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Abstract. Analysis of shoreline change is often based exclu-
sively upon the littoral cell concept and modelling of hydro-
dynamic processes. The Futurecoast study has considered
fresh approaches to assessing shoreline evolution, which
have been used to provide an analysis of future long-term
evolution for the entire shoreline of England and Wales. This
has been based upon an improved understanding of coastal
systems and their behavioural characteristics. The study has
included a range of supporting studies, focussing upon maxi-
mizing use of existing information and experience. A number
of additional data sets have also been produced. The integra-
tion of leading expertise from different areas of coastal
research to collectively consider this information has been
the foundation for the study. The key outputs from this
research are: (1) Improved understanding of coastal behav-
iour; (2) Assessment of future shoreline evolution; (3) Sup-
porting information and data; (4) Delivery of results on an
interactive CD-ROM.

Keywords: Coastal behaviour; Geomorphology; Hydrody-
namics; Shoreline behaviour.

Abbreviation: SMP = Shoreline Management Plan.

Background

This paper reports on the Futurecoast study (Anon.
2002), which was commissioned in October 2000 by the
UK national government Department for Environment,
Food and Rural Affairs (DEFRA) to provide predictions
of coastal evolutionary tendencies over the next cen-
tury. A team led by consultants Halcrow Group Ltd
carried out the study, which was completed in June
2002. This paper concentrates on the approaches adopted
for the Futurecoast project and readers are referred to
the output CDs from the Futurecoast study for addi-
tional information, as well as other papers namely Bur-
gess et al. (2002) and Cooper & Jay (2002).

DEFRA are moving towards sustainable long-term
planning of flood and coastal defences, and therefore
require that decisions are made with due consideration
of the decades to century time frame. Shoreline Man-
agement Plans (SMPs) were undertaken between 1995
and 2000, targeted at determining broad-scale future
coastal defence policy throughout the open coast shore-
lines of England and Wales. However, many of these
first generation SMPs avoided making long-term deci-
sions, partly due to the lack of data on long-term shore-
line evolution (Anon. 2000).

The Futurecoast study was therefore aimed at ad-
dressing this issue, to ensure that the second round of
SMPs are better informed and are therefore able to make
strategic coastal management decisions in a longer-term
and wider-scale context. This has involved providing
an outline coastal process and geomorphological study
of the whole of the open coastline of England and
Wales, and using this as the basis for a prediction of
coastal evolution over the next 100 years. A key objec-
tive was to allow contemporary coastal processes and
past, present and future management decisions to be
placed within a longer-term and wider-scale frame-
work, which provides a vision for the coast and a scien-
tific basis for considering the ‘direction’ for sustainable
strategic management response.
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This information will feed into the second round of
SMPs and thereby improve their consistency, quality
and reliability. The output of this project is therefore
primarily aimed at the coastal managers and organiza-
tions developing and implementing the SMPs, so that
they all have a sounder scientific base for subsequent
analysis and long-term policy recommendations.

Approach

In order to make decisions on coastal management
and land use planning, predictions (or estimates) of
long-term future coastal evolutionary tendency are nec-
essary. The prediction of coastal evolution is difficult
due to the range of spatial and temporal scales over
which coastal changes occur, and the complex interac-
tions that result in shoreline responses of varying, non-
linear and often unpredictable nature (Anon. 2002;
Cooper & Jay 2002). There is also interdependence
between different geomorphic features that make up the
natural system, such that the evolution of one particular
element of the coast is influenced by, and influential on,
evolution in adjacent areas.

Whilst a variety of modelling techniques exist to
assist in predictions of coastal evolution, many of these
focus on short-term, relatively local-scale predictions
based primarily upon contemporary hydrodynamic forc-
ing, as opposed to considering larger-scale and longer-
term evolutionary behaviour. Although such modelling
provides vital information, it does not necessarily pro-
vide the complete picture of influence and change; it is
also important to understand how the coastal zone func-
tions on a wider scale both in time and space.

