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Glossary 
 
 
Accretion The accumulation of sediment on a beach by the action of 

natural forces or as a result of man-made artificial structures 
 
Bathymetry The topographic relief of the seabed 
 
Chainage The distance along a topographic survey transect line, 

measured in metres. 
 
Chart Datum The level to which all soundings on a marine navigational chart 

are based 
  
Erosion The loss of material from a beach by the action of natural 

forces or the result of man-made artificial structures interfering 
with coastal processes 

 
Foreshore The area of beach lying between high water and low water 
 
Foreshore rotation Foreshore steepening or flattening resulting in the 

convergence or divergence of high and low water marks  
 
Longshore drift Movement of sediment along the shoreline 
 
MHWS   Level of Mean High Water Spring tides 
 
MHWN   Level of Mean High Water Neap tides 
 
MLWN   Level of Mean Low Water Neap tides 
 
MLWS   Level of Mean Low Water Spring tides 
 
MSL   Mean Sea Level 
 
Ordnance Datum The mean sea level (as derived from 6 years of observation at 

Newlyn, Cornwall) used as a datum for calculating the absolute 
height of land on official British maps. 

 
Renourishment A management practise of adding to the natural amount of 

sediment on a beach with material from elsewhere. This is also 
known as beach replenishment, recharge or feeding. 

 
SMP   Shoreline Management Plan  
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1. Introduction 

1.1 Purpose and application 
 
This report is intended as a tool to assist coastal managers in a variety of their 
functions including; strategic planning, capital engineering works and maintenance 
programmes. In addition to this the report will be of assistance with general education 
and awareness raising of coastal issues. The outputs will also aid the determination 
of beach health parameters within NFCDD (National Flood and Coastal Defence 
Database). 

1.2 Background 
 
The Anglian coastline stretches from Grimsby near the mouth of the River Humber to 
Canvey Island on the northern side of the outer Thames estuary (Figure 1.1).  With a 
total length of approximately 470km the coast is a diverse mixture of dune fronted 
flood plains, shingle barrier beaches, saltmarsh and soft cliffs.  There are no 
significant geological ‘hard rock’ coastal areas and thus large proportions of the coast 
are vulnerable to marine flooding and erosion.  This is likely to be compounded by 
climatic change and sea level rise in the future.  In order to reduce the impacts of this 
upon the built and natural coastal environment much investment has been made in 
both hard and soft engineering solutions over the last century.  This has resulted in 
significant proportions of the coast being artificially held to prevent the loss of 
development and infrastructure located in vulnerable areas.    
 
The Environment Agency has undertaken regular strategic coastal monitoring of the 
Anglian coast since 1991.  The rationale behind the programme is to assist the 
implementation of appropriate and sustainable works on the coast whether this is 
works undertaken by the Agency for the purpose of flood risk management or works 
undertaken by various maritime district council partners for erosion reduction 
purposes.  An additional output from the monitoring programme is the assessment of 
coastal dynamics to inform long term strategic plans for the coastline.  The vehicle for 
this is the Shoreline Management Plan (SMP) process, which is currently being 
reviewed along the entire Anglian coast.   
 
The Anglian Coastal Monitoring programme collects a variety of data including; 
 
• Annual aerial photographs 
• Annual topographic beach surveys (winter and summer) at 1 km intervals 
• Bathymetric surveys (extension of beach survey lines out to approximately 10 m 

depth offshore) 
• Continuous wave and tide recording (nearshore and offshore) 

 
In addition to this, in-depth monitoring addresses specific sea defence scheme 
requirements at a variety of locations along the coast.  At the time of writing, phase 
VII of the Anglian Coastal Monitoring Programme is underway, which includes a suite 
of five offshore, and twenty nearshore continuous wave and tide recorders.   
 
Various reports based upon the data collected over the years have been produced.  
Until now the work undertaken has been unable to assess any significant trends in 
the data due to the insufficient length of time over which the data has been collected.  
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However, the Agency now possesses 16 years of beach topographic data and it is 
therefore possible to analyse these to determine initial indicators of longer-term 
trends.  Data collected in the future can be readily added to this analysis to further 
ascertain the validity of the trends. 
 

1.3 Beach topographic profile data 
 
Topographic surveys are elevation measurements taken along a defined transect 
line. The transect line runs from an established marker along a bearing relative to 
Grid North. The Strategic & Development Planning (Shoreline Management Group) 
in Anglia has carried out bi-annual topographic surveys since 1991 at 1 km intervals 
along the Anglian coast. The most recent set of available data means that there is 
now a continuous record of beach levels spanning 16 years.  Generally the area of 
interest is the average rate of beach erosion or accretion along the coast.  In addition 
to this, gradual change to the gradient or steepness of the beach is of particular 
interest to coastal managers. 
 
The Anglian coast is dynamic and responds to changes in wave, current and wind 
action that shape beach profiles and morphological characteristics. Understanding 
the response of the Lincolnshire shoreline to external forces, both anthropogenic and 
natural is vital to successful management decisions. Artificially defended beaches 
that are experiencing erosion and steepening trends may prove to be increasingly 
difficult and expensive to maintain.  Even with maintenance, the structures may fail 
because of inadequate structural support or ground movements from diminishing 
quantities of beach material and subsequent beach platform loss.  However it is not 
the intention of this report to ascertain such issues at a local scale.  The ongoing 
revisions of the Shoreline Management Plans (SMP) and Coastal Strategic Studies, 
which are currently being compiled along the Anglian coast, will undertake this 
assessment. 
 
The length of the Anglian coast means that there are over 400 topographic profiles 
that have been collected over the years.  For the purposes of regional strategic 
coastal management, the entire UK coast has been divided up into sediment cells 
and sub-cells (HR Wallingford, 1994 & Defra, 2006).  These are individual discrete 
sections of the coast that are considered to be independent from each other in terms 
of coastal processes.  The relevant sections on the coast are: -  
  
 Flamborough Head to Donna Nook Sub-cell 2a+b1 

Donna Nook to Gibraltar Point  Sub-cell 2c 
 Gibraltar Point to Old Hunstanton  Sub-cell 2d 
 Old Hunstanton to Kelling  Sub-cell 3a 
 Kelling to Lowestoft Ness  Sub-cell 3b 
 Lowestoft Ness to Felixstowe  Sub-cell 3c 
 Harwich to Canvey Island   Sub-cell 3d 
 
These boundaries are convenient divisions for the separation and publication of the 
results of the trends analysis reports.  
 

1.4 Future outputs 
 
                                                 
1 The first SMP review for this section of coast will encapsulate the coast from Flamborough Head to 
Gibraltar Point.  Only that part of the coast south of the Humber is within the Anglian region. 
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Future updates of this report will include updated information on beach trends using 
the latest available profile data.   In addition to this, the report may include extended 
analysis utilising other data sets collected by the Shoreline Management Group. The 
Lincshore scheme includes 110 topographic surveys, spaced at 250 m intervals 
between Mablethorpe to Skegness, in order to monitor the influence of the scheme. 
Bathymetric surveys have been undertaken at 5 year intervals and this will be 
enhanced as part of the phase VII (2006-2011) monitoring programme.  In addition to 
this, output from the wave and tide recording buoy deployments will be included.  
These reports will support and inform a potential move towards a ‘risk-based’ 
monitoring programme for 2011 and beyond. 
 

1.5 Study area 

  
Figure 1.2 Survey transects from Grimsby to Gibraltar Point. Insert map showing transects 
within the Lincshore scheme.     
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The information presented here is the result of data collected along the Lincolnshire 
coast from Grimsby to Gibraltar Point. This coast has a roughly convex outline 
running from the River Humber to The Wash. The coast is subject to a rising sea 
level and falling sediment supply. Much of the coastal hinterland is low lying, with 
predominantly agricultural land use, and housing below the level of the high tide level 
and subsequently at risk of flooding (Blott, 2001). 
 
Sixty-five topographic profiles, surveyed between 1991 - 2006 have been analysed 
for this report, covering the area from Grimsby to Gibraltar Point (figure 1.2). Grimsby 
is the most northerly location of the Environment Agency’s Anglian Region and 
therefore the most northern extent of the Anglian Coastal Monitoring Programme 
coverage. The SMP subcell 2 a north of the River Humber is not included in this 
report. The study area has been divided into two sections, the artificially nourished 
‘Lincshore’ coast within transect L2D1 at Mablethorpe and L2B8 at Skegness. The 
second section is primarily the northern coast, from transect L1D1 at Grimsby, to 
Saltfleet and transect L1E7. This section also includes the coast south of Skegness 
down to Gibraltar Point marked by transect L2A8. Figure 1.2  shows the extent of 
these two sections.  
 
The River Humber is a source of sediment to the northern Lincolnshire coast. 
However the transfer of suspended sediment from the Holderness coast to the coast 
at Grimsby is not great. Most of this sediment circulates in clockwise motion within 
the in the Humber being deposited on the inter-tidal flats behind Spurn Head, or 
sediment is transported to The Binks bank just offshore. Sediment that crosses the 
mouth of the Humber is suspected of settling on the foreshore of Donna Nook (Tonk, 
2000; SNSSTS, 2002).   
 
