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There are many ways in which humans can bring about change to coastlines and
estuaries. Many of these changes are caused by engineers or coastal managers, but
others are caused by casual visitors, holiday-makers, and people who just visit the
coast for a day out by the sea. Very few of these changes are intentional, but tend to
arise as a result of the many activities which occur within the coastal zone.

This book presents the various ways in which such changes and impacts can occur.
Having described the basic operational processes, the book goes on to look in detail
at the main spheres of activity which impact on the coastline. Coastal defences are
perhaps the greatest causes of change and problems. Building a sea wall can cause
problems elsewhere along the coast by cutting off sediment supply, thus causing
beaches to erode. Other defences aim to stop sediment moving from a beach, such as
in tourist areas where the presence of a beach is vital. However, we must start to
question the impacts which beach defences cause elsewhere along the coast, and ask
whether there are better ways of achieving the same end result.

Having considered the various problems, each section considers the alternatives.
The case is argued that, in many areas, there are better alternatives to traditional sea
defence techniques. Soft engineering allows the coast to be more natural, and function
in a more natural way. In effect, by using soft engineering techniques, the coast can be
protected more cheaply than it is at present, and with considerably less long-term upkeep.
This begs the question as to why these techniques are not more widely used, a problem
discussed in the final chapter, which considers the whole coastal management issue.

Peter W.French is a lecturer in Physical Geography at Lancaster University, with a
particular specialism in coastal processes and management. He has published work
relating to many aspects of human coastal impact, including salt marsh pollution,
erosional problems of borrow pit construction, human causes of coastal habitat loss,
and causes of salt marsh loss in the UK.
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Preface

 
This book is intended to provide undergraduates studying coastal and estuarine
processes with a solid grounding in the ways in which human activities impact on
these environments. These impacts take many forms; some are direct, and some are
indirect. Throughout history, humans have interfered with coasts and estuaries, with,
until fairly recently, little understanding of the wider implications of what they are
doing. This book aims to inform readers of these wider issues, and, in addition, of the
alternative approaches which, while not necessarily being impact free themselves, do
provide a better and more sustainable approach to managing the coastline.

The key words throughout are sediments and pollution because every impact can
be brought down to one of these common denominators. Pollution can affect wildlife,
habitats, and our enjoyment of the coast. Sediment is the basic building block that
determines whether a coast is accreting, eroding, or stable.

Taking these two common factors, the book looks at the main issues affecting the
coastline. Having seen how the coast and estuaries operate, and the type of habitats
which result from the various forms of coastal process, we look in detail at coastal
defences, industrial development, and tourism. It is important to consider, however,
that it is possible to affect coastal processes indirectly, by interfering with catchments,
land use, and offshore conditions. In recognition of this, we also discuss the impact of
distant activities.

In a world where coastal management methods are rapidly developing, and much
of the coast is becoming affected by a variety of coastal plans, the issue of coastal
management is the subject of an important concluding chapter to look at how all the
impacts discussed are being managed.

Before we proceed further, it is necessary to develop an understanding of some of
the key concepts which are used in this book. The coast is not static, and is constantly
changing in response to waves, winds, and tides. It is important to realise that what



xiv

we see now is only a snapshot in time, and there is no reason on earth why humans
should adopt a policy of insisting that the coast should remain as it is. Such an attitude
is only a prelude to serious problems in the future. In addition, as far as we are concerned
here, the coast can be considered as serving two main roles. First, it is a
geomorphological unit which stops waves and keeps the sea off the land. Second, all
features that we see on the coast, be they beaches, marshes, dunes, spits, etc., are
sediment stores. These stores have been left temporarily, at a time when they are
surplus to requirements. When conditions change, the sea will utilise these stores. If
humans have developed these areas, then problems occur and conflict between human
society and the sea results. It is these problems which we look at in detail in the
following pages.
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Introduction

There are very few environments left on planet Earth where human impacts are not
manifest in some form. Many human activities bring about changes which result in
some degree of artificialness to many environments. While it is true that some of
these activities will bring change which is to an area’s benefit, such as the creation of
new habitat or increased environmental stability, in many cases the environment suffers.
However, whether change is beneficial or not, an environment, once altered, ceases to
be natural, and the natural processes which operate in that environment are affected
by unnatural conditions.

Coasts and estuaries are typical environments in which human impacts have led to
a whole range of changes with considerable variation in their degree of impact. The
coast is typically a highly populated area (for example, Goldberg (1994) states that
50 per cent of the world’s population lives within 1 km of the coastal zone, and this
population is predicted to grow at a rate of 1.5 per cent over the next ten years). In
addition, many people also see the coast as a place to spend their leisure time, taking
advantage of the beaches and attractive scenery; indeed, some people may associate
the coast purely with such activities. Also, coasts and estuaries are seen as places to
develop industrial or port sites, taking advantage of abundant water supplies, transport
links, and sheltered areas for loading and unloading ships. As a result, the coastal
zone (defined in many ways by different researchers, but generally taken to refer to
the area of land which is influenced by the sea, and vice versa, and thus including
areas of land and sea affected by coastal activities) experiences intense pressure and
demands from various sectors of the community. This pressure has the potential to
cause change and environmental degradation, if not carefully managed.

Historically, human interference within the coastal zone has had the intention of
protecting financial interests, increasing earning potential, or providing places to relax
and spend leisure time. It has also been traditional to carry out these modifications
with humans seen as the central focus of the ‘development tree’; that is, all changes
are seen in the light of benefits to humans (humanist approach) (Figure 1.1). However,
if we substitute ‘Humans’ in Figure 1.1 by ‘Environment’ (Figure 1.2) this set of
‘benefits’ can be seen as impacts on the environment, and becomes less appealing
from a non-humanist perspective. From an environment point of view, for example,
what is good for tourism can be harmful for habitats. Coastal defences, while necessary
for infrastructure protection, produce significant impacts on coastal sediment budgets,
and can merely result in the transfer of an erosion problem elsewhere along the coast
(Chapter 3). The logical result of this argument is that any activity which occurs
along the coast has the potential to be environmentally damaging. From this we can
clearly see that, ideally, the only way to ensure that human action does not cause
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FIGURE 1.2 Development of the coast as seen from an environmental perspective

FIGURE 1.1 Development of the coast as seen from a human perspective
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damaging effects along the coast is not to undertake any activities at all. However,
given that we cannot (and should not) stop human activities at the coast, it is necessary
to operate under a system of management, by which we control the activities which
do occur and manage them in such a way as to minimise the detrimental effects on the
environment, and to ensure that important habitats are left alone. This book addresses
many of the aspects which cause management problems along coastlines. Individual
chapters will investigate coastal defences, land claim, industrial developments, tourism,
and habitat exploitation and analyse these in the context of natural processes versus
anthropogenic actions. A common thread linking all these aspects, however, is that it
is the ways in which humans use the coast which cause the problems, not the natural
processes. Clayton (1995) states that if humans did not seek to make use of the coastal
zone, there would be few problems as a result of the occurrence of coastal erosion;
that is, erosion, and the subsequent need for defences, is considered a problem only
because human activities have occurred which make land too valuable to be allowed
to erode.

The more of the coast which can be allowed to erode naturally the better, because
in such a situation, natural processes can operate under natural conditions. The
problems faced today largely stem from the fact that the coastal zone is too much in
demand. As a result of this increasing demand, it is imperative that some form of
management is put in place. Chapter 7 will discuss this in detail, and demonstrate that
in respect of management, time is very much of the essence, as exploitation of the
coastal zone is continuing and increasing. Coupled with this, it must also be
remembered that processes of human-induced change are continuing against a
background of long-term environmental change, most notable of which is sea level
rise. Indeed, some researchers would argue that, given the role of global warming in
sea level rise, even this process is related to human impact. However, the causes are
more complex than this, with other factors, such as isostatic land movements, being
as important, if not locally more so. In our subsequent discussion of human impact on
coasts and estuaries, we will inevitably touch on this subject area, although we will
avoid entering into the debate of causes of sea level rise, as these are well addressed in
other dedicated texts (for example, see Bird, 1993; Bray et al., 1992; Tooley and
Jelgersma, 1992).

A second process which has a direct bearing on management (Chapter 7), and also
one which can further magnify the effects of some human actions, is the change in
wind-wave climate. Again, this area of research is one of intense debate because
although evidence suggests that some seas and oceans, such as the north-east Atlantic
and the North Sea, are becoming rougher (Bacon and Carter, 1991; Carter and Draper,
1988; Hoozemans and Wiersma, 1992), it is argued that this may be purely a short-
term fluctuation in measurement, as opposed to a long-term change. Equally though,
increased water depth due to sea level rise and associated increases in wave base can
also produce a similar effect of increasing wave activity inshore.

The combination of human-induced change and accelerated sea level rise is leading
to the realisation that there is a growing body of evidence to indicate that coastal
erosion is becoming a serious threat along many parts of the world’s coastline. Some
coastal researchers argue that there appears to be a pattern emerging in erosion (Bird,
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1985, 1987; Paskoff, 1987), as a result of a study by the International Geographical
Union between 1972 and 1976. This study included all countries with a sea coast, and
concluded that the only areas of coast which still show rapid accretion are either
where large rivers supply abundant sediment to the nearshore zone, or where coasts
are experiencing isostatic uplift (i.e. relative sea level fall). Leaving these two exceptions
aside, many other coasts are showing signs of adjustment to compensate for ‘natural’
and anthropogenic changes. Many examples of these changes appear in the literature,
and are cited in subsequent chapters.