The complexity of the coastal system has led coastal
engineers and scientists to recognize that accurate quan-
titative prediction of large-scale, long-term coastal
behaviour is beyond our present capabilities (e.g.
Terwindt & Battjes 1990). Where such predictions
have been made, they have usually been based upon
simple extrapolation of historical measurement without
considering the composition and behaviour of the various
forms that make up the physical system. This research has
therefore focused upon providing a qualitative, concep-
tual picture of how the shoreline could evolve over the
next century both in terms of coastal morphology and
potential for changes in shoreline position.

In the past, information has often been analysed and
used in a piecemeal way. Therefore the focus of this
research has been to make fuller and appropriate use
of existing information and combine this with an
appreciation of the characteristic behaviour and sensi-
tivity of geomorphological forms, rather than undertake
additional modelling or field data collection.

Concept of behavioural systems

Development of the first round of Shoreline Man-
agement Plans (SMPs) was based upon littoral cell
boundaries, which had previously been defined at zones
of sediment convergence and divergence (Anon. 1993).
Since the littoral cell concept was used to define SMP
limits, it has been subsequently used in many applica-
tions to analyse coastal change and assess future policy
options and impacts.

The benefit of the cell approach was that it reflected
regional processes on a basis that was easy to com-
municate and it was therefore quickly adopted. How-
ever, whilst the littoral cell concept is a valid approach,
it is only one aspect of coastal system behaviour and
other factors also need to be taken into account when
assessing future shoreline evolution. Therefore for this
research a ‘behavioural systems’ approach has been
explored, and ultimately adopted. This approach in-
volves the identification of the different elements that
make up the coastal structure and developing an under-
standing of how these elements interact on a range of
both temporal and spatial scales.

It has been recognized that the influences upon the
coastal processes that drive change are not constrained
to the shoreline, nor are they necessarily adjacent to the
feature that is affected. This approach concentrates upon
understanding the sensitivities and characteristic behav-
iour of geomorphological features, in response to these
processes, and their degree of maturity.

This approach has not sought to pre-define spatial or
temporal boundaries, in recognition of the fact that
such definitive boundaries rarely exist. Rather, it
aims to change the way that people think about indi-
vidual stretches of coastline and to understand that
they sit within a much larger framework of influence
and process.

Analysis

In order to assess how defences affect long-term
shoreline evolution, it is first necessary to understand
the natural evolutionary trends of the coastline. How-
ever, the coastline of England and Wales has been
heavily modified over the centuries, in particular the
estuary areas, and this has affected how the coastline has
evolved. Therefore assuming a coastline position and
form, had defences never been constructed, would be
unrealistic and of little value. The approach adopted
has been to consider the ‘unconstrained’ scenario, which
assumes an instantaneous total removal and discontinu-
ation of human intervention along the entire shoreline of
England and Wales, using the present shoreline posi-
tion as a starting point. Whilst an unrealistic scenario
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in that all defences are never likely to be removed, this
unconstrained scenario offers a baseline that can be used
to appreciate the potential effects of coastal manage-
ment, both current and future.

The first stage has been to understand how various
influence factors, i.e. estuarine influences, hydrody-
namics, nearshore and offshore sediment dynamics,
geomorphology and geology (both onshore and off-
shore), interact to affect the coastal evolution over vari-
ous time scales. Sections of coastline that exhibit char-
acteristic behaviour tendencies have also been identi-
fied. This has been achieved through the review and
interpretation of existing information and studies. The
key controls and linkages have been identified and
qualitative sediment audits developed, i.e. the identi-
fication of key sources, sinks and pathways. The past
evolution of the shoreline has also been investigated to
identify long-term controls, constraints and behaviour.

Appreciation of the likely evolutionary trends and
the controls behind them provides a generic expression
of how the coastline could develop if unconstrained and
aids in understanding the influence of contemporary
processes and the impact of human intervention.

