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Methods of Assessment

The evolution of the shoreline at three locations within Poole Bay & Harbour was
assessed using vertical aerial photographs. These locations — Studland Bay, Rockley
Bay/Ham Common and Hengistbury Head — are shown in Figure 1.1.

The methods of assessment were broadly the same, namely:

(a) investigation of sources of suitable photographs;
(b) checking of licence and copyright requirements;
(©) collation, scanning (where necessary) and inspection of frames to select

the most suitable examples;

(d) georectification of each frame to remove distortions in the images caused
by the photographic lens, printing of originals, scanning and other
processing. This involves placing of a theoretical minimum of three
control points per image, but the accuracy of geo-rectification increases

when more points are used;

(e) fitting together the individual frames electronically, known as mosaicking;

® identification of fixed points on each set of photographs in order to
determine the magnitude of errors in the georectification process;

(2 tracing on-screen of the location of the shoreline/cliffline;

(h) division of the shoreline into areas of erosion and accretion;

@) calculation of the areas of erosion and accretion between each photograph

set and division by the length of shoreline and timescale between images
to find the average rate of erosion per year; and
) estimation of the volumes of erosion and accretion using topographic data

from the Environment Agencies aerial LIDAR surveys.

As with any system of measurement, there are uncertainties inherent in the
methods used in this Technical Annex. In particular, the use of any particular line
(water-line, strand-line, vegetation-line or cliff-line) will introduce errors relating to
the tidal level, time since the latest storm, winter/summer season etc. Ideally a
large data set of many years of photographs would be used, but the current study is
constrained by the availability of good quality photographs and the cost of the
analysis. These difficulties are expected to be lessened by future shoreline
monitoring which is due to include the recording of ortho-rectified photographs as

a matter of course. Despite these vatrious issues, the method presented in this



report is considered to provide the most accurate and method of measuring long-
term shoreline change and benefits considerably by the declaration of the error in
the measurement, allowing a judgement as to whether the accretion/erosion is

“significant” or not.



Shoreline Evolution in Studland Bay

Assessment of historical shoreline change in Studland Bay was carried out using

two sets of aerial photographs:

° 2001 - Digital orthorectified 1:2,500 scale colour aerial photographs
supplied by Cartographical Services Ltd (CSL). The photographs were
orthorectified by CSL from OS Landline mapping and a variety of height
data sources (OS profile, EA LIDAR data, aerial photogrammetry). The
final digital images had a pixel size of approximately 50 mm (actual size).

. 1951 — Black and white photographic prints from RAF aerial surveys were
acquired from the National Monuments Record, and scanned at 600 dots
per inch. This gave digital images with a pixel size of approximately 300
mm. These were rectified in ERDAS Imagine using a first order
polynomial solution based on fixed control points determined from a
combination of the 2001 CSL photographs and 1963 Ordnance Survey
mapping. Despite difficulties in locating features that remained unchanged
between the two sets of imagery, at least five control points were located

per photograph.

Other RAF photograph sets were also acquired (from 1941 and 1946), but neither
were as suitable in terms of the area covered, quality of the images, or the amount

of land area (important for identification of control points) as those flown in 1951.

Each set of images was merged into a single photo-mosaic using ERDAS Imagine,
and resampled to give a ground pixel size of 0.5 m. The nature of shoreline change

between 1951 and 2001 was determined in a GIS environment using ArcView 3.2.

The selection of a suitable shoreline contour was made following inspection of
both sets of photographs. The vegetated seaward edge of the dunes was not used
as the 2001 photographs were taken in April, whilst the 1951 photographs were
taken in June; a seasonal change in the extent of the vegetation was anticipated.
There would also be a delay between shoreline change and the establishment of
vegetation where the shoreline is accreting that would not be present where the
shoreline was eroding. The use of the still water line was not suitable, as respective

tidal heights and times of exposure were not known.



The most appropriate reference was considered to be the high tide mark, which
was clearly visible on both sets of photographs between Redend Point and North
Haven Point. It is recognised, however, that the position of the high tide mark will
be influenced by wave conditions prior to the exposures and is also likely to be
subject to seasonal variability, but the uncertainty inherent in using this contour
was considered to be less than the other two methods described. For each epoch,
the position of the reference contour was digitised on-screen directly from the

photo-mosaics.