The causes of this erosion are also various. In Italy, intensive cultivation and grazing
prior to this century increased sediment yield to the coasts to allow accretion and
stability (Bird, 1985; Tilmans et al., 1985). Subsequent decreases in sediment yield,
partly due to changes in land use and partly due to increased soil erosion control
measures, mean that these large sediment accumulations can no longer be maintained,
and so a state of net erosion has set in. Similarly, much of the Mediterranean coast has
experienced erosion due to the retention of sediment behind dams. This problem,
although serious along the coastline in general, is especially manifest in deltas. The
Rhone, Po, and Nile deltas are all suffering erosion through sediment starvation. An
interesting contrast occurs in the eastern Mediterranean where, because there has
been less extensive human intervention, coastal erosion has been less marked (Hanson
and Lindh, 1993).

Along the Atlantic coast, erosion rates of 150m between 1952 and 1969 were
recorded in the Brittany region of France, and 700–800m between 1881 and 1922
along the coast of the Bay of Biscay. Further problems along the Dutch coast have
been reported by Louisse and Kuik (1990) and by Rijkswaterstaat (1990). The North
Sea coast of Scandinavia has also seen accelerated erosion with part of the Swedish
coast losing 150m between 1820 and 1869’and one locality, Löderup, losing 20m in
one year (Hanson and Lindh, 1993).

In the USA, all thirty coastal states are experiencing some degree of erosion, much
of it due to the interference of humans in natural coastal processes as a result of
development. Figure 1.3a demonstrates the severity of this erosion diagrammatically.
Part of the reason for this development is an increase in population. In 1980, 50 per
cent of the US population lived within 75km of the coast. By 2010, this figure is
expected to reach 75 per cent, representing a considerable increase in demands for
facilities, and subsequent impingement on natural coastal resources (Hanson and Lindh,
1993).

This problem of population increase at the coast is not unique to the USA, however.
In 1983, a study of the coastline of western and central Africa (Quélennec, 1987)
showed that human influences were one of the prime factors behind erosion. In Ghana,
erosion rates of 6m yr-l occurred between 1964 and 1975 and maximum rates of 25 m
yr-1 have been recorded in Togo. More specifically, erosion induced by harbour
construction has been measured as being between 4 and 30m yr-1 to the east of Lagos,
and around 2m yr-1 near Monrovia, Liberia, due to the halting of longshore drift (Hanson
et al., 1984). All these studies appear to support a link between human activity at the
coast and increased erosion. The precise causes of this erosion are covered in
subsequent chapters.



FIGURE 1.3 Generalised trends of coastal erosian and accretion in the USA (a) and the UK (b)
Sources : (a) Modified from Hanson and Lindh, 1993; (b) based on data from Pye and French, 1993a
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In the UK, a study similar to that for the USA (Figure 1.3a) has revealed distinct
geographical zonation in the erosion and accretion trends around the English coast
(Pye and French, 1993a, 1993b). Figure 1.3b reveals a general trend of severe erosion
around the south-eastern coast, slight erosion in the north-east and south-west, and
general accretion in the north-west. The problem in the south-east is largely due to
human interference in the intertidal zone and sea defence construction as a result of
increased population and increased demand for coastal leisure facilities. Such demands
are not restricted to the UK, however. Any coast which has an appeal to tourists is
under the same threat, and, while the above example relates to the UK, similar examples
can be found relating to coasts of the USA (Carlson and Godfrey, 1989; McAtee and
Drawe, 1980), Europe (Ballinger et al., 1994; Charlier and de Meyer, 1991), and
Australia (Kenchington, 1993; Yapp, 1986), as well as many other parts of the world.
In south-eastern England these problems are made more serious by the isostatic
movement of the land, which means that as well as development, ‘natural’ processes
such as sea level rise are operating in conjunction with sinking land, thus increasing
the relative movement of sea level. The UK problem is serious enough to cause English
Nature, the main English conservation body, to initiate a major project to halt the loss
of intertidal habitats. Pye and French (1993a) studied the key habitats around the
English coast and determined the predicted loss of each over the next twenty years.
Box 3.1 in Chapter 3 details these findings.

Using the basic arguments outlined above, this book will provide the reader with
an account of the ways in which humans have influenced and brought about change
to the coastal and estuarine environments similar to those detailed, what effects this
has had, how we are now beginning to realise the problems which have been caused,
and the methods being employed to solve them. It will then provide a structured
management framework for the coast and estuarine environment.

The structure of this book

This chapter (Chapter 1) will introduce the reader to the types of coastline and estuary
we find, and how these different types can be influenced in different ways by human
activity. In Chapter 2, the physical regime of coasts and estuaries will be introduced.
We shall look at formational processes, such as the effect of tides, waves, and wind,
and how these processes affect the movement of sediment. By doing this, we see how
the system operates, and thus, in succeeding chapters, we can see how, by interfering
with these processes, we can produce a whole new set of problems which need solving,
often causing greater impacts than would be the case had natural processes been
allowed to proceed unchecked.

Following this, Chapter 3 will introduce some of the key activities, such as land
claim, coastal defence, and port development, which have, historically, taken large
quantities of intertidal land with resulting modification to the environment. This is
followed in Chapters 4 and 5 by an examination of the development of industry and
tourism, and then Chapter 6 will look at ways in which humans have caused changes
at the coast by action remote from it, such as activities within the river catchment
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causing changes in sediment supply, and the winning of offshore sediments, which
can result in increased wave activity.

These main aspects of human impact having been considered, the final chapter
will look at how many of the problems raised have been and can be tackled, with
respect to environmental protection and conservation.

Types of estuarine and coastal environments

If you visit the same piece of coast on different occasions, you will probably notice
that it changes. These changes may be many and varied, and occur on a variety of
scales (Table 1.1). For example, there may be a new coastal development such as a
hotel or arcade, or you may feel that there is less sand on the beach than before, or that
there has been a large cliff fall. It is a fact that these changes are going on all the time.
Whenever the tide comes in and goes out, it brings with it a series of waves which
work on the coast, shaping it and reworking it (Table 1.1). These processes can largely
operate with little worry for humans. The time that problems start to occur is when
this constant remodelling of the coast starts to affect human society—cliff erosion is
threatening a house, a beach is eroding so the tourist potential of an area is reduced, a
salt marsh is eroding and threatening the loss of important wildlife habitat or farmland.
It is at this point that human intervention can start and the natural processes cease to
function under natural conditions. The natural thing for such coasts to do in these
circumstances is to erode. By interfering, we can stop this natural process and force
the coast into an unnatural state. When in such a state, the coast will continue to
attempt to reach an equilibrium state, and in so doing may erode sediment from
elsewhere, or from the same locality, causing beach loss.

While changes to the coastline are continuing all the time, the coasts and estuaries
of the world in which these processes operate are also extremely variable, and many
texts exist solely concentrating on these in their own right. It is beyond the scope of
this text to undertake an in-depth study of coastal landforms, although the next chapter
will deal with coastal processes as they are affected by the activities of humans. For
detailed information on coastal morphology, the reader is referred to other suitable
texts, such as Carter (1988), Hansom (1988), and Pethick (1984).

In its most general terms, the coast represents the boundary between land and
sea and can be seen as serving two functions. First, the coast is there to stop waves,
and second, it serves as a store of sediment. It is important that the coast should be
seen in this way. Coastal landforms are not permanent features, they are transient
features which accrete and erode subject to the environmental conditions at the
time. Coasts and estuaries are highly dynamic environments, and constantly change
in response to natural forces on a variety of time scales (Table 1.1, Figure 1.4). For
example, sediment grains can be moved on a beach or mud flat whenever waves lap
against the shore; a storm can change the profile of a beach in a few hours; a winter’s
rough seas can modify a soft cliff profile over a couple of months; or sea level can
rise and fall over thousands of years. Thus it is important to keep in mind that the
coast which we see today is not static and frozen in time, and that there is no reason
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why what we observe today will always be the same. An objective way to approach
the problem is to regard areas of accumulated sediment (i.e and dunes, salt marshes,
beaches) as a sediment store, a store which is not permanent, but which represents
sediment that is currently surplus to the sea’s requirements and that will, one day be
moved by waves and tides and subsequently deposited elsewhere. If we take this
viewpoint, whenever we visit a cost, geomorphic features, such as sand dunes, salt
marshes, shingle ridge, beaches, and even eroding cliffs, are seen as areas of stored
sediment waiting to be eroded by the sea when conditions change. A change
conditions can occur naturelly, although the real significance lies in the fact that

TABLE 1.1 The time scale of coastal changes in relation to both absolute and human time scales
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such changes are often triggered by the
activities of humans at the coast, such as
the building of sea defences, the
interrupting of long-shore sediment
transport, etc.

If we are to undertake a study of
coastline management and the processes
which interact along a coastline, we need
to know something about how the coastline
functions. If you were to study rivers, you
could argue that your fundamental unit of

study is the drainage basin. Similarly, if you were to study lakes, your unit of study
would be the lake and its catchment. In the case of the coast, the units of study are less
clearly denned and obvious. You could argue that the coastline of a particular country
should be your unit of study. In some cases, it could be argued that a country has two
unconnected coasts, such as the Pacific and Atlantic coasts of the USA, or the
Mediterranean and Atlantic/English Channel coast of France. Even this subdivision
would be unmanageable, however, and unnecessary because even on continuous
stretches of coast, such as that of the UK, there is a discrete structure to coastal
processes.

