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DEFINITIONS AND ABBREVIATIONS
BODC

British Oceanographic Data Centre

Cefas

Centre for Environment, Fisheries and Aquaculture Science

DGPS

Differential Global Positioning System

DirP

Peak period direction

EA

Environment Agency

Hs

Significant wave height

MCA

Maritime and Coastguard Agency

Metocean Meteorology and [physical] oceanography
MSG

Mixed sand and Gravel

ODN

Ordnance Datum Newlyn

POLPRED

Proudman Oceanographic Laboratory Prediction

PSA

Particle Size Analysis

PSD

Particle Size Distribution

RMS

Root mean square

X-Com

X-band radar and evidence-based Coastal Management decisions
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1 INTRODUCTION
This document is the first in a series of quarterly reports which aim to provide an overview of the
work undertaken and the new knowledge created by the X-Com project and the interlinked PhD
research. The X-Com project facilitated the deployment of the X-band radar on the cliff top at the
northern end of Thorpeness, Suffolk, UK (Figure 1). The radar was installed in August 2015 and
decommission is planned to occur on 19-20 April 2017. The PhD research started on 24th January
2016 and is expected to be completed in three years.

Figure 1. The X-Band radar was installed in a scaffolding tower on the cliff top to the end of North End Avenue
in Thorpeness, Suffolk (Source: Google image and photo by Paul S. Bell).

The effects of coastal erosion on beachfront development along Thorpeness have resulted in recent
investments in coastal protection schemes. Existing gabions dating c. 1980 were exposed and
damaged in 2010, leading to the installation of geotextile bags revetment covered by a layer of
shingle in 2011-2012, a scheme partly funded by North End Avenue residents. In 2013 beach erosion
exposed the geotextile bags and caused outflanking and damage to the new revetment. Beach
recharge and reprofiling works were then undertaken to reduce the risk to beachfront properties.
Following the impacts of these recent coastal erosion events, local stakeholders and Suffolk Coastal
District Council (SCDC) are seeking a better understanding of the processes influencing local coastal
change to inform the development of a sustainable management strategy for the area. Two reports
commissioned by SCDC (erosion appraisal and options appraisal for coastal defences) were produced
by Mott MacDonald identified that a lack of data prevented a better understanding of the processes
influencing coastal change in Thorpeness. To address the lack of data, SCDC and Mott MacDonald
are partly funding the research described here.
The X-Com is assessing whether X-band radar technology can become a cost-effective coastal
monitoring tool to support practical applications required in the public and private sectors. The PhD
1
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research is combining data obtained by the radar and from field surveys to better understand
shoreline changes around Thorpeness and how it is influenced by the movement of sediment along
the shore and cross-shore between the cliff, the beach and the nearshore. The overall objective is to
use the new knowledge to support evidence-based coastal management decisions.
This report provides an outline of the data collection, analysis and interpretation over the first year
of the project. Section 2 describes the types of data being collected and the methods of analysis.
Section 3 summarises the results obtained from the analysis of meteorological and oceanographic
data (waves, tides and storm surges). Sections 4 and 5 describe the analyses of radar data and field
work surveys, respectively. Section 6 outlines the achievements so far and the next steps.

2 DATA AND RESEARCH METHODS
This section describes the main types of data used in the project, the purpose of collecting these
data and how they can contribute to new knowledge relevant to management of coastal change.
Data used in this research are obtained in three different ways: data extracted from the radar, data
collected through beach surveys and data available from third parties.

2.1 RADAR DATA
The X-Band radar is able to provide a range of information about waves, currents and bathymetry
across a relatively large area (2-3 km radius), day and night and at all weather conditions (except
very heavy rain). The radar can be set to record data at frequent and regular intervals, typically 1015 minutes of data recording every 30 minutes.
One of the great advantages of the X-Band radar is the opportunity to obtain waves, currents and
bathymetry data with minimal risks of equipment damage and failure. Unfortunately, unforeseen
equipment failure and software compatibility issues have affected data collection in the first year
after installation in Thorpeness. Data were recorded on 55% of the time between September 2015
and September 2016. The issues were resolved and radar data coverage has been close to 100%
since November 2016. No further problems are foreseen until decommission in April 2017. Figure 2
summarises the time-frame of radar data coverage and beach survey.

