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1

Introduction
This report has been written to support the environmental and technical review of
strategic flood and coastal risk management for the Wyre Urban Core Strategy area.
The strategy for coastal risk management in this major flood cell at the north end of
the Fylde headland was last reviewed in 2002. Since that time there has been ongoing
coastal monitoring data collection and analysis and a number of significant studies
have been undertaken that collectively provide increased knowledge of coastal
processes and coastal evolution. Collectively these studies have sought to reduce the
uncertainties in the assessment of present and future risks related to coastal erosion
and coastal flooding. Rather than repeating lots of details from the individual study
and data collection reports, this report aims to collate key knowledge focussed on the
strategy area and provide a synthesis of what this tells us about future coastal
evolution. This report should also serve as a useful reference point for further more
detailed studies that will be required to develop future coastal defence improvement
schemes and beach management plans that will be required as components of the
strategy.
Figure 1.1 below shows the regional location of the study area and the second round
shoreline management plan (SMP2) policy areas. A more detailed map of the strategy
area is shown in Figure 1.2, which shows the strategy study coastal frontages and
coastal flood cells.

© Crown Copyright and database rights 2013
Ordnance Survey Halcrow 100021335

Figure 1.1 Location of Wyre Strategy area
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© Crown Copyright and database rights 2013 Ordnance Survey Halcrow 100021335

Figure 1.2 Wyre Strategy Area, showing coastal flood cells and strategy frontages

2

Wyre Flood and Coastal Defence Strategy Review - Coastal Processes Report

2

Review of previous studies
Wyre Flood and Coastal Defence Strategy Plan (Wyre Borough Council, 2004)
The Wyre Flood and Coastal Defence Strategy Plan is the original coastal strategy for
the Wyre Borough Council coastal frontage. The present report is a supporting
document to the update of this strategy.
Futurecoast (Halcrow, 2002)
The Futurecoast project was undertaken to underpin second round SMPs with an
improved understanding of coastal geomorphology and an assessment of future
shoreline evolution for the England and Wales coasts based on a new approach to the
understanding of coastal systems and their behavioural characteristics.
North West England and North Wales SMP2 (Halcrow, 2010a)
The North West England and North Wales SMP2 provides a large-scale assessment of
the risks associated with erosion and flooding along the north west coast. The SMP2
presents strategic coastal policies to help manage these risks to people and to the
developed, historic and natural environment in a sustainable manner. The SMP2,
which was adopted by local authorities in 2010 and is an update on the first round
SMPs developed about 10 years earlier that underpinned the original Wyre strategy.
Cell Eleven Regional Transport and Sediment Study (CETaSS) (Halcrow, 2010b)
The CETaSS study is a supporting study to the North West England and North Wales
Shoreline Management Plan 2, commissioned to help reduce uncertainty relating to
coastal processes, tidal currents and sediment transport along the Cell 11 coastline.
Along the Fylde coast the study addresses uncertainties relating to sediment
transport and the influence of offshore banks. The study included extensive
mathematical modelling of tidal currents, waves and sediment transport.
Cell 11 Joint Probability Study (Halcrow, 2011a)
As a supporting study to the North West England and North Wales Shoreline
Management Plan 2, the Joint Probability study presents an extreme value analysis of
wave conditions and Joint Probability analysis of nearshore extreme waves and high
water levels along the Cell 11 coastline, including the Fylde coast, using calibrated
time series simulations for the >17 years between June 1990 and September 2007. The
results presented provide estimates of nearshore wave and water level conditions for
consideration in planning and coastal engineering studies.
Cell 11 Joint Probability Study: Wave Overtopping and Morecambe Bay Wave
Modelling (Halcrow, 2011b)
The study builds on the regional Cell 11 Joint Probability Study to derive wave
overtopping estimates for selected locations in Cell 11 and to provide more detailed
wave modelling for Morecambe Bay, including Knott End to inform standards of
protection assessments and future coastal strategies and schemes.
Cell Eleven Regional Monitoring Strategy (CERMS) Baseline Report (Halcrow,
2009)
CERMS was developed to provide a consistent regional approach for the gathering
3
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and management of coastal process data such as waves, wind, tides, sediment
transport, beach levels, shoreline change and coastal defence performance to provide
coastal defence managers with relevant information that will assist in making
sustainable shoreline management decisions. The baseline report provides a
summary and regional interpretation of present coastal process data for the Cell
Eleven coast.
Blackpool Local Process Report (Capita, 2011)
The Blackpool Local Process Report provides an annual report for the Blackpool and
Fylde coastline to feed into and update the CERMS baseline report with new data.
Includes a shoreline change assessment between Bispham and Cleveleys.
Wyre Beach Monitoring Report (Halcrow, 2011d)
The Wyre Beach Monitoring Report presents the findings of new beach profile
analysis completed for the Fylde coastal frontage to feed into CERMS. The report
identifies and discusses changes in natural processes and shoreline behaviour from
beach monitoring between 1991 and 2009 and provides a conceptual understanding
of the immediate Wyre coastline.
Cell 11 Regional Monitoring Strategy: Results of sediment particle size analysis.
Summary Report (Kenneth Pye Associates, 2010)
The sediment particle size analysis report forms part of the CERMS monitoring
strategy, summarising results of particle size analysis carried out on sediment
samples collected from locations along the Cell 11 coast, including the Fleetwood and
Cleveleys frontages.
UK Climate Projections 2009 (UKCP, 2009)
UKCP09, the most recent climate change predictions, were released in June 2009. This
is the fifth generation of climate information for the UK, and provides probabilistic
projections of climate change. UKCP09 comprises a package of information including,
publications, key findings, user support and customisable output.
Draft Blackpool and Fylde Coast Protection Strategy (Haskoning, 2011)
The draft Blackpool and Fylde Coast Protection Strategy is currently out to
consultation. The strategy includes recommendations to manage current and future
risks along the adjacent part of the Fylde coast to the Wyre strategy.
Draft Wyre Beach Management Study: Sediment Pathways for Wyre and the Fylde
coast. (Lancaster University, 2011)
The draft Wyre sediment pathways report, produced by Lancaster University
attempts to determine the sediment transport pathways on the Fylde Coast using a
number of methods (LiDAR, Argus cameras, beach profile surveys) which vary in
both temporal and spatial scales.
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3

Physical Processes

3.1

Wave climate
The predominant wave direction offshore from the Fylde peninsula is the south west.
Waves are limited by the fetch lengths in the Irish Sea due to the presence of Ireland,
the Isle of Man and Anglesey. A wave rose for offshore from the Fylde coast is shown
in Figure 3.1, taken from wave modelling for the CETaSS and JPS projects, Halcrow,
2011a. The data covers the period from June 1990 to September 2007.

Figure 3.1 Offshore wave rose for JPS point 36, offshore from Shell Flat.