Evolution at the large-scale has been considered
first, as this often drives the responses observed at the
local-scale (Fig. 1). Geomorphological interpretation of
the critical elements, behaviour and sensitivity at this
larger scale enabled identification of potential areas of
increasing, decreasing, continuing, ceasing or com-
mencing pressure caused by the forcing factors. Such
pressure often relates to re-alignment of the coast, possi-
bly influenced by:
• Changes in geological controls (e.g. emergence of
headlands within eroding cliffs, recession of existing
headlands or exacerbation of embayment curvature due
to immaturity of development);

• Existing hydrodynamic forcing (e.g. wave diffrac-
tion processes around headlands);
• New hydrodynamic influences (e.g. the interruption
of littoral drift by newly created tidal inlets);
• Sediment transport (e.g. natural changes in the rate
or direction of sediment transport);
• Changes in sediment budget (e.g. shorelines switch-
ing from drift- to swash-alignment due to exhaustion of
relict sediment sources) (Anon. 2002; Cooper & Jay 2002).

Translation of these large-scale changes to the re-
sponse at the local-scale involves consideration of the
individual geomorphological units.

Mapping of supra-tidal and intertidal morphology,
together with an understanding of lithology and topog-
raphy, enabled the identification of these individual
geomorphic features and combinations of these that
could be considered together at the local-scale.

Despite the complications associated with predict-
ing shoreline response, there is a generic-level under-
standing of how various geomorphological features (such
as dunes) may evolve and their sensitivity to change
(this is discussed further in Jay et al. 2003). Based upon
this information, it is also possible to identify theoreti-
cal, or generic, responses of various coastal elements to
changes in certain controlling parameters.

A key aspect of this stage of the analysis has been to
consider the interactions and interdependence between
adjacent areas, especially where these could influence the
controls on the shoreline or alter the sediment regime.
For example, the rapid and large-scale re-activation of
cliff recession within one area could release significant
quantities of sediment, possibly resulting in accumula-
tion and progradation of a downdrift shoreline.

An iterative approach was therefore adopted to re-
view the cumulative impacts and knock-on effects of the
predicted large-scale pressures and individual local-

Fig. 1. The iterative approach to the prediction
of potential shoreline evolution.
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scale responses within a wider context (see Fig. 1).
Cooper & Jay (2001) illustrate this approach through
presentation of a Case Study.

Through this approach a model of future shoreline
evolution for the open coast of England and Wales has
been developed for the ‘unconstrained’ scenario. Infor-
mation about recent historic change has then enabled
more specific conclusions to be made on the potential
evolutionary tendency for specific lengths of shoreline.

Results

The main outputs from this research are:
• A ‘toolbox’ of supporting information and data that
can be used in future assessments of shoreline behaviour
– this includes (1) the background thematic studies
produced for this project and (2) the additional data sets
and information generated (see Table 1).
• Improved understanding of coastal behaviour – this
has used and built upon the information contained within
the round one SMPs and other existing studies.
• Assessment of potential future shoreline behaviour
for two scenarios: unconstrained (i.e. assuming no de-
fences or management practices) and managed (i.e.
assuming present management practices continue in-
definitely).

Thematic studies and data

A series of thematic reports were produced to assist
in the understanding of shoreline behaviour. Supple-
menting these reports are a number of data sets gener-
ated as part of this research, which have been provided
as output for potential further use and development (see
Table 1). Much of this information, and the information
provided in the thematic reports, has also been provided
as mapped data or is linked to maps.

Shoreline behaviour statements

The key conclusions from the project are presented
in a series of statements known as Shoreline Behaviour
Statements. These statements describe both the current
understanding of coastal behaviour and the predictions
of future coastal evolution at both the large-scale and
local-scale. This information has also been mapped.
These statements have been written so as to ensure the
user will gain an appreciation of the interactions within
a system, at a range of both temporal and spatial scales,
and thus the external influences upon behaviour. These
statements include three key sections:
• Coastal behaviour system;
• Assessment of shoreline behaviour;
• Local-scale shoreline response.

Table 1. The ‘toolbox’ of supporting information and data provided by Futurecoast.