Since the early 1970s, coastal geomorphologists have researched and developed a
structure for the coastline, by discovering that coarse sediment movement is largely
restricted into specific areas, and only on extreme conditions does it move outside
these areas. On the largest scale, work by the Hydraulics Research Institute has
demonstrated how the coastline of England and Wales can be split into ten units,
termed coastal cells. These cells can be used to form the basis of UK coastal
management, and are, generally speaking, discrete units which function in isolation
from each other. More recent work published by the Joint Nature Conservation
Committee (JNCC) has extended this boundary definition to Scotland, and also
undertaken some fine-tuning of some of the cell boundaries (Figure 1.5).

The concept of these cells is important and also has great significance for coastal
management, although because sediment can move between cells under certain
conditions, and because individual cell boundaries are not fixed, actually drawing
lines on a map is not straightforward. A cell boundary will occur when longshore
transport is zero. Often this occurs at headlands or across estuaries. However, under
extreme wave conditions, even the largest headland can be bypassed. A second
difficulty in defining cell boundaries arises from the consideration of what is long-
shore sediment transfer. Transfer of fine silts and clays, typically as suspended sediment,
relies on tidal and water movements, and so is not as good for discerning cell
boundaries. Coarser sediments, such as coarse silts and sands, need greater energy to
become mobile, and so will be more restricted in their movement, and more likely to
cease at areas where currents slacken. While this is not too much of a problem, when
considering the concepts of coastal zone management, which is often based around
the cell structure, it is important to remember that transfer of fine material will still
occur if currents are too slack to move coarser sediments, and so any  management of

FIGURE 1.4 Simplified process diagram to show the interaction
of main components of coastal processes
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FIGURE  1.5 Delineation of coastal cell boundaries for the UK
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sediment budgets must take this into account. That is, fine sediment can still be removed
from a beach, even if longshore transport of sand is effectively zero. Despite these
problems, movement of coarse sediment is largely confined within coastal cells, only
transferring to adjacent cells during periods of high energy, such as under storm
conditions.

Sediment input, movement, and output, whether of coarse or fine sediment, and by
whatever process, are collectively referred to as the sediment budget. This budget
may be determined, with adequate research, and used as the basis of coastal
management strategies. As we will see later, it is vital that such considerations are
taken into account in any management strategies, as to ignore sediment movement in
all its forms is a serious error with repercussions for the potential success of coastal
defences and for coastal stability.

As a result of this coastal cell development, and ignoring the slight discrepancies
in some of the boundaries, we are able to treat the coastline in a similar fashion to a
river catchment with a section of coast having distinct boundaries. The boundary
discrepancies occur owing to the fact that, as we have already seen, coastal processes
alter and change, and therefore cell boundaries may vary within certain definable
limits. Within the limits of these large-scale cells, there are contained smaller cells,
known as sub-cells. These sub-cells also function as individual process units but largely
relate to nearshore sediment movement, such as processes within a bay—for example,
Morecambe Bay (a sub-cell) in north-west England—or between two headlands or
estuaries.

Even at this sub-cell level, however, coastlines remain areas of high complexity
where sediment is eroded, transported, and deposited; where waste material is
discarded; where resources are exploited. The net result of all of this activity is that
the coastal environment is subject to a complex interplay between natural and
anthropogenic processes, which can occur either in harmony or in opposition.

Estuaries have long been of great importance to humans, whether as places for the
development of settlements and industry, for sources of water, or for communication.
As a result, they have traditionally been the recipients of much attention, and have
been highly modified, both directly by land claim, and indirectly as a site for waste
disposal.

Estuaries are extremely productive habitats in the ecological sense. It has been
claimed (McLusky, 1989) that estuaries may even be regarded as the most productive
ecosystems in the world, albeit with much of this productivity going on against a
background of human interference. Estuaries have often been regarded as natural
waste-disposal systems and as a method of discharging waste to the large oceanic
sink, where it will be dispersed. This, however, is not always the case, with many of
the pollutants staying in the estuary (Chapter 4). As a result, many estuaries have
experienced the accumulation of pollutants, both within the organisms which live
there and within the sediments themselves (Chapter 4).

As well as considering what goes on at the coast or within estuaries, it is also
important to remember that the two environments can be affected by other processes
which operate beyond their boundaries. Estuaries represent the place where rivers
meet the sea, and many pollutants, for example, can be discharged into the rivers well
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upstream from the estuary, at any point within the catchment. Estuaries such as that of
the Severn in south-west England, for example, may contain within their catchment
large industrial areas and large cities; the Severn drains large parts of the Midlands
and southern Wales. Similarly, large land clearances or dam constructions can
dramatically increase or decrease, respectively, the amount of sediment reaching the
estuary or coastline. Clearly, when a sediment budget is being considered, a significant
alteration in sediment supply can produce major changes in the sediment regime of a
stretch of coastline or an estuary.

� � �

Historically, many of the problems with human intervention have arisen from the
ethos that we have to protect and enshrine the coast as we find it, or—put another
way—we must never allow the sea to take land from us. As we shall see in this book,
this is not always the most sensible policy to adopt, and in the long run we may well
be better off allowing part of the coast to be taken by the sea and, as a result of this
sacrifice, thereby increasing the protection of the coast elsewhere by natural processes,
without resorting to expensive forms of defence. In effect, by piecemeal defence, we
merely cause problems elsewhere, in some cases to an extent far worse than the problem
which the original defence works set out to cure. It is important to realise, therefore,
that putting a sea wall against an eroding cliff is not necessarily the best approach.
Certainly this method may well protect the cliff, but elsewhere the fact that the cliff is
no longer eroding means that sediment supply to adjacent beaches will be reduced
(see Chapter 3). As beaches represent areas where sediment is constantly added and
removed (the net balance of these two processes will determine whether the beach is
accreting or eroding), the removal of sediment input from a newly defended cliff may
alter this balance between addition and removal, with the result that a beach which
once received more sediment than it lost may well subsequently receive less sediment,
causing erosion to become the dominant of the two processes.

The distinction of coastal type

Coasts may be studied in several ways, depending on the way in which the observer
classifies them. Some observers regard coasts as ‘erosional’ or ‘depositional’ (see
Davis, 1996), while others prefer a distinction on the basis of sediment type, such as
coarse clastic coasts (shingle and sand) and muddy coasts (see King, 1959). Others
describe coasts as being emergent or submergent (Johnson, 1919; Valentin, 1952), or
classify them according to tectonic setting (Inman and Nordström, 1971). For this
book, we shall adopt a more process-based classification, because from our point of
view it is the human intervention in the natural processes which brings about many of
the problems which will be discussed. Hence, coasts will be divided into three main
groups: wave dominated, tide dominated, and wind dominated, depending on the
dominant process responsible in their formation (see Hansom, 1988). Each dominant
process is associated with distinct depositional environments (Table 1.2).
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It is important to bear in mind, however, that these terms refer to dominant processes,
and as such do not exclude all others. For example, a tide-dominated coast will,
morphologically, reflect tidal processes, but will still experience waves and wind.
The primary difference between the three coastal types is based on energy (Hansom,
1988). Wave-dominated coasts are high-energy environments, and as a result contain
features such as cliffs (eroded by high-energy waves), and sand and shingle beaches.
Fine sediments do not get deposited because the energy levels are too high to allow
them to settle out. Tide-dominated coasts are lower-energy environments and so reflect
this in mud and silt deposition in the form of mudflats, salt marshes, and mangroves.
Wind-dominated coasts are slightly different in that wind is very much a modifier of
the other coastal types, particularly wave-dominated. The wind is responsible for the
transfer of sediment from the intertidal zone into the supratidal zone, causing the
formation of features such as dunes. The amount of energy available is also reflected
in the erosive capacity and the sediment transport potential of a particular environment.
These processes are summarised in Figure 1.6.

Human impacts on coasts and estuaries

While it is true to say that the coastal environments listed in Table 1.2 owe their
origins to natural processes, many of them have been subsequently influenced by the
action of humans, albeit to varying degrees of intensity. It is also true to say, how–
ever, that in some cases the natural environment has also had an important influence
on humans.

Humans have a long history of coastal and estuarine exploitation. The impact of
this exploitation will vary according to the type, and also the sensitivity, of the
environment. For example, a dune system will be more sensitive to trampling than a
shingle beach, so that the same act of walking will cause different degrees of damage.
Table 1.3 lists some of the main uses of coastal environments, and also details how
these uses may impact on the environments themselves.

TABLE 1.2 The contrasting forms of agent dominance at the coast and their resulting landforms
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Human activity at the coast can be divided into seven key areas. These areas are
introduced briefly here, but discussed in greater detail in following chapters.

Building development and land claim

The pressure for developing areas adjacent to the coast is generally great, whether for
ports and harbours, large industrial plants, power generation, residential development,
or leisure. Demands for land can be met in one of several ways:
 

1 developing greenfield sites;
2 redeveloping previously used sites;
3 making new land for development by claiming intertidal areas.

 

In the case of land claim, the need for new land is often weighed against other factors,
such as waste disposal, where wastes are used to build up the level of the intertidal
area as a form of landfill.