Cross shore sediment movement is important on this coast and a number of offshore 
banks run alongside this stretch of coast. The offshore region is comprised of sandy 
gravel sediment, from glacial outwash fans (Tonk, 2000). There is a supply of 
offshore sediment at Donna Nook, which is a confluence of two current regimes, 
being influenced by both the coastal tidal flow and currents associated with the 
Humber (SNSSTS 2002). The Humber’s currents oppose the coastal currents to 
allow deposition at Donna Nook, causing a sediment ‘sink’. Ingoldmells is recognised 
as the extent of the influence of ebb and flood currents from The Wash. South of 
Skegness, the sheltered coast and banks of Gibraltar Point are a sink of long shore 
drift sediment. This has led to the development of the vegetated dune system and 
saltmarsh habitats. 
 
North Lincolnshire has relatively wide beaches backed by saltmarsh, further south 
beaches become considerably more narrow. The beaches are comprised of a thin 
layer of sand over a marsh clay foundation. The current regime has removed 
significant amounts of the sand layer. From the late 19th Century to the 1970s the 
coast from Donna Nook to Mablethorpe was generally observed to be accreting, due 
to a favourable onshore movement of sediment (Tonk, 2000). However the coast 
between Mablethorpe and Skegness has been subject to erosion and general retreat 
for thousands of years (Dugdale & Vere, 1993). The offshore supply is believed to 
stop just north of Mablethorpe and Hutton Bank (Tonk, 2000).  
 
The urban areas of Lincolnshire have been defended with sea defence structures. 
The beach at Grimsby is backed by a concrete revetment and Cleethorpes is 
defended with a concrete seawall. The area around Donna Nook has more natural 
protection from marsh areas and sand dunes. The Lincolnshire Shoreline 
Management Plan identifies an embankment fronted by dunes running from Donna 
Nook to Saltfleet. However from Saltfleet to Mablethorpe only the dune system 
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exists. Much of the frontage from Mablethorpe to Skegness has been engineered 
and ‘hard defence’ structures such as seawalls, revetments and rock amour are 
present. There are also a number of timber groynes along this coast. These defences 
run for 24 km along Mablethorpe to Skegness and protect 20,000 ha of low lying land 
(Zwiers et al., 1996). The defences end at Skegness and the dune system resumes 
and continues to the end of the study area at Gibraltar Point (Posford Duvivier, 
1996).  
 
The concrete seawall defences running along most of this frontage are subject to 
wave energy and there is a threat of flooding under storm surge conditions. This 
occurred in 1953 where defences were breached during the storm surge (Blott, 
2001), the current defences were put in place as a result of this event. In addition to 
the currents removing sediment from the beach, these defences have hindered dune 
development and natural sediment supply to the beach. In 1994 a nourishment 
scheme in southern Lincolnshire began to replenish lost sediment along the frontage 
and continues to do so to date. The scheme is considered in more detail in section 3.  
 
The dominant wave action comes from the North East, producing a net southerly drift 
of beach material along the Lincolnshire coast and into The Wash (Brampton & 
Beven, 1987). This is highlighted by the ridge and runnel pattern that can be 
observed on the beaches. The ridges are predominantly orientated to the south west, 
reflecting the long north easterly swell waves. The ridges become more prominent in 
calm low energy conditions following a storm event.  
 

2. Lincolnshire (sub-cells 2 b-c) coastal trends 

2.1 Foreshore change analysis  
The aim of the calculation of a foreshore change parameter (FCP) score in this 
beach level analysis is to gain some indication of the morphological trend of the 
beach. The foreshore is defined as the beach between the Mean High Water Neap 
(MHWN) and the Mean Low Water Neap (MLWN) mark. The analysis identifies 
whether the beach is retreating or advancing horizontally along these two levels. It 
also shows whether the beach is flattening or steepening in gradient between these 
two points. A foreshore change parameter score is then assigned based on these 
criteria. Positive FCP values indicate a beach system advancing seaward and 
negative values show a system retreating landward.  The individual FCP numbers 
indicate flattening, steepening or no rotation. It is generally considered that a healthy 
beach in the region will be a stable beach or a beach advancing at both the MHWN 
and MLWN marks and flattening in gradient. Beach steepening is associated more 
with erosion and a regressive beach.  
 
Classification of the foreshore change parameter score is assigned according to table 
2.1. A cut-off was used to identify ‘no rotation’ in the beach profile based on the mean 
movement trend and relative divergence of MHWN and MLWN. A threshold was also 
assigned to identify ‘no movement’ and was calculated on the amount of movement 
along the MHWN and MLWN elevation levels. The 15 year data set only covers short 
term trends, however with ongoing monitoring these data will become more valuable 
in future analysis of the area. The score system is derived from predefined thresholds 
limited to the foreshore area due to the extent of surveyors coverage. An insignificant 
change or 'no rotation' is defined as a change of <1.5%; calculated from the overall 
migration in the water marks and the difference in distance between the high and low 
water marks. 'No movement' is taken to be a <0.02 m change in the MHWN and 
MLWN marks. In addition a degree of judgement was applied where in cases 
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apparent rotational changes were deemed to be unreliable due to high degrees of 
foreshore variability. 
 
Summer survey data was exclusively used in the analysis in order to allow 
comparison of similar 'summer conditions' and prevent changes caused by winter 
storms biasing results. Water levels are taken from Proudman Oceanographic 
Laboratory’s POLTIP software with one year of tidal data to give a mean water mark 
value. The analysis was carried out in Halcrow’s SANDS software. In some years the 
surveys do not reach the MLWN mark, for these profiles, trends were calculated with 
fewer years of data.  
 
Figure 2.1 demonstrates the principle of beach profile change over time along with 
changes to beach gradient.  Along certain stretches of coast where seawalls or other 
structures constrain the landward movement of the coast, beach volumetric changes 
are of interest.  This is particularly relevant where artificial beach nourishment is 
undertaken. In other areas, where long frontages are unconstrained by linear 
defences the quantification of beach volumetric change is of less importance. 

 
Figure 2.1.  Conceptual diagram of a beach profile showing shoreline advance/retreat and 
foreshore change parameter. 

 
An important factor in coastal risk management policy decision making is foreshore 
steepening.  A wide flat beach can dissipate incoming wave energy much more 
readily than a narrow steep beach.  Using historical Ordnance Survey data, Taylor et 
al (2004) concluded that 61% of the coastline of England and Wales had steepened 
since the first OS County Series Survey published between 1843 and 1901.  Of the 
remainder 33% had flattened and 6% experienced no rotational movement.   
 
Earlier work by Halcrow (1988) used the method to assess the Anglian coast to 
assist in the development of a management strategy for the Environment Agency’s 
coastal flood defence predecessor, Anglian Water.  This study concluded that 78% of 
coast had experienced steepening between the mid 1800’s to the 1970’s.   
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The analysis in this report uses a similar methodology to that of Taylor et al and 
although the length of time covered in this report is an order of magnitude less than 
their data-set, the data utilised here is likely to be of much greater accuracy.  The 
positional accuracy quoted in Taylor et al for OS maps are +/-5m for pre-1945 County 
Series Maps and +/-3.5m for post-1945 National Grid mapping.  Whereas the 
accuracy of the Anglian Coastal Monitoring profiles is +/-0.05m vertical and +/-0.02m 
horizontal.   
 
 
 
 

 
 
Table 2.1.  Foreshore change classification system (adapted from Halcrow, 1988) 
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Figure 2.2 Lincolnshire coast. Left: The northern coast from Grimsby to Theddlethorpe St 
Helen. Right: The southern section ending at Gibraltar Point including the Lincshore coast 
from L2D1 – L2B8.  
 
 
 

 copyright and/or database rights 2008. All rights reserved.
© Crown copyright and database rights 2008 Ordnance Survey 100024198. © Environment Agency



 10

2.2 Foreshore change analysis results 

2.2.1 Outline observations 
  No. profiles Percentage % 

General trend 
(all profiles) 

Accretion 
No change 

Erosion 
No data 

42 
2 
22 
0 

64 
3 

33 
0 

Trend (excluding 
nourished profiles) 

Accretion 
No change 

Erosion 
No data 

19 
2 
21 
0 

45 
5 

50 
0 

Foreshore gradient 
(all profiles) 

Flattening 
Steepening 
No rotation  

No data 

36 
27 
3 
0 

54.5 
41 
4.5 
0 

Defences at profile 
location 

Structure 
No structures 

47 
19 

71 
29 

 
Table 2.2 – general results of analysis 
 
At 9 of the 19 profiles with no structures there are dunes present. Dunes are also 
present at some of the profiles with hard defence structures. 31 profiles have 
concrete or rock structures while a further 16 profiles have clay filled embankments 
present. 
 
The nourishment of profiles as part of the ‘Lincshore’ scheme (figure 1.2 insert), has 
reversed the apparent trend in the analysis. The large sediment input has led to 
accreting profiles, as identified in the analysis. However in section 3 of this report it is 
shown that between nourishment events the beach is continuing to erode. The 
results demonstrate the reliance on the renourishment programme to prevent 
depletion of the southern Lincolnshire beaches and that continued human 
interference has not altered the natural erosion trend. For this reason the trend 
results in table 2.2 have been recalculated to exclude re-nourished beaches. In doing 
this the number of eroding profiles rises to 50% from 33%. However for the northern 
section of Lincolnshire, and the southern stretch south of Skegness, without 
considering actual values of sediment loss and gain, the accretion and erosion trends 
are almost balanced. 
 