3.2

Extreme wave conditions
Wave roses taken from the Joint Probability study (JPS) (Halcrow, 2011a), are shown
in Figure 3.2. These wave roses are based on the nearshore wave transformation
model time series results (June 1988 – September 2007). Significant wave heights of
Hm0 < 0.5m are not shown in the plots, but register as “calm” percentages. The wave
roses provide an indication of direction by wave height and relative frequency of
occurrence.
The effect of Shell Flat, to the west of the Fylde coast, can be seen by comparing wave
roses at point 35 and point 31. The more shallow and irregular bathymetry of Shell
Flat results in greater directional focusing of waves approaching point 35.
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Figure 3.2 Wave roses at joint probability calculation locations (Halcrow, 2011a).

3.3

Water levels
A summary of recorded water level data (1992 to 2009) from the Class A gauge at
Liverpool Gladstone Dock is included below (Figure 3.3), extracted from the draft
Blackpool and Fylde Coast Protection Strategy (Haskoning, 2011).

Figure 3.3 Summary of recoded water level data Liverpool (1992 to 2009).

Both the Environment Agency and Stena operate tide gauges at Fleetwood docks in
6

Wyre Flood and Coastal Defence Strategy Review - Coastal Processes Report

the mouth of the Wyre estuary. A review of the data collected prior to July 2009 in
Halcrow, 2010c indicated some uncertainty in datum, or accuracy of the gauge,
particularly influencing the low water drying level at the gauge site. From a review of
the latest data, the maximum recorded level at the Fleetwood EA gauge during the
period July 2003 to October 2011 was 5.9m, which occurred on 30 March 2006
compared to a predicted high water level of 5.2mAOD.

3.4

Tide levels
Predicted tide levels for Fleetwood and the Wyre Lighthouse, extracted from the
Admiralty Charts 2011 are shown in Table 3.1.
Table 3.1 Predicted Tidal Levels at Fleetwood and the Wyre Lighthouse (Admiralty, 2011).

Tidal Level

Highest Astronomical Tide (HAT)

3.5

Fleetwood
(mAOD)

Wyre
Lighthouse
(mAOD)

5.9

5.3

Mean High Water Spring (MHWS)

4.5

4.3

Mean High Water Neap (MHWN)

2.4

2.4

Mean Tide Level (MTL)

0.26

-

Mean Low Water Neap (MLWN)

-1.8

-

Mean Low Water Spring (MLWS)

-3.7

-

Extreme water levels
Extreme water levels for three locations along the Fylde coast (i.e. locations 33, 34 and
35 in Figure 3.4) are included in Table 3.2. These extreme water level values have
been extracted from the National Extremes Study (Defra, 2011) and used in the JPS
(Halcrow, 2011a) analysis. Note that the base date for this study data for the
application of sea level rise allowances is 2008. Table 3.3 presents a comparison of
extreme water levels at Fleetwood from previous estimates.

Fylde
coast

Figure 3.4 Cell eleven JPS marginal extreme and joint probability calculation locations,
Liverpool Bay (Halcrow, 2011a).
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Table 3.2 Marginal extreme water levels utilised from the national extremes study (Defra / EA,
2011) for locations along the Fylde coast (Halcrow, 2011a)

Return Period
(years)

Water Level (mODN)
Location
33

Location
34

Location
35

1

5.36

5.39

5.40

2

5.48

5.50

5.52

5

5.63

5.66

5.67

10

5.75

5.77

5.79

20

5.87

5.89

5.91

50

6.02

6.04

6.06

100

6.14

6.15

6.18

200

6.26

6.27

6.30

500

6.41

6.41

6.46

1000

6.52

6.52

6.58

10000

6.88

6.88

6.96

Table 3.3 Comparison of extreme water levels at Fleetwood.

Return
Period
(yrs)

JPS 2011
(Halcrow,
2011a)

Location
35
(mAOD)

JBA 2007
(Halcrow, 2010a)

Fleetwood
EA Gauge
(mAOD)

Fleetwood
(mAOD)

JBA 1998
(Wyre
Borough
Council,
2004)
South
Fleetwood
(mAOD)

(mAOD)

1

5.40

2

5.52

5

5.67

5.77

5.52

5.48

5.86

10

5.79

5.90

5.64

5.60

5.96

5.97

5.70

5.66

6.02

5.75

5.71

6.04

25

6.06

5.79

5.75

6.06

30

6.09

5.82

5.78

6.18

5,91

5.86

6.11

6.25

5.98

5.93

6.14

6.30

6.03

5.98

6.16

6.37

6,09

6.04

6.19

6.43

6.14

6.09

6.20

6.46

6.18

6.13

15
20

50

5.91

6.06

75
100

6.18

150
200

6.30

250

4.82

500

6.46

6.59

6.30

6.24

6.24

1000

6.58

6.71

6.42

6.36

6.17

10000

6.96
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3.6

Joint Probability of waves and water levels
The Cell Eleven Joint Probability Study (Halcrow, 2011a) has produced joint extreme
significant wave heights and water levels for locations along the whole North West
coast. Joint extreme significant wave heights and water levels for locations 33, 34 and
35 (Figure 3.4) along the Fylde coast are included in Tables 3.4, 3.5 and 3.6. Joint
extreme significant wave heights and water levels for Knott End-On-Sea, Morecambe
Bay from the Morecambe Bay JPS Study (Halcrow 2011b) are shown in Table 3.7.

9
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Table 3.4 Joint extreme significant wave heights and water levels at point 33

Table 3.5 Joint extreme significant wave heights and water levels at point 34

(Halcrow, 2011a)

(Halcrow, 2011a)
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Table 3.6 Joint extreme significant wave heights and water levels at point 35

Table 3.7 Joint extreme significant wave heights and water levels at Morecambe Bay

(Halcrow, 2011a)

point MB-5 Knott End-on-Sea (Halcrow, 2011b)
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3.7

Previous flood events
Previous flood events as listed in the Wyre Strategy (Wyre Borough Council, 2004)
include:

3.8

•

1555 – Singleton Thorpe village was destroyed;

•

1927 (28th / 29th October) – A combination of gale force winds and high tides
resulted in severe flooding along the Fylde coast. The predicted high tide of
9.3mACD (4.4mAOD) swamped the defences, flooded Fleetwood and cut the
town off. Six people lost their lives in this flood event;

•

1931 (18th August) (Zong and Tooley, 2003);

•

1939 (9th March) (Zong and Tooley, 2003);

•

1977 (11th / 12th November) – 80mph winds combined with a 9.9m (5mAOD)
high tide resulted in a 1.2m surge that breached defences and flooded 1800
homes. Flood depths reached over 1m above floor level in many cases and
infrastructure and roads were also affected. Sea levels reached 6.2m at
Fleetwood (1.5mAOD); and

•

1997 (February) – major collapse of coastal defence, failure of 100m of
bullnose crest.

Sediments
Sediment samples were collected along the Fleetwood and Cleveleys frontage as part
of the Cell 11 Regional Monitoring Strategy (CERMS) (Kenneth Pye Associates, 2010).
Sampling was taken at a number of closely spaced profile locations along the frontage
(Figure 3.5). Along the Wyre Borough Council frontage samples were taken at four
locations on each profile in November 2009 and 2010 (Figure 3.6).
The results of the particle size analysis carried out on these samples are summarised
in the following graphs (Figure 3.7 and 3.8). Figure 3.8 shows cross-shore changes
along the Fleetwood profile SS9 (see Figure 3.5), in the mean, D50 and modal particle
sizes, standard deviation and the percentages of gravel, sand, silt and clay.
In summary, the Fleetwood to Lytham samples show:
•

The gravel and sand contents range from 0 to 100%;

•

The mud content ranges from 0 to 88%; and

•

More than three quarters of the samples are classified as sand or slightly
gravelly sand.