Figure 2. Radar data coverage and beach survey dates.
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Data recorded in Thorpeness are saved in a local computer and need to be downloaded manually
every 3-4 months. Data processing is then conducted by NOC (Liverpool) or by Bournemouth
University. The processing time is highly dependent on the computer specification and the spatial
resolution of data extraction (or the grid size). The grid size for the Thorpeness data is currently 60
m2 for bathymetry and currents, wave parameters are taken from the WaMoS pre-processing. On
average, each day of radar data (at 60 m2 resolution) takes 12 hours of computer processing.
The radar is a form of remote sensing; therefore, ground-truth (or calibration) is required, in
particular for water levels, wave heights and bathymetry. It simply means that while the relative
changes (in wave height for example) extracted from the radar data can be trusted, the absolute
values need to be confirmed by comparison with a direct measurement.

2.2 BEACH SURVEYS
Beach surveys are being conducted along the sea frontage of Thorpeness village to the south of the
Ness to quantify changes in beach topography/morphology and sediment characteristics. Seasonal
surveys are planned, with monthly surveys during the winter 2016-2017 and, when possible, before
and after storms. Field surveys are planned to coincide with spring tides if low tide occurs during
daylight as at these times more of the beach is exposed and possible to be surveyed. The types of
surveys undertaken during each field visit include:


high resolution beach topography is measured using a laser scanner along the seafront of
Thorpeness village;



cross-shore profiles matching locations surveyed by the Environment Agency (EA) and mapping
of the waterline are measured using a Differential Geographical Positioning System (DGPS);



sediment samples and digital images are collected for particle size analysis (PSA) – the gravel
fraction is analysed using digital image analysis and the sand fraction is analysed through laser
diffraction in the laboratory; and



distribution of gravel and sand – one of the difficulties of mixed sand and gravel beaches is the
lack of widely accepted methods of accurately quantifying the proportion of gravel and sand and
how it changes spatially and temporally. During fieldwork, the thickness of the gravel layer is
measured at selected locations and the spatial coverage of sand-dominated and graveldominated areas is recorded along beach profiles.

In addition to the regular beach surveys, other occasional field measurements are collected to assist
with radar data calibration (and in the future to support modelling calibration). Water levels were
measured at 15-minute intervals between 27th April and 31st July 2016 through the installation of a
pressure sensor in a tidal sluice just south of Thorpeness. Water level data is required for the
processing of radar data (see Section 4). As there were no local measurements of water levels, a
pressure sensor was installed south of Thorpeness to obtain the required data for the data
processing.

2.3 DATA FROM THIRD PARTIES
A number of sources provide supplementary data required to advance the understanding of coastal
change and sediment movement at Thorpeness. Table 1 presents data types, sources and temporal
coverage of data currently used in the project.

3
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Table 1. Secondary sources and time coverage of data used within the project.
Type
Bathymetry

Tidal elevation

Source
EA
Seazone
MCA (tbc)
Lidar EA
Beach Profiles EA
BODC

Wave parameters

POLPRED Model
Cefas Wavenet

Beach topography

Wave Watch III Model

Location
Thorpeness
Offshore
Aldeburgh Approaches
Thorpeness
Thorpeness
Lowestoft
Harwich
Thorpeness
West Gabbard
Sizewell
Thorpeness
West Gabbard

Temporal Coverage
July 2014
2012
January 2017
2011 and 2014
2010 – 2016
1964 – 2017
2004 – 2017
Radar deployment
2006 – 2017
Restricted
2010-2016
2006-2011