To aid interpretation, the study frontage was divided into seven sectors (Figure
2.1) based on the direction of change (i.e. erosion or accretion) in different parts of
Studland Bay. Within each sector, the digitised high tide lines were bounded into
polygons. The average distance of shoreline movement for each sector was then
estimated as the area of the polygon divided by the sector length. This can easily be
converted into an average rate of retreat by dividing by the time elapsed between

aerial photograph surveys: 50 years in the case of this study.

In order to assess the error associated with using historical aerial photographs,
tests were carried out in an attempt to quantify the uncertainty associated with the
rectified photo-mosaics. To achieve this, 34 fixed points were identified on both
photo-mosaics, and the distance that each point was observed to ‘move’ was
assumed to represent error. These points were generally, but not always, different
to those used in the georectification process. Only error normal to the direction of
the shoreline was of interest, as this will directly affect estimates of shoreline
change. The average point error determined in this manner was 2.75 m, with
individual point errors typically ranging from 0.0 to 9.0 m (Figure 2.2). The one
exception to this was one error of 20 m, located between the training bank and
Knoll Beach, where identification of control points had been most difficult, and
where the quality of rectification was expected to be poorest. These error values
were used to interpolate an error surface, from which the average error for each
sector was calculated (Table 2.1). These values give an indication of how confident
we can be that the estimated retreat rates calculated represent actual cliff
movement, rather than just errors between the two sets of photographs. These
show that, with the exception of sectors 5 (Eastern Lake) and 8 (Redend Point to
the Warren), the magnitude of change is substantially greater than the lateral errors

associated with the use of aerial photographs.



Sector Total shoreline leen e (i) Rate of change®| Mean error
change® (m) (m/yr) (m/yr)
! -27 4.2 -0.54 0.08
2 +19 2.2 +0.38 0.04
> 20 3.7 2040 0.07
4 +40 9.7 +0.80 0.19
5 -3.0 9.2 -0.06 0.18
6 +20 5.8 +0.40 0.12
’ 27 2.0 0.54 0.04
8 -1.4 1.7 -0.03 0.03

Table 2.1. The mean error and total estimated cliff retreat for each sector.
Notes:

(1) Negative values (in red) represent erosion; positive values (in black) represent accretion

The general pattern of shoreline change in Studland Bay between 1951 and 2001
shows alternating sectors of accretion and erosion. Between the Warren and
Redend Point (Figure 2.3), little change was observed. In this sector, the position
of the high water mark was less certain on the 1951 photographs due to the
shadowing of the beach by the cliffs, and the identification was assisted in places
by inspection of the cliff position. For example, the cliff position does not appear
to have changed significantly (beyond the uncertainty in the method) except at the
Warren, where a cliff fall is clearly observable and corresponds to beach erosion of

about 10m.

Between Redend Point and Knoll Beach (Figure 2.4) erosion is observed, with the
high water line retreating on average by 0.54m/yr. This tallies with previous
estimates of erosion in this area: 0.7 m/yr since 1890 (Cart, 1971); 0.47-0.81 m/yr
for 1975-1995 (May, 1997).

From Knoll Beach to Shell Bay there appear to be two large sectors of accretion.
The southernmost sector (Knoll Beach to Eastern Lake, Figure 2.5) has accreted
at a mean rate of 0.40m/yr while the northern sector (Eastern Lake to Pilot Point,
Figure 2.6) has experienced accretion at a mean rate of 0.80m/yr. The dominance
of accretion is this area supported by previous work, though the magnitude of
accretion found in this study is less. Carr (1971) reports a mean rate of accretion of
2.15-4.30m/yr between 1936 and 1970 and an accretion rate of 1.12-2.43 m/yr
between 1963 and 1993 is given by May (1997).
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At the eastern end of Shell Bay (Figure 2.7), erosion was found to be dominant,
with a mean rate of beach retreat at Pilot Point of 0.40m/yr between 1951 and
2001. This matches the rate of 0.5m/yr for the petiod 1933-1970 reported by Carr
(1971). However, between 1951 and 2001, accretion was found to occur in western
Shell Bay (Figure 2.7), with an average advance of 0.38m/ytr. West of South
Haven Point (Figure 2.7), erosion was observed, with a mean rate of 0.54m/yr
between 1951 and 2001.