In the <2mm fraction:
•

The percentage sand content varies from 5 to 100%;

•

The percentage silt content ranges from 0 to 84%; and

•

The percentage clay content ranges from 0 to 16%.
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SS09

© Crown Copyright and database rights 2013
Ordnance Survey Halcrow 100021335

Figure 3.5 Location of sediment samples between the Wyre Estuary and Ribble Estuary.
(Kenneth Pye Associates, 2010).
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© Crown Copyright and database rights
2013 Ordnance Survey Halcrow
100021335

Figure 3.6 Location of sediment samples collected by Wyre Borough Council in August 2009
and March 2010 (Kenneth Pye Associates, 2010

Figure 3.7 Pie chart showing the percentage number of samples in each textural class,
Fleetwood to Lytham St Annes (Kenneth Pye Associates, 2010)

14

Wyre Flood and Coastal Defence Strategy Review - Coastal Processes Report

Figure 3.8 Cross-shore changes along the Fleetwood profile SS9, in the mean, D50 and modal
particle sizes, standard deviation and the percentages of gravel, sand, silt and clay (Kenneth
Pye Associates, 2010).

3.9

Sea level rise allowances
Projections of relative mean sea levels for the whole UK coast are provided within
UKCP09. UKCP09 relative sea level rise projections are available for low, medium
and high emission scenarios. UKCP09 regional net sea level rise allowances are
included in Table 3.9. The Environment Agency (2011) issued new guidance on
allowances for sea level rise and climate change to be included in FCERM strategy
and scheme appraisals in September 2011. This supersedes the previous guidance
from Defra 2006.
The new EA guidance recommends for the change factor allowance the use of the
UKCP09 relative sea level rise medium emission 95% projection for the project
location available from the user interface. Additionally “upper end” and H++
scenarios are included, see Table 3.8 below. The upper end estimate is similar to the
previous Defra (2006) allowances. The H++ scenario provides an estimate of sea level
rise change beyond the likely range but within physical plausibility, for the purposes
15
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of contingency planning. The allowances to be used in appraisals are the ‘change
factors’, which are generally lower than the allowances given in the previous
guidance.
Table 3.8 Sea level rise allowances – Table 5 from EA (2011)

The sea level change factor allowances from the UKPC09 interface for Fleetwood,
adjusted for a start date of 2008, in order to tie into the EA’s coastal extremes
boundary conditions estimates for extreme water levels give a rise in relative mean
sea level of 0.1m by 2029, 0.2m by 2046, 0.5m by 2090 and 0.67m by 2111. Figure 3.9
provides a comparison of sea level rise allowances from Fleetwood from 2006 and
2011 based on the UKCP09 medium emissions scenario.
Table 3.9 Previous regional net sea level rise allowances from Defra/EA (2006)
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Comparison of SLR Allowances for Fleetwood
1.2
EA SLR allow ance 2011
Defra SLR allow ance 2006

1

SLR (m)

0.8

0.6

0.4

0.2

0
2010

2020

2030

2040

2050

2060

2070

2080

2090
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2110

Year

Figure 3.9 Comparison of sea level rise allowances for Fleetwood using the medium emissions
scenario.
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4

Coastal change

4.1

Historical change
This section includes a summary of historical coastal change along the Wyre frontage,
taken from the North West England and North Wales SMP2 (Halcrow, 2010a), the
Wyre Coastal Defence Strategy (Wyre Borough Council, 2004) and from Futurecoast
(Halcrow, 2002).
Anchorsholme to Rossall Point
Following major historical flood events, coastal defences were constructed in the
1920’s and 1930’s from Cleveleys to Rossall Point. As a result of the flood event in
1977, a rear sea wall was constructed at the back of the promenade. Today the
majority of this coast is defended by sea walls, as well as groynes north of Rossall
School. Historical beach levels have been extremely volatile, where levels have been
known to fluctuate by up to 4m on a single tide (Halcrow, 2010a).
Previous studies of historical movement along this frontage (Wyre Borough Council,
2004) determined that the majority of the shoreline between the mouth of the Wyre
Estuary and Anchorsholme Park was stable with small losses and gains. It was
concluded that the headland area between Rossall School and Larkholme estate is the
most exposed area of the frontage; however this area also provides shelter to the
adjacent areas, where higher beach levels are seen.
Rossall Point to the River Wyre (Fleetwood North)
Historical Ordnance Survey maps indicate that the shoreline position along the
Fleetwood northern frontage in 1847 was several metres landward of its current
position. At this time there was also a more marked change in orientation of the
shoreline at Rossall Point (Halcrow, 2002). The following contemporary shoreline
advance has been attributed to the completion of reclamation works as part of the
defence construction. Today therefore, the shoreline is seawards of its natural
position.
The Wyre Strategy (Wyre Borough Council, 2004) concluded that this shoreline is still
accreting, and in many areas beach levels have risen significantly. Photographic
evidence suggests that at the eastern end of the frontage beach levels have risen by up
to 2m over the last 50 years.
The position and state of both the North Wharf Bank and the Wyre Channel have
remained reasonably constant since the 1800s.
In the past, maintenance dredging of the Wyre channel in the port area has been
dumped in the Lune Deep; however this practice has recently stopped.
Fleetwood to Stanah (Outer Wyre estuary)
Similar to other estuaries in Morecambe Bay, the Wyre has shown a trend of infilling
throughout the Holocene. Recently, this trend has reduced, indicating that the
estuary is entering into a phase of dynamic equilibrium and stability.
The North West England and North Wales SMP2 (Halcrow, 2010a) noted the main
changes to this outer section of the Wyre estuary as:

18
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4.2

•

The mouth has remained relatively stable;

•

The low water channel generally widened after 1850, due to dredging works
associated with port expansion. Since the 1950s it has constricted, with sand
banks forming on the east bank;

•

The extensive reclamation on the west bank in the late 1800s, has encouraged
the growth of saltmarsh at the expense of mudflat in its upstream lee;

•

The construction of training breakwaters has led to slight position changes of
the low water channel where channel migration appears to be cyclic in nature;
and

•

Further reclamation between the 1960’s and 1980’s on the west bank and an
area south of the reclamation has been converted to a nature reserve.