2.4 RESEARCH METHOD
The data types described previously are fundamental to understand how the meteorological and
oceanographic conditions drive sediment transport alongshore and any exchanges between the
beach, nearshore and offshore areas and the time frames in which they occur. It is necessary to
establish these relationships before one can understand when and where erosion and deposition
will occur along the coast. This understanding is critical to inform coastal management strategies.
To advance the current understanding of coastal change in Thorpeness, a three-step workflow
(Figure 3) is required:
1. Development of a conceptual model of how coastal change occurs in the study area based on
knowledge gained through similar studies elsewhere (literature review) and through the
analyses of data available to this project. The conceptual model will provide a semi-quantitative
description of the conditions that cause erosion and deposition across the study area and their
interactions (such as sediment pathways linking accretion and erosion in certain areas).
2. Numerical model simulations to test the linkages and assumptions of the conceptual model.
Although the project is collecting a considerable amount of data, they only reflect the conditions
during data collection, which may not represent the range of average and extreme weather
likely to occur in the area. Therefore, numerical model simulations are the only possible way to
evaluate how the coast may respond to different scenarios for present and future conditions
(taking into consideration climate change predictions or different conditions due to new coastal
defence structures for example).
3. Development of a framework that guides the application of X-Band radar and field work methods
used in this research to support coastal monitoring and management.

3 ANALYSIS OF METEOROLOGICAL AND OCEANOGRAPHIC CONDITIONS
Meteorological and oceanographic (known as metocean) conditions are one of the most important
drivers of coastal change. Knowing the average and extreme values of metocean conditions affecting
the study area across a range of time-frames is essential to understand how the coast may change
under different conditions and how often critical conditions (the ones that are likely to cause
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significant coastal changes) occur. While these critical conditions are often associated with storm
impacts, important coastal changes can also result from specific prolonged average conditions.
Most commonly, coastal erosion studies focus on the characterisation of the metocean conditions
during specific storm events that have resulted in significant erosion or flooding. The quantification
of coastal impacts is less common due to scarcity of field measurements at the required spatial scale
and time frame (for example, pre and post storm). This research is obtaining data that will allow a
comprehensive analysis of nearshore and shoreline changes at a range of scales and the metocean
conditions driving these changes. In addition to the characterisation of storms and their impact,
these data will allow an assessment of how coastal change responds to the shifts in the dominant
wave direction (see Section 3.1) Examples of the range of conditions resulting in important coastal
changes will be detailed in the next report.

Figure 3. Flow chart summarising the research methods (the dotted line separates the three steps).

5
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3.1 WAVE CLIMATE
To characterise the wave climate affecting the study area, measurements recorded by the West
Gabbard Cefas Wavenet buoy (~40 km southwest of Thorpeness, Figure 4) were analysed. Data
collected by this wave buoy since 2005 provide information about the offshore wave conditions in
the southern North Sea. This longer time-series provides an insight on the range of conditions that
occur in the area.

Figure 4. Location of wave buoys on the Cefas Wave network (numbers indicate the wave height and arrows
indicate the wave direction at time of screen capture).

Figure 5 shows the significant wave height (Hs) and peak direction recorded by the West Gabbard
wave buoy during the winter of 2015-16 (defined as October-March). The grey shading indicates
periods when the radar was not operational. Figure 5 shows that the radar was not recording data at
times when waves were highest. Therefore, extending the radar installation to obtain data in the
2016-2017 winter will greatly enhance the range of metocean conditions captured.
Figure 6 presents wave roses for the period 15 October 2015 to 16 Mar 2016, showing peak
directions and wave heights for all records (left panel) and only for records when wave height
exceeded 2.5 m (right panel). It is clear that southerly waves dominated over that winter,
particularly when considering the largest waves (81% of waves greater than 2.5 m approached from
the south). However, analysis of the wave data in winters from 2005-06 to 2015-16 indicates that
conditions vary from year to year (Table 2). During the winters of 2009-10 and 2012-13 an almost
perfect balance between southerly and northerly waves was recorded, while northerly waves were
dominant in the winters of 2008-09 and 2010-11 and southerly waves dominated in the winters of
other years. Considering only the waves higher than 2.5 m, southerly directions dominate in seven of
the last ten winters, exceeding 80% of the records in 2013-2014 and 2015-2016.
6
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Figure 5. Offshore significant wave height (m, top panel) and peak direction recorded by West Gabbard buoy (40 km SE) from 1st October 2015 to 31st March 2016, shaded
grey areas are radar data gaps.
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Figure 6. Wave roses of significant wave height against peak direction for winter 2016 and for all records
where Hs > 2.5 m. Note the strong southerly dominance for larger waves.

