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Introduction
The Anglian Coastal Monitoring Programme (hereon ‘ACM’), part of the National
Network of Regional Coastal Monitoring Programmes, has been undertaking annual
aerial LIDAR (Light Detection and Ranging) surveys since 2011 to produce digital
elevation models which monitor topographic change along the Anglian Coast. In
addition, ground-based walked GNSS topographic transect surveys have been
captured bi-annually since 1991, with a minimum spacing of 1 km between profiles,
extending along the whole Anglian coast.
Technological advances in LIDAR data capture and processing techniques,
alongside the ACM’s archive and ongoing data collection, has created an opportunity
to use LIDAR more effectively in monitoring topographic changes. Comprehensive
understanding of the strengths and weaknesses of LIDAR across different coastal
habitats may permit a more targeted approach to LIDAR and ground-based
topographic data capture. This can be achieved through revising the frequency and
spatial density of our surveys, allowing us to create a more efficient, effective
monitoring programme. This study aims to assess the suitability of LIDAR for
topographic monitoring across coastal habitats in the Anglian region, by comparing
the similarity in elevation data produced by both techniques using data captured at a
similar time in the same location.

Methodology
The comparison was undertaken in two parts, the first using existing data from our
archive that were captured within two weeks of each other (hereon referred to as
‘historical’ data). The second, commissioned contemporary data captured within 5
days of one another across three different habitats (hereon referred to as
‘contemporary’ data). A summary of the locations and data capture dates are
displayed in Table 1.

Historical
Following analysis of our existing archive of LIDAR and ground-based topographic
datasets, three locations representing three common coastal geomorphologies in
East Anglia were identified (Figure 1); Freiston Shore (Lincolnshire), Orford Ness (A)
and Felixstowe (Suffolk), characterising saltmarsh, shingle beach, and a sandy
beach with a concrete sea-wall, respectively. The ground-based topographic data
consists of transects captured at intervals between 100 m – 500 m, which start
behind the sea defence and extend to Mean Low Water Springs, where possible.
This data has a +/-0.03 m vertical accuracy and +/-0.02 m horizontal accuracy. A
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LIDAR Digital Surface Model (DSM) was produced for each location with a 1 m
spatial resolution, with an average vertical accuracy of 0.04 m RMSE.
ArcGIS software was used to extract two-dimensional topographic profiles from the
DSM at the same geographical locations as the ground-based profiles; maps of
these locations can be found in Appendix I.
A fixed-length cross-sectional area (CSA) for each profile – both ground-based and
LIDAR derived – was calculated using SANDS software and the difference was
compared. The fixed-length was determined for each profile to prevent the results
being skewed by areas where the ground-based profiles extended further than the
LIDAR derived, or vice versa. As the geomorphological shape of the beach varies
within each study site, percentage difference was calculated to allow comparison
within and between the sites. Due to the natural variation created in the slightly
longer time window between the capture of the LIDAR and ground based
topographic data in the historical datasets, it was inappropriate to apply the linear
regression as was done for the contemporary data.

Table 1: Location and data capture date information for each site analysed. Note: as Orford
Ness location was used in both Historical and Contemporary comparisons, the two are
differentiated throughout this document by (A) and (B) respectively.

Historical

Contemporary
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Location

Habitat

LIDAR
Capture
Date

Groundbased Topo.
capture date

Difference in
capture
times (days)

Frieston
Shore, The
Wash

Saltmarsh

28/11/2016

29/11/2016

1

Orford Ness
(A), Suffolk

Shingle Beach

13/02/2017

06/02/2017

7

Felixstowe,
Suffolk

Sandy Beach
(w/ sea wall)

15/02/2013

04/02/2013

11

Cromer,
Norfolk

Clay
Embankment
& Saltmarsh

03/11/2018

08/11/2018

5

Sea Palling,
Norfolk

Sand Dune

11/10/2018

13/10/2018

2

Orford Ness
(B), Suffolk

Shingle Beach

22/10/2018

24/10/2018

2

Figure 1: Locations of sites used in the comparison study. See Appendix I for individual
sites maps.