In the past, piecemeal land claim and poor understanding as to who is the overall
authority in estuaries (that is, where does land law stop and sea law start?) has led to
damage to various habitats, resulting in interference with natural processes and the
subsequent need to protect unsuitable development by means of defences. This
problem is often aggravated by the fact that many coastlines fall within the

FIGURE 1.6 The coastal system
Source: Hansom, 1988
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TABLE 1.3 The potential human impacts on coastal environments, and their significan
with respect to change
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jurisdiction of several local authorties; thus planning policies within any one estuary
can very. The Dee estuary in the UK, for example, falls within the control of two
country council, six district council, and two countries (see Chapter 7), and so that
may be suitable devlopment in one authority area may increase problems in an
adjacent area.

In order to maintain the sustainble development ehic and reduce environmental
impact, the way forward is to seek alternatives to developing new areas and thus
remove the need to claim intertidal areas. one solution, stopping development
altogether, is only minimal conflict between different user groups and human/
natural processes. The two main features which need to be discussed in
development are:
 
1 the need to consider wider economic, social and environmental implications of

decisions and actions;
2 the need to take a long-term view of any action proposed.

In reality, the use of mangement plans (Chapter 7) is considerd the most important
tool for identifying where development may occure, and to reconcile sustainableuse
with other interested parties. In addition,any new development will be allowed on
new sites only if it is the sole possibility, and no alternatives sites can be found. By
adopting such an approch, the need for new defences can be minised, thus keeping as
much of the coast as possible free for natural sediment cycling.

Notes
a

Denotes impact on natural habitat, and therefore includes habitat modification.
b

Excluding beaches.

TABLE 1.3 continued
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Navigation, dredging, and aggregate extraction

The dramatic increase in leisure boating has created a great demand for the provision
of sheltered moorings and marinas. Where these have been developed within existing
facilities, the threat to the environment has been slight. Problems arise during the
construction of new facilities, where land claim and dredging need to be undertaken.
Additional problems arise when there are demands for additional facilities to
supplement the marina development, such as infrastructure, servicing, and housing.
The impact of marina development can be gauged from the fact that there is not one
major estuary in the UK without plans for some form of marina construction, or
where development has already occurred (Pye and French, 1993a).

Problems relating to navigation and access for shipping become of crucial
importance in considering shipping to ports and harbours. As containerised ships,
tankers, and ferries increase in size, the depth of water needed to allow them access to
berths increases. In order to remain viable as ports, harbour areas often need to
undertake extensive dredging programmes to deepen the approach channels.

Dredging can be classified into two types: maintenance dredging, where existing
channels are maintained at a specified depth; and capital dredging, involving new
works to deepen existing channels, or to make new ones. The problems associated
with making artificial channels can have severe implications on the coastal and estuarine
environment. A dredged channel can completely modify tidal flow, ebb and flood
tide directions, the tidal prism, and the intertidal profile, which will naturally respond
to changes in channel depth by attempting to level out; that is, with a deepening
channel, the intertidal profile will generally become steeper (Pye and French, 1993b).
Thus intertidal and subtidal hydrology can be significantly altered or modified. These
problems will be explored further in Chapter 3.

In addition to the morphological changes, the actual process of dredging will cause
the suspension of large amounts of sediment, which will make the water body less
clear, and can have significant implications for benthos (Bohlen et.al., 1979). A second
problem is what to do wkh the material which has been dredged. If this is suitably
pollutant free, it can be utilised elsewhere to build up beaches, habitat recreation, or
offshore bars for coastal defence purposes. As an example, the spoil from recent
capital dredging works at Harwich Harbour, Suffolk, has been used in Hamford Water
to recharge beaches, and construct an offshore bank to reduce the problems of wave
erosion within the salt marsh area.

The extraction of gravels both from beaches and offshore has similar effects to
dredging, with the added problem that offshore bars can be removed, thus exposing
the coastline to increased wave attack. Well-planned schemes should not be subject to
such problems, but in some cases disastrous results have arisen as a result of gravel
extraction. In the 1890s, dredging occurred within Start Bay in Devon, south-west
England, to obtain gravel for the construction of Plymouth Harbour. It was estimated
that material removed would be replaced by natural processes and no net environmental
change would occur. In effect, no replacement occurred and the increased wave attack
on the shoreline eroded the beach and the cliffs. As a result, the village of Hallsands,
located behind the shingle beach, was lost to the sea (Job, 1993).
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Energy generation/barrage construction

Energy generation is of vital importance to human well-being. In the past, generation
has generally been via coal, gas, oil, or nuclear power stations, sites on estuaries
being generally favoured owing to the sheltered location and plentiful supply of
cooling-water. In their own right, these sites demand a lot of land, as well as berths for
the supply of raw materials.

The more contemporary policy of renewable energy has led to a change of ideas
concerning tidal, wind, and wave power. Wind energy is not an estuary problem and
so need not be considered here. Wave power is achieving some interest but is still very
much in its infancy. The largest threat comes from tidal power and the construction of
barrages, both for power generation and for amenity usage.

Any barrage development will have a dramatic influence on the estuarine regime,
especially considering that the most suitable estuaries have the greatest tidal range,
and, therefore, the largest area of intertidal flats, important for bird feeding habitats.
If a barrage is built, the intertidal area is dramatically reduced, affecting bird feeding
areas and changing the whole hydrodynamic regime of the system. This change takes
the form of alterations in the flushing of pollutants, sediment dispersion patterns,
silting, and port access. Additionally, a lake, commonly the result of a barrage, is a
tremendous attraction to the leisure industry for sailing, etc., and thus secondary
development is often great.

Barrages are extremely detrimental to the estuarine habitat, and completely destroy
the sustainable development ethic. Before barrages are built for power generation,
two main points need to be taken into account (Pickering and Owen, 1994; Middleton,
1995):
 
1 The return on capital investment is minimal.
2 The amount of power generated by destroying all the UK’s main estuaries would

provide around 10 per cent of UK energy needs. Effective use of existing energy
supplies, however, would save around 40–57 per cent of existing generated
electricity. Hence other, more suitable, methods exist for increased energy
provision without the need to destroy such estuarine areas.

 
When considering the generation of power by any means, there are several problems
which need to be tackled:
 
1 Offshore exploration (oil and gas) can cause pollution problems and development

pressures on land and in estuaries.
2 Power generation in an estuary can lead to the input of large quantities of warm

water into a partially land-locked body of water, causing localised warming. This
can affect fish populations and also cause novel problems, such as that experienced
in Shoreham Harbour, at the mouth of the river Adur, Sussex. Here, the warm
water outflow from the power station into the harbour area led to sufficient
warming that coral polyps, brought in on the bottom of banana boats and the like,
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started to grow, with the result that a coral reef began to develop in the harbour
area (Shoreham Port Authority, personal communication).

3 The import of raw materials can cause pollution problems.
 
The development of power plants often occurs at the coast, for reasons already stated.
Clearly, these are of high land value and need to be protected for their operating life.
In addition, however, nuclear power stations pose a further pollution threat, in that
once at the end of their operational life, they are still highly radioactive. For this
reason, their protection from erosion must be assured for two to three hundred years,
at least, after they have finished generating power. Normally defences are constructed
with anything from fifty to a hundred years of operating life. Hence, the location of
nuclear power stations on the coast gives the coastal defence authorities the problems
of a commitment to defend under whatever conditions of erosion, sea level rise,
storminess, etc. happen to operate in over two hundred years’ time.

Fisheries

Many commercial fisheries are situated near to the coast or in estuaries because of the
relatively high productivity and sheltered nature when compared to the open sea.
There are already tight controls on management practices, but outside activities can
have a dramatic influence on fish farming concerns.

Bad management of fish populations can alter the ecological balance of the system,
such as by allowing the presence of too many predators or too many prey species,
which will inevitably cause a knock-on effect and influence the food chain. In addition,
altering the fish population can also alter the bird population, as hunting birds are
specific about what type of fish they eat.

Outside activities, such as dredging and gravel extraction, can destroy fisheries by
increasing the amount of sediment in the water body. Also, marsh management
techniques, such as spraying to reduce floral growth, can lead to increased susceptibility
to erosion of mud flats, and thus to increased sediment loads.

The presence of local fisheries will have important implications for just what forms
of defence are tolerable. Clearly, anything which allows increased sedimentation could
destroy fish beds. This problem has occurred along the frontage at Morecambe in
Morecambe Bay, where the installation of the new fish-tail groyne defences has proved
so effective in trapping sediment that deposition has occurred in areas of once viable
shellfish beds, decimating the local shellfish population and ruining the livelihoods
of some local people.

In effect, the presence of fisheries means that actions by the coastal defence
authority have to be particularly sympathetic to coastal users, in that large job losses
as well as ecological imbalances can occur if the wrong, or inappropriate, methods
are used.
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Agriculture

The association of agriculture and estuaries goes back a long way. Historically, one of
the main reasons for land claim has been for agriculture, and also for the diverse
pasture which marshes offer for grazing. The knock-on effect of this is that there are
large areas of farmland in many countries which, without adequate coastal protection,
would be inundated by the sea.

Changes in agricultural practices now mean that little land is being claimed for
this purpose. In Europe, land put into set-aside by European Commission policy is
often targeted for use in managed realignment schemes, a form of soft engineering
in which land is allowed to flood at each high tide to generate new salt marsh.
Similar policies occur in other countries. Titus (1991) details a case in the USA
where similar actions could result in the sea being allowed to flood an area of land
equal in size to the state of Massachusetts. As a result of such practices, low-grade
agricultural land, or other such low-value land, is being turned over to new uses,
primarily in the potential abandonment of it to the sea. This activity is now forming
policy for many government agencies, with farmers being paid to allow land to
revert to intertidal habitats. Such schemes are being employed particularly in areas
where coastal squeeze is acute, and where new intertidal habitats are needed for
defence purposes (see Chapter 3).

