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readily available within the territorial waters. Recent
investment has led to the deployment of a “Wave-Hub”

Abstract

Marine energy installations have the potential to
significantly alter the waves propagating towards
nearby coastlines. During the planning and permitting
phase for the Wave Hub (Cornwall, UK,
http://www.wavehub.co.uk/), the potential reduction of
wave energy at the shoreline and the associated
response of coastal systems emerged as a critical issue
for stakeholder acceptance. A change to the wave field
has the potential to cause direct impacts on the coastal
processes which determine the morphodynamic
stability of the beach. Growth of marine renewables
globally, and the creation of the South West Marine
Energy Park, supports the need for detailed research
and assessment of possible impacts.

sited off the north coast of Cornwall in the south west
of the UK (Fig. 1): which will allow wave energy
converters (WECs) to be deployed and connected to the
National Grid.

This paper details the results from three years of
coastal monitoring, including topographic surveys and
video analysis, which have been used to assess the
natural variability to seasonal and storm induced shifts
in the wave climate at four sites in the lee of Wave
Hub. Analysis of morphodynamic stability identifies
highly dynamic beaches driven by storm events with
response rates ranging from weeks-months. The study
concludes that in this case the predicted impacts on
nearshore wave conditions, from wave energy
converters, would result in non-quantifiable impacts on
the beach morphodynamics and remain within the
natural variability observed.

Figure 1: Schematic of the proposed Wave Hub with wave
energy converters (WECs) connected [1].

Wave Hub consists of an electrical hub sited on the
seabed 16 km off the north coast of Cornwall (Fig. 1),
providing a connection point for different arrays of
WECs. With concerns over the impact of device
deployment at the proposed site, numerical modelling
was recently undertaken, using SWAN, of the change
in the shoreline wave climate [2]. This work identified
a clear shadow zone in the lee of the site, with
reductions in the mean significant wave heights of up
to 0.2 m for a 3.3 m wave near the shoreline (Fig. 2).
The beaches which lie within the possible shadowzone are classified as being on the boundary of
intermediate/dissipative states characterised by low tide
bar/rip morphology [3]. The boundary state nature of
these sites means they are likely to be affected by a

Keywords: Morphodynamics, shoreline change, Wave Hub

1.

Introduction

Increasingly the UK is looking to exploit more
sustainable renewable sources for future energy
demands. As an island nation the UK is well placed to
take advantage of both tide and wave-power which are
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shift in the dominant wave conditions, and as such the
dominant beach states may be affected.

Perranporth (PPT) forms the largest survey area with
a cross shore intertidal region of 500 m and a longshore
extent of 1.2 km (the beach extends 3.5 km alongshore,
exposed when the tide drops below mean sea level of
0.24m Ordnance Datum Newlyn). The wide highly
dissipative beach has a low tide beach gradient of
tanβ≈0.012, composed of medium sand (D 50=0.35).
Relatively featureless throughout the intertidal region, a
well-developed bar system interspaced with rip
channels is exposed at spring low water [3].
To the south the two central sites, Chapel Porth
(CHP) and Porthtowan (PTN) are in close proximity
and connected at spring low tide forming a 1.6 km
headland confined beach. Similar morphology is
present at each site with steep cliffs flanking the
relatively narrow upper beach, while the open lower
beach (~75 m cross shore by 400-600 m longshore)
exhibits strong bar/rip features. CHP and PTN are the
smallest sites, yet exhibit the most dynamics in bar
movement and profile shape. Sediment distribution
across the lower slope (tanβ≈0.015) consists of medium
sand (D50=0.38) whereas the upper beach (tanβ≈0.05)
shows a mix of gravel and sand with exposed boulders
during periods of offshore sand movement.
Forming the northern extent of St Ives Bay, which
extends for 5km at low tide, Gwithian Towans (GWT)
consists of a wide sandy bay backed with ancient dune
systems. The beach is ~700 m longshore by ~350 m
cross shore with a gently sloping (tanβ≈0.013) profile
composed of well sorted medium sand (D50=0.25).
Similar to PPT, GWT reveals a relatively featureless
intertidal region, however initial shallow bar
formations are exposed at spring low water. The upper
75m of beach has a more pronounced profile shape
(tanβ≈0.06), with mixed sand and gravel often forming
large cuspate berm morphology following periods of
increased wave conditions.