Contemporary
To address the possibility of variation caused by natural processes between data
capture dates, additional ground-based topographic data was commissioned to be
collected within 7 days of the ACM winter LIDAR campaign. The additional data was
collected at 3 sites, which were under-represented by the historical data (Table 1):
Cromer, dominated by gravel sands and backed by concrete sea defences; Sea
Palling, dominated by a sand dune system and sandy beach; and Orford Ness (B), a
large shingle ridge on the Suffolk coast. These, in conjunction with the historical
data, provided a good representation of the dominant coastal habitats in East Anglia.
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The reduction in difference between capture dates provided the confidence to
accurately compare heights at individual points and to investigate how each method
performed on different habitats.
A spot-height analysis was undertaken, extracting an equivalent height value from
the LIDAR DSM for each point recorded in the ground-based data using the GPS
position information, giving a large sample size (n=1666). The average difference in
height measurements between the two data points for each location was calculated
for all. The closer to zero the difference, the smaller the difference between the
techniques. The sample size of the contemporary data was sufficient to undertake a
simple linear regression. Using the data points from each of the three areas
(n=1666), the regression was applied to attempt to predict the dependent variable
(LIDAR height measurements) as a function of the independent variable (groundbased height measurements). This was done in order to measure the closeness of fit
between the heights calculated from each dataset and thus to understand the
relationship between the two methods.

Contemporary Substrates
As the substrate type is recorded at each point of measurement in the ground-based
data, the spot height analysis could be further examined to determine the
performance of the two methods over differing substrates. A linear regression for
each substrate type was also calculated for the contemporary data giving another
perspective on the ‘goodness of fit’ of LIDAR topographic data to ground-based data.
This exploration of the accuracy of LIDAR relative to ground-based measurements
on specific substrate types will provide added confidence in the advantages of
LIDAR in certain locations, and thus certainty in the application of LIDAR for coastal
management decisions.

Results
For the purposes of the results and discussion; references to the ‘observed’ dataset
relate to height values from the ground-based walked GNSS topographic transect
surveys and references to the ‘derived’ dataset refer to the height values extracted
from the LIDAR data.

Statistical significance
To investigate the significance of the results, a 95% confidence interval was
determined for each site of the historical and contemporary data and for each
substrate type of the contemporary data; as well as overall results. This study used
+/- 2 standard deviations to determine the 95% confidence interval, providing the
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approximate envelope within which 95% of the results occur in, with the assumption
of a normal distribution. If this envelope crossed zero, we can accept our null
hypothesis that there is no statistically significant difference between the LIDAR and
ground-based topographic data for this location, substrate, or site. Furthermore,
using the 95% confidence limits facilitated the investigation of the potential spread of
results, and consideration of the relative importance of the envelope of error between
the techniques in specific locations.

Historical Data Results
Figure 2 shows a summary of the comparison between the observed and derived
cross-sectional area (CSA) for the historical data by site, and a combined value. The
blue bar indicates the average difference in CSA between the ground-based
techniques and the LIDAR data. The black error bars show the 95% confidence
limits, i.e. the range in which 95% of the values occur in. When considering all the
data (the ‘Summary’ for all sites), the average difference is only 0.3%, suggesting
that many profiles offer a high degree of similarity between techniques. However,
looking at the individual sites in Figure 2 and Table 2, Felixstowe and Freiston Shore
demonstrate larger positive (+1.83%) and negative (-1.79%) average differences
respectively, which are masked when considering the data as a whole. Orford Ness
(A) shows the smallest difference between the calculated CSA’s; this is +0.73%
which equates to 2.77 m² difference.

Percatage difference between observed and
derived cross sectional areas (%)

25
20
15
10
5
0
-5
-10
-15
-20
Felixstowe

Freiston Shore

Orford Ness (A)

Summary

Figure 2. Average percentage difference in cross-sectional area of topographic profiles
produced from historical LiDAR and Ground-Based topographic data at three sites:
Felixstowe, Freiston Shore and Orford Ness (A)
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Table 2: Comparison of percentage difference in cross-sectional area of topographic profiles
produced from historical LiDAR and ground-based topographic data at three sites: Felixstowe,
Freiston Shore and Orford Ness (A)
Percentage difference
%
Average
Std. Dev.
Plus 2 Std. Dev.
Minus 2 Std. Dev.

Felixstowe

Freiston Shore

Orford Ness (A)

Summary

1.83
9.41
20.66
-17.00

-1.79
0.69
-0.40
-3.18

0.73
1.42
3.58
-2.12

0.30
6.20
12.70
-12.11

Cross-Sectional Area
difference m2
Average
Std. Dev.
Plus 2 Std. Dev.
Minus 2 Std. Dev.