The majority of the Lincolnshire coast is artificially held by structures such as grass 
embankments and concrete seawalls. Thus the beaches have to some degree been 
unable to behave naturally, and where applicable ‘roll back’, in response to the forces 
shaping the coast. This is reflected in 41% of the profiles showing a steepening of the 
foreshore gradient. These results are again affected by the artificial input of sand on 
the beach which is pumped onto the foreshore and is redistributed in subsequent 
months and years. It is apparent that much of this sediment is settling at the high 
water elevation, either against a coastal defence structure or areas of marsh. A large 
proportion of the sediment is being lost from the profile altogether, most likely moving 
offshore to nearshore sand banks. Unfortunately it is outside of the scope of this 
report and the analysis of the topographic surveys to accurately determine the 
destination and paths of the beach material that is lost from a profile.  
 
The following section aims to determine what is occurring at those profiles receiving 
additional material and where there are no discernable natural trends. Section 4 then 
gives a greater description of what is occurring along the Lincolnshire coast, drawing 
from all the analysis results.  
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Figure 2.3 The general results of the foreshore change analysis, which are summarised in 
table 7.1. The appendix also shows the names and general locations of the profiles. The 
orange bars denote the extent of renourishment activities to date. 
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Figure 2.4 a. The north Lincolnshire coast shows a natural variability in accretion and erosion. 
 

 
Figure 2.4 b. The southern coast shows a stable accretion within the ‘Lincshore’ area (L2D1 – 
L2A5). There is a return to a more variable trend at Skegness, the limit of the scheme. The 
profiles between the orange bars (L2D3 – L2A2) have received nourishment material as part 
of the Lincshore scheme.  



 13

2.2.2 Graphical view of results 

 

Plan 2.1 Grimsby - Cleethorpes 
 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Plan 2.2 Cleethorpes - Humberston 
 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Plan 2.3 Humberston – Tetney 
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Plan 2.4 Tetney – Marshchapel 
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Plan 2.5 Marshchapel – Donna Nook 
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 Plan 2.6 Donna Nook 
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 Plan 2.7 Donna Nook - Saltfleet 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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 Plan 2.8 Saltfleet – Saltfleetby All Saints 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Plan 2.9 Saltfleetby All Saints - Theddlethorpe 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Plan 2.10 Skegness – Gibraltar Point 

© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Legend to maps  
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3. Lincshore analysis 

3.1 Lincshore nourishment 
 
The 1991 Sea defence study (Posford Duvivier, 1991) recommended a beach 
nourishment scheme in Lincolnshire. The addition of material topped up areas 
identified as erosion hotspots and at risk of losing the sandy foreshore. By building 
up beach levels it was hoped that beaches would become more stable and offer a 
greater level of protection to the backstop defences. The Environment Agency 
‘Lincshore’ nourishment scheme started in 1994, in order to provide a 1:200 year 
standard of protection. The nourishment involved sand placement on the beach at 
Whitehouse Corner, south of Ingoldmells Point to Mablethorpe (SMP, 1996). Based 
on survey changes in topographic surveys, Zwiers et al., (1996) estimated the 
nourishment volume between 1994 – 1995 was over 1,500,000 m3. The scheme was 
expected to be completed in 1998 but continues along various stretches of the 
Lincshore area, as detailed in figure 3.1 and table 7.2. During the main period of 
renourishment from 1994 to 1998 a total of 6.21 million m3 of sand and gravel, 
dredged offshore was added to the Lincshore coast (Environment Agency, 2004a). 
As the following section demonstrates since the beaches have been fed with 
sediment, erosion has continued and in places beach levels have returned to pre-
nourishment levels. Posford Duvivier, 1998 estimated that 9 million m3 of sand would 
be required over the next 50 years (Blott, 2001). 
 
 

 
Figure 3.1:  Nourishment events and the volume of sediment placed at each profile with 
colours denoting the year each event occurred. It can be seen that the most widespread and 
greatest volumes of nourishment occurred between 1994 and 1998. Since then hotspot areas 
have been targeted for smaller amounts renourishment.  
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3. 2 Lincshore Volumetric analysis 
 
In response to the unnatural trend that exists on the Lincshore coastline, further 
analysis of beach volume was carried out with the aim of better reflecting how this 
area of coast is changing.  
 
This analysis looked at the volume of sediment, or area below a profile, and between 
two transect profiles to identify how these sections are responding to the additional 
material being placed on them. The data reflects how rapidly the beach is reacting to 
beach feeding events and shows whether the beach is continuing to accumulate 
sediment.  
 
Volumes were calculated in SANDS between two survey profiles. The cross sectional 
area from the profile elevation measurements down to an arbitrary ‘master profile’ 
depth, for a designated distance along the profile gives a volume calculation, used for 
comparison of surveys. The master profile incorporated the lowest elevation, 
however the comparison could only be carried out below the shortest survey length. 
Survey transects are spaced at 1 km distances along the coast and interpolation 
between two profiles along this distance requires large assumptions that the volume 
is representative of the actual beach. 
 
As an indicator of material retention and to determine where sediment is held or 
distributed along a profile, a study of the cross section was carried out.  An area 
measurement below the transect was deemed an acceptable value to determine this. 
The analysis was carried out to highlight movement of sediment and as an indicator 
of beach retention of sediment. Again a comparison of the earliest records in 1992 
and latest surveys in 2006 were used to identify beach change. The comparisons are 
at 25 m intervals (figure 3.2) and the main substrate, such as sand, marsh or sea 
defence can be identified in each section.  

 
Figure 3.2. Example of the volume (m2) difference at a profile (L2A1) between summer 1992 
and summer 2006. The area below a profile is calculated at 25 m intervals, this is then 
compared to previous surveys to identify volume change at specific sections of the beach.  
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Changes between profiles can identify sediment transfers along the study area, 
especially when related to nourishment events, however the volumetric analysis 
failed to clearly show longshore movements of sediment. Comparisons with 
nourishment input and the calculated beach volume is complicated because the 
placement location (both in terms of position on beach and extent alongshore) is not 
certain. Nourishment events have been assigned to transect lines and the reported 
nourishment amount (Hopper measurements) have been divided by the number of 
transects within the recharged length (figure 3.1). The volume analysis within SANDS 
is then based on volumes between these adjacent profiles.  
 
Following a renourishment event, the area analysis and the profile plots show a 
redistribution of sediment along the transect line. It is apparent that sediment is 
moving to the lower beach elevations, and it is assumed a significant amount of this 
material is then moving offshore. There is also a clear accumulation of sediment in 
front of structures and marsh areas in the high water elevations of the profile.  
 
 
 
 

 
Figure 3.3.: Volume (m3) between survey transects for each year from 1992 - 2006. The black 
line denotes the mean volume. These volumes represent the upper to mid sections of the 
beach where renourishment material is accumulating. Compared to the renourishment events 
(figure 3.1) a growth in volume can be seen in most profiles in 1998, and has on the whole 
been maintained. L2A3 and L2A8 profiles appear to be the exception with volume values 
decreasing. Note profiles L2B8 & L2A2 – L2A8 have not been renourished.    
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Figure 3.4 Volume (m2) at survey transects, these values are a more accurate reflection of 
change at a transect and at all elevations of the beach. The above total volume (m2) values 
show an accretion of sediment at all but 3 profiles on the Lincshore coast. Note, only profiles 
L2D3 – L2A2 within the Lincshore area have to date been renourished.  
 

Figure 3.5. Total volume (m2) difference at each profile between summer 2006 and summer 
1992.   
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Figure 3.6. Contour plot of total volume (m2) difference along each profile between summer 
2006 and summer 1992.   

 

3. 3 Lincshore topographic survey and profile analysis 
 
The topographic surveys, along set transect lines give an indication of change and 
trends in beach level elevation along various chainage sections of a beach profile. It 
is used to determine whether the beach is losing or accumulating material over a 
period of years. The same topographic surveys from 1991 - 2006 used in section 2 
were used in this analysis. 
 
In order to keep the analysis simple and presentation of the data clear, two sets of 
survey data were used to define the coastal profile before and after nourishment. 
This being the summer surveys (July – August), in 1992 and most recent data from 
2006.  
 
Comparative beach surveys provide an indication of the stability of the coastline. The 
supplementary material is evident in the transects as the 2006 profile (green line) is 
higher than the 1992 profile (red line) at all transects and at nearly all points (plan 3.1 
– 3.3). The contour plots (figure 3.6 – 3.8) demonstrate where on the beach the 
material is accumulating at deposition areas, and where there is high variability. This 
gives some indication of how nourishment material is distributed along the profile 
transect line. 
 
Three elevation contours (0, 2 and 4 m) were used to represent various sections of 
the beach. Above 4 m results showed the contour usually intersected the backstop 
sea defence. At each contour it was recorded how far the beach extended along the 
profile. On the whole the beach in 2006 is wider and extends further out to sea, than 
in 1992, showing an accreting beach at each of the contour levels.  
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Figure 3.7 A 3 dimensional view of the 0, 2 and 4 m height contours at each transect. The red 
line is the 1992 chainage values at each contour and the blue line from 2006. Profile number 
1 is the location of transect L2D1 in the north and profile 32 is L2A8 in south Lincolnshire.  
Note the graph presents the profiles along a straight line and does not reflect the true shape 
of the Lincolnshire coast; the plot is orientated looking south. 
 
 
 

 
Figure 3.8 a. Plan view of the Lincshore coast. The lines mark the chainage point at which the 
transect reaches and intersects 0 metres elevation. The advance of the blue line in 2006 
indicates that the beach had built up sediment and moved seaward, therefore sloping down to 
the 0 m elevation further along the transect chainage.  
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Figure 3.8 b. Plan view of Lincshore coast. The lines mark the chainage point at which the 
transect reaches and intersects 2 m in elevation. 
 