Problems of agricultural run-off can also bring about nutrient enrichment and
increased sediment loads, leading to eutrophication and silting problems. The presence
of marshes helps to lock up nutrients, as does taking land out of cultivation where the
developing sward will lock up nutrients and also reduce sediment run-off.

Water quality

Any organism that lives in water, or depends on the many activities that occur upon it,
relies on water quality. The definition of ‘clean’ water will vary with any one particular
interest; that is, certain pollutants may not affect some organisms but will others.
Generally, however, the concept of industrial discharges is difficult to reconcile with
the concept of sustainable development.

As well as there being pollution in the water body, heavy metals, for example, also
become adsorbed onto sediment particles and so become stored along with deposited
sediments within salt marshes and mudflats (see Chapter 4). Hence, estuaries with
highly industrialised catchments, such as the Tees and Severn in the UK, contain
extensive stores of metals in their sediments (Alexander et al., 1936; Taylor, 1979;
French, 1993a, b, 1996a, b). From a coastal defence point of view, stores of pollutants
in sediments can become remobilised if those sediments start to erode. This situation
may occur where new defences are constructed nearby, or where the sediment budget
is modified in some form. Such processes can lead to increased wave attack, or
increased erosion, which serves to reintroduce pollution into the estuary system. Such
a source of pollution can be significant in some cases and, whereas industry has
emission controls placed on it to restrict the amount of pollutants discharged, salt
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marshes do not, with the result that in some areas large quantities of contaminants can
re-enter the aquatic system (see Chapter 4).

Sports and recreation

Perhaps the greatest impact on coasts and estuaries is from the leisure industry. With
the expansion of leisure time and the increase in demand for facilities, the demands
on coasts and estuaries are ones which need to be carefully managed in order to
protect sites for future uses, and the coexistence of other interests.

Some coasts experience greater impact than others. Tidally dominated coasts, for
example, do not generally appeal for beach holidays, but more to bird watchers,
walkers, etc. For this reason, they tend to avoid the large-scale tourist development
which can mean serious environmental degradation. However, these low-energy coasts
do tend to attract other interested parties, such as those already discussed, and so tend
to be exploited in other ways (see Chapters 3 and 4).

Wave- and wind-dominated coasts are the most popular for tourism. Sand and
shingle beaches make suitable sunbathing sites, and so these areas are often heavily
developed and heavily used, and, as a result, often raise their own set of defence and
management issues because defence is not just a case of stopping erosion or flooding,
but has to occur in such a way that access and aesthetic qualities are retained.

The sorts of problems which often occur in resorts are:
 
� Marinas are developed.
� Modification of beach profiles to provide gentle slopes for sunbathing can often

destroy the natural profile and, hence, modify the effect of waves and tidal
processes on the beach environment.

� Wind- and wave-dominated coasts can be backed by extensive sand dune fields,
which are generally very fragile environments. These areas are often appealing
to holiday-makers for exploration, sunbathing, picnics, parties, trail biking, etc.
For this reason they receive a lot of abuse (see Chapter 5).

� � �

So far we have considered seven prime uses of estuaries and coasts, and I have
introduced the types of activity which occur and the problems caused. These issues
will be returned to in detail later and will form the basis of this book. There is one
additional coastal activity which links all of the above. Rather than being considered
as a coastal ‘use’, however, it is very much a coastal response. This response may be
to natural processes, but it is more frequently a response to activities associated with
the seven uses mentioned above. This activity is coastal defence—that is, the
construction of hard or soft defence measures to protect the land—and is perhaps the
most provocative activity in relation to the coastline today. The traditionally held
view is that any development along the coastline claims a right to some form of sea
defence. In estuaries, some of the problems associated with the open coast are minimal,
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but that of erosion is still very much in evidence. In total, around 25 per cent of the
coastline of England and Wales is developed in some way (Pye and French, 1993a).
Areas of intense development are referred to as being land of high value, and are
generally defended and protected. Areas of farmland, however, much of which was
previously claimed from the intertidal area in the first place, are generally considered
of lower value, and so may not be defended once existing defences have reached the
end of their life span, or are breached by storm action. This policy of not protecting
farmland or other ‘low’-value land leads to inevitable conflict where isolated houses
and farms are allowed to fall into the sea because coasts are left to go on eroding
without any protection measures being taken.

In the south-east of England where relative sea level is rising to the greatest
extent, partly as a response to global warming, to tectonic downwarping, and to the
isostatic adjustment of Britain following the last glaciation, coastal defences
(typically hard engineering structures) have been constructed on a piecemeal
approach, with the result that one local authority has produced greater problems for
its neighbours by cutting off the supply of sediment which originally went towards
neighbouring beaches. In a natural system, sea level rise will be compensated for
by a natural landward movement of habitats. However, where there are hard sea
defences such as sea walls, this cannot happen and such habitats are lost by a process
of coastal squeeze (see Chapter 3).

The notion of sustainable development along the coast—that is, the maintenance
of habitats—is noted in the ethics of soft engineering methods of coastal protection.
Instead of the building of large concrete structures or boulder revetments (hard
defences), soft engineering techniques, such as beach feeding, marsh regeneration,
offshore breakwaters, or managed realignment, are the preferred options, where the
natural line of defence is promoted by techniques sympathetic to ecosystem and coastal
processes. In other words, if the conditions for marsh growth or sedimentation are
artificially managed, the system will naturally look after itself. These processes are
described and discussed in Chapter 3. This idea of soft as against hard engineering
underlies much of our discussions so far. Areas of intensive land usage and high land
value need to be defended and so some intervention is necessary. Also, hard engineering
methods are less favoured than soft methods, because soft methods allow the coast to
continue to operate in as natural a way as possible. Hence, the impact of human
interference from a defence point of view is considerably less when soft methods are
used than when hard methods are used, and in many circumstances the eventual
outcome is the same, if not more favourable in the case of soft methods.

� � �

Before we can consider these aspects, however, there is one key area of importance
which needs to be covered first. This concerns exactly how the problems which have
been mentioned arise. First, therefore, it is necessary to consider these natural coastal
processes. The next chapter will introduce the types of natural processes which occur
along wave-, tide-, and wind-dominated coasts, and also the ways in which human
intervention can cause these processes to change and, as a result, produce adverse
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environmental impacts. Having considered these processes, we will be in a position
to achieve a greater understanding of how the activities detailed earlier, and covered
in more detail in Chapters 3 to 6, actually cause problems.

Summary of Chapter 1

This chapter has introduced the background issues needed for consideration of the
following chapters. The issues which are briefly introduced form the backbone of the
human impact problem. In addition, the chapter also introduces the problem of coastal
erosion as a global problem. The clear message of the work cited, and also from other
work indicated in the references section, is that while natural processes of isostatic
land movements and the quasi-natural aspects of sea level rise are unquestionably
important, the overriding issue comes down to the human factor. The prime issue is
the role humans play in controlling the amount of sediment available to the coast.
Whether by preventing cliffs from eroding, stopping longshore movement, or
preventing sediment from reaching the coast in the first place, the outcome is the
same. Coasts will only be stable or accrete if there is sufficient sediment available.
Stable coastlines are not coasts which do not interact with the sea, they are coasts on
which sediment accretion is occurring at the same rate as sediment erosion, and hence
they still need a supply of sediment to maintain their form. As soon as any human
action reduces the amount of sediment reaching a particular coast, the sea will start to
erode its sediment stores; that is, those areas of sediment which the sea has previously
deposited. These stores are perhaps better known under their normal names: sand
dunes, spits, beaches, marshes, mudflats, etc.

This really forms the basis of all the issues which we will discuss. Whatever impact
we are considering, it will always come down to the fact that the coast erodes because
it does not have enough sediment to sustain itself. All that changes in each case is that
the method which is employed to deprive the coast of sediment changes.

There have been many important concepts introduced in this first chapter. The
reader should leave it with an understanding of the following points:
 
� the general problem of coastal erosion from a global perspective, and the causes

for it;
� an appreciation of how coasts behave, and the concept of coastal cells;
� the issues which will be tackled in the rest of this book;
� the underlying basis of all coastal erosion problems: the control and quantity of

sediment.
 
 

� � �
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Introduction

The previous chapter introduced the basis of material covered in this book. Before we
look in detail at the various impacts of humans in coasts and estuaries, it is important
to acquire an overview of how these systems operate, because without this, it is not
possible fully to appreciate how human activities can cause the impacts which they
do. As was said in the last chapter, it is not natural processes which produce the
problems experienced along the coast, but the human activities which interfere with
these processes, and also the development in areas affected by them.

The problems which we can observe at the coast today all arise out of the fact that
humans have, in some form, affected the natural processes. Because of this, it is
necessary to look at the coast from a process point of view. Table 1.2 introduced the
three-stage classification of coastlines based on the three main process agents—waves,
tides, and wind—and indicated the various coastal landforms associated with each.
We will now consider each type of coastline in detail with respect to the dominant
process. From this, an understanding will develop as to how delicate this equilibrium
is, and how the actions described in the following chapters can cause the impacts
which they do.