Felixstowe

Freiston Shore

Orford Ness (A)

Summary

4.08
19.61
43.30
-35.15

-81.88
32.60
-16.68
-147.08

2.77
5.64
14.05
-8.50

-25.79
46.83
67.88
-119.45

The context of these averages was investigated with the 95% confidence intervals
(Figure 2). Frieston Shore was the only site showing a statistically significant
difference, as the confidence intervals and the average (percentage) differences do
not cross zero, indicating a statistically significant (negative) difference between
calculated CSA’s. The observed data CSA’s are consistently smaller than the LIDAR
derived CSA’s; 95% of difference values are between -0.4% and -3.18%, suggesting
the LIDAR is overestimating the CSA.
The range of the 95% confidence intervals demonstrates the precision of the LIDAR
relative to the ground-based technique; the more similar the derived and observed
values across the whole sample, the smaller the error margin. This indicates that the
most precise derived values are recorded on Vegetated Saltmarsh (±15.98 cm) and
Mud (±16.26 cm), suggesting a closer grouping of results on these substrates. The
largest range in confidence interval occurs on the ‘Sea Defence’ substrate (±121.93
cm), suggesting a wide scatter in results on this substrate.

Contemporary data results
Figure 3 shows the results of the linear regression model for all of the contemporary
data. The graph clearly shows a positive correlation between the height values for
the derived and observed datasets. This indicates that the derived and observed
values are closely related, and that the observed ground-based values can be
predicted by the derived LIDAR heights. This is further supported by the high R2
value (0.9988) which means that 99% of the variance can be explained by this
model. It should be noted that this model is at a large scale across 45 metres of
elevation, so vertical error of below 10 cm would likely not be picked up.
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Linear comparison of LIDAR vs. Ground Based derived
topographic values
Ground-based observed topographic values (m)
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Figure 3: Linear comparison of LiDAR derived vs. ground-based observations of topographic
height values.
150

Average Difference (cm)
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0
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Figure 4: Comparison of the difference in topographic height values of the two techniques
(LiDAR derived and ground-based), across different substrate types, including 95% confidence
intervals displayed by the black lines.
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Figure 4 shows the average difference in centimetres between the derived and
observed values, classified by the substrate type recorded at each observed data
point. All average differences were positive (Table 3), suggesting LIDAR derived
values were, on average, higher than observed values from ground-based techniques
on across all substrate types. The exception is the ‘Sea Defence’ substrate, with an
average of -13.86 cm (Table 3). The smallest average differences occurred on ‘Sand’,
‘Gravel & Sand’ and ‘Gravel’ (5.33cm, 5.73cm, 6.14cm respectively) and the largest
average differences were on ‘Boulder’, ‘Dune’, and ‘Foreign Body’ (27.8cm, 18.55cm,
and 16.55cm). As the 95% confidence limits crosses zero for all substrates, the results
indicate that there is no significant difference between the relative vertical accuracy of
LIDAR and ground-based topography across all substrate types.

Table 3: The average difference calculated between the derived and observed topographic
height values across each substrate type recorded, including the 95% confidence interval (+/2 standard deviations).

Substrate Type

Substrate
Code

Average (cm)

95% Confidence
Interval (+/-cm)

Average (%)

Count

Boulder

B

27.80

77.57

3.53

13

Cliff-Face

CF

0.38

61.23

0.29

23

Dune

D

18.55

43.05

2.50

313

Foreign Body

FB

16.07

58.63

4.25

20

Gravel

G

6.14

35.50

-0.08

330

Grass

GR

8.76

30.85

3.41

128

Gravel & Sand

GS

5.73

26.75

-9.28

263

Mud

M

13.05

16.26

0.13

2

Rock

R

8.80

22.95

-3.89

42

Sand

S

5.33

23.87

-3.50

350

Sea Defence

SD

-13.86

121.91

-1.31

135

Vegetated Saltmarsh

SM

13.42

15.98

14.63

17

Zero-Chainage Point

ZCP

8.12

18.45

3.81

30

6.99

49.42

-1.37

1666

Total
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The range of the 95% confidence intervals demonstrates the precision of the LIDAR
relative to the ground-based technique; the more similar the derived and observed
values across the whole sample, the smaller the error margin. This indicates that the
most precise derived values are recorded on Vegetated Saltmarsh (±15.98 cm) and
Mud (±16.26 cm), suggesting a closer grouping of results on these substrates. The
largest range in confidence interval occurs on the ‘Sea Defence’ substrate (±121.93
cm), suggesting a wide scatter in results on this substrate.