Volumes of shoreline change

Using a crude beach retreat/advance model, the mean rates of shoreline advance
and retreat were estimated. It was assumed that the beach profile had a uniform
slope, from a minimum elevation of —1.4mOD to a maximum elevation taken
from LiIDAR measurements along the digitised 2001 high water line, and that
beach movement occurs in a linear pattern. The volumes of change estimated
using this method are given in Figure 2.8. Overall the total estimated volume of
accretion is greater than the estimated volume of erosion, although the quantities
of material involved are of the same order of magnitude. The majority of eroded
material comes from sector 7 (Knoll Beach to Redend Point), though this is
outweighed by the amount of material accreted between Knoll Beach and Pilot
Point.



Shoreline Evolution at Rockley Point to
Ham Common

Three sets of aerial photographs of Poole Harbour were obtained for the
assessment of shoreline change and for the assessment of habitat change
(Technical Annex 4):

. 1947 — Black and white photogtraphs taken by RAF and supplied in digital
form by Dorset County Council;

. 1972 — Black and white photogtraphs taken by Hunting Surveys Ltd and
supplied by Dorset County Council; and

. 1993 — Colour photographs taken by Conservation Ltd and supplied in
digital form by the Environment Agency.

All three sets of images were geo-rectified using the ERDAS Imagine Image
Processing software, based on Ordnance Survey 1:10,000 scale mapping, with fixed
control points defined that could be identified on both the OS mapping and on the
digital images. At least five control points were identified on every photograph,

although nine or ten control points were typically located on each.

A first-order polynomial solution was used to correct and geo-rectify the images.
Each set of images was subsequently merged into a single photo-mosaic, and re-
sampled with a ground pixel size of 500 mm. The alignment of both the cliffline
and the beach wave run-up crest was visible for much of the shoreline on each set

of photographs; as a result both of these lines were used for the assessment.

The study frontage was divided into 4 sectors (Figure 3.1). The results (Table 3.1)

can be summarised as follows:

. Sector 1 (Ham Common East) (Figure 3.3 and Figure 3.7) - does not
show a clear trend of erosion of the cliff and the beach may have accreted
since 1972;

. Sector 2 (Ham Common West) (Figure 3.4 and Figure 3.8) - showed
erosion (in excess of the geo-rectification error) in both periods that were
studied, in particular adjacent to Section 3 where terminal erosion has

resulted from the construction of a revetment;



. Sector 3 (Rockley Caravan Park) (Figure 3.5 and Figure 3.9) — which
showed erosion in the period 1947-1972, but between 1972 and 1993

shows less change following the construction of a revetment; and

. Sector 4 (Rockley Point) (Figure 3.6 and Figure 3.10) — where evolution

of the shoreline can only be approximated from the alignment of the

beach crest.

The average distance of cliff retreat for each sector was then calculated as the area

of the polygon, divided by the sector length (Figure 3.11 and Figure 3.12). This

was converted into an average rate of retreat by dividing by the time elapsed

between aerial photograph surveys: 25 years and 21 years in the case of this study.

1947 - 1972
. Rate of
Total shoreline | Mean error » | Mean error
Sector change®)(m) (i) change® Ty
(m/yr)
1. Ham Common East -1.6 2.6 -0.06 0.10
2. Ham Common West -5.4 3.3 -0.22 0.13
3. Rockley Caravan Park -8.9 4.1 -0.36 0.16
4. Rockley Point -1.0@ 4.6 -0.04@ 0.18

Table 3.1. Cliff retreat for each sector for the period 1947 to 1972

Notes:

(1) Negative values (in red) represent erosion; positive values (in black) represent accretion

1972 - 1993
. Rate of
Total shoreline | Mean error B Mean error
Sector change® (m) (m) change® (m/yr)
(m/yr)
1. Ham Common East +1.2 1.4 +0.06 0.07
2. Ham Common West -3.9 1.6 -0.18 0.08
3. Rockley Caravan Park +3.30) 1.4 +0.16 0.07
4. Rockley Point +0.8@ 1.2 +0.04@ 0.06