Table 2. Wave statistics for winter 2006 – 2015 where winter is months October-March.

Winter
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16

Significant Wave Height (m) Direction
95%ile
Max
Mean
Max Hs
Direction (°)
2.61
4.09
1.36
000
2.61
5.25
1.33
180
2.41
3.94
0.97
174
2.71
5.06
1.30
028
2.41
4.55
1.22
034
2.32
3.94
1.14
186
2.61
4.09
1.33
219
2.93
5.06
1.42
186
2.42
3.89
1.28
170
2.62
4.83
1.41
201

N
(%)
37.97
45.39
59.23
50.65
58.93
41.09
51.43
33.36
42.87
36.36

S
(%)
62.03
54.61
40.77
49.35
41.07
58.91
48.57
66.64
57.13
63.64

Hs>2.5
N (%)
25.91
28.75
43.16
61.55
59.94
40.96
61.61
15.64
33.43
18.77

Hs>2.5
S (%)
74.09
71.25
56.84
38.45
40.06
59.04
38.39
84.36
66.57
81.23

3.2 STORM SURGES
Storm surges are water levels that exceed the predicted astronomic tides (also known as positive
tidal residual). They are often associated with high energy metocean conditions (storms) and coastal
erosion. Storm surges result from a combination of low atmospheric pressure (each 1 mb of
atmospheric pressure drop results in 1 cm rise in water level) and onshore winds (which pile water
against the shore). Storm surges allow waves to reach higher parts of the beach leading to erosion of
the dune or cliff toe. Storm surges can be quantified through the analysis of tide gauge
measurements.

8
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Estimates of storm surge values obtained from the Lowestoft tidal gauge (35 km north of
Thorpeness) is shown in Table 3. Maximum surge levels exceed 0.9 m every winter with highest
values above 2 m. The 95 percentile values indicate the elevation exceeded by 5% of the records, for
example in 2006-07, 5% of the records show storm surge values higher than 0.55 m. Figure 7 shows
a cumulative frequency curve of storm surge values for the winter of 2015-16 with black dots
indicating the range within the previous ten years. It is evident that storm surge values in the winter
of 2015-16 are within the range observed in previous years. The risk of coastal erosion and flooding
is highest when storm surges coincide with high tides (particularly spring tides). Figure 8 shows
storm surge and tidal levels throughout the winter of 2015-16.
Table 3. Surge statistics for the winter period (October-March).

Winter
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16

Surge Statistics (m)
95%ile
Max
0.55
1.87
0.53
2.09
0.34
1.11
0.33
0.95
0.34
1.15
0.54
1.49
0.33
0.92
0.38
2.18
0.44
1.74
0.43
1.26

Figure 7. Cumulative distribution of storm surge levels for the winter of 2015 (blue line) and the range of
values recorded in the previous ten years (black dots).
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Figure 8. Tidal levels at Thorpeness predicted by POLPRED (blue) and tidal residual (storm surge levels) obtained from the Lowestoft BODC Tide Gauge (red) for the period
1st October 2015 to 31st March 2016 (shaded grey areas are radar data gaps).

10
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4 RADAR DATA
X-Band radar is a method of remote sensing and therefore parameters are not measured directly.
Processing of radar data allows metocean and bathymetric parameters to be derived within the
range and accuracy indicated in Table 4. To minimise uncertainties related to data collection and
processing, certain site-specific data calibration and adjustments are necessary.
Table 4. Overview of key radar parameters range and accuracy.
Name

Range

Accuracy

Cell depth

Wave variable

+/- 0.5 m

Significant wave height

0.75 – 20 m

+/- 10% or +/-0.5 m

Mean and Peak period

4 - 20 s

+/- 0.5 s

Mean wave direction

0 - 360°

+/- 2°

Peak direction

0 - 360°

+/- 2°

Peak wave length

15 - 600 m

+/- 10%

Surface current velocity

0 - 5 m/s

+/- 0.2 m/s

Surface current direction

0 - 360°

+/- 2°

After assessment of the quality of data being recorded at Thorpeness and the time required for data
processing, NOC researchers have decided that it would be necessary to increase the resolution of
the area (pixel size) for extraction of water depth from 37 m2 to 60 m2 (Figure 9). The increase in
pixel size improves the confidence in the depth values obtained for each pixel and expedite the time
it takes to process the radar data. On the other hand, the decrease in resolution prevents detection
of changes that may occur within areas smaller than the pixel size. However, specific areas of
interest can be reprocessed with improved resolution for periods in which data suggests important
changes in water depth (due to erosion or accretion of sediment on the seabed).