Figure 2: Location map showing the Cornish coastline and
the Wave Hub location. Modelled changes in significant
wave height due to wave energy converter (WEC)
deployments are overlaid for 0% energy transmission for a
wave climate of significant wave height Hs= 3.3 m, mean
wave period Tm= 11 s and peak wave direction Dir = 1°.
Adapted from a similar plot in [2].

Through longterm monitoring and assessment of
beach response this paper aims to address the potential
impact of a shift in wave conditions on beach
morphology with respect to future offshore WEC
deployments.
1.1

Site Description

1.2

Methodology

The 3 year project was composed of both in-situ and
remote techniques used to provide a detailed
assessment of the natural response and behaviour of the
four sites. Topographic surveys have been undertaken
using real time kinematic (RTK) global positioning
system (GPS) at each site during the lowest spring tide
each month. Where possible, specific storm events
have been recorded to assess the recovery rate for the
beaches. Surveys are conducted using an all terrain
vehicle (ATV) with the RTK GPS receiver mounted on
the front of the vehicle, allowing high resolution (5cm)
rapid surveys to be completed. Survey areas naturally
varied between sites from 400-500m in the cross shore
to 800-1200 m in the longshore. Where possible a
regular grid of longshore and cross-shore lines at 5-15
m spacing was sampled.

Figure 3: Map showing the location of the Wave Hub and the
survey sites.

The four sites shown in Fig. 3 lie within a 23 km
stretch along the North Cornish coast. This is a strongly
macrotidal coastline (mean spring tidal range 6.1m)
exposed to a highly energetic wave climate (mean
offshore Hs 1.6 m) of both local wind-generated seas
and North Atlantic swell [3]. Each of the beaches
detailed below has an W-NW orientation ensuring they
are exposed to the dominant wave approach.
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were extracted between 0.2 m ODN (mean sea level)
and -2.4m ODN (0.2 m above low water springs) at
0.2m intervals. A “curl value” (CV) was then computed
using the ratio of total contour length and the straight
line length of the contour, where CV = 1 represents a
planar featureless intertidal region and CV> 2 indicates
a highly variable shoreline. For each survey, the CV
was computed for every extracted contour and the
mean value of the top 1/3rd (̅̅̅̅ was recorded for each
survey month. In addition the dominant morphology
was used to classify the various beach states observed
and the orthorectified Argus images were used to
classify bar states.
Figure 4: Argus cameras at PPT with the field of view shown
on the aerial insert.

2.

In addition to the topographic data at PTN an Argus
system consisting of 4 cameras covering the full
intertidal beach and offshore bar/rip system was
installed in September 2008. An existing site was in
place at PPT (2 cameras; Fig. 4) which was first
established in 1993 [4]. Both sites provide half hourly
digital “image products” consisting of a single
snapshot image, a time-exposure image and a variance
image [5]. Of principal interest for this study are the 10
min time exposure (timex) images which indicate the
region of wave breaking and therefore the presence and
orientation of subtidal bars [5]. Interpretation of these
images is enhanced by rectifying the oblique images
using surveyed control points found within the image
[5]. Daily monitoring of this breaking region provides a
long term analysis of bar behaviour to the dominant
wave conditions.
Nearshore wave conditions throughout the survey
period were recorded in 10 m CD water depth offshore
PPT (Fig.5).

Results

The variability of morphology at the sites is
expressed in Fig. 6 which presents surface elevation
plots from PTN and PPT. These show the occurrence of
deep channels and low tide bar features (bottom) which
are present at the sites irregularly throughout the survey
period as well as highly planar more dissipative states
which were evident at each site (top).