Table 3.2. Cliff retreat for each sector for the period 1972 to 1993

Notes:

(1) Negative values (in red) represent erosion; positive values (in black) represent accretion

(2) These should be taken as approximate values due to difficultly in digitising the shoreline in this
sector from the 1972 images

(3) Due to construction of the revetment at this location
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In order to assess the error associated with the use of aerial photographs to
estimate cliff retreat, tests were carried out in an attempt to quantify the
uncertainty associated with the rectified photo-mosaics. To achieve this, 8 fixed
points were identified on both photo-mosaics, and the distance that each point was
observed to ‘move’ was assumed to represent error. Only error normal to the
direction of the shoreline was of interest, as this will directly affect estimates of
cliff retreat. The average point error determined in this manner was just less than
1.0 m, with individual point errors ranging from 0.4 to 2.0 m (Figure 3.2). These
error values were used to interpolate an error surface, from which the average
error for each sector was calculated (Table 3.1 and Table 3.2). These values give
us an indication of how confident we can be that the estimated retreat rates
calculated represent actual cliff movement, rather than just errors between the two
sets of photographs. These show how the errors are greater for the period 1947 to
1972, due to the poorer image quality of the 1947 photographs and difficulty in
tinding fixed control points. However, for both periods, only the change found in

sectors 2 and 3 can be confidently differentiated from potential photograph errors.

Volumes of shoreline change

Using a crude beach retreat/advance model, the mean rates of shoreline advance
and retreat were estimated for the entire 46 year period, 1947 to 1993. It was
assumed that the beach profile had a uniform slope, from a minimum elevation of
—1.4mOD to a maximum elevation taken from LIDAR measurements along the
digitised 1993 high water line, and that beach movement occurs in a linear pattern.
The volumes of change estimated using this method are given in Table 3.3.
Similar analysis for 1947-1972 could not be reliably undertaken since we have no
knowledge of cliff heights in 1972. Overall, there has been an estimated 12,000m?
of material eroded from the frontage, which represents typically 200-300m? of
erosion per year. The majority of eroded material comes from sector 3 (Ham

Common West).



1947 - 1993

. Estimated Estimated
Total shoreline . .
Sector s (fam) typical cliff volume of
g height (m) | change (m?)
1. Ham Common East -0.4 1.15 -146
2. Ham Common West -9.3 1.92 -8,774
3. Rockley Caravan Park -5.6 2.21 -3,670
4. Rockley Point +4.0 0.28 +144
Total 12,446

Table 3.3. Estimated volume of shoreline change for the period 1947 to 1993

Notes:

(1) Negative values (in red) represent erosion; positive values (in black) represent accretion




Cliffline Evolution at Hengistbury Head

Assessment of historical cliff recession has been carried out using two sets of aerial

photographs covering the coast between Southbourne and Hengistbury Head.

° 2001 - Digital orthorectified 1:2,500 scale colour aerial photographs were
supplied by Cartographical Services Ltd (CSL) (Figure 4.1a). The
photographs were orthorectified by CSL from OS Landline mapping and
a variety of height data sources (OS profile, EA LiDAR data, aerial
photogrammetry). The final digital images had a pixel size of
approximately 50 mm (actual size).

. 1978 — Black and white photographic prints produced by Hunting Surveys
Ltd were acquired from Bournemouth Borough Council, and scanned at
800 dots per inch (Figure 4.1b). This gave digital images with a pixel size
of approximately 100 mm (actual size). These were rectified in ERDAS
Imagine using a first order polynomial solution based on fixed control
points determined from the 2001 CSL photographs. Despite difficulties in
locating features that remained unchanged between the two sets of

imagery, at least five control points were located per photograph.