Analysis of beach profile data
As part of the yearly updates (Capita, 2011 and Halcrow, 2011d) to the Cell Eleven
Regional Monitoring (CERMS) Baseline reports, beach profiles have been analysed
along the Wyre coastal frontage and are summarised as follows:
Bispham to Cleveleys (Capita, 2011)
Beach volume change appears to be cyclical however there has been an overall
downward trend between 1956 and 1996 (loss of approximately 11,000m3/year) and
between 1997 and 2010 (loss of approximately 27,800m3/year with significant
decreases in volume between 2008 and 2010). Average erosion rates along this
frontage are estimated to be 10,000m3/year.
Cleveleys to Rossall Point (Halcrow, 2011d)
Between Cleveleys and Rossall Point, analysis of beach profiles (Figure 4.1) between
1992 and 2010 has shown a trend of accretion on the upper beach, and a trend of
erosion on the mid to lower beach. Between these years steepening of the upper and
lower beach profile was also evident with the beaches showing net erosion overall.
Sand content of the upper and middle beaches reduces towards Rossall Point and
gravel content increases.
Rossall Point to the Wyre Estuary (Halcrow, 2011d)
Between Rossall Point and the Wyre estuary beaches have shown a predominant
trend of accretion between 1992 and 2010, with the exception of the beach adjacent to
the Boat Lake.
Beach volumes are variable along this section. The sediment characteristics for the
upper, middle and lower zones of the profile in this location indicate a dominance of
sand sized material.
Table 4.1 shows the sum of the beach volume changes between Cleveleys and the
Wyre Estuary for three time periods to present a generalised trend for the 17 year
period (Halcrow, 2011d). The main trends are as follows:
•

The profiles south of between 11B01159 and 11B01177 showed a slight increase
in volume.

•

Between Cleveleys and Rossall Golf Course, 11B01167 and 11B01242 there was
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a reduction in inter-tidal beach volume from 1991 to 2009. The total volume lost
on the inter-tidal beach was about 366,000m3, equating to 19,200m3/yr or about
5m3/yr/m on the eroding frontage.
•

There have been large inter-tidal volume gains around Rossall Point (from
11B0242 to 11B0269), which are far greater than the erosion elsewhere,
indicating that the sediment has come from offshore or further south than
Cleveleys.

The profiles between 11B01250 and 11B01296 showed an increase in volume over
time – this increase tends to also decrease towards the east (i.e. the mouth of the River
Wyre). The exception to this trend is the area between 11B01269 and 11B01279, which
showed a decrease in volume. These profiles are located adjacent to the Boating Pool,
where the shoreline protrudes seaward.

© Crown Copyright and database rights 2013 Ordnance Survey Halcrow 100021335

Figure 4.1 Location of beach profiles (Halcrow, 2011d)
Table 4.1 Sum of beach volume change (MHWS-MLWS) for the Flyde coast (Halcrow, 2011d)
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Beach Profile

Beach Volume Change (m3)
1991 to 2005

1991 to 2009

2004 to 2009

11B01159 to 11B01167

31,743

57,736

25,993

11B01167 to 11B01177

-41,942

66,332

31,356

11B01177 to 11B01185

-70,098

-186,344

-231,244

11B01185 to 11B01194

-81,038

-38,632

-125,094

11B01194 to 11B01203

-106,628

-37,432

-68,328

11B01203 to 11B01213

-76,689

-46,516

-27,505

11B01213 to 11B01223

-44,574

-33,751

4,124

11B01223 to 11B01232

-35,833

-16,795

-15,900

11B01232 to 11B01242

-60,753

-52,553

-41,972

11B01242 to 11B01250

770,280

782,196

-36,377

11B01250 to 11B01259

1,758,019

1,782,611

75,377

11B01259 to 11B01269

1,427,623

1,515,273

-54,767

11B01269 to 11B01279

37,545

-46,535

-358,807

11B01279 to 11B01288

202,480

202,480

24,640

11B01288 to 11B01296

301,230

301,230

-4,317

In addition to these results, further analysis of intertidal beach volumes along the
Wyre coastal frontage, using LiDAR surveys (1999 to 2009), beach profile surveys and
Argus video images (Lancaster University, 2011), has indicated that:

4.3

•

The beach experienced a slight erosive trend between 1991 and 2005;

•

The ‘momentary shoreline’ retreated by nearly 40m in the south of Cleveleys
and but only 3m around Rossall Beach; while average annual losses of around
14,400 m3/year are suggested based on changes in beach volume between 1999
and 2009, which is similar to the findings of the above beach profile analysis.

•

A comparison of LiDAR surveys between 1999 and 2009 suggests erosion along
the frontage over this time, however, this trend is not linear, with periods of
erosion and accretion occurring both in the short and longer terms;

•

Comparison of LiDAR surveys indicate that in both 2004 and 2009 the coastline
was advanced relative to the earlier recorded position in 1991.

Sediment transport modelling
The Cell Eleven Tidal and Sediment Transport Study (CETaSS) (Halcrow, 2010b)
modelled the regional sub-tidal sediment transport pathways throughout the whole
of the north east Irish Sea including the Blackpool and Fylde coast. Results show that
sediment transport is generally directed onshore from Formby Point to central
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Blackpool. North of Blackpool tidally driven sediment transport pathways are more
parallel to the shore in a northerly direction towards and into Morecambe Bay.
Previous studies of wave driven littoral transport have identified a littoral drift
divide offshore at Cleveleys, however, the new modelling results demonstrate that
the location of this drift divide is south of Blackpool rather than to the north, Figure
4.2. The actual location of the drift divide is variable and depends upon the annual
wave climate as it is a balance between north and south directed transport. However,
the modelling for CETaSS using data from 1990 to 2009 showed the divide to be
generally at Starr Gate or further to the south.
Figure 4.2 highlights the drift divide south of Blackpool and the subtidal and littoral
transport directions along the Fylde coast. Black arrows show yearly estimated
subtidal sand transport with representative tide and wave forcing and red arrows
indicate wave induced littoral transport pathways.
The potential net littoral transport rates along the Blackpool frontage are estimated as
approximately 60-90,000m3/year northwards, here transport direction can be variable
dependant on the shore normal angle. Between Cleveleys and Fleetwood potential
net annual littoral transport rates are calculated to be between 150,000 to
308,000m3/year. The increased littoral transport north, combined with northerly tidal
transport along the Fylde coast produces an erosional pressure on the shoreline. The
falling beach levels at Cleveleys reflect the net negative sediment budget along this
frontage due to a limited supply of sediment from the south combined with an
increased northerly transport of material and potential for loss of material offshore
towards the Lune Deep. Figure 4.3 presents the results of the CETaSS sediment
transport modelling between Lytham St Anne’s and Fleetwood, showing transport
rates and directions.
A more recent study has been undertaken for Wyre Borough Council, the Wyre Beach
Management Study (Halcrow, 2012). This study has concentrated on the Fylde
coastline with more detailed coastal area modelling and coastline evolution
modelling. The coastal area modelling included the effects of tides, waves and wavedriven currents to determine the nearshore and offshore sediment transport;
representative of a year of tides and waves. Nine wave conditions were simulated as
well as a tide only case. These were then combined together with weightings
representing the relative influence upon sediment transport of each wave condition.
The coastline evolution modelling addressed longer term sediment transport and
coastline morphology in order to derive longshore sediment transport budgets and
changes to the shore position.
Figures 4.4 a-c present the net potential annual sediment transport rates determined
by the Wyre coastal area modelling. It can be seen in Figure 4.4a that the anticlockwise circulation shown in the CETaSS model results (Figure 4.2) is also
predicted with the Wyre model. In addition wave-driven currents and sediment
transport was also considered which can be seen in Figures4.4b and c as nearshore
transport. The resolution of the model was finer than suggested by the transport
vectors.
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Figure 4.2 Subtidal and littoral transport directions along the Fylde coast from CETaSS regional model (Halcrow, 2010b).
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Figure 4.3 Sediment transport results Lytham St Anne’s to Fleetwood – measured sediment
size from CETaSS study (Halcrow, 2010b).
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© Crown Copyright and database rights 2013 Ordnance Survey Halcrow 100021335