Figure 9. Example of the
processed water depth
outputs with pixel size of 37
2
2
m (left panel) and 60 m
(right panel). The white
‘mask’ indicates missing or
poor quality data that will
be excluded from analysis.
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To relate the water depth derived from the radar data to a common datum (in this case Ordnance
Datum Newlyn, ODN) the data processing algorithms need to consider the water level. As water
level data measured locally was not available, a tidal elevation produced by NOC’s POLPRED tide
prediction model was used. The model predictions reflect only the astronomical influences and do
not take into account meteorological effects. Storm surges in the North Sea can cause important
changes in sea level. Therefore, the contribution of storm surges to the water level must be
considered to improve the accuracy of the water depth derived from the radar data.
To provide the required data to calibrate the water levels, a temporary pressure sensor was installed
in a tidally connected sluice south of Thorpeness. The pressure sensor measured water levels a 15
minutes between 27th April and 31st July 2016. Tidal residuals (or storm surge levels) were obtained
by subtracting the astronomic tide predictions from the measured water level. The local tidal
residuals were then compared with the tidal residuals recorded at the two nearest UK National Tide
Gauge Network stations at Lowestoft and Harwich (~34 km north and ~36 km south of Thorpeness
respectively) and the mean residual of Lowestoft and Harwich records.
The analysis showed that tidal residuals at Lowestoft were the most similar to the ones measured at
Thorpeness (the comparison between these two datasets resulted in the smallest error). Errors
increased in the analyses that included data from Harwich. The radar data are now being
reprocessed to derive water depths taking into consideration water levels consisting of the predicted
astronomic tide and tidal residuals measured in Lowestoft.

4.1 SEASONAL CHANGES IN BATHYMETRY
Clear seasonal changes were observed during the first year of radar data. Figure 10 shows the
bathymetry (represented by 1 m contours) at three moments in time, reflecting the end of summer
(1st Oct 2015), the end of winter (1st March 2016) and the end of spring (15th June 2016). At the end
of summer, a shallow nearshore is noticeable (orange shades), reflecting deposition of sediment
typical of the fair-weather summer conditions. By March 2016, much of the sediment had been
removed except for a small feature around the Ness (-6 m contour towards the north). By June 2016,
that feature had reduced in size (reflecting removal of sediment) while sediment accumulation is
evident in the south. This deposition of material in the nearshore suggests initial restoration of
conditions observed at the end of the previous summer.
Changes in bathymetry between the three moments in time shown in Figure 10 are presented in
Figure 11. It is worth noting that bathymetry extracted from the radar may be within an error of ±0.5
m (Table 4) and the values indicated in Figures 10 and 11 must be considered with caution. In the
southern nearshore area, increases in depth exceed 3 m between 1st October 2015 and 1st March
2016 and reductions in depth of around 2 m between 1st March 2016 and 15th June 2016 are
evident. It is clear that in this period the southern nearshore shows greater seasonal changes than
areas in the northern part of the study site.

12
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st

Figure 10. Bathymetry extracted from radar data shown as 1 m contours at three moments in time: the panel in the left (1 October 2015) reflects conditions at the end of
st
th
summer (a shallower nearshore), the central panel (1 March 2016) shows a deeper nearshore probably due to sediment removal, and the panel in the right (15 June
2016) shows a shallower nearshore due to sediment deposition in early summer.
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Figure 11. Seasonal change in bathymetry between October 2015 and March 2016 (left panel) and between
March 2016 and June 2016 (right panel).