Wave-dominated coasts

As the name suggests, the most important effect on wave-dominated coasts is that of
waves, although wind and tides can still play a part. Such coasts typically are exposed
ones, open to the sea and with little shelter from wave activity.

The degree of wave activity will govern the types of sediment accumulating, but a
basic relationship makes it easy to understand the work that waves do:
 

Wave energy=coastal erosion+sediment transport
 
If there is little sediment to transport, then the bulk of the wave’s energy will be
focused on erosion, although other factors, such as the angle of wave approach, are
involved. If there is a lot of sediment, then the coast will be largely erosion free. This
explains the cyclical nature of much of the coastal erosion which occurs. Cliff erosion,
as an example, is always quoted an average rate of x m yr-1. However, in reality, cliffs
tend to erode at regular intervals. A cliff fall may happen one winter, but then no more
falls will occur for a period of years. The reasons for this can be traced back to the
relationship given above. A fall occurs when there is little beach sediment to erode,
therefore the wave energy is focused on erosion of the cliff. When a fall occurs, a
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large volume of sediment lies at the base of the cliff, and most of the wave energy is
employed in moving it. When this has been done, energy will, once again, be used for
cliff erosion. This also highlights another important issue, that of the importance of
sediment in the protection of coasts from erosion, an issue to which we shall return in
Chapter 3.

The distinction between erosion and sediment movement is not necessarily clear-
cut because it can be argued that the moving of sediment off a beach is erosion.
However, a constant theme to which we will be returning is that sediment on the
coast does not represent a permanent landform, but a temporary store of sediment.
Naturally, if wave activity is sufficiently great, than all sediment will be removed
from a beach, creating a situation of no sediment accumulation, and a bare rock
surface. In these cases we are left with a feature known as a shore platform. In some
literature, shore platforms are referred to as wave-cut platforms, although because
this implies a single formative process (namely, the action of waves), the term is
now commonly replaced by the less process-suggestive term ‘shore platform’.
Conversely, if wave activity is slight, the energy will not be sufficient to move
sediment off the beach, but will only be able to refashion the beach profile (that is,
move sediment around). In these cases, landforms such as beaches will result. As
the energy of the waves increases, so the waves have greater ability to move sediment
around. In addition, the action of waves starts to produce current activity, and thus
longshore movement starts to occur.

On wave-dominated coasts, energy is high and therefore fine sediments are generally
absent. Depositional areas generally include sands and shingles; that is, beach forms.
Longshore currents can refashion these deposits into secondary features, such as spits
and tombolos. Erosional aspects include cliff formation and maintenance, as well as
the remobilisation of beach material. Typically, such erosion is regarded as a loss of
land and, therefore, something to be avoided and prevented. If, however, the same
problem is looked at from a process and coastal management point of view, then
erosion is seen not just as the loss of land, but also, and perhaps more importantly, as
the supply of sediment to the coastal zone. This sediment is critical to the build-up of
beaches and other coastal features elsewhere. From a human impact perspective, the
key problems which arise along wave-dominated coasts stem from the interference
with these areas of erosion (cliff protection, beach protection), and also the interruption
of longshore sediment movement.

The distinction of whether a wave-dominated coast is erosional or accretional lies
partly in the form of the wave itself, and partly in the form of the beach profile (Figure
2.1). It can be seen from Figure 2.1 that wave energy is the critical point, and the
resulting processes are governed by the amount of surplus energy available. Broadly
speaking, waves can be classified as either constructive or destructive. Constructive
waves typically input more sediment than they remove, thus giving a situation of net
sediment accretion. Destructive waves remove more sediment than they deliver,
resulting in net sediment removal. Coasts often experience both wave types, often on
a seasonal basis. This explains why beaches change shape from summer to winter,
with material being drawn down in the winter to produce a flatter beach profile which
is more efficient at dissipating wave energy. While it is not the intention of this book
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to look in detail at wave movement and energy transfer, coastal management does
require some understanding of wave energy transfer. Waves are generated when the
surface of the sea is disturbed, such as by wind, gravity (tides), or seismic activity.
There are four main categories of wave:
 
1 capillary waves—these are small waves with frequencies of < 0.1 seconds and

are of little significance for coastal processes;
2 gravity waves, or wind-generated waves, which tend to have frequencies between

FIGURE 2.1 Environmental controls of sediment deposition and erosion in a wave-dominated beach
system
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1 second and 15–20 seconds; these are perhaps the most important waves for
coastal processes;

3 infra-gravity waves with frequencies in the order of minutes occur as the result
of the interaction between two sets of gravity waves;

4 long-period waves caused by tidal forces; that is, tides, which can be looked at as
single long-period waves of c. 12 hours’ duration with the wave crest equating to
high tide and the wave trough equating to low tide.

When one is considering how waves impact on the coastline, it is important to be
aware of several facts. First, it is the wave form that moves, not the water. Water
molecules will move only in a circular or elliptical motion (Figure 2.2). In open water,
water movement at the water surface is circular. Towards the base, the proximity of
the bed and increasing stresses cause the circular orbits to become distorted and more
elliptical. As the wave moves closer still to the shore, this distortion increases until a
point where the ellipses fail to close and water movement is then initiated forward
and backward, hence waves start to break. This point is known as the surf line.

Second, the depth to which these orbits penetrate is also important. In deep water,
this depth, known as the wave depth and approximately equal to half the wave length
(Carter, 1988; Hansom, 1988; see Figure 2.2), does not reach the sea bed, and so the
waves do not disturb the bottom sediment. This sediment is largely immobile in that
it is not available for transfer to beaches unless the wave base deepens owing to more
energetic wave activity. Closer inshore, however, as water shallows, the wave base is
deeper than the bed, and so the ellipses caused by water movement can interfere with
bottom sediments, causing sand to enter suspension, and larger sediment grains to be
moved around. This point typically occurs when the water depth (synonymous with
wave base now that we are inshore) equals a quarter of the wave length (Carter, 1988).
As the water becomes shallower still, so this process of sediment movement and
redistribution becomes greater. When this process occurs, we start getting into the
realms of sediment movement and transfer. The point at which wave base meets
sediment interface is not a constant line along the shore, but will vary according to
wave conditions. In stronger wave climate, where waves get bigger and wave base
deepens, more sediment falls within this zone, while in calm areas, more of the sediment
is left undisturbed by wave activity.

FIGURE 2.2 Effects of foreshore shallowing on the wave form
Source: Hansom, 1988
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This basic principle of wave motion and sediment movement will occur with just
a change in magnitude as wave energy increases. During a nice quiet summer’s day,
wave action is minimal and so wave base is very shallow, hence little of the bed is
actually affected by it. Under storm conditions, where wave height can be of the order
of metres and wave length greatly increased, wave base is obviously going to become
deeper owing the relationship between wave base and wave length. Because of this
increase, more of the bed will be influenced. As wave energy increases and more of
the bed is influenced by wave action, so more sediment can be moved around. As a
result, storms will cause a greater change in beach form because of the increased
wave length and increased wave base, both of which are related to the increased wave
energy created by storm conditions.

As waves move onshore, the sediment surface grades upwards and water depth
shallows. This process of shallowing also accounts for another feature often observed
along coasts. When a wave breaks and nears the shore, it gets higher. This effect is
partly due to the physical laws of the conservation of energy, but also due to friction
with the bottom sediment. The increased friction is greater at the bottom of the wave
than at the surface, and so the wave base receives more frictional drag than the surface
waters, with the result that the surface waters travel faster. Owing to this variation in
speed, the surface waters ‘overtake’ the water at the sediment surface, forming the
characteristic breaking waves.

It is possible to see, therefore, that given this relationship, the shape of the intertidal
profile will be important in the consideration of the effectiveness of wave activity on
the shoreline. As soon as a wave makes contact with the bottom sediment, it starts to
lose energy through friction. As a result, the longer that a wave experiences this friction,
the more energy it loses. It can be seen, therefore, that a foreshore which is wide and
shallow will cause a wave to lose more energy through friction than one which is
short and steep. From a coastal defence point of view, we can immediately see one
way in which wave activity can be reduced at a shoreline, and any activity which
causes a beach profile to steepen will result in that coastline receiving an increase in
wave energy.

We have seen that the water depth controls wave height under the physical laws of
the conservation of energy. This occurs primarily as a result of the fact that the wave
slows when it enters shallower water. This shallowing of the foreshore is also
responsible for another important aspect of wave action. If the wave form is moving
perfectly parallel to the shore, then this decrease in speed due to friction with the
bottom sediments will be uniform. In reality, however, most waves approach the
coastline at oblique angles; thus parts of the wave will be in slightly deeper water than
other parts, meaning that the portion of wave in deeper water will move faster than
the portion in shallower water. The resultant differential in wave speed means that the
wave becomes refracted. On a coastline of bays and headlands, water depths
approaching the bays are generally deeper, while those approaching the headlands
are shallower; thus waves are refracted towards the shallower water, concentrating
wave activity onto the headland areas (Figure 2.3). The initial implication of this is
that there are greater erosive forces directed towards the headlands. In addition,
however, there are other, perhaps more significant, implications. After all, the headlands
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are headlands because they are more resistant to erosion than the embayments. One
of these implications is that along the coast there will be a series of wave foci in which
higher levels of wave activity are present than elsewhere. Thus, a series of spatial
wave gradients are established which are extremely important in developing longshore
currents, and in the significance of longshore sediment movement and related
morphological changes to coastal formations.