Discussion
The results show clear differences in the relative precision, accuracy and repeatability
of the LIDAR derived height values over different substrates at different sites. The
precision is how close each of the measurements are to one another, i.e. are the
average differences always similar, and the accuracy i.e. how close are the airborne
LIDAR figures to the known ground-based topographic value.

Historical Data Discussion
Considering the average percentage difference between calculated cross-sectional
areas, the historical data analysis demonstrates that the LIDAR derived height values
are relatively robust in comparison to the observed ground-based measurements, with
a 0.3% difference over all sites. It also indicates that they have performed well across
different geomorphologies. However, the results highlight some variations in the 95%
confidence levels across the varying ground covers, taken from substrate code
information, which will help in analysing the appropriateness of LIDAR for a given site.
At Frieston Shore (a saltmarsh dominated site), the LIDAR derived data consistently
overestimates the cross-sectional area relative to that calculated from the observed
data. This is likely attributable to the random scatter of LIDAR points over the
saltmarsh failing to pick up the topographic intricacies of the tidal creeks, a common
characteristic of saltmarsh. This would have the effect of ‘smoothing’ out the detail in
this profile, something that the ground-based survey – which records a measurement
at every break in slope – would not do. Over a small profile length these differences
may not be so apparent, however, the average length of the Frieston Shore transects
is over 1 km, which led to large differences in the values, as evidenced in Table 3.
Additionally, there is potential that the LIDAR pulse was unable to penetrate the
vegetation to the ground surface – unlike the GNSS staff as used on a ground-based
topographic survey – thus recording exaggerated height values.
Consideration should also be given to the possibility of data gaps in the LIDAR which
may occur if the LIDAR pulse hits wet mud and no signal is returned. During postprocessing the data gaps would be interpolated to ensure a complete DSM product,
which may give rise to differences in the calculated CSA’s from the two techniques. On
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the other hand, the ground-based surveyors may disturb mud or fine sediments and
introduce an element of human error into their measurements.
Based on these results, the ground-based surveys appear to provide a more suitable
method to monitor and understand the intricacies of a saltmarsh environment, for
example the changing position of a creek. However, the continuous surface produced
from the LIDAR dataset provides a significantly larger spatial resolution than the
profiles when looking at the spatial extent of the saltmarsh, so would be more
appropriate for looking at overall saltmarsh extent. In this respect, the LIDAR is more
cost effective than the ground-based profiles in terms of time and resource, due to the
vast areas that can be captured in a single LIDAR flight and multiple coastal
management applications that the data could be utilised for.
Whilst the average difference calculated at Felixstowe was < 2%, the error margins
suggest there are some wider outliers (Figure 2). The LIDAR appears to perform well
on the sandy substrate which dominates the Felixstowe study site. However, the
outliers could be attributed to the presence of a sea wall at the Felixstowe site (Table
1), as evidenced by the substrate analysis on ‘Sea Defence’ in the contemporary data
(Figure 4, Table 3). A vertical sea defence will affect the LIDAR derived height values
due to the horizontal accuracy of the LIDAR (quoted by manufacturer for 1 m dataset
to be +/- 0.28 m) and the size (width) of the sea defence. As 1 m resolution LIDAR
captures, on average, one data point (height measurement) per square metre (the
footprint), this point could fall anywhere on the top of the sea wall, or on the sandy
beach, possibly giving two noticeably different height values for any particular footprint,
causing large differences when compared to a ground-based observation.
Therefore, when an object is less than 1 m in size, it is a possibility that the LIDAR
would not detect the variation in height, which provides an explanation for the higher
differences calculated on the ‘Boulder’ and ‘Foreign Body’ substrate types (Table 3).
The irregularity in the size and shape of boulders and foreign bodies – including old
deteriorating sea defences – additionally causes scattering of the LIDAR pulse, which
disrupts the measurements returned.
The historical data compared at Orford Ness (A), a characteristically mobile shingle
ridge, demonstrates that the LIDAR derived topographic heights are comparable to
ground-based measurements, with 0.73% (2.73 m²) average difference. This is further
evidenced by the results of the contemporary study, particularly the results on the
‘Gravel’, ‘Gravel & Sand’ and ‘Sand’ substrates. Additionally, as the historical surveys
were captured 7 days apart (Table 1), there is the potential that some of the calculated
differences could be accounted for by natural dynamic changes in the shingle during
this lag time.
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This highlights how LIDAR can be a suitable survey method on relatively uniform
geomorphologies (e.g. shingle ridges, sandy beaches) for monitoring change over
time. This is particularly the case, when the need for understanding is in the largescale dynamics of an environment, millimetric height accuracy is not essential, and
where there is an absence of vertical or irregular structures.