Theme Description of analysis

Macro-review of coastal processes Integrated understanding of the modern large-scale hydrodynamic regime

Macro-review of Holocene coastal change Assessment of the long-term, large-scale evolution of the coastline around England and Wales and
  identification of the impact of sea level rise over the Holocene on the inherited morphology

Shore geology and morphological elements Review of the shoreline geology and classification of morphological elements of both the foreshore and
  backshore

Cliff behaviour assessment Assessment of cliff readability, potential failure mechanisms and contribution to local sediment budgets

Past shoreline evolution Review of change in shoreline position and characteristics, both over the Holocene and recent history;
 analysis of historical OS maps to provide a consistent assessment of shoreline positions since the First
 County Series (published 1846-1901)

Offshore morphology and evolution Review of existing literature and data on historical development, bathymetry and physical regime, seabed
  sediments and offshore sediment transport trends

Estuary influences Definition of appropriate boundaries for predictions; classification of estuary type and assessment of
  estuarine influences and their role as a source or sink of sediment

Coastal processes Analysis of the forces exerting influences on water movement in the coastal zone e.g. waves, tides and
  currents, including a review of shoreline characteristics and internal constraints, external forcing, and
  nearshore sediment transport

Nearshore wave analysis (including Analysis of transformed nearshore wave data for 68 representative locations; assessment of the possible
  climate change impacts)   impacts of ten climate change scenarios on shoreline energy conditions, and thus sediment transport

  potential

Climate change and sensitivity Review of key climate change research applicable to the coastline of England and Wales and
development   of regional coastal climate change scenarios, considering natural variability, sea level rise, storm surges,

  wave climate and precipitation; generic assessment of the sensitivity of different landforms to climate
  change and its impact upon future behaviour

Uncertainty assessment Assessment of the uncertainty of predictions, based upon the quantity and quality of existing
  information and the degree of understanding
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1. Coastal behaviour system
These statements describe the broad characteristics

of the coastal system(s) that presently exist, identify-
ing the large-scale interactions and drivers of change
over the longer-term, i.e. the Holocene, that have been
influential upon the evolutionary behaviour of the shore-
line presented in this statement. Generally these state-
ments cover a much larger area than the specific length
of coast covered by the Shoreline Behaviour State-
ment, and so provide the reader with an understanding
of the wider influences that are acting upon this area.

2. Assessment of shoreline behaviour
This includes the following sections:

• Past evolution – summarizes the shoreline evo-
lution over the centuries/millennia time scale, i.e. the
origins of the shoreline that exists today.
• Controls and linkages – identifies the key param-
eters influencing shoreline evolution over the century
time scale, including geological and physical controls,
sediment transport linkages and human intervention. It
is these controls and linkages that are the main param-
eters for defining shoreline behaviour units and there-
fore shoreline response over the next century.
• Future unconstrained shoreline behaviour – identi-
fies both large-scale evolution and assesses the influ-
ences of this upon the different geomorphological fea-
tures that are present along the shoreline. This predic-
tion of future evolutionary trends is based upon the
scenario that all shoreline defences are removed and
management practices cease immediately. These sec-
tions of the Shoreline Behaviour Statements provide
the basic conceptual model for unconstrained shore-
line evolution over the next century. This draws upon
the knowledge of past evolution and the understanding
of the controls and linkages, together with information
on the local geomorphological character of the area, to
identify large-scale realignment tendencies and the
subsequent response of different elements of the coast.
• Uncertainty – an indication of the main uncertain-
ties associated with understanding of coastal behav-
iour. This includes comment on any implications aris-
ing from future climate change scenarios, other than a
continuation of natural variability – the assumption
upon which the primary assessments of shoreline evo-
lution are all based.

3. Local-scale shoreline response statements
These describe shoreline behaviour at the local-

scale and consider the following:
• Assessment of Characteristics and Behaviour –
identification of the geomorphological elements,
present management practices, historic trends and wider
scale interactions (i.e. influence of and influence upon

this section of shoreline).
• Assessment of Future Geomorphic Evolution – pre-
dictions of potential future shoreline evolution over
the next century assuming (1) all defence structures
were removed and other coastal defence management
interventions were to cease; and (2) all present defence
management practices were to continue indefinitely.
These predictions build upon the larger-scale con-
ceptual evolution presented in the ‘Future Uncon-
strained Shoreline Behaviour’ sections of the Shore-
line Behaviour Statements. As such the conclusions
reflect wider influences, which may not have necessar-
ily been apparent had this length of shoreline been
considered in isolation.