The use of photographs from other years was investigated and the following
additional sets from the Poole Bay area were obtained from National Monuments

Record and Bournemouth Borough Council:

. 1941 — Black and white photocopies (RAF)

. 1942 — Black and white photocopies (RAF)

. 1946 — Black and white photocopies (RAF)

. 1947 — Black and white photocopies (RAF)

. 1951 — Black and white photocopies (RAF)

. 1957 — Black and white photocopies (Ordnance Survey)

. 1962 — Black and white photocopies (RAF)

. 1972 — Black and white photocopies (Dorset County Council)
. 1974 — Black and white prints (Hunting Surveys Ltd)

. 1977 — Black and mosaic photo-mosaics (source unknown)
. 1982 — Black and white photocopies (Ordnance Survey)

. 1989 — Black and white photocopies (Ordnance Survey)

. 1987 — Black and white prints (CSL)



. 1992 — Colour prints (CSL)
. 1998 — Colour prints (CSL) at 1:2500 scale

Despite the availability of photos prior to the 1970s, none of the sets provided
suitable coverage of the Southbourne to Hengistbury study frontage. Prior to this
date, the photos did not contain sufficient identifiable fixed points per frame to
allow georectification. This was partly because the ground coverage of each frame
was smaller and partly because there were fewer fixed structures in place at the
time and even fewer which remained in place until 2001 (when the based mapping

was produced).

The use of additional years between 1978 and 2001 would be beneficial, but was
not considered essential, given the low rates of erosion that were found from the

initial assessment based on these two sets.

Each set of images was merged into a single photo-mosaic using ERDAS Imagine,
and resampled to give a pixel size of 0.25 m. The rate of cliff retreat between 1978
and 2001 was determined in a GIS framework using ArcView 3.2. For each epoch,
the positions of the cliff top and cliff base was digitised on-screen directly from the
photo-mosaics. Where the cliff top and base lines was poorly defined, a single cliff
face line was digitised. The cliff lines from both 1978 and 2001 are shown on
Figure 4.2 to Figure 4.8 against the background of the 2001 photographs.

To aid interpretation, the study frontage was divided into seven sectors of
approximately equal length. Within each sector, the digitised cliff lines were
bounded into polygons. Polygons with an area of less than 1 m* were not
considered. Also excluded from the analysis were stretches of the cliff line where
slight advance was detected. It was assumed that this was either due to rectification
errors, mis-interpretation of the position of the cliff-line, or localised slumping of
the cliff-face.

The average distance of cliff retreat for each sector was then calculated as the area
of the polygon, divided by the sector length. This was converted into an average
rate of retreat by dividing by the time elapsed between aerial photograph surveys -
24 years in the case of this study.

In order to assess the error associated with the use of aerial photographs to
estimate cliff retreat, tests were carried out in an attempt to quantify the

uncertainty associated with the rectified photo-mosaics. To achieve this, 16 fixed
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points were identified on both photo-mosaics, and the distance that each point was
observed to ‘move’ was assumed to represent error. Only error normal to the
direction of the shoreline was of interest, as this will directly affect estimates of
cliff retreat. The average point error determined in this manner was just less than
1.0 m, with individual point errors ranging from 0.4 to 2.0 m (Figure 4.9). These
error values were used to interpolate an error surface, from which the average
error for each sector was calculated (Table 4.1). These values give us an indication
of how confident we can be that the estimated retreat rates calculated represent
actual cliff movement, rather than just errors between the two sets of photographs.
These show that we can be most confident of the retreat rate estimates in sectors
4,5, and 7.

Total cliff
Rate of retreat | Mean error
Sector retreat Mean error (m)
(m/yr) (m/yr)
(m)
1 1.8 1.3 0.08 0.05
2 1.5 2.3 0.06 0.10
3 0.6 1.1 0.02 0.05
4 3.7 1.0 0.15 0.04
5 3.7 1.1 0.15 0.05
6 1.0 0.8 0.04 0.03
7 4.0 0.2 0.17 0.01

Table 4.1. The mean error and total estimated cliff retreat for each sector

Volumes of cliff erosion

An estimate of the volume of sediment that has been released through erosion of
the cliffs was made using the estimates of cliff retreat in Section 3.2 and the heights
of the cliffs from LiIDAR topographic data provided by the Environment Agency.
LiDAR (Light Detection and Ranging) is an airborne mapping technique which
uses a laser to measure the distance between the aircraft and the ground surface.
Based on the position of the aircraft (as determined from an onboard global
positioning system), the elevation of the ground surface can be calculated.
Individual height measurements are made at 2m intervals and have a typical

vertical precision of £0.25cm.