N

Figure 5: Summary wave conditions throughout the survey
period. Data provided by directional wave buoy located in 10
m CD near PPT courtesy of [6].

Figure 6: Example intertidal beach morphology from PTN
and PPT (left and right respectively); from the top, low tide
planar (P), low tide rhythmic/channel (LTC) and low tide
bar/rip (LTBR). Thick black contours indicate high water
spring, high water neaps, mean sea level, low water neaps and
low water springs. North for all plots is given in the bottom
left plot.

In order to define morphological response at the
different sites, an approach was adopted to try and
quantify the variability of the lower intertidal beach.
This would then allow further interpretation of the
beach response to varying wave conditions. In order to
quantify the level of 3D to each survey, contour lines

Supporting the intertidal topographic surveys Argus
images provide a clear measure of the variability in bar
behaviour at two of the sites (PTN and PPT; Fig.7).
These images show a range of different bar states
which occurred for sustained intervals over the 3 year
survey period ranging from shore parallel bars to more
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Table 1: Percentage occurrence of beach states for individual
sites

complex multi bar systems interrupted by dominant rip
channels (Fig. 7). While detailed examination of the
behaviour and extent of the different bar systems is
beyond the scope of this paper, the Argus images
provide an indication of the variability in states
observed [3].

Site
PTN
PPT
CHP
GWT

Longshore Bar

Low
Tide
Bar/ Rip
30%
30%
39%
–

Low Tide
Rhythmic
/ Channel
19%
30%
7%
31%

Low Tide
Rhythmic

Planar

32%
30%
39%
44%

19%
10%
15%
25%

This result is further addressed in combination with
the ̅̅̅̅ values generated from the low tide contours
(Fig. 8). Comparison of the assigned beach states and
̅̅̅̅ values show similar behaviour validating the ̅̅̅̅
approach to quantify the beach response. Both methods
demonstrate the lack of seasonal or annual behaviour,
with reference to the dominant wave conditions (Fig.
5), in the beach response. Instead the beaches exhibit
more irregular behaviour over the 3 years (Fig. 8),
although there is consistency between the two sites.

Attached-Crescentic
Bar

Transverse Bar

Multi- Bar

N
Figure 7: Subtidal bar classification based on observations of
the dominant bar dynamics at PPT (left column) and PTN
(right colmun) using rectified Argus images. The images
show the aerial view of the beach (sea at the bottom), white
regions show wave breaking and dark regions indicate land or
camera field of view. The direction of north is indicated in the
bottom left image.

Figure 8: Comparison of qualitative beach states (dashed
lines) with contour derived ̅̅̅̅ values (solid lines); PTN
(top) and PPT (bottom) . The left axis identifies the beach
state shown in Fig 6.

By grouping the intertidal morphology and the
corresponding subtidal bar behaviour we are able to
classify the various beach states which were observed
each month (Table 1). The results show a clear spread
of beach states across the sites, with no dominance
evident. Each of the sites experienced greater
dominance of more rhythmic/low tide bar/rip
morphology than the more featureless planar states.
GWT stands alone as not exhibiting significant low tide
bar/rip morphology which was evident elsewhere.

The conceptual beach classification model (Fig. 9)
which incorporates the relative tidal range (RTR=
MSR/Hb) and the dimensionless fall velocity (Ω=
Hb/WsT), can be used to classify beaches based on the
antecedent forcing conditions [7]. This further supports
the boundary nature of the month beach states at the
different sites which exhibit a spread from strongly
dissipative to intermediate dominated states throughout
the survey period
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case prediction for Wave Hub, which would result in
none of the sites returning to the dissipative beach
states and instead the intermediate low tide bar/rip
systems would dominate. While Fig. 10 presents a
simplistic representation of beach response to a change
in wave conditions, the complexity of intermediate
beaches and the relationship between the intertidal and
subtidal makes predictions on overall response highly
speculative.
Impacts on wave period through WEC deployment
are thought to be minimal [2-8], although a significant
shift would also affect the beach response as indicated
by the role of wave period in the dimensionless fall
velocity Fig. 10.