Fig.4.4a Sediment transport results from Wyre coastal area model. Results show an anti-clockwise circulation
pattern centred on Shell Flats. (Halcrow, 2012)
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© Crown Copyright and database rights 2013 Ordnance
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Figure 4.4b Sediment transport results from the Wyre coastal area model focussed upon the
nearshore region towards the northern end of the Fylde coastline (Halcrow, 2012)
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© Crown Copyright and database rights 2013
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Figure 4.4c Sediment transport results from the Wyre coastal area model focussed upon the
nearshore from Cleveleys towards the north (Halcrow, 2012)
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Longshore sediment transport budgets were derived from the coastal area model by
considering the annual volume of sediment being transported in the nearshore region
where tidal influence was greatly reduced. The results from this can be seen in
Figure 4.5. Although the magnitudes are not exactly the same, they are generally of
the same order of magnitude and are in the same direction. Additionally the drift
divide south of Blackpool is also observed.
Net annual sediment transport rates from the Wyre study coastline evolution
modelling (Halcrow,2012) are presented in Figure 4.6. The magnitudes are lower
than those predicted by the coastal area model but this might be expected due to the
evolving shoreline and a different representation of sediment size throughout the
model. The litline model annual sediment transport rates predicted are generally
about 2-3 times smaller than those from the coastal area model. However all three
approaches (shown in Figures 4.3, 4.5 and 4.6) despite the different assumptions and
approaches do show the same net northerly drift with a divide south of Blackpool.

© Crown Copyright and database
rights 2013 Ordnance Survey
Halcrow 100021335

© Crown Copyright and database
rights 2013 Ordnance Survey
Halcrow 100021335

Figure 4.5 Longshore sediment transport budgets derived from the Wyre coastal area model
(Halcrow, 2012)
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Figure 4.6 Longshore sediment transport budgets derived from the Wyre coastline evolution
model (Halcrow, 2012)

Shell Flat and North Wharf Bank
Shell Flat lies offshore of Fleetwood (Figure 3.4) and North Wharf Bank lies between
Fleetwood and Morecambe Bay. Shell Flat acts to dissipate wave energy along the
Fylde coast but it also focuses waves in its lee due to refractional effects. In fact
results presented in the Wyre Beach Management Study (Halcrow, 2012) have shown
that the bank provides some sheltering to the coastline for larger waves around low
water levels (due to dissipation/breaking) but acts to focus waves for high water
levels. Modelling has shown that reducing the height of the bank would increase
wave heights at the coast for larger waves. Monitoring and assessing future evolution
of the bank is therefore an important FCERM issue. An anticlockwise sediment
circulation cell centred around Shell Flats sandbank is created when the tidally driven
sediment pathways north on the flood tide meets sediment transport exiting
Morecambe Bay through the Lune Deep on the ebb tide. Due to the proximity of Shell
Flat to the adjacent shore, sediment exchange between the two is likely. Although
wave-driven transport is not significant on Shell Flats, the effect of waves on the bed,
combined with the tidal flow is important and provides a mechanism to transport
sediment towards and along the shore.
North Wharf Bank, north of Fleetwood also acts to dissipate wave energy, providing
protection to the frontage. This and other banks in Morecambe Bay are highly mobile
and variable. Sediment transport modelling for Morecambe Bay indicates complex
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sediment transport pathways with circulation patterns going around the banks.
Future changes in these banks will affect sediment transport pathways and sheltering
effects and will have a resultant effect on flood risk levels along the Flyde coast.

4.4

Coastline evolution modelling
During, the Wyre Beach Management Study (Halcrow, 2012) for Wyre Borough
Council, coastline evolution modelling was undertaken. This involved the simulation
of littoral sediment transport along the coastline from Lytham St Annes (South of
Blackpool) up to the northern most point of the Wyre Peninsula at Rossall Point. The
net and gross littoral sediment transport including the shoreline evolution is
presented in Figure 4.7. Although transport rates predicted by the LITLINE model
are 2-3 times lower than that predicted by the coastal area model, the relative
magnitudes and directions are very similar. Figure 4.8 shows the shoreline change
derived from measurements showing that the area to the north of Cleveleys exhibits
the greatest loss of sediment. This coincides with the area that has been shown to
experience the largest wave heights at high water due to refraction from the Shell
Flats bank as well as increasing northward net transport leading to a loss of sediment
from this area.
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Figure 4.7 Annual gross and net littoral sediment transport predicted by LITLINE

Figure 4.8 Average rate of Shoreline change using available shoreline data from 1991 to 2010
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5

Conceptual model of shoreline evolution
A conceptual understanding of the Wyre frontage was developed in the Cell 11
Regional Monitoring Strategy baseline report (Halcrow, 2009). This was based on
existing detailed information from Futurecoast (Halcrow 2004) and the North West
England and North Wales SMP2 (Halcrow, 2010a). This conceptual model was
updated more recently in the Wyre Beach monitoring report (Halcrow, 2011d) to
include new information from the Cell 11 transport and sediment study (CETaSS)
(Halcrow, 2010b) and has now been revised to include the new information from the
modelling studies for the beach management plan, Halcrow (2012).
Table 5.1 summarises the updated conceptual understanding of the Wyre frontages
from the Wyre Beach monitoring report (Halcrow, 2011d). Figures 5.1 and 5.2 provide
visual summaries of the updated conceptual understanding for Sub-cell 11b and Subcell 11c respectively, produced for the Cell 11 Regional Monitoring Strategy (CERMS)
update 2011.
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Figure 5.1 Sub-cell 11b Conceptual Understanding.
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Figure 5.2 Sub-cell 11c Conceptual Understanding
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Table 5.1 Conceptual Understanding of the Wyre coast and estuary frontages (updated from Halcrow, 2011d).

Conceptual Understanding
Cleveleys
Control / influencing
features

Rossall School to Larkholme Estate - The headland provides shelter to adjacent areas.
Rossall Scar - Exerts varying control on exposure conditions, coastal process behaviour and sediment transport.
Shell Flat sand bank - Provides partial shelter to the frontage from storm waves during periods of low water but acts to focus these
waves during higher water levels, producing larger wave heights towards the coast between Cleveleys and Rossall Point.. The onshore
directed sediment transport demonstrated by the modelling suggests that Shell Flat is likely to continue to receive sediment supply from
offshore and directed along the Lune Deep. The bank would therefore be expected to remain a feature of the coastal system over the next
100 years. Any changes in the prevailing conditions may result in a change in its shape and possibly orientation (Halcrow, 2010a).
Coastal defences - Beach groynes influence littoral transport and upper beach levels.
Morecambe Bay - The Cleveleys frontage could be influenced by large scale changes within the Morecambe Bay system.