Contemporary Data Discussion
The simple regression applied to the data exemplifies the expected relationship
between the two data collection methods; that broadly speaking, the height values
from LIDAR in relation to those from ground-based transects are precise. This,
alongside the exploration of the precision of the LIDAR data over different substrates,
provides confidence in both choosing the most appropriate survey technique to
monitor coastal change, and to make more informed coastal management decisions
based on the deeper understanding of the different strengths of the datasets.
The linear regression model suggests that at a large scale, LIDAR and ground-based
techniques are very well correlated, with the majority of results occurring within 0.10
metres of each other (R2=0.99, y=0.99) (Figure 3). This result suggests that the
majority of the time LIDAR and ground-based topography gives results within 0.10 m
of each other, useful when looking at long-term change and large-scale processes. As
previously mentioned, as the model spans ~45 m of elevation, differences of <0.10 m
may not have been discerned (Figure 3). Although not undertaken in this study, this
could be addressed by further exploration of the relationship over a smaller elevation
range, for instance between -5 m and 15 m where the majority of the values fall.
The contemporary data analysis provided an opportunity to investigate the confidence
we can have in the application of LIDAR across different locations through
understanding how LIDAR performs across the different substrate types, as identified
by the ground-based topographic surveys. This helps us to determine the suitability of
the data for coastal management decisions.
As discussed above, the results of this study have shown that there is a variation in
the precision of LIDAR derived height relative to that of the ground-based topographic
observations. This is particularly prevalent across non-uniform surfaces such as
Boulders, Foreign Body and Sea Defence (Figure 4), since the precision of LIDAR is a
product of slope angle and resolution. Although small changes in slope will have little
effect on the accuracy of the data, the larger slopes introduce error in the x, y and z
axis. However, on a gently sloping cliff characterised by slumping, the LIDAR data has
the advantage of capturing data points where it may be inaccessible or unsafe to do so
using ground-based techniques.
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The dune substrate has relatively large average difference (Table 3) and confidence
interval despite the dunes having a lowering scattering potential of the LIDAR signal
than the hard angular surfaces. This is possibly attributable to the dynamic nature of
sand dunes and elapsed time between surveys, leading to different measured values.
Alternatively, the presence of vegetation on the dunes may cause an overestimation of
the LIDAR height measurements. In addition, the human interference on the dune from
the ground-based measurements may have caused slope slip, influencing the height
values measured.
These findings seem to reinforce LIDAR performs best on surfaces with small
sediment size and few vertical surfaces where the focus is on studying large scale
trends. If we combine this with the higher error recorded on non-uniform surfaces with
variations at a finer resolution than the LIDAR captures, we can infer that LIDAR has
best performed on surfaces such as ‘Sand’, ‘Mud’ and ‘Gravel’.
It should be noted that the sample size of some substrates e.g. Boulder, Cliff Face,
Foreign Body, are too small to provide a robust representative sample, impacting the
robustness of the analysis of these substrate types. In particular, the confidence
intervals calculated cannot be considered reliable, despite the apparent close
correlation of some of these substrates (as detailed in correlation graphs in Appendix
2). Furthermore, the small sample sizes prevented interrogation of the substrates at
individual sites, which could be an area for further study. The ‘Foreign Body’ substrate
could refer to anything from debris washed on to the beach or fallen from cliffs to
deteriorating sea defences, which may be either static or mobile items, therefore an
element of caution must be taken when looking at the results for this substrate.
If this analysis were to be repeated, it may be prudent to increase the sample size for
each substrate type in order to draw more reliable conclusions, and observe if this had
any effect on the calculated margins of error. Additionally, Zero Chainage Point would
not be included in the substrate analysis, as it is likely redundant data as the point may
have been recorded as a physical substrate too.

Limitations
In addition to the limitations discussed above, the following limitations of this study
should be considered. Temporally, this study is limited by the difference between the
capture dates of the two different datasets, specifically the inability to discern natural
(actual) change in the elevation, from error in the two methods. Whilst we have
attempted to limit this by only selecting data captured within a maximum of 14 days of
each other, the highly dynamic nature of the inter-tidal area in these locations means
some natural change will be present.
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The dynamic nature of the natural surfaces means it is not possible to remove
systematic error from the analysis. All remote sensing techniques have error
associated with them; LIDAR has an average vertical error of +/-0.04 m RMSE and
ground-based topographic surveys +/-0.03 m.
Another limitation to consider is the different seaward extents of the surveys. Groundbased topographic data is, where possible, captured to MLWS, however, LIDAR is
only captured to MLW. Whilst this study was careful to compare only where we had
data for both techniques, we did not explore the differences in this element of the
surveys. The associated value of the data collected between MLW and MLWS was
also not explored, which should be considered with respect to either changing the
extent of LIDAR surveys, or changing the data requirement.