 
 
 

 
Figure 3.8 c. Plan view of the Lincshore coast where the transects intersect the 4 m elevation 
contour. It can be seen in figures a-c, that at each elevation contour there has been a 
seaward movement of the beach, with the exception profiles L2A1 - L2A4, L2A8, L2D1 and 
L2D2. The results reflect the accretion trend on the frontage, with the exception of the profiles 
each end of the scheme that have not received nourishment, and show erosion at all 
elevations. However the plots identify the greatest seaward movement being at Skegness and 
south towards Gibraltar Point, this is a recognised sediment sink area. Overall the results of 
this analysis agree well with the profiles identified in the other analysis results. 
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3.3.1 Graphical view of profiles (Topographic survey profile analysis results) 

 
Plan 3.1 Theddlethorpe - Mablethorpe 
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Plan 3.2 Mablethorpe - Trusthorpe 
© Environment Agency copyright and/or database rights 2008. All rights reserved.
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Plan 3.3 Trusthorpe – Anderby  
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Plan 3.4 Anderby Creek – Chapel Point 
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Plan 3.5 Chapel Point – Vickers Point  
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Plan 3.6 Ingoldmells Point - Seathorne  
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Plan 3.7 Seathorne - Skegness 
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4. Description of results 

4.1 Description of results, North Lincolnshire 
 
Grimsby – Cleethorpes (L1D1 – L1D5) 
 
The northern Lincolnshire beaches are flat, sandy and quite expansive, generally 
they remain very stable. There is a ridge pattern on the beach, that is identifiable in 
the survey profiles, and at many sections saltmarsh and dune back the beaches.  
 
This section of coast begins at the mouth of the River Humber and the wide beaches 
here are influenced by the river currents and plume, this is demonstrated by the 
curvature of the beach in front of Cleethorpes. The first three profile’s lengths are 
relatively narrow, reaching the low water within 700 m. There is some consistent 
erosion around the MSL level of these profiles. L1D1 has eroded by about 10 m 
along this level and L1D2 has only eroded 5 m over the same period since 1992, 
however 0.4 m below this level the profile has moved back by up to 20 m.  
 
South of these profiles approaching Cleethorpes the beaches start to widen and 
remain stable, all variability of the profiles is within a few metres vertically. The 
profiles start to become bumpy as a result of the presence of channels, banks and 
ridges that run alongshore. A bank feature exists at 600 m along the L1D4 transect 
and is identified in L1D5 (1 km south) at 600 – 900 m. The natural migration of this 
bank and the realignment of channels results in variations in beach profile shapes 
over time. The FCP scores at these profiles are quite misleading, there is a slight 
erosion trend occurring at the upper beach and accretion on the lower sections. 
Furthermore the most significant accretion at mid elevations is not being recognised 
and accounted for in the FCP, however overall the beach is very stable.      
 
Cleethorpes – Tetney Lock (L1D5 – L1C3) 
 
Past Cleethorpes, saltmarsh is present at higher elevations, this is especially 
developed at L1D6. A sand ridge in this area has developed in front of the marsh, 
peaking higher than the HAT level, and runs through the L1D7 profile, such vertical 
accretion is not reflected in the FCP analysis. Banks run along the shore of this 
section, similarly to the section to the north. The most significant bank shows 
continued accretion between the MHWS and MHWN level in all profiles. This bank is 
a build up of sediment in front of the marsh and so its position varies along the beach 
profile depending on the width of the marsh. The profiles then slope out to low water 
at about 1,200 m from the transect’s zero chainage marker point. The upper beach is 
stable with some variation of the saltmarsh creeks, with volume increases at the sand 
ridge. Further out there is an erosion trend with the beach lowering and retreating.  
 
At L1D9 a channel meanders through the surveyed transect line twice (photo 4.2). 
The channel is progressing along the beach and around a sand bank, in turn causing 
the bank to migrate too. The bank has vertically accreted from below MSL to above 
MHWN and has resulted in a variable profile line over the years (figure 4.1). The 
channel has cut back to within 100 m of the transect chainage, leading to a 12.8 m 
retreat in the coastline along the MHWN elevation. Where the sand bank has 
vertically accreted above MHWN the data has been removed from the trend analysis 
as it gave a misleading accretion rate of several hundred metres. The beach fronting 
the channel at low water is lowering, the MLWN mark intersects the beach profile 
again over 12 m back, leading to an eroding but flattening beach.  
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Figure 4.1 The 2006 summer survey profile line is denoted by the turquoise dashed line. 
 
 
 
 

 
Photo 4.1 View along the L1D9 profile looking out to sea. The channel can be seen on the 
landward side of the large sand ridge that exists in the middle of this profile.  

sand bank 

channel 

 (Photo: Environment Agency) 
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Photo 4.2 Aerial photograph of the beach at transect L1D9. Note the channel crossing the 
transect either side of the sand ridge.  
 
The profiles L1C1 – L1C3 in this section are backed by marsh that extends down to 
transect L1C8. From L1C1 down to L1C8 the marsh is observed to be vertically 
accreting, however the beach is narrowing and there is an erosion trend at the low 
water mark. South of Cleethorpes, the three profiles (L1C1 – L1C3) are set back 
further inland where there is space to allow saltmarsh establishment. The creeks and 
channels within the saltmarsh produce variability in profile plots at the MHW mark. 
This is especially the case at transect L1C1, however despite creek movements, a 
continued increase in marsh height is clear.  
 
 
Tetney – Marshchapel (L1C3 – L1C8) 
 
L1C4 and L1C5 transects run from the embankment and protrude further than 
adjacent profiles, this is associated with a much narrower strip of saltmarsh, virtually 
none at L1C5, and a wide foreshore (photo 4.3). The beach at low water has a series 
of longshore ridges, most likely formed through seasonal deposition, a result of 
onshore and offshore transport. Profile L1C4 shows a similar pattern to the more 
northerly profiles, with an eroding beach slope within the MLWN – MLWS range. This 
is despite the profile showing accretion at the precise MLWN level. This gives a 
misleading trend of overall accretion based on the FCP analysis. At transect L1C5 
the channel crossing the survey line has moved seaward causing apparent accretion 
at low water. 
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Photo 4.3 Aerial photograph of the coastal section between transects L1C4 and L1C8. The 
saltmarsh can be seen in the south east corner of the image, below the intriguingly 
landscaped beach, full of features.   
 
Surveys at L1C6 show a stable beach up to approximately 1,200 m chainage. 
Seaward of this point a channel runs across the transect line, the channel has 
migrated seaward along the mean sea level elevation (figure 4.2). The result of this 
movement has thinned a sand ridge, which intersected MHWN in 1992 (point B in the 
figure). The sand ridge has also moved seaward but is narrowing as it distributes 
sediment along the lower beach, leading to a growth in the beach width between 
MSL and MLWS. By 2006 the ridge is lower than MHWN and is submerged by high 
tides.  This change appears in the FCP analysis as a significant beach retreat, with 
the beach at MHWN moving from point B to point A on figure 4.2.   
 
The profiles in the south of this section and including those down to Marshchapel are 
very stable. L1C7 has maintained the beach shape, with slight overall accretion along 
the profile. L1C8 has maintained beach width, however shows very slight erosion 
along the MLWN elevation. 
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Figure 4.2 Profiles of survey L1C6 in 1992 (red) and 2006 (green). 
 
 
Marshchapel – Saltfleet (L1C8 – L1A8), (Donna Nook) 
 
At transect L1A1 the sand ridges at the seaward end of the beach (approximately 
1,700 m along the transect line), have continually widened landwards along the 
MHWN elevation. This in turn has pushed the channel that existed behind it further 
towards the embankment by nearly 100m. Between the September 1997 and 
January 1998 surveys the channel was eventually filled, resulting in a flatter higher 
beach profile. Profiles L1A2 and L1A3 have been observed to exhibit the same rise in 
vertical level. While L1A2 has not noticeably changed profile shape, the profile of 
L1A3 has slightly eroded at all levels horizontally. This is in part due to the sand ridge 
at 1,220 m chainage that has flattened and the development of a channel across the 
profile. These profiles however are generally stable, with vertical accretion that is not 
reflected in the trends analysis results, which only identifies a horizontal erosion 
trend.  
 
Transect L1A3A starts from the same ‘profile marker point’ as transect L1A3. L1A3A 
however is orientated in a more easterly direction as the section of coast begins to 
curve round towards Theddlethorpe St Helen and Mablethorpe. This profile again 
follows the trend of vertical accretion while also narrowing in beach width. 
 
Profiles L1A4 – L1A8 are all accreting vertically, mostly due to saltmarsh build up and 
sediment accumulating against the marsh. The profiles are stable, although there is 
exceptional growth at transect L1A5 of over 8 m at high water, and some variability in 
the low water levels of profiles. These changes are gradual each year, and trends are 
clearly discernable. Unfortunately the FCP scores can be misleading regarding these 
trends, for example at the mid beach elevation of L1A4 there has been no significant 
movement although there is some erosion along the precise MSL level that is picked 
up in the analysis. Similarly at L1A6 the accretion at MSL does not reflect the overall 
erosion trend shown on the profile plots for the mid beach.    
 

channel 

A                                   B 
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The beach at L1A8 has considerably more marsh coverage than the above profiles in 
this section. It is comprised on about 50% saltmarsh with a creek system and 50% 
dynamic beach with sand features and channels. The plot below (figure 4.3) shows a 
slight accretion of the marsh and the movements of the channels running through it. 
The plot also shows the development of a sediment ridge at 950m – 1,200 m, 
accumulating sediment around 2 m in height, with a channel cutting around it. The 
vertical growth every year has led to the ridge intersecting the MHWN level, indicated 
by the dashed blue line on the plot. Because the MHWN mark intersects the beach at 
a more seawards point, it gives the impression the beach has horizontally accreted 
much further than it has in reality. The removal of the MHWN value from the FCP 
analysis and therefore using only the lower foreshore values gives a more realistic 
reflection on the accretion trend at this profile.    