Sediment sources

Blackpool frontage - There is a net feed of sediment moving northwards into this area from the eroding beaches on the Blackpool
frontage (Halcrow, 2002).
There is an onshore feed of sediments from offshore.

Sediment sinks /
stores

The sandbanks offshore of Cleveleys i.e. Shell Flats are sediment stores and sinks.

Morecambe Bay - Acts as a sink for fine sediments.
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Sediment pathways /
dynamics

The net potential sediment tidal transport along the Fylde coast from south of Blackpool towards the Rossall Point end of the Fylde
Peninsula is northwards with the transport rate increasing from Cleveleys (Halcrow, 2010a, 2012).
North of central Blackpool the tidally driven sediment transport is directed more parallel to the coast of the Fylde Peninsula towards
Morecambe Bay (Halcrow, 2010a, 2012).
Sediment continues to move northwards around Rossall Point, including shingle from the scar which feeds patches of cobbles on the
northern facing coast.
Net littoral transport is then directed into Morecambe Bay on its south side at Fleetwood towards the Lune Estuary (Halcrow, 2010a).
Further offshore however the net tidal transport is directed into Morecambe Bay through the Lune Deep, whereas a westward directed
transport exists on the intertidal bank that exists off the north Fleetwood shore. The northward transport along the offshore facing
coastline converges with this eastward transport to form this bank north of Fleetwood.
The northward flow on the west facing coast forms part of a sediment circulation cell centred around Shell Flats (Halcrow, 2010a, 2012).
The northward potential transport on the flood tide (assuming there is a plentiful supply) meets a region of potential sediment transport
exiting through the south side of Morecambe Bay through the Lune Deep on ebb tides, producing potential sediment transport towards
the southwest for about 15km offshore, which forms part of the anti-clockwise residual transport around Shell Flat (Halcrow, 2010a, 2012).

Cleveleys To Rossall Point – Potential littoral transport rates generally increase along the coast towards Rossall Point (Halcrow, 2010a,
2012).

Cleveleys – A negative sediment budget, which is attributed to three things (Halcrow, 2011):
• Limited supply of material from the south (due to the long history of cliff protection along the Blackpool frontage (i.e. the northerly
movement of material exceeding the supply of material from the south (Halcrow, 2011);
• The increased northerly transport of material due to both littoral drift and tidal sediment transport (Halcrow, 2010); and
• Sediment may be being transported offshore towards the Lune Deep over the longer term (Halcrow, 2010).

Cleveleys – loss of beach sediment and the exposure of underlying till platform from 2009 to 2010 (Ken Pye pers comm., 2010 - from,
Halcrow, 2010).
Hydrodynamics

There are residual circulatory currents offshore, linked with the Ribble Estuary to the south and Morecambe Bay to the north, the flow
diverging offshore of the Blackpool frontage.
In the nearshore zone off the Cleveleys to Rossall frontage the tidal flows are southerly during the ebb tide and northerly during the flood
tide, with a strong northerly residual flow due to stronger flood tide currents and the combined effects of the Lune Deep channel and
Shell Flat Bank (Halcrow 2012).

Shell Flat sand bank - Future changes to the wave climate on the Fylde coast are expected to be strongly related to the future evolution
of Shell Flat. If the height of the Flat was reduced then wave heights at the coast would increase. Likewise with increases to mean sea
level, the wave height inshore will be affected if the bank remains as it is.
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Beach & Shoreline
Response

Cleveleys – A negative sediment budget occurs for several reasons (described above and confirmed by more detailed modelling in
Halcrow 2012), and it is for these reasons that erosion will continue at Cleveleys in the future (Halcrow, 2010).
Cleveleys to Fleetwood - Beach levels are extremely volatile; beach levels are known to fluctuate by up to 4 metres on a single tide (WBC,
2004), however, in general the shoreline is stable with small losses and gains confined within the area.
Rossall School to Larkholme Estate - The sheltering effect of the headland has resulted in higher beach levels on adjacent frontages (WBC,
2004).
Fleetwood

Control / influencing
features

Offshore banks - North Wharf Bank (lies between Fleetwood and Morecambe Bay), - Provides shelter to the shoreline
from the wave climate within Morecambe Bay by dissipating the energy of the waves.
Shell Flat sand bank – If the height of the Flat was reduced the wave heights at the shore would increase due to reduced
bed friction and wave breaking. The onshore directed sediment transport demonstrated by the modelling suggests that Shell
Flat is likely to continue to receive sediment supply from offshore. The bank would therefore be expected to remain a
feature of the coastal system over the next 100 years. Any changes in the prevailing conditions may result in a change in its
shape and possibly orientation (Halcrow, 2010) but there is uncertainty as to the morphology of this bank.
Lune Deep – Glacial feature controls the direction of the strong tidal currents in and out of Morecambe Bay and with Rossall Point
controls residual circulation around Shell Flat sand bank.
Wyre Estuary - acts as a hydraulic barrier to the movement of sediments, hence the wide expanses of accumulated sand at either side of
the river mouths, although small quantities of sand and finer sediment may be transported across the river mouth.

Sediment sources

Cleveleys frontage - sediment is transported north-east around Rossall Point to the Fleetwood frontage.
Offshore banks.

Sediment sinks /
stores

Offshore banks (North Wharf Bank, Shell Flat, banks at the mouth of the Wyre) - Sediment stores and sinks.
Morecambe Bay - Sediment sink.
Wyre Estuary - Sediment sink.
Fleetwood Dunes - Sediment store.
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Sediment pathways /
dynamics

Alongshore drift is northerly around Rossall Point, then from west to east in response to the predominant wave direction towards the
Wyre Estuary; potential rates in the magnitude of 20,000 to 30,000m³ are suggested (Sefton Council, 2007a). This easterly transport occurs
close to the shore, further offshore on the intertidal the net sediment transport is easterly, this converges with the northerly transport
along the western Fylde coastline helping to form the North Wharf Bank.
The northward potential transport on the flood tide (assuming there is a plentiful supply) meets a region of potential sediment transport
exiting through the south side of Morecambe Bay through the Lune Deep on ebb tides, producing potential sediment transport towards
the southwest for about 15km offshore, which forms part of the anti-clockwise residual transport around Shell Flat (Halcrow, 2010, 2012).
Some sediment is transported to offshore banks and from the banks to onshore
Sediment is also transported onto the beaches from the dunes when there is an offshore wind (Sefton Council, 2007a), and vice versa
when there are onshore winds. The dunes also supply sand to the beaches when they are eroded by extreme combinations of waves and
water levels.
Some alongshore transported material may be stored in the wide banks at the mouth of the River Wyre, whilst some is likely to bypass the
river and be moved into Morecambe Bay.
At the end of the Fylde Peninsula, on the southern shore of Morecambe Bay there is a net annual transport (wave and tidally-driven) into
Morecambe Bay in the upper intertidal region(Halcrow, 2010).