Predictions

A primary aim of this research project was to pre-
dict or estimate coastal evolution over the next 100
years (or longer where appropriate) assuming no major
change in current management practices. This objec-
tive has been met by providing a prediction, which
includes the following information:
• Trend of shoreline positional movement (e.g. land-
ward, seaward, stationary);
• Trend of foreshore change (e.g. intertidal narrow-
ing, widening);
• Extent of shoreline positional change over next 100
years relative to current/recent magnitude;
• Description of coastal geomorphological response
and wider interactions, together with identification of
any changes in geomorphological forms;
• Level of uncertainty associated with the prediction
(an assessment providing an indication of the present
level of knowledge and understanding of coastal evo-
lutionary processes at that location).

All of this can be imported directly into the SMPs
as a baseline assessment of the impacts of continuance
of present defence management policy. The SMPs can
use this information to help assess social, environmen-
tal and economic consequences, allowing the technical
viability and sustainability of a range of management
options to be identified.
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Outputs

The deliverable includes reports, guidance, data and
mapping at various scales. This represents a consider-
able volume of information and has therefore been
presented on a single interactive CD-ROM, which forms
the key deliverable from the Futurecoast project. This
has many advantages in terms of the way data can be
accessed and displayed, particularly for a project of this
scale. Although this is a national project, many of the
end-users will be interested in specific areas and the
CD-ROM is designed to make it easy to access the
relevant data.

The data is displayed as a series of reports, which
can be viewed via a Browser Window, and mapped data,
which can be viewed via a Map Window. The user can
navigate through both the text and mapped data and
there are links from the maps to the relevant sections of
text. The user is also able to ‘design’ reports by adding

sections of reports to a ‘Shopping Basket’. Therefore
users will be able to print from the CD-ROM and
produce reports to their own specification.

In addition to the main CD-ROM, there are two
supplementary CDs, which contain oblique aerial foot-
age for the whole of the coastline of England and Wales.

A continuous digital aerial video of the coast was
collected in April 2001, to assist in identifying the
current form of the coastline and to help in subsequent
analysis of shoreline behaviour.

This resulted in over 21 hours of digital video foot-
age. In order to make this data set readily accessible, a
map-based viewing system was used. Geo-referenced
still images were extracted from the digital video at
approximately 3-second intervals (ensuring an overlap
between adjacent images), which were then linked to
interactive mapping using SnapMap© software.

The images can be accessed via overview and de-
tailed mapping (as shown in Fig. 2) and an animated

Fig. 2. Screen shot from the Futurecoast aerial photograph viewer.
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sequence can be activated. This system allows ready
viewing of any part of the England and Wales coastline,
providing an invaluable tool for all coastal managers.

Conclusions

The main output from this research is the improved
understanding of larger-scale coastal behaviour and
geomorphological evolution of natural features on a
consistent basis. This has been undertaken for the whole
coast of England and Wales, although the basic prin-
ciples and approach could be applied to any coastline.
It is hoped that this will assist in raising awareness of
key geomorphological issues that are relevant be-
yond the time horizon of existing plans and the design
life of present coastal defence structures. Apprecia-
tion of these issues should help avoid tying future
generations into inflexible and inappropriate coastal
management decisions.

Futurecoast does not provide a definitive prediction
of future coastal evolution, because this is dependent
upon a number of factors, not least of which is the
implementation and sustainability of existing coastal
management policies. It does, however, provide a knowl-
edge base that can be used by all coastal managers to
help define sustainable policies.

The results of the Futurecoast study are currently
being applied in pilot Shoreline Management Plans for 3
locations along the English coast. This application will
help to ensure that the second round of Shoreline Man-
agement Plans, and indeed all coastal management within
England and Wales, is better informed, therefore ena-
bling strategic coastal management decisions to be made
in a longer-term and wider-scale context.
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