It is at this point that we need to further complicate the situation. So far we have
considered how energy can be lost as a wave approaches the coast, and how waves
can become refracted as a result of the angle at which waves reach the coast. While
these ‘primary’ waves lose much of their energy in this way, it is also common for
a series of secondary wave forms to develop, termed ‘edge’ waves. Edge waves
tend to remain within the surf zone and are formed as primary waves lose energy as
they approach the shoreline, with some of this energy being transferred to edge
waves. Although detailed explanations of these features are not warranted here (see
Carter, 1988, for a detailed analysis), they do need to be considered because they
are thought to exert a major influence over many coastal features. This impact is
brought about by the interference of edge waves with the incoming primary (gravity)

FIGURE 2.3 Effects of sea floor morphology on wave front refraction, and the subsequent concentration
of waves at headlands
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waves. Davis (1996) explains how edge waves effectively behave like standing waves,
and so can amplify the incoming gravity wave when the crests of the two wave
forms coincide (according to the physical laws of wave harmonics—see Carter,
1988, or Davis, 1996). This amplification can increase the impact of waves on the
shoreline, leading to greater changes in beach profile and potentially greater volumes
of sediment movement.

It should also be understood that this form of wave behaviour is not restricted to
cliffed coastlines. Open-beach coasts can also develop such phenomena, leading to
the formation of complex beach morphologies, including bars, cusps, and washovers
(Holman and Bowen, 1982).

Beach processes and human interference

Considering the high-energy regime of the wave-dominated coast, beaches may
appear to be rather unlikely landforms to be found on these exposed coasts. Being
piles of shingle or sand must make them susceptible to erosion and removal. In
reality, the fact that they are loose material means that the waves will refashion
them and reshape them, but will not necessarily remove them, unless the wave strength
reaches a critical threshold. In a beach, much of the energy is dissipated within the
sediment by water draining through the shingle or sand and returning to the sea by
throughflow. The degree of compaction and sediment grain-size factors will control
this flow. If compaction is great, for example, then little water will be able to soak
into the sediment, and so much of the water will return to the sea by surface flow.
As soon as this starts to happen, there is a greater tendency for sediment removal
from the beach.

Beaches are also perhaps among the most heavily used of our coastal
environments, and they are consequently the most heavily threatened. It has been
estimated that world-wide around 70 per cent of all sand and shingle beaches are
showing signs of erosion of some sort (Bird, 1985). Despite this, beaches continue
to be heavily used, often being artificially maintained with respect to profile by
sediment entrapment between groynes and sand import from other areas. Because
of this high degree of ‘artificialness’, many tourist beaches need constant interference
to maintain them. However, with such continuous artificial modification, they have
ceased to be in natural equilibrium with the environment and so often have to be
kept in place by artificial means, which has implications for the coastal cell and
sediment transport patterns.

As well as being heavily used for recreation, beaches are vitally important in the
role of coastal defence. Waves hitting a long, shallow beach profile will dissipate the
greater proportion of their wave energy before hitting a sea wall or cliff. Hence, a
healthy beach is of major importance in the coastal defence of an area, and its presence
can reduce the need for large sea walls or other coastal defence measures. The slope
of the beach is vitally important for effective defence; however, beach slope varies
considerably with time of year, being a good example of coastal dynamism, due to
variations in wave activity. During the winter months, the greater incidence of storm



THE PHYSICAL REGIME OF COASTS AND ESTUARIES

33

waves means that the beach experiences net erosion and adopts a shallower profile
with material drawn down and transported further offshore. This, in effect, produces
a wider, shallower beach profile which is more effective in the dissipation of wave
energy. In times of lower wave strength, typically during the summer, there is a greater
net movement of material from offshore onto the beach, giving the beach a swell
profile. This process serves to illustrate the concept of the beach as a temporary
sediment store. The material stored in the steeper summer profile is drawn down in
the winter to produce a more elongated, shallow profile, which is more efficient in
energy dissipation and, hence, flood defence for the hinterland. In this context, dunes
are also important. In the same way that upper beaches provide sediment for the
lower foreshore in winter, so do dunes supply sand to the beach, with the same effect.
Again, this supports the importance of dunes as sediment stores, and not permanently
fixed features.

Wave action on beaches is also extensively modified by the angle at which the waves
approach. Waves approaching at an angle will wash up the beach, but always return at
right angles to the coast (Figure 2.4). As this movement occurs, there is set in motion a
series of processes which ultimately enhance the generation of current activity and edge
wave formation discussed earlier. There are two types of wave-induced currents: shore-
normal and shore-parallel (longshore) currents. These two forms of current, along with
edge waves, are responsible for the movement of most coastal sediment, for changes in
coastal landforms, and, by implication, for the form of management adopted for any
part of the coast. Consequently, although it is not necessary here to understand the
complexities of initiation and the physics of movement, it is important to understand the
forms of movement which these currents induce.

Shore-normal currents

Shore-normal currents arise because of the cyclical and elliptical water movements
already described. As we have seen, at a certain depth the ellipses fail to complete and
a water movement is produced. The ultimate result of this is as the wave breaks, water
rushes up the beach (swash), and then retreats again (backwash). The swash and
backwash are not necessarily equal in duration, and thus a higher-energy swash will

FIGURE 2.4 Wave impact on beaches dominated by shore-parallel currents, and the impacts on the
resulting morphology of groynes
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produce a net up-beach sediment movement, while a higher-energy backwash will
cause a net off-beach movement. These currents, therefore, move sediment up and
down the beach, and onshore and offshore. They vary with the state of the tide, but
also seasonally, hence the formation of summer and winter beach profiles.

Further modification also occurs during storms when, because of increased energy,
greater volumes of sediment are moved. Because of the higher waves and greater
wave base, more sediment falls within the zone of reworking, meaning that sediment
can be transported further offshore than normal, with the result that it goes beyond
the normal wave base, making it inaccessible to normal wave conditions.

Shore-parallel (longshore) currents

As the name would suggest, whereas shore-
normal currents move material up and down
the beach, shore-parallel currents move
sediment along the beach, producing such
phenomena as longshore drift. Such currents
are produced by differences in wave height
along a beach, or by waves hitting the coast
obliquely with the resulting wave gradients
mentioned earlier. The resulting current
transfers material along the coast, producing
significant implications for beach
management, as without constant
replenishment at the up-drift end, net
sediment loss will occur.

Combinations

For the sake of completeness, it should also
be mentioned that the above forms of current
can interact, producing both longshore and
shore-normal movements along the same

stretch of coast. This combination, along with edge waves, sets up a series of circulation
cells with sediment movement onshore, then along shore, then back out to sea (Figure
2.5). Where the currents move offshore there are formed a series of offshore currents
known as rip currents. Such currents can move a lot of sediment offshore, where it
may either be stored or moved back onshore with the rest of the circulatory pattern. It
should also be said that rip currents are dangerous to swimmers who get caught up in
the rapid offshore movement of water. (A good tip, should this ever happen to you, is
always to swim along the coast and not towards the beach, so that you swim out of the
current, rather than against it.) The give-away evidence for these nearshore circulation
cells is the presence of beach cusps (Plate 2.1).

FIGURE 2.5 Interaction of shore-normal and shore-parallel
currents to produce rip currents
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� � �

It is easy to discuss all the above mechanisms in isolation. In reality, they form a
complex series of processes of continuously changing intensity, which are constantly
acting on wave-dominated coasts. In addition, so far I have said little about either
sediment accretion or sediment erosion. Each of these processes may result in either
sediment build-up or sediment removal. Which of these actually occurs is a function
of the levels of energy involved, the types of sediment, and the presence of any sea
defence measures or other interference by humans.

Figure 2.1 details the processes which we have been discussing. Whenever sediment
is transported, the shoreline is changing. If sediment is moved from a beach, that
beach must change its form. Thus the shoreline morphology is constantly changing,
and as morphology is one of the prime controls on current activity and sediment
movement, so the properties of current activity, wave depth, etc., are also constantly
changing. As most of the wave energy is dissipated on the lower parts of the beach, it
is here that most of the changes occur.

� � �

So far we have discussed processes as they occur within the nearshore zone, and
I have hinted at their implications for sediment. I have said that waves more
frequently break along a coast at oblique angles than they do parallel to it. This

PLATE 2.1 Beach cusps formed as a result of a combination of shore-normal and shore-parallel currents
to form rips (Cayton Bay, Scarborough)



CHAPTER TWO

36

angle of approach results in the net movement of material along the beach and can
result in the movement of material from one end of the beach to the other. In cases
where sediment is being constantly replenished at the up-drift end, this movement
will be continuous, and so no detrimental effects will be experienced. However,
where inputs have ceased, or have been reduced, the sediment deficit will be made
up by the removal of material from the beach itself, resulting in a gradual loss of the
beach further and further down-drift. In order to prevent this loss of beaches,
particularly in areas of tourism and strategic land use in need of protection, groynes
are often installed to trap sediment before it moves too far along the beach (Figure
2.4b). Doing this prevents the longshore movement of sediment, but it can mean
that places down-drift experience a reduced sediment supply, and as a result begin
to suffer from coastal erosion (see Box 3.2, p. 77).