Hydrodynamics

There are residual circulatory currents offshore linked with Morecambe Bay to the north
Tidal currents travel north-east to south-west offshore of Rossall Point (Sefton Council, 2007a)
On the flood tide the tidal flow is northwards along the west coast at Fleetwood continuing along the western edge of North Wharf Bank
until this is covered in water where the flow then is directed eastward along Fleetwoods north coast. On the ebb tide water exits
Morecambe Bay with strong flow in a southwesterly direction through Lune Deep. Flow also exits the Lune through its hannel but also
westwards across North Wharf Bank until this dries out. The converging tidal flood and ebb flows (as well as those that are wavedriven) acting upon North Wharf Bank act to make this area a sink for sediment.

North Wharf Bank – Future changes to the wave climate at the shoreline will be influenced by evolution of the bank and
wide inter-tidal area between Rossall Point, Lune Deep and the Wyre Estuary channel.
Beach & Shoreline
Response

The Fleetwood frontage is accreting (Sefton Council, 2007a, Halcrow 2011d). Converging sediment transport patterns shown in Halcrow,
2012, Volume 2 show this area to be a sink for sediment.
In many places, beach levels have risen significantly, particularly at the eastern end where beach levels have risen by up to 2m over the
last 50 years (Sefton Council, 2007b).
Wyre Estuary (influence on open coast)
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Control / influencing
features

Banks at the mouth of the estuary - Provides shelter to the shoreline dissipating the energy of the waves.
Wyre Channel - influence exposure conditions along the Fleetwood and Knott End coasts.
Scars (Great Knott and Black Scar) - aid in attenuating wave energy, offering some protection to the shoreline either side of the
estuary mouth.
In the future, changes in rainfall associated with climate change have the potential to increase channel mobility in the lower parts of the
estuaries and the inner Morecambe Bay area (Halcrow, 2011).

Sediment sources

Morecambe Bay and the Irish Sea provide the main sources of sediment to the Wyre Estuary.

Sediment sinks /
stores

Wyre Estuary - Acts as a sediment sink.

Sediment pathways /
dynamics

There is a net import of sediment into the estuary.

Hydrodynamics

The Wyre has a mean spring tidal range at Fleetwood of 8.3m and a neap tidal range of 4.3m.

Accretion on the open coast upper beaches either side of the estuary suggests there is also some cross-shore transport operating (Shoreline
Management Partnership, 1999).

The Wyre Estuary is flood-dominant.
Tidal currents in the outer estuary are typically less than 1.5m/s (Sefton Council, 2007a).
Beach & Shoreline
Response

Saltmarsh growth in the lower estuary, upstream of Fleetwood.
Channel movements have been the main cause of saltmarsh erosion in the past, rather than coastal squeeze due to sea level rise (Halcrow,
2011).
The prevention of this channel movement by the construction of training walls has led to substantial accretion in the Wyre Estuaries
(Halcrow, 2011).
Banks at the mouth of the estuary - expected to remain in some form over the next 100 years (Halcrow, 2011).
Fluvial – flows from the Wyre Estuary appear to play a key role in influencing the position and movement of banks and channels in
Morecambe Bay. Other important factors include tidal currents and the occurrence of storm surges (Halcrow, 2011).

40

Wyre Flood and Coastal Defence Strategy Review - Coastal Processes Report

6

Sea level rise and Coastal squeeze
Defra (2003) defines coastal squeeze as:
“the process by which coastal habitats and natural features are progressively lost or drowned,
caught between coastal defences and rising sea levels”.
As explained in (Halcrow, 2011c), sea level rise may cause loss of intertidal and
coastal habitat in the following ways:
•

If sea level rises more rapidly than the rate of vertical sediment accretion,
then intertidal areas will become submerged; and

•

As the shoreline seeks to attain a new equilibrium position with rising sea
levels, erosion of intertidal and supra-tidal sediments, at the landward
margin will occur.

The issue of coastal squeeze will therefore have implications where habitats are
designated. Where impacts on international conservation sites are possible, further
assessment (a Habitats Regulations Assessment) will be required to assess other
options, as well as the identification of potential mitigation and compensation
measures.
Along the open coast, sea level rise may result in worse conditions with increased
wave heights at defences, meaning larger, higher defences are required in the future
as well as pro-active management of beaches to encourage beach accretion and limit
beach losses.
Also, sea level rise may have implications on offshore banks. The CETaSS offshore
banks study (Halcrow, 2010b) lists the following potential bank responses to sea level
rise:
•

Drowning and overstepping;

•

Increase/decrease in volume;

•

Inshore/Offshore migration;

•

Alongshore migration; and,

•

Changes in orientation.

Where the growth of offshore banks does not keep pace with sea level rise, exposure
at the coast may increase, resulting in the potential for erosion of beaches.
The UKCP09 sea level rise projections outlined in Section 3.9 show predicted sea level
rise over the next 50 years as being very similar to the previous 2006 predictions.
After 50 years however, predicted sea level rise, for the medium emissions scenario is
lower than the previous guidance for FCERM.

6.1

Wyre open coast impacts
Future evolution projections for the west of the Fylde open coast, in the North West
England and North Wales SMP2 (Halcrow, 2010a), predict that the trend of foreshore
lowering in front of defences will continue over time as a result of coastal squeeze. It
is likely to become increasingly difficult to maintain beaches to their current standard
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due to the impact of sea level rise and the issue that beaches are sediment starved
along most of this frontage. The future evolution of Shell Flat and its future influence
on the western shoreline is unclear. The CETaSS study (Halcrow, 2010b) concluded
that due to its size, the abundance of sediment supply and the vast quantity of
sediment held within the flat it is likely to be able to respond to future changes in sea
level and wave climate. Furthermore, the modelling study found that increasing
relative sea levels resulted in greater onshore sediment transport potential. The tidal
currents are flood dominated in nearshore areas and as sea level rise increases tidal
prisms in the estuaries and Morecambe Bay this results in a feedback mechanism to
increase sediment transport potential into the large estuaries and Morecambe Bay.
Along the designated northern Fylde open coast, in the short term, stability of
beaches is likely to continue as long as the frontage is afforded continued protection
by the North Wharf Bank. The shallow intertidal bank shoals and breaks incoming
waves for much of the tidal cycle, protecting the beaches along this frontage. The
future evolution of North Wharf Bank is uncertain, however, the CETaSS study
(Halcrow, 2010b) predicts that in the future, banks within Morecambe Bay are likely
to continue to receive sediment supply from the offshore and growth will keep pace
with sea level rise. If however, the growth of North Wharf Bank does not keep pace
then the sheltering role of the bank may decline and increased exposure at the coast
will result in erosion of beaches in this area.