 
Figure 4.3 Profile from surveys along transect L1A8. Marsh exists at high levels, the limit 
where plants can tolerate the tidal inundation of salty water. The figure demonstrates the tidal 
frame within the MHWS and MHWN band that the marsh generally exists in this area. The 
FCP is calculated between the neap range and so excludes the marsh and targets the slope 
and movement of the sand beach. 
 
Saltfleet - Theddlethorpe St Helen L1A8 – L2E7  
 
A significant area of the beach coverage from Saltfleet to Theddlethorpe is saltmarsh. 
The marsh lies between the MHWS and MHWN elevations. The sandy beach then 
runs from MHWN down to low water. Initially the beach is flat, then resumes the 
alongshore ridge features, characteristic of the North Lincolnshire coast. The marsh 
area is expanding seawards and also accreting vertically. This is reflected in the 
majority of the MHWN levels in the FCP analysis. The low water levels however 
show an erosion trend as the sand beach section is steepening. The beach is 
therefore thinning as the sea is removing sediment in addition to the marsh 
encroaching from the landward side.  
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4.2 Description of results, South Lincolnshire and the Lincshore coast 
 
Theddlethorpe St. Helen - Mablethorpe (L2D1 – L2D4) 
 
The beach north of Mablethorpe has remained stable, maintaining beach width and 
gradient, with minor flattening. The only significant observed change is the 
accumulation of sand at the top of the beach in front of the dune system, this is only 
reflected in the FCP analysis, by profile L2D3 which is shown to be steepening, as 
accretion at MHWN is greater than at lower beach elevations. Profiles L2D1 and 
L2D2 are the northern most extent of the Lincshore scheme, however these profiles 
have not been nourished. It is possible they may have received material through 
redistribution of nourishment efforts occurring in the south.  
 
Mablethorpe – Sutton on Sea (L2D4 – L2D8) 
 
The FCP analysis shows accretion (+4 and +6 scores) at all locations in this section. 
However this section of coast was heavily nourished in 1998 and this is clearly 
noticeable in the topographic surveys that year (figure 4.4 & 4.5).  
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Figure 4.4 Contour plot of profile L2D5 over consecutive years. The plot shows the distance in 
metres, along the transect at which water levels intersect the beach from summer 1991 to 
2006. The linear regression lines show the seaward expansion of the beach. The orange bars 
denote recharge events. The estimated 61,166 m3 of sediment added to the beach in 1998 
caused a significant increase in beach material at every elevation. By 2001 the beach has 
been subject to erosion at all elevations and some of the additional nourishment material has 
been lost. However the beach has remained more advanced than pre-nourishment. A smaller 
amount of renourishment in 2004 builds up the beach at mid beach but the HAT contour on 
the upper beach is still seen to be eroding. The renourishment at 2006 is less obvious in the 
survey data, some accretion above MHWS and on the lower section of the beach can be 
seen, but the beach along the MHWN elevation level continues to have an erosion trend.  
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Figure 4.5 The plot shows the change to the L2D5 Mablethorpe beach profile following 
nourishment in 1998. The light blue line is the beach profile in January 1998 before 
nourishment, the yellow line is the profile from the following summer survey in August, post 
nourishment. The green line is the latest beach survey in 2006 where the beach at MSL 
(around 0.5 m elevation) displays a continued erosion trend. 
 

 
Photo 4.4 Transect L2D5 at Mablethorpe in 1992 and 2006. Note the disappearance of the 
timber groynes due to the accumulation of sediment at the back of the beach. Rock armour 
defences at the toe of the point are also visible in the images. . 
 
 
Transect L2D5 runs in front of Mablethorpe, and clearly shows a significant increase 
in sediment through nourishment efforts. The beach volume drops in subsequent 
years but has remained a similar profile shape to its current state for a number of 
years. This current level is still higher than in 1992 and pre-nourishment. The 
nourishment has lead to a much gentler beach gradient running from the concrete 
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seawall to low water. The beach contour diagrams (figure 3.8) show how the tide 
marks have moved due to the seaward growth of the beach. The erosion trend is 
greatest at MSL and the profiles suggest renourishment material is being moved 
cross-shore, both up the beach and out seawards. 
  
Transect L2D6 is located at Trusthorpe, an area identified as a ‘hotspot’ area of 
significant erosion by Halcrow (Environment Agency 2004a). By 2002 the erosion at 
the MSL elevation has caused the beach to recede by approximately 65 metres 
along the profile’s chainage, with a steep gradient between HW and MSL developing. 
Nourishment in that year filled in this section of the beach profile, smoothing the 
beach slope, however the pattern of erosion continued until renourishment in 2006. 
At L2D7 and L2D8 the erosion impact is more prevalent on the lower section of the 
beach, between MSL and MLWN. In 2006 (January – July) the beach moved back 
over 100 m between these elevations. The beach in this section is however retaining 
sediment at higher beach elevations. 
 
 
Sutton on Sea – Anderby Creek (L2D8 – L2C6) 
 
The surveys on the beach south of Sutton on Sea show a continuous erosion trend 
despite receiving regular renourishment. The foreshore change analysis is again 
skewed by the nourishment events, and results for the section show a flattening 
accreting beach. In reality the northern profiles in this section follow the same pattern 
of erosion as the beach north of them. Again the nourishment, which took place a 
year earlier than at the beach to the north, had a significant and lasting affect on the 
profile. However the erosion occurring on the lower section of the beach has resulted 
in beach heights remaining similar to those in 1992, while accretion has again 
occurred at the higher elevations at the back of the beach.  
 
L2C1 runs within the area just to the south of Sandilands, an area identified as an 
erosion hotspot. The whole section is defended with a concrete seawall with rock or 
concrete units at the toe. A noticeable increase in volumes is observed between 
transects L2C2 and L2C3 in 1997. L2C2 was renourished twice in this year, a total of 
approximately 371,000 m3. L2C1 also received 651,500 m3 during May to November 
that year. Certainly nourishment events appear to be identifiable in the volumetric 
study results. The contour plots (figure 3.7) show the beach has advanced by about 
60 m seawards at the 0 m elevation, and about 20-30 m at the 2 – 4 m contours. The 
topographic profile plot in Plan 3.3 also identifies the extension of the beach 
seaward, and displays significant volume deposition at the middle section of the 
beach up to high water. There has been a change over the study duration from a 
steep sloping profile with a ‘drop off’ in 1992 to a much healthier consistent slope in 
2006.  
 
At the L2C4 transect profile the beach profile is very similar to the profile in 1992, 
despite nourishment efforts. However within this time frame the beach profile has 
varied dramatically, especially at the MHWN contour level. Cross shore sediment 
movement, distributing material between HW and LW and off the beach and out to 
sea has a significant impact at profiles L2C4 – L2C6. The profile positions here 
fluctuate horizontally, with nourishment in 1996, 2005 and 2006 (see figure 3.4).  
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Photo 4.5 Photographs taken at the L2C1 transect line. The top photos show the seawall at 
the start of the L2C1 transect in 2006 and 2007. The photos along the bottom row show the 
view looking along the transect line towards land. The input of sand from the 2006 
renourishment can be seen to have accumulated against the seawall.  
 
 
 
 

 
Photo 4.6 Transect L2C4 shown in 1992 and 2006. Renourishment of the beach can be seen 
to be occurring to the south of the profile line in 2006.  
 
 
 

© Environment Agency copyright and/or database rights 2008. All rights reserved.

 (Photo: Environment Agency) 



 48

Anderby Creek – Chapel St. Leonards (L2C6 – L2B1) 
 
This section of coast exhibits less fluctuation over the study period, the beach width 
at these transects has not significantly altered. This may be due to regular, although 
relatively small amounts of nourishment from the late nineties to date. A similar 
erosion trend, observed to the north is still visible in this section, this erosion is at the 
low water marks, while the upper section of beach displays an accretion trend. For 
example transect L2C8 is currently below the beach levels of the early 1990s at 
points on the lower section of the beach, despite showing the highest levels of 
sediment in the upper beach level.   
 
The area around Anderby Creek is backed by a revetment defence, with timber 
groynes also present. The defences were installed following the 1953 floods. The 
groynes were maintained up until the 1980s, shortly after this they were deemed to 
be in a state of disrepair and no longer affective at capturing sediment (Environment 
Agency, 2004a). Most of the groynes shown the 1992 aerial photography have either 
been removed for health and safety reasons or buried by renourishment material. 
 
 

 
Figure 4.7 Aerial photography showing the build up in sediment at the high elevations of the 
beach covering the timber groynes at Chapel St. Leonards. Vegetation growth can be seen to 
have developed in the south, where plants can establish themselves above the high water 
level. Chapel Point shown in the photo is a promontory exposed to wave action, the inability 
to retain sand in this area (between L2C8 and L2B1) has lead to additional rock defences 
around the point.  
 