4.2 STORM IMPACT
It is largely accepted that storms are often responsible for rapid changes (large changes in shorter
periods of time) in coastal morphology resulting from sediment transport. Storm-driven coastal
change are less predictable and more difficult to manage than the important but slower changes
(large changes in long periods of time) that occur due to prolonged less energetic conditions. A
systematic analysis of storm impact requires a clear definition of ‘storm events’. Most often, storms
are defined based on the magnitude of metocean parameters, used to reflect the levels of ‘energy’.
In studies focusing on coastal change, it is important that ‘events’ are also defined based on the
impact at the coast, as not all ‘high energy events’ may result in critical or considerable coastal
change and vice versa. The radar offers a unique opportunity as both energy and change can be
quantified as shown in the examples below.
The energy of a storm event can be quantified using a modified ‘storm power index’ (Spi, Equation 1)
by Dissanayake et al. (2015), where D = Duration, H = Significant wave height [Hs]:
∑

(

)

(1)

If one arbitrarily defines that storms at Thorpeness have wave heights of at least 2.5 m, events can
be identified and their impacts compared. The two examples discussed here have similar Spi (Table 5)
but have caused different impacts on nearshore.
14
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Table 5. Characteristics of two selected storm events

Date
Spi
Wave direction
Peak Hs
Changes in
bathymetry

Event 1
Event 2
th
5-9 February 2016
30th May - 3rd June 2016
307
306
SSE
NE
3.4 m
2.5 m
Minor (Figure 12), within error erosion of the nearshore around the Ness;
of radar
offshore erosion in the south;
nearshore accretion in the south (Figure 13)

Figures 12 and 13 show the bathymetry before and after two selected storm events and the
respective changes in bathymetry (areas shaded in grey show bathymetry changes within the error
of the radar depth calculation, ±0.5 m). As expected, bathymetry changes during these storm events
are considerably smaller than the seasonal change observed in Figure 11. In Event 1 waves were
approaching from the SSE and despite peak Hs higher than Event 2 (Table 5), bathymetry changes
were mostly within the error of the radar (Figure 12). During Event 2 waves were approaching from
NE and, although peak Hs was lower than in Event 1, considerable changes in bathymetry both in the
nearshore and offshore were observed (Figure 13). More detailed analysis to be conducted during
this project will help understand the key influencing factors determining the level of impact on
sediment erosion and deposition.

Figure 12. Mean water level (MWL), significant wave height (Hs) and peak period direction (DirP) measured
th
th
between the 5 and 9 February 2016 are presented in the top panel. The bathymetry derived from radar
data before and after the event, and the resulting change are shown in the bottom from left to right.

15
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Figure 13. Mean water level (MWL), significant wave height (Hs) and peak period direction (DirP) measured
th
rd
between the 30 May and 3 June 2016 are presented in the top panel. The bathymetry derived from radar
data before and after the event, and the resulting change are shown in the bottom from left to right.

5 FIELDWORK
5.1 BEACH TOPOGRAPHY SURVEYS
Seven beach surveys have been conducted between January 2016 and January 2017. The surveys
include measurements of beach topography using a Leica C10 laser scanner and DGPS (Figure 14).
The topographic data is still being processed and preliminary results will be presented in the next
report. Once data processing is completed, analysis will identify changes in beach morphology and
elevation between surveys. Quantifying beach changes will help understand any linkages between
shoreline change and bathymetric changes in the nearshore and offshore. It may be possible to
identify, for example, patterns of erosion and accretion and possible sediment pathways resulting
from different metocean conditions. These linkages will then be tested using numerical models.

5.2 PARTICLE SIZE DISTRIBUTION (PSD) ANALYSIS
PSD analysis aims to characterise the beach sediment distribution and how it varies spatially (from
north to south and from the cliff toe to the waterline) and through time. This PSD variability results
from sediment inputs (such as supply from cliff erosion) and sediment transport. Mixed sand and
gravel (MSG) beaches contain sediment size varying from very fine sand (62.5 μm) to coarse gravel
(64 mm) and occasionally cobbles (>64 mm). This large range of particle sizes creates technical
difficulties in the characterisation of sediment distribution, as methods used for the analysis of sand
are not suitable to analyse gravel and vice-versa.