Figure 9: Conceptual classification of monthly beach states
for each site incorporating the relative tide range (RTR=
MSR/Hb) and the weighted mean dimensionless fall velocity
(Ω= Hb/WsT). Shading indicates the wave conditions with
blue indicating more energetic larger waves and yellow for
smaller waves. The central dashed box represents
intermediate beaches, based on [7], characterised by low tide
bar/rip features. Different symbols represent the different
sites; triangle = PTN, circles = PPT, square = CHP and star =
GWT.

3.

PTN

Analysis and Discussion

The survey data presented in Fig. 8 and Table 1.
clearly shows a lack of a seasonal or annual cycle in
morphological states which we would expect to be
evident over the 3 year survey period. The consistency
between sites, e.g PTN and PPT (Fig. 8), does suggest a
strong feedback with the dominant wave conditions
which are similar for both sites.
A comparison of two independent studies on the
likely impact to wave conditions suggests a maximum
reduction in nearshore wave heights of 6% for a fully
saturated site and high attenuation of the wave field [8].
With limited data on the full effect of offshore devices
on the local wave climate it is difficult to
comprehensively assess the impact of the Wave Hub
development. However, on a much broader scale the
beaches likely to be affected can be classified, (Fig. 9),
using the dominant wave conditions, sediment
characteristics and tidal range, and this concept can be
used to address the likely impact of significant shifts in
any or all of these inputs (light grey symbols Fig. 10).
Using the modeled forecast of a 6% reduction in
inshore wave conditions, all sites undergo a small shift
towards more intermediate dominated systems, with
planar/dissipative
states
less
common.
The
incorporation of the ̅̅̅̅ score in Fig. 10 shows the
distribution and occurrence of states dominated by 3D
morphology which centre around the more intermediate
states. The principal characteristic of intermediate
states is the dominance of low tide bar/rip morphology;
such features play an important role in nearshore
processes driving rip currents and nearshore bar
behavior which can have implications on beach safety
and recreational users [9]. For a more distinct shift in
beach states the wave climate would need to be reduced
by >30% (dark symbols, Fig. 10), five times the worst

PPT

Figure 10: Conceptual classification of monthly beach
states as previously presented in Fig. 9 for PTN (top) and
PPT (bottom). Coloured symbols represent measured beach
states, light grey represents states following a 6% reduction
in wave height, dark grey symbols represent a 30% drop in
wave height. The size of the marker reflects the 3D level as
derived using the ̅̅̅̅ score.

4.

Conclusions

Assessing the impact of reduced waves on the
nearshore morphology is not straightforward and
depends on a wide range of uncertainties. This paper
has presented a summary of the naturally variable
morphological response from four sites most likely to
fall within a shadow zone of the Hub development.
While their stability and response is dependent on the
antecedent morphology and geological controls, the
primary driver is the naturally variable local wave
climate, with wave processes modulated by the tide.
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The nature of this system, dependent on highly
variable wave conditions, prevents detailed long term
forecasting of small scale (bar/rip) behaviour. While
this analysis does not provide detailed specifics on the
nature and extent of these beach states, or the size and
distribution of the nearshore bars, it does provide some
context that the current variability is unlikely to vary
significantly beyond the present beach classifications.
In other words, the natural variability in wave
conditions, or the parameter space within which the
beaches exist, is too large for a 6% reduction in the
wave height to cause a significant change in beach state
and behaviour. By extending the worst case scenario to
a reduction of >30% in wave height more distinct and
significant beach response can be generated. However
the authors acknowledge such impacts are unlikely
with the present Wave Hub installation. Through
further measurements on WEC performance and
subsequent impacts on surrounding wave conditions
potential impacts on beach morphodynamics can be
more accurately modelled.
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