 
Chapel St. Leonards - Ingoldmells Point (L2B1 – L2B5) 
 
This section of coast between Chapel St. Leonards and Ingoldmells Point is more 
concaved in shape and shows a modest but healthy accretion of sediment. This trend 
is especially noticeable at the low water marks, unlike the units to the north that tend 
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to display erosion in the lower section of the beach. This section has been identified 
in the 2nd phase of Lincshore nourishment project as a hotspot area (Environment 
Agency, 2004a). Its steady growth has been assisted by renourishment in 2006 and 
2007. To the south a large volume of nourishment was placed in 1995 – 1996. The 
section is defended by concrete walls, with rock armour at the toe of the wall in 
places.  
 
Transects L2B1 - L2B2 show an accretion trend despite minimal nourishment, 
approximately 64,000 m3 in 1996, (L2B2 has recently been renourished in 2007). 
However the area may have received sediment feeding of adjacent profiles to the 
south. The beach between L2B3 – L2B5 has been renourished more frequently, and 
seems more dependent on this supply to maintain its current state against an erosion 
trend. For instance the beach levels at transect L2B3 (figure 4.6) dropped 
significantly in 2002 and remained low until a large volume of sediment was placed 
on the profile in 2005. 
 
 
 

 
 
Figure 4.6 The profile at transect L2B3. The purple line on the profile plot of transect L2B3 
shows the beach profile in 2002, following initial nourishment the beach had eroded back to 
this shape until renourishment in 2005 (yellow). The beach continues to erode despite this 
new material and subsequent renourishment in 2006 and 2007, as shown by the 2006 winter 
and summer surveys (light blue and green).  
 
 
L2B4 was nourished in 1995, within eleven years, the beach in 2006 has moved 
landward to match the 1992 profile, before receiving further renourishment material 
(figure 4.7). This transect marks the northern extent of the hard defence promenade 
that protects Vickers Point. The point much like Ingoldmells Point is being heavily 
protected, with rock and concrete walls, from wave action and overtopping. The 
recent renourishment at Ingoldmells Point has buried the toe and steps of the wall.  
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Figure 4.7 The profile at transect L2B4. In 1996 the survey of L2B4 (yellow line) shows the 
affects of nourishment in 1995 (blue). The beach continued to erode and by January 2006 
(orange) the beach had returned to a similar profile of that surveyed in 1992 (red). Another 
significant renourishment took place later on in 2006 and the new profile is shown in the July 
survey (green). The beach width (measured from baseline to low water) in 1992 was 
approximately 156 m, in 1997 it was 172 m and following the latest recharge, in 2006 it was 
195 m. 
 
Ingoldmells Point - Skegness (L2B5 – L2A5) 
 
The beach at transect L2B5 received nourishment material in 1995, the volume 
calculated from the survey that year shows a jump in beach volume between L2B5 
and L2B6 to approximately 470,000 m3. This value drops to approximately 360,000 
m3 the following year, although still approx 130,000m3 higher than pre-nourishment. 
The beach remained stable (slowly eroding) at this level until 2005 which may reflect 
the further renourishment that occurred in 2005.  
 
Interestingly, the adjacent section between transects L2B6 and L2B7 has a 
significant increase in volume the same year as L2B5 is being renourished and 
shows a constant beach level after. The beach around transect L2B6 received a 
large amount of renourishment material in August - December 1994, the survey that 
year does not reflected that. This may be due to sediment movement through littoral 
drift to the south, or storm events may have taken the material offshore. The surveys 
do however show that by 1997, the beach had eroded back to levels of 1992 and 
pre-nourishment. This rapid erosion trend eventually slowed and the beach remained 
at a relatively stable level with some accretion at the MLW level until further small-
scale nourishment in 2006 and 2007.   
 
The transect L2B7 generally marks the end of the Lincshore scheme area. The 
beach here received a small amount of nourishment in 2007. The survey data 
suggest the area has received sediment from nourishment activities further north. 
The beach has experienced erosion from 2001 onwards. However the overall trend in 
this section and to the north, in the Lincshore area, is of an accreting beach. The 
area south of the Lincshore scheme displays more annual variability in beach 
movements between profiles. The L2B8 profile has not been nourished and remains 
relatively stable, with a clear seasonal signal of winter storms and summer 
deposition. The concrete wall still continues along this stretch down to Skegness, and 
timber groynes remain between Seathorne and Skegness.  
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L2A1 is also stable, but the surveys in 1997 show deposition between MHWS and 
MHWN, this could be sediment received from December 1995 – January 1996 
nourishment as it not observed in the surveys along the L2B8 transect line, but is 
identifiable in the L2A2 profile, that was also nourished. The L2A2 profile shows 
annual variability and erosion / deposition patterns that are not seasonally consistent. 
Transect L2A3 runs out to low water from the rock armour at the toe of the sea wall 
at Skegness. The beach has remained more stable here. The profile plot shows that 
the 2006 profile, at high water, is the same as in 1992, while there has been a slight 
accretion at MSL and a drop in beach elevations at the lower section of the profile 
length. Overall however the analysis has shown an erosion trend here, with an 
approximate 4 m retreat. This erosion trend continues further south, however L2A4 is 
the first of the transects that lead down to Gibraltar point and into The Wash, that 
have a vegetated dune system on the landward side of the profile length. Where 
there are no seawalls, dunes are allowed to develop and are not constrained, leading 
to movement and rollback of the system. The dune at L2A4 has rolled back and more 
recently flattened. The analysis for L2A5 also reflects this erosion trend, however it 
does not account for the vertical accumulation of sediment and development of dune 
ridges. At approximately 100 m chainage along the survey line the beach has 
accreted vertically to heights well over the HAT level and the start of the beach. 
 
 
Skegness – Gibraltar Point (L2A5 – L2A8) 
 
From Skegness the dune system resumes, backed by saltmarsh that spreads round 
into The Wash. The transects cross marsh, dune and sandy beach substrates. The 
beach here stretching down to L2A7, is accreting horizontally with dune ridges also 
developing.  The profile at L2A7 changes from a single ridge to a far more peaky 
profile incorporating a number of ridges that have built up from an initially lowering 
beach. The beach is currently advancing but has shown a lowering of elevations in 
the past.  
 

 
Figure 4.8. Aerial photograph of transect survey line L2A7 located between Skegness and 
Gibraltar Point, crossing the dune system. The profile cross section plot (right) shows the 
development of the dune ridges apparent in 2006 (green) and seen in the aerial photography 
since the profile in 1992 (red). 

 The profile at L2A8, the most southern profile, shows an initial high ridge that has 
flattened and lowered. The surveys show an erosion trend with the profile retreating 
by approximately 120 m at MSL. There has been some dune development between 
the beach and the marsh area, with a vertical accretion of 2 m.  
 
 

© Environment Agency copyright and/or database rights 2008. All rights 
reserved.
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5. Discussion & summary 
 
At Grimsby and Cleethorpes the beach is wide and stable, there is a natural balance 
between influences from the Humber and from tidal currents. The most northerly 
extent of the section is the only point of the Lincolnshire coast that has a northerly 
sediment drift and the beach at the first three profiles is relatively narrow. The supply 
of sediment from the Humber is insignificant, sediment crossing the Humber is 
apparently deposited at Donna Nook.  
 
The profile plots of the beach south of Cleethorpes, demonstrate the variability of the 
beach profile. Large ridges of sand running along shore, and channels fanning out 
across the beach are mobile. The existence of dunes and saltmarsh on the landward 
side of the beach allows the beach a freedom to migrate. The coast here is exposed 
and morphological features are heavily influenced by wave action, this is especially 
demonstrated by the rows of sand ridges orientated according to the wave direction. 
Although there is variability to the beach profile due to natural processes, the coast is 
considered to be stable. There is an overall trend of accreting saltmarsh and 
sediment building up against the edges of the marsh on the upper / higher beach. 
There is also evidence of some erosion of the lower beach. 
 
The section of coast around Donna Nook exhibits a similar trend of saltmarsh 
accretion and a stable beach. Donna Nook is a sediment sink, due to a convergence 
of ebb currents and a supply of sediment from offshore and north of the Humber. The 
foreshore at transects L1A6 and L1A7 show a growth of 3 - 4 m a year.  While at The 
Fitties this growth is in the range of 10 -12 m per year. However at all elevation 
contours, denoted by water levels in the study, erosion is evident at different profiles 
in various years.  
 
Sediment along the ‘Lincshore’ coast, starting at Mablethorpe and ending on the 
north side of Skegness, is balanced by the amount of southerly littoral drift and the 
onshore, offshore movements. The beaches are narrow, and backed by seawalls and 
hard defences that compound coastal squeeze. This is especially the case at the 
heavily defended promenades such as Vickers Point and Ingoldmells Point. The 
whole Lincshore section is experiencing year on year erosion, in the past storm 
conditions have led to the exposure of the underlying clay platform. However the 
Lincshore scheme of artificial, periodic inputs of large volumes of sediment has been 
successful to some degree in building up beach levels (figure 3.5 and 3.7). The 
beach growth is artificially maintained and has skewed the trends analysis to show 
the opposite of the natural erosion trend that would exist without the nourishment. 
The beach is subject to heavy losses of nourishment material shortly after a beach 
feed event. Nourishment material also appears to naturally accumulate in the upper 
beach elevations (figure 3.6; photo 4.5).  
 