The difference in level between the top of the cliff and the adjacent beach level
was found for each of the sectors of the shoreline. This is more complex than
might initially be expected. When digitising the cliffline, there a small uncertainty
introduced in selecting the position of the line at any point. On average, half of
the placements will be to seaward of the actual cliffline, whilst half will be to

landward. When calculating the average extent of retreat, these errors will cancel




out over the length of each section. However, when attempting to calculate the

typical level of the cliff top, the necessary inclusion of points which are to seaward

of the actual cliff edge (i.e. on the steeply inclined cliff surface) will tend to skew

the result more than those points which are to landward (i.e. on the relatively level

cliff top). Equally, the inclusion of those points that are to landward of the cliff

base line will skew the resulting calculation of the typical base level of the cliff.

Following initial calculation of the cliff height based on the average values of cliff

top and cliff base, this source of uncertainty was identified as it results in

particularly low estimates of cliff height.

To address this source of uncertainty, statistical methods were used to produce

two calculations of cliff height for each sector, which are described in Table 4.2.

Cliff Top | Cliff Top | Cliff Base | Cliff Top
(high (low (high (low
estimate) | estimate) | estimate) | estimate)
2 standard | 1 standard | 1 standard | 2 standard
In Sectors 1, 2 and 3, where the . . o .
. . deviations | deviations | deviations | deviations
cliffs are low and only one cliff
] above the above the below the below the
line has been used (rather than a
1iff top and a cliff base) fean mean mean rean
© P cliffline level | cliffline level | cliffline level | cliffline level
2 standard | 1 standard | 1 standard | 2 standard
In Sectors 4, 5 and 6 where the . . o ..
) ) ) deviations | deviations | deviations | deviations
cliffs are high and both a cliff top
] above the above the below the below the
and a cliff base have been ) ) ] )
) ) mean c/zff- | mean o/ff- | mean diff- | mean clff-
identified
toplevel | tplevel | baselevel | baselevel

Table 4.2 Methods of Calculation of Typical Cliff Levels

The statistical method effectively means that the assumed value of the cliff top will
be representative of the landward side of the digitised line, ie it is representative of
the cliff top, not on the cliff slope. Equally the method effectively means that the
assumed value of the cliff base will be representative of the beach, rather than the
cliff slope.

Using this method the volumes of material released from the cliffs during the 24
year period were calculated (Table 4.3). In sector 3, which includes Double
Dykes, a net increase in the volume of the cliff was found, which is to be expected

since the gabions defences were constructed during the intervening period. The



estimated volume of 3,700m? ~ 7,500m?> derived in this way is of the correct order,

since the gabion revetment is approximately 180m long, 10m wide and 2.5m high.

Throughout the remaining sectors, the greatest volume of sediment release has

come from the cliff between the old Coastguard station and the western end of the

dunes, which has provided in the region of 43,000m3 ~ 52,000m?3.

In total, the volume of sediment released from the cliffs between Point House

Café and Hengistbury Head Long Groyne (Sectors 1-6) is approximately

60,000m3~75,000m>. Given the overall uncertainties implicit in assessing sediment

movement, the range of estimates of sediment supply from the cliffs that result

from the uncertainty in the measurement of the average cliff height is relatively

small. The typical supply of sediment over the past 24 years from the cliff has

been equivalent to 3,000m3/year.

S Length Typl?al Cll iff Volume of erosion®
ector o) Height® (m3)
(m)

1 377 2~065 1,300 ~ 2,500

2 377 25~4 800 ~ 1,600

3 301 1~5 -3,700 ~ -7,500

(reclamation)

4 470 7~9 12,000 ~ 16,000

5 595 19.5 ~21 43,000 ~ 52,000

6 384 9~125 2,900 ~ 3,700

7 258 7.5~10 5,000 ~ 5,000
Total 2,762 n/a 65,000 ~ 80,0002

Table 4.3. The mean error and total estimated cliff retreat for each sector

Notes:

(1) Values given are based on high estimates and low estimates of typical cliff height
(2) The total excludes Sector 3, which shows an increase in volume due to reclamation associated
with the construction of the revetment at Double Dykes
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