Summary
This analysis was undertaken to compare the utility of LIDAR and ground-based
topographic data for coastal monitoring across various locations on the Anglian coast
in addition to providing confidence in the advantages of the different datasets for
different applications.
Using two different methodologies, this analysis compares the relative accuracy of
topographic data derived from airborne LIDAR surveys to ground-based topographic
surveys, in a selection of locations representative of the East Anglian coast. Method
one, which uses historical data, found that the average percentage difference of the
derived cross-sectional areas (CSA) was < 2% at each of the three sites. Felixstowe
and Orford Ness (A) have difference values slightly above zero indicating that LIDAR
provides a comparable, slightly underestimated CSA, though the error margins for
Felixstowe were significant, suggesting a large variation in results. At Frieston Shore –
a saltmarsh dominated habitat – there was an average difference of –1.79% and the
error margins displayed a significant difference between the two cross-sectional areas.
This is likely attributable to the LIDAR overestimating the CSA, as a result of the
resolution and interpolation of the data, for example through missing the smaller
channel details in the saltmarsh landscape. However, the LIDAR elevation model
offers a spatial resolution which is significantly higher than that of the ground-based
technique, which perhaps is more advantageous in the context of monitoring broader
scale coastal change.
Method two, using contemporary data, compared individual points from the groundbased topography against extracted points from the LIDAR DTM. The results found a
statistically significant correlation between all the individual (point) height values
derived from both techniques. The regression model has an R2 value of 0.9988,
showing that we can be 99% confident of a LIDAR result that reflects the
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corresponding ground derived result; this is above the 95% confidence level. LIDAR
performed well compared to the ground-based observations across uniform substrates
such as Gravel, Sand and Mud, but larger differences were observed on irregular or
angular surfaces such as Sea Defence, where the LIDAR signal is scattered due to the
1 m spatial resolution, and therefore is unlikely to record a comparable measurement
from the same point as a ground-based method.
This study concludes that LIDAR is best suited to studying coastal trends over
relatively uniform substrates, providing a higher spatial resolution and broader scale
analysis than the ground-based topographic data, whilst not significantly compromising
on the accuracy of the data. The limitations highlight however that remote sensing is
not yet suited to the collection of topography data for all substrates. This study
additionally communicates confidence in the previous approach of the Anglian Coastal
Monitoring Programme to analysing coastal change; using LIDAR to quantify and
visualise erosion and accretion, for example, in the Dunwich – Walberswick Coastal
Morphology Report (Anglian Coastal Monitoring Programme, 2017).
In comparing and contrasting the two techniques quantifiably, the Anglian Coastal
Monitoring Programme hopes to provide assurance to its Partners, that reviewing and
modifying the current extents of ground-based topographic surveys in favour of using
LIDAR data – in certain locations – will not be detrimental to the operational products
produced by the Programme, nor the coastal management decisions based on such
data products. A shift to a greater reliance on LIDAR has the potential to make
significant cost savings to the programme, which can be reinvested into other survey
methods, analyses and innovations to support the Partners.

References
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Appendix I
Historical Site: Frieston Shore
35 profiles: 2d00120 (W007) – 2d00456 (W024)
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Historical Site: Orford Ness A
35 Profiles: 3c00720 (SL001) – 3c01033 (ON176)
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Historical Site: Felixstowe
39 Profiles: 3c01261 (FX029) – 3c01313 (FX078)
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Contemporary Site: Cromer
10 Profiles: 3b00204 (KC193) – 3b00256 (CM040)
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Contemporary Site: Sea Palling
10 Profiles: 3b00731 (HW102) – 3b00871 (HW236)
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Contemporary Site: Orford Ness B
10 Profiles: 3c00724 (SL005) – 3c00841 (SL117)
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Appendix II
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Cliff Face Substrate Linear Plot
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Dune Substrate Linear Plot
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Foreign Body Substrate Linear Plot
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Gravel Substrate Linear Plot
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Grass Substrate Linear Plot
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Gravel & Sand Substrate Linear Plot
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Rock Substrate Linear Plot
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Vegetated Salt Marsh Substrate Linear Plot
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