Skegness is defended with seawalls and is not being nourished, it is showing 
evidence of coastal squeeze with an erosion trend. South of Skegness the defences 
end and a dune system is present. The coast here is outside of the Lincshore 
scheme and is a sediment sink, with naturally accreting beaches. The dunes are fed 
by the southerly littoral drift along the Lincolnshire coast, and offshore sand banks. 
Sediments are also drawn off the coast here and enter The Wash. Accretion at 
transects L2A6 and L2A7 is not as great as the accretion around Donna Nook, and 
the natural coastal processes also  mean there are areas of erosion at Gibraltar 
Point.  
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Analysis of the topographic annual surveys in section 3 shows a history of variability 
in the beach profiles at all elevation levels. The foreshore change parameter score is 
an indicator of long term beach evolution, however the Lincshore stretch of coast has 
been heavily manipulated through anthropogenic input and therefore no natural 
trends can be surmised. The beaches and apparent accretion trends may be reliant 
on continued renourishment activities. The data does reveal the present state of the 
Lincolnshire beaches and the effects of human intervention on the coast and gives 
some indication of how sustainable this action is.  
 
The Foreshore Change Parameter scoring is also shown to be misleading when 
applied to a naturally variable beach, and only considers movement along designated 
water level contours that can be misrepresentative of the entire beach profile. It can 
miss significant vertical accumulation and movement of sediment, such as dune 
developments and does not account for the vertical accretion of saltmarsh. The FCP 
is an indicator of overall trends over a period of time, this trend can be biased or 
reversed by occasional nourishment deposits of materials. 
 
Comparisons of topographic beach survey cross sections or beach profile plots give 
a clearer representation of change and the impacts and readjustment to nourishment 
inputs. Volumetric analysis also gives a good indication of trends on a regularly 
renourished beach, and how long material is held in place, or where it has moved to 
along a transect survey. Overall the different analytical methods highlighted 
consistent erosion hotspots, such as profiles L2A4 and L2A8. Many of the profiles 
identified including L2A8 and L2D1 – L2D4 are outside of the area of nourishment 
activity.  
 
This report does not consider the impact of wave activity or changes in sea level 
experienced on this coast. It is also out of the scope of this report to account for 
sediment pathways and assumes the 1 km transects are representational of the 
surrounding area. The report details beach state following winter and summer 
surveys and has applied analytical techniques to determine trends in accretion and 
erosion.   
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7. Appendix 
 

Profile Name Defence Metres per year Mean FCP Comments 
numb

er     
MHW

N MSL 
MLW

N rate 
Scor

e   

L1D1 Grimsby 
Concrete block 
revetment 

-
0.4582 

-
0.104

7 0.4396 -0.0411 -2  

L1D2   
Concrete block 
revetment 0.0154 

-
0.359

9 
-

0.5305 
-

0.29167 -1  

L1D3   Concrete seawall 0.3178 

-
0.152

4 0.5945 0.2533 6 
Insignificant overall accretion at  
profile 

L1D4 Cleethorpes Concrete seawall 
-

1.3911 

-
1.391

1 13.088 
3.43526

7 -2 MSL 92-95 values removed 

L1D5   Concrete seawall 
-

0.6133 
10.97

6 
-

4.3019 
2.02026

7 -4  

L1D6   Raised embankment   0.0845 

-
5.213

8 1.0981 
-

1.34373 1 
MHWN 1991 value removed  
(erroneous spike) 

L1D7    Clay embankment 
-

9.0969 

-
10.56

3 1.4363 
-

6.07453 -2 
Average trend of accretion in  
upper section. of beach 

L1D8 Humberston  Clay embankment 
-

13.141 

-
21.94

3 12.559 
-

7.50833 -2  

L1D9   
 Dunes with timber 
groynes 

-
12.801 

4.379
2 

-
12.762 

-
7.06127 -4 MHWN 2005 value removed 

L1C1    Clay embankment 0.2784 

-
3.059

5 
-

7.6379 -3.473 2  

L1C2    Clay embankment 
-

7.6088 

-
8.031

1 
-

8.8691 
-

8.16967 -6  

L1C3 Tetney  Clay embankment 
-

2.2015 

-
2.802

1 -0.442 -1.8152 -4  

L1C4    Clay embankment 4.4478 
0.384

9 4.112 
2.98156

7 4  

L1C5    Clay embankment  17.889 
4.204

7 14.349 
12.1475

7 4  

L1C6    Clay embankment   
8.855

3 10.407 9.63 6 
MHWN removed as dune distorts 
trend 

L1C7    Clay embankment 2.4908 
5.961

1 4.8134 
4.42176

7 6  

L1C8 Marshchapel  Clay embankment 0.8774 -1.117 
-

2.1312 
-

0.79027 2  

L1A1    Concrete seawall 
20.652

7 

-
0.960

5 0.9092 
6.86713

3 4 LW accretion trend is misleading 

L1A2    Clay embankment -4.029 

-
3.046

4 
-

1.4248 -2.8334 -4  

L1A3    Sand dune 
-

1.5985 

-
1.486

1 -0.583 
-

1.22253 -4  

L1A3A    Sand dune -0.749 

-
1.789

2 
-

1.7049 
-

1.41437 -6  

L1A4 Donna Nook  Sand dune 
-

0.9565 

-
1.836

9 
-

0.8542 
-

1.21587 -4 MSL is trend is misleading 

L1A5    Clay embankment 1.0281 -0.487 -0.933 
-

0.13063 2 
Upper HW beach section is stable  
and not moving 

L1A6    Clay embankment 8.2927 
1.660

5 
-

0.6201 
3.11103

3 2 

MSL is actually eroding, 
 surveys  don’t extend 
to MLWN in all years. 

L1A7    Clay embankment 3.1872 
3.547

5 5.2867 
4.00713

3 6  

L1A8    Clay embankment   
2.667

9 4.7799 3.72 6 MHWN values removed   

L2E1 Saltfleet  0.5969 

-
0.408

7 4.2469 
1.47836

7 6  

L2E2    
-

1.1857 -2.766 
-

1.7645 -1.91 -4  

L2E2A    1.4886 

-
1.076

5 
-

4.0488 
-

1.21223 2 
MHWN 1991 value removed  
(erroneous low spike) 

L2E3    8.5616 
6.329

1 
-

6.5783 2.7708 2  

L2E4    3.1897 
9.654

8 22.226 
11.6901

7 6 
Beach at high water actually 
eroding 

L2E5 
Saltfleetby All 
Saints  0.6143 

-
2.501

-
0.0021 -0.6299 0 

Beach at high water actually 
eroding 
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9 