6.2

Wyre Estuary impacts
Future evolution projections for the Wyre Estuary, in the North West England and
North Wales SMP2 (Halcrow, 2010a), assume that the Wyre will continue to receive
sediment from Morecambe Bay, which will allow continued accretion around the
intertidal margins. The marshes and mudflats are relatively stable and are at present
accreting vertically. Given the plentiful availability of sediment offshore and within
Morecambe bay, it is predicted that accretion will continue or even increase with sea
level rise.
The recent reduction in maintenance dredging in the Wyre at Fleetwood seems likely
to result in more rapid accretion in the lower estuary.
Further investigations of coastal squeeze in Cell 11 (Halcrow, 2011c) conclude that at
a local scale within the estuaries of North West England, the most important factor
associated with intertidal gains and losses has been changes in the position of tidal
channels and their associated banks. Within these estuaries there is no evidence to
date that intertidal habitats have been significantly affected by sea level rise.
In light of these recent study findings and the revised UPCP09 sea level rise
predictions, there is more potential for accretion in the Wyre Estuary to keep pace
with or even outpace sea level rise in the future. In the Wyre Estuary, future intertidal
loss is more likely to be a result of channel movement rather than coastal squeeze.
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Impacts of proposed strategic options
Implementation of the proposed SMP2 strategic management policy ‘Hold the Line’
can take the form of a range of different engineering methods and techniques. At a
high level, these can be defined into two categories of hard or soft defence options.
However, in reality, many coastal defence schemes use a combination of hard and
soft defences in order to best achieve the desired objectives.
Coastal protection works generally have relatively local effects on coastal processes.
The following sections summarise the potential local impacts of different proposed
strategic hard and soft options on coastal processes along the Wyre frontages.

7.1

Seawalls and revetments
Seawalls and revetments provide a shore parallel hard defence structure designed to
restrict erosion of the backshore. Seawalls are often used in combination with other
measures to stabilise material at the toe and reduce scour, e.g. rock armour. Seawalls
provide a standard level of protection along the frontage and can be designed in
conjunction with other seafront improvements such as promenades. Revetments
perform a similar function to seawalls at a lower cost.
Seawalls and revetments act to fix the position of the shoreline, but will not help
maintain or prevent erosion of fronting beaches. Unless implemented in combination
with beach management measures they will prevent adaptation of the natural beach
to sea level rise, resulting in the potential for coastal squeeze and increased pressure
on the defences themselves in the long term as the beach lowers and sea levels rise.

7.2

Offshore breakwaters
Offshore breakwaters are distinct from groynes as their principal purpose is to alter
the nearshore wave direction and energy, to create an environment conducive for
sediment deposition, rather than simply retaining sediment. These structures are
therefore suitable for beaches where cross-shore transport is a key process. A pocket
beach or salient forms in the lee of the structures. If a tombolo forms, this may act as a
groyne and consequently affect littoral drift along the beach also. Detached
submerged offshore breakwaters are act as artificial reefs which may also provide
new habitats.
Offshore breakwaters can be effective in maintaining a recharged beach or stabilising
an existing beach, however if not designed properly, they may induce rip currents,
encouraging loss of sediment through the gaps and may also adversely affect the
nearshore transport of sediment and therefore impact on downdrift areas.
Offshore breakwater systems for beach control are mostly used where the tidal range
and tidal currents are relatively low. Although there have been recent advances in
outline design guidance for offshore breakwaters (Johnson 2010, Halcrow 2010d), the
large tidal range and strong tidal currents on the coastal frontage between Cleveleys
and Rossall Point suggest that offshore breakwaters would not be a suitable option
for this frontage without extensive studies and trials.
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7.3

Groynes
Groynes are shoreline control structures, located perpendicular to the shore, crossing
part of, or the entire, littoral zone. They can be constructed from various materials
(e.g. timber or rock). Groynes are traditionally designed as one part of a coastal
management scheme, normally in combination with beach recharge, but can also be
used in combination with a revetment or vertical wall
Groynes act as barriers to littoral drift, resulting in accumulation of sediment on the
updrift side of the groyne. Although they can be very effective at retaining an upper
beach, they still disrupt the natural nearshore processes and can cause increased
downdrift erosion.
Groynes have been used effectively over many years on parts of the Wyre frontage.
However, in developing options for future beach management it is essential that the
design and implementation of changes to the groyne system take into account the
potential wider impacts. Prolonged interruption of sediment transported north along
the Wyre open coast frontage may have longer term implications on volumes and
rates of sediment transported into Morecambe Bay from the south. A reduced supply
of sediment from the south may have negative knock on implications for designated
habitats within Morecambe Bay and for beaches along the North Fylde peninsular.
The implementation of a groyne scheme in combination with beach recharge may
help address these issues.
The ongoing beach management plan studies, which include sediment transport
modelling studies, field studies and data interpretation and analysis, will be
considering the above impacts in greater detail.

7.4

Beach recharge
Beach recharge is a ‘soft’ coastal defence solution where sediment is placed on the
beach, normally sourced from outside the sediment cell, either from an offshore site,
from land based quarries or river beds. Beach recharge can be implemented on its
own or in combination with other options such as erosion control structures (e.g.
groynes) to retain the new beach material. Beach recharge can also be used in
combination with beach recycling, where the recharge sediment is mechanically
moved back to the site from down-drift after storms have transported it away from
the desired location.
Beach recharge has the advantage of re-establishing a ‘natural’ beach, which is the
most effective form of sea defence, as it has the ability to adapt naturally to changes
in wave conditions and to dissipate wave energy. This solution is less likely to cause
erosion problems downdrift than other engineering solutions.
Along a sediment starved or sediment restricted frontage, erosion of the beach will
continue and therefore further beach recharge may be required in the future.
Recharge may also alter beach quality and morphology with potential introduction of
non-native beach material which may have implications along designated frontages.
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Conclusions
This report has collated information from a number of previous studies in order to
bring the strategy up to date. This has included a review of the following:
•

Extreme waves and water levels;

•

Sea level rise guidance;

•

Coastal monitoring data – sediments, beach profiles, tide levels;

•

Contemporary shoreline change; and

•

Sediment transport and conceptual understanding of coastal evolution.

Future sea level rise will have implications on coastal processes and consequently on
the coast. Sea level rise will increase wave heights at defences and erosion of beaches,
meaning larger, higher defences are required in the future as well as pro-active
management of beaches to encourage beach accretion and limit beach losses.
Along the Fylde western coast, the natural trend of foreshore lowering in front of
defences will continue over time as the beaches are sediment starved along most of
this frontage. The increased water depths, exacerbated by sea level rise will result in
larger waves impacting the defences during storms. The strategy will therefore need
to take this into account as it is likely to become increasingly difficult and expensive
to maintain the coastal defences to their current standard in future.
In order to sustainably implement the ‘Hold the line’ policy for the coastal defences
on the west facing coast beach management is required. Wyre BC is currently
undertaking a beach management study to help address these future issues.
The future evolution of Shell Flat and its future influence on the western shoreline is
unclear and so appropriate risk allowances for change and monitoring should be
included in the long term strategy.
Along the designated northern Fylde open coast, in the short term, stability of
beaches is likely to continue as long as the frontage is afforded continued protection
by the North Wharf Bank.
Recent studies (Halcrow, 2010a and 2010c) predict that accretion in the Wyre Estuary
will continue with sea level rise. In light of these recent studies and the revised
UPCP09 sea level rise predictions, there is more potential for accretion in the Wyre
Estuary to keep pace with or even outpace sea level rise in the future. In the Wyre
Estuary, future losses of intertidal habitats are likely to be more significant from
channel movements than from coastal squeeze.
The merits of both soft and hard defence options to implement the hold the line
policy will also need to be carefully considered. An assessment of local impacts on
coastal processes and implications for adjacent frontages will be an important factor
in selecting the best schemes to address present and future issues along the Wyre
coast and estuary frontages.
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