16
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Figure 14. High resolution beach topography along the Thorpeness village beach frontage (lower left)
has been measured using a Leica C10 laser scanner (top left). The laser scan obtained in August 2016
shows exposed geobags and the radar scaffolding tower. The coverage of DGPS (blue line) and laser
scanner (grey shaded) data coverage of the October 2016 survey is shown in the right panel.
The analysis of beach PSD in Thorpeness is a complex issue as there are no widely accepted method
and easy to undertake in the field that can accurately characterise mixed sand and gravel deposits.
Therefore, a number of methods have been explored and modified to assess temporal and spatial
changes in sediment characteristics in the study area. The thickness of the gravel layer is measured
along cross-shore transects (Figure 15) that match the location of the EA profiles and extra profiles
40 m north and south of them to increase the spatial coverage of alongshore variations.
The methods of PSD analysis include digital photography to characterise gravel (>2 mm) and
collection of sand samples (62.5 μm to 2 mm). Sand samples are taken to Bournemouth University
for laboratory analysis in the Mastersizer 3000, a state-of-the-art instrument that measures mud and
sand particle sizes using laser diffraction.

Figure 15. Distribution of gravel along a crossshore transect (January, 2017).
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PSD is often described using the Phi (φ) scale Table 6. Wentworth sediment size classification
(Krumbein 1937) and the Wentworth (1922) and Phi scale.
classification (Table 6). As this scale is a logarithmic
transformation of the particle diameter, it is
particularly useful to represent data covering the wide
range of particle sizes observed in MSG beaches.
Figure 16 illustrates the differences in PSD that can be
found at different positions along a cross-shore
profile, here represented by two samples collected at
the Ness. Sample A4 taken from the beach ridge is
formed almost solely by gravel, while sand (medium
sand) dominates closer to the waterline (sample A6).
The PSD analysis of gravel involves digital image
processing using a bespoke computer program to
measure the intermediate diameter of each particle
visible at the surface (Figure 16).

Figure 16. The top panel shows the topography along a cross-shore transect at the Ness (N260845m, TN007)
measured with DGPS and the location of sediment samples A4 and A6. PSD results (left) and photographs
(right) of the sample locations are shown for A4 (central panel) and A6 (bottom panel). The photograph of
sample location A4 shows the vectors used to estimate the particle size of gravel using a bespoke Matlab
interface.
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6 SUMMARY AND NEXT STEPS
This report presented an overview of the methods of data collection and analysis used in the first
year of the PhD project. Progress has largely consisted of definition of fieldwork methods; fieldwork
data collection; radar data processing and optimisation (very time consuming); understanding the
uncertainties of the radar data; and performing quality checks on both radar and beach survey data.
Data analysis will become the main project activity in the next months and results will be interpreted
with a focus on their relevance to coastal management applications. A timeline of key project
activities in 2017 is shown in Table 7. The next report due at the end of April 2017 will present
preliminary results concerning nearshore and shoreline changes and their influencing factors. It is
important to understand that the magnitudes of nearshore changes presented here and in the next
report can only be confirmed after data validation.
Calibration and validation of radar data is an important step of the work. Bathymetry extracted from
radar data are currently being reprocessed to take into account the tidal residuals as described in
this report. Accuracy of the radar derived bathymetry can be quantified once bathymetry data
coinciding with periods of radar data acquisition becomes available. Bathymetric surveys of the
nearshore adjacent to Thorpeness (commissioned by the Maritime Coastal Authority) were
conducted In January 2017. Validation of bathymetry derived from radar data will be possible when
these data becomes publicly available in July 2017.

Table 7. Timeline of key activities planned for each month of 2017.

Description of activities
X-Com project final meeting
Radar decommission by NOC
Submission of progress reports to co-funders
Public engagement, European Maritime Week, Poole
Coastal Dynamics conference, Denmark
PhD transfer meeting
Fieldwork
Analysis of field data
Radar data processing
Validation of radar derived bathymetry
Conceptual model of erosion/deposition patterns
Definition of modelling scenarios and
Modelling simulations
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