L2E6     
-

1.5368 

-
0.127

6 
-

2.6635 
-

1.44263 -6  

L2E7     2.6348 
1.928

6 
-

1.1503 1.1377 2  

L2D1 Theddlethorpe   0.0683 
0.172

3 3.1529 
1.13116

7 1 Renourishment may  affect trend 

L2D2    Dunes 0.3086 
0.404

7 0.9545 
0.55593

3 5 Renourishment affects trend 

L2D3    Dunes 1.7996 
2.626

7 0.1103 1.5122 N/A Renourishment affects trend 

L2D4 Mablethorpe Concrete seawall 0.674 
0.743

4 1.3106 
0.90933

3 N/A Renourishment affects trend 

L2D5   Concrete seawall 4.4168 
4.832

3 5.4596 4.9029 N/A Renourishment affects trend 

L2D6 Trusthorpe Concrete seawall 4.0579 
4.458

9 3.9779 4.1649 N/A Renourishment affects trend 

L2D7   Concrete seawall 4.4514 
2.908

3 4.2 
3.85323

3 N/A Renourishment affects trend 

L2D8 Sutton on Sea Concrete seawall 6.1847 4.442 2.9697 
4.53213

3 N/A Renourishment affects trend 

L2C1   
Concrete seawall  
with rock armour toe 4.5884 

5.877
4 4.748 

5.07126
7 N/A Renourishment affects trend 

L2C2   
Concrete seawall  
with rock armour toe 3.3557 

5.771
8 5.4987 4.8754 N/A Renourishment affects trend 

L2C3   

Concrete seawall with  
concrete armour units at 
toe 3.0838 

3.699
8 5.9226 4.2354 N/A Renourishment affects trend 

L2C4   Revetment 1.8859 
1.199

3 4.4717 
2.51896

7 N/A Renourishment affects trend 

L2C5   Revetment 2.1205 
2.216

4 2.5022 2.2797 N/A Renourishment affects trend 

L2C6 Anderby Creek Revetment 3.8681 
1.904

6 1.6526 2.4751 N/A Renourishment affects trend 

L2C7   
Revetment &  
timber groyne 0.3412 

1.924
1 0.6843 0.9832 N/A Renourishment affects trend 

L2C8 Chapel Point Concrete seawall 1.811 
0.999

4 -0.622 
0.72946

7 N/A Renourishment affects trend 

L2B1 
Chapel St 
Leonards 

Concrete seawall  
with rock armour toe 5.022 

3.379
8 9.3296 

5.91046
7 N/A Renourishment affects trend 

L2B2   
Concrete seawall  
with rock armour toe 2.9164 

2.084
6 1.5645 2.1885 N/A Renourishment affects trend 

L2B3   
Concrete seawall  
with rock armour toe 3.2095 

3.805
9 4.868 

3.96113
3 N/A Renourishment affects trend 

L2B4 Vickers Point 
Concrete promenade  
with rock armour 2.2061 

1.877
2 3.7671 2.6168 N/A Renourishment affects trend 

L2B5 Ingoldmells Point 
Concrete seawall   
with rock armour 1.3858 

0.774
4 2.5447 1.5683 N/A Renourishment affects trend 

L2B6   Concrete seawall 
-

0.0868 

-
0.430

7 4.9938 1.4921 N/A Renourishment affects trend 

L2B7   
Concrete seawall  
& timber groynes 4.436 

5.321
8 1.615 

3.79093
3 N/A Renourishment affects trend 

L2B8   
Concrete seawall  
& timber groynes 0.8588 

0.680
5 2.6365 

1.39193
3 N/A Renourishment affects trend 

L2A1   

Concrete seawall, rock  
armour & timber 
groynes 0.3257 

0.462
3 

-
0.2233 

0.18823
3 3 Renourishment affects trend 

L2A2   

Concrete seawall with 
concrete armour units at 
toe 1.1035 

-
2.003

1 
-

2.0796 
-

0.99307 2 Renourishment affects trend 

L2A3  Skegness 

Concrete seawall with  
concrete armour units at 
toe 
& rock armour -0.017 

-
1.043

4 
-

1.7471 
-

0.93583 -1  

L2A4   Dune  
-

5.9809 -5.645 
-

2.7904 
-

4.80543 -4  

L2A5  Dune 
-

0.5794 

-
2.647

8 
-

2.8003 
-

2.00917 -6  

L2A6     9.9772 
9.210

5 7.113 8.7669 4  

L2A7    Dune 9.8686 
13.41

2 13.496 
12.2588

7 6 MHWN 1999 value removed 

L2A8 Gibraltar Point  Dune 
-

5.5055 

-
8.252

9 
-

5.4928 
-

6.41707 -4  

Table 7.1: Analysis by water level and foreshore change parameter score. (transects listed in 
geographic order/position from north to south (Grimsby – Gibraltar Point). Transects in yellow 
lie within the Lincshore nourishment scheme area, note profiles L2B8 and L2A3 – L2A5, to 
date have not been specifically nourished as part of the scheme. 
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Profile Profile Date of Nourishment Volume 
Ref scheme nourishment m3 
L2D1 1   
L2D2 2   
 3   
 4   
 5   
L2D3 6   
 7   
 8   
 9 1998 61,166 
L2D4 10 1998 61,166 
 11 1998 61,166 
 11 2006 24,575 
 11 2007 16,718 
 12 1998 61,166 
 12 2006 24,575 
 12 2007 16,718 
 13 1998 61,166 
 13 2006 24,575 
 13 2007 16,718 
L2D5 14 1998 61,166 
 14 2004 25,104 
 14 2006 24,575 
 14 2007 16,718 
 15 1998 114,443 
 15 2002 37,031 
 15 2004 25,104 
 15 2006 24,575 
 15 2007 16,718 
 16 1998 114,443 
 16 2002 37,031 
 16 2004 25,104 
 16 2006 24,575 
 16 2007 16,718 
 17 1998 114,443 
 17 2002 37,031 
 17 2004 25,104 
 17 2006 24,575 
 17 2007 16,718 
L2D6 18 1998 114,443 
 18 2002 37,031 
 18 2006 24,575 
 18 2007 16,718 
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 19 1998 114,443 
 19 2002 37,031 
 19 2006 24,575 
 19 2007 16,718 
 20 1998 114,443 
 20 2007 16,718 
 21 1998  
 21 2007 16,718 
L2D7 22 1997 100,231 
 22 2007 16,718 
 23 1997 100,231 
 23 2007 16,718 
 24 1997 100,231 
 24 2007 16,718 
 25 1997 100,231 
 26 1997 100,231 
 27 1997 100,231 
L2D8 28 1997 100,231 
 29 1997 100,231 
L2C1 30 1997 100,231 
 31 1997 100,231 
 32 1997 100,231 
 32 2005 34,132 
 33 1997 100,231 
 33 2000 43,995 
 33 2002 13,802 
 33 2005 34,132 
 33 2007 19,956 
L2C2 34 1997 100,231 
 34 2000 43,995 
 34 2002 13,802 
 34 2004 34,657 
 34 2005 34,132 
 34 2007 19,956 
 35 1997 134,025 
 35 2000 43,995 
 35 2002 13,802 
 35 2004 34,657 
 35 2005 34,132 
 35 2007 19,956 
 36 1997 134,025 
 36 2000 43,995 
 36 2002 13,802 
 36 2004 34,657 
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 36 2005 34,132 
 36 2007 19,956 
 37 1997 134,025 
 37 2002 13,802 
 37 2005 34,132 
 37 2007 19,956 
L2C3 38 1997 134,025 
 38 2002 13,802 
 38 2005 34,132 
 38 2006 13,656 
 38 2007 19,956 
 39 1997 102,333 
 39 2002 13,802 
 39 2005 34,132 
 39 2006 13,656 
 39 2007 19,956 
 40 1997 102,333 
 40 2005 34,132 
 40 2006 13,656 
 40 2007 19,956 
 41 1997 102,333 
 41 2005 34,132 
 41 2006 13,656 
L2C4 42 1996 67,375 
 42 2005 34,132 
 42 2006 13,656 
 43 1996 67,375 
 43 2006 13,656 
 44 1996 67,375 
 44 2006 13,656 
 45 1996 67,375 
 46 1996 67,375 
 47 1996 67,375 
L2C5 48 1996 67,375 
 49 1996 67,375 
L2C6 50 1996 70,182 
 51 1996 70,182 
 52 1996 70,182 
 52 2007 19,984 
 53 1996 70,182 
 53 1999 30,031 
 53 2001 24,552 
 53 2005 20,174 
 53 2007 19,984 
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L2C7 54 1996 70,182 
 54 1999 30,031 
 54 2001 24,552 
 54 2005 20,174 
 54 2007 19,984 
 55 1996 70,182 
 55 1999 30,031 
 55 2001 24,552 
 55 2003 16,250 
 55 2005 20,174 
 55 2007 19,984 
 56 1996 70,182 
 56 1999 30,031 
 56 2001 24,552 
 56 2003 16,250 
 56 2005 20,174 
 56 2007 19,984 
 57 1996 70,182 
 57 1999 30,031 
 57 2001 24,552 
 57 2003 16,250 
 57 2007 19,984 
L2C8 58 1996 70,182 
 58 1999 30,031 
 58 2003 16,250 
 58 2007 19,984 
 59 1996 70,182 
 60 1996 70,182 
 61 1996 63,666 
L2B1 62 1996 63,666 
 63 1996 63,666 
 64 1996 63,666 
 65 1996 63,666 
L2B2 66 1996 63,666 
 66 2007 11,593 
 67 1996 63,666 
 67 2003 14,142 
 67 2005 45,960 
 67 2007 11,593 
 68 1996 63,666 
 68 1999 30,110 
 68 2000 27,785 
 68 2003 14,142 
 68 2005 45,960 
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 68 2007 11,593 
 69 1996 63,666 
 69 1999 30,110 
 69 2000 27,785 
 69 2003 14,142 
 69 2005 45,960 
 69 2007 11,593 
L2B3 70 1995 113,666 
 70 1999 30,110 
 70 2000 27,785 
 70 2003 14,142 
 70 2005 45,960 
 70 2006 38,467 
 70 2007 11,593 
 71 1995 113,666 
 71 1999 30,110 
 71 2000 27,785 
 71 2003 14,142 
 71 2005 45,960 
 71 2006 38,467 
 71 2007 11,593 
 72 1995 113,666 
 72 1999 30,110 
 72 2000 27,785 
 72 2003 14,142 
 72 2005 45,960 
 72 2006 38,467 
 72 2007 11,593 
 73 1995 113,666 
 73 1999 30,110 
 73 2003 14,142 
 73 2005 45,960 
 73 2006 38,467 
 73 2007 11,593 
L2B4 74 1995 113,666 
 74 2006 38,467 
 74 2007 11,593 
 75 1995 113,666 
 75 2000 35,159 
 75 2001 22,216 
 75 2006 38,467 
 75 2007 11,593 
 76 1995 164,000 
 76 2000 35,159 
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 76 2001 22,216 
 76 2006 38,467 
 76 2007 11,593 
 77 1995 164,000 
 77 2000 35,159 
 77 2001 22,216 
 77 2006 38,467 
 77 2007 11,593 
L2B5 78 1995 164,000 
 78 2001 22,216 
 78 2006 38,467 
 78 2007 11,593 
 79 1995 164,000 
 79 2006 38,467 
 79 2007 11,593 
 80 1995 164,000 
 80 2006 38,467 
 80 2007 11,593 
 81 1994 210,000 
 81 2006 38,467 
 81 2007 11,593 
L2B6 82 1994 210,000 
 82 2006 38,467 
 82 2007 11,593 
 83 1994 210,000 
 83 2006 38,467 
 83 2007 11,593 
 84 2007 11,593 
 85   
 85 2007 11,593 
L2B7 86   
 86 2007 11,593 
 87   
 87 2007 11,593 
 88   
 88 2007 11,593 
 89   
L2B8 90   
 91   
 92   
 93   
L2A1 94 1995 37,000 
 95 1995 37,000 
 96 1995 37,000 
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 97 1995 37,000 
L2A2 98 1995 37,000 
 99   
 100   
 101   
L2A3 102   
 103   
 104   
 105   
L2A4 106   
 107   
 108   
 109   
L2A5 110   
L2A6 111   
 
Table 7.2: Estimated nourishment amounts at transects 



 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


