dominant mode of infragravity wave generation
to the bound long wave mechanism.

5. Conclusion

This paper set out to investigate and compare the generation and
transformation of infragravity waves on contrasting sloping and
sub-horizontal shore platforms. Using field data from a sloping plat-
form at Lilstock, UK, and a sub-horizontal platform at Leigh, New
Zealand, complimented by numerical modelling (XBeach model),
we have assessed the relative importance of the bound wave and
the time-varying breakpoint theories of infragravity wave gener-
ation. Field measurements of wave transformation were collected
over 8/6 tides, tide range of 10.7/1.4m and peak H, = 1.91/1.57 m
using 15/14 platform mounted pressure sensors, for sloping/sub-
horizontal platforms respectively.

The numerical modelling results strongly support the field data
and indicate that infragravity waves on sloping platforms have
characteristics similar to those on dissipative beaches, whereas
infragravity wave observations on sub-horizontal platforms, align
more closely with steep beaches and coral reefs. Further cross-
correlation analysis, between the infragravity motion across the
shore platform and the wave groupiness seaward of the surf zone,
shows that the group bound long wave mechanism is most impor-
tant on sloping platforms, whereas breakpoint-forced long waves
dominate on sub-horizontal platforms.
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Further investigation shows the transformation of infragravity
energy across the platforms is somewhat more energetic on slop-
ing platforms than that on sub-horizontal platforms. This supports
suggestions that sub-horizontal platforms provide better protec-
tion to coastal cliffs than their more steeply sloping counterparts.
The model results support comparable studies from dissipative
beaches that suggest a linear parameterization of the infragravity
wave height with the offshore forcing, as has often been applied
in previous studies, may not be suitable. The authors acknowledge
that site-specific geomorphic factors including the elevation of the
seaward terminus of the platform and the gradient are likely to play
a key role in wave transformation. Further studies, where possi-
ble, should focus on in-situ field measurements to capture extreme
wave conditions (Hs > 5 m) that can then be support further numer-
ical simulations.
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