If we assume that there is no restriction on longshore sediment movement, then
the continued drift of sediment will result in the formation of new coastal features.
Spits and tombolos are two forms of beach which rely on the longshore movement of
material for their existence. With the continued movement of sediment along a coast,
these features will develop in the mouths of rivers, such as Spurn Head at the mouth
of the Humber, or Orford Ness in Suffolk, eastern England; or where the coastline
changes direction, such as in the example of Little Sarasota Bay on the Florida Gulf
coast. As a result, these features can often provide the type of shelter necessary for
much of the sediment deposition and human activity which goes on in estuaries.
Problems of erosion can result where the supply of sediment is reduced or cut off
following the stabilisation of a beach with groynes, or the defending of a stretch of
eroding cliffs (Chapter 3).

Cliff processes and human interference

Cliffs are perhaps one of the most striking types of coastal landform in that they offer
visitors the aesthetic attraction of coastal scenery and views. In essence, cliff formation
is integral with that of shore platform development mentioned earlier. As the platform
develops, so the cliff will remain active. Cliffs, however, occur in different forms, the
form being a function of the geology of the area. Geology is important because it
governs the rock type and, therefore, the resistance to erosion, and also the geological
structure will govern the relationship between rocks of different types.

Taking the Cornish coast in south-west England as an example, tall cliffs composed
of metamorphic rocks, known as hornfels, and also granites are both very hard and
resistant to erosion. As a result, these cliffs tend to be steep (vertical) and stable. The
current wave climate has little effect on them even when wave energy is high during
storms, and, as a result, the cliff retreat rate is effectively zero. Because they offer
great resistance to wave activity, they provide little material to the coastal sediment
budget of the area, and therefore are minor contributors to beach material. From a
human perspective, cliff-top developments tend to be safe from collapse and there is
little pressure for sea defences at the base of cliffs. As a result, extensive sections of
these coasts are ‘natural’.
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In marked contrast, the cliffs along the Holderness coast or the Suffolk coast, both
in eastern England, are composed of poorly consolidated glacial material. Although
still vertical, the cliffs here offer little resistance to wave attack and readily crumble
into the sea. The cliffs along the Holderness coast are very active and are retreating by
between 1.2 and 1.7m yr-1 (Clayton, 1989), but locally the rate reaches 8m yr-1 (Pethick,
1992). They are, in fact, thought to be the most rapidly eroding cliffs in Europe. A
similar example can be found at Newport, Oregon, where large-scale erosion since
the 1860s has resulted in rapid cliff retreat and loss of people’s homes. Here the cliffs
are composed of alternating mudstones and siltstones, dipping seawards at around 30
degrees (Sayre and Komar, 1988). As a result of this rapid erosion, their contribution
to the coastal sediment budget is great, providing much material for beach build-up.
However, despite this important role in the supply of beach material, the very fact that
they are eroding at fast rates means that property on top of the cliff is often under
threat of falling into the sea, and because of this, public pressure for defence works to
be installed can be great (see Chapter 3). It is estimated that around thirty towns and
villages have already been lost over the past few centuries along the Holderness coast
between Flamborough Head in the north and Spurn Head in the south, while the
history of the Suffolk town of Dunwich details the progressive loss of this village
(Parker, 1978). In the case of Newport, Oregon, building continued into the 1980s,
including development on slumped blocks. By the end of the 1980s further cliff
recession had caused much of this new development to fall into the sea (see Sayre and
Komar, 1988, for a full account; or Viles and Spencer, 1995, for a summary). Such a
degree of coastal erosion occurring at rapid rates in areas of development highlights
one of the key problems in coastal management. Clearly, there is a case for defending
this coast, considering the threat to property. The dilemma is that the erosion of these
cliffs provides such an important supply of sediment that to stop the erosion through
defences would mean a serious deficit to the sediment budget, with the likelihood of
initiating erosion down-drift and thereby generating new threats to many more
properties.

The examples of Holderness and Dunwich cited above are basically coasts with
uniform rock type. The vast majority of cliffed coasts, however, resemble the example
from Newport, and contain a series of different rock layers, each with its own
geotechnical properties. In such situations, the strength and resistance of the coast to
erosion is a function of the weakest rock type present, because this is the layer which
is going to be most easily eroded, and is most likely to fail. Hence it can be said that
a cliffed coast is only as strong as its weakest part. This weakest part can be manifest
in a series of ways.

Relationship of structure to the coast

Cliffed coasts can be said to be either concordant or discordant (Figure 2.6). Concordant
coastlines, where structure lies parallel with the coast, will form embayments in which
wave refraction will play an important control in bay form and erosion pattern (see
Figure 2.3). Discordant coastlines, where structure lies perpendicular to the coast,
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FIGURE 2.6 Typical concordant (a) and discordant (b) coastlines
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take the form of a series of headlands and bays, again with wave refraction patterns
being important.

Combinations of strata

Many cliffs are not composed of single rock types, but contain more than one. These
are referred to as composite cliffs. From a management point of view, they are
sometimes difficult to handle. The exact shape and form of the cliff will depend on
such factors as strength of the waves, strength of the rock, structure of the rock, and
relative hardness of different rock types.

Figure 2.7 demonstrates several cases where the relationship of rock strength to
erosive power varies. In Figure 2.7a, resistance to erosion in all cases is much greater
than the erosive power, therefore the cliff will retreat uniformly at a rate determined
by the lithology; for granites the rate will be slow, for tills fast. In Figure 2.7b, resistance
to erosion is much less than erosive power. It is clear that the resulting profile varies
accordingly. In addition, different lithologies also serve to modify the profile. Naturally,
if the cliff is composed of different lithologies, then different parts of the cliff will
retreat at different rates.

All the cases in Figure 2.7 deal with horizontal strata. But what if the strata are not
horizontal? Figure 2.8 highlights some other possibilities. Figures 2.8a and 2.8b show
dipping rocks. In Figure 2.8a, the direction of dip is inland, and, with the bedding
planes representing the greatest plane of weakness, sliding is unlikely as all the forces
of movement are directed into the cliff. In contrast, in Figure 2.8b, the direction of
dips is seawards, meaning that there is nothing to stop the rocks sliding. Hence, in the
cases of dipping strata, seaward-dipping rocks pose greater management threats than
do landward-dipping rocks.

FIGURE 2.7 Effect of different relationships of resistant and less resistant rocks in cliff morphology
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Figures 2.8c and 2.8d represent another scenario. The relationship of permeable
and impermeable rocks is also important, as this controls which rocks water can pass
through and which it cannot. Where water can pass through one layer and not the one
below it, then its only courses of action are to accumulate, building up pore water
pressure, or to flow out along the bedding plane between the two layers. In either
case, the likelihood of failure is increased. In Figure 2.8c, the fact of impermeable
rocks lying over permeable ones means that water cannot penetrate the cliff from
above, and so no downward movement occurs. If the impermeable rock is jointed,
then any water which does soak in can naturally soak away through the permeable
rock beneath. In the opposite extreme, Figure 2.8d demonstrates the movement along
the boundary between the two rock types, leading to a situation where failure is likely.

� � �

Each of the above scenarios indicates natural situations. It is because these situations
pose varying threats to the human usage of the coastal zone that we have interfered
to try to prevent them happening, and it is because of these threats that we protect
cliffs by preventing wave activity from reaching them, so causing the majority of
the coastal problems with which this text deals. By defending cliffs, you may achieve

FIGURE 2.8 Controlling factors in cliff stability: (a), (b) the effects of dipping strata; (c), (d) the effects
of permeable and impermeable strata
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your goal of stopping erosion, and thus safeguarding the cliff-top properties, but
you also achieve another result, in that you also remove the cliff from the sediment
budget, effectively cutting the beach off from its supply of sediment. As a result of
this, new erosion can be initiated down the coast, transferring the problem elsewhere
(Chapter 3).

Tide-dominated coasts

In more sheltered areas, often where the intertidal and subtidal profiles are sufficiently
shallow, wave action is largely removed, either by a process of shoaling or by the
direct shelter of a river mouth by a spit. In such cases, waves cease to be the dominant
influence, and tides take over as the main formative process. As a result, the depositional
landforms reflect the change in dominance, and associated decrease in energy levels,
by producing a series of different intertidal habitats. Because of the lower energy
levels, sediments tend to be dominated by silts and muds. The deposition of these
sediments is governed by the tide height, and the position of the depositional
environment relative to the tidal frame. Tidal range—that is, the difference in elevation
between high and low water marks—can be divided into three classes:

Microtidal: < 2m
Mesotidal: 2–4m
Macrotidal: > 4m

The significance of tidal range lies in the fact that intertidal habitats, such as salt
marshes, will occur only in areas which the tide can cover. Also, because the areas at
the highest elevations are covered only for a short period around high tide, they receive
less sediment than other areas lower down. Hence the higher a salt marsh gets, the
less sediment it receives and the slower the rate at which it accretes. Studies done in
the Severn estuary (French, 1996b) show that the three distinct salt marsh surfaces
which occur here are accreting at rates of 12.1mm yr-1 on the lowest marsh (which is
covered more frequently by the tide and, therefore, receives more sediment), 6.4mm
yr-1 on the middle-level marsh, and 2.3mm yr-1 on the highest-level marsh (which is
covered only by high spring tides and, therefore, receives little sediment) (Figure
2.9).

Most people will be familiar with tides as being those events which cause the sea
to rise and fall twice a day, constituting the tidal cycle. This, however, is not the only
form of tidal cycle there is. As well as there being fluctuations twice a day, every
fortnight there is also a fluctuation in which high tides first increase in height and then
decrease, being referred to respectively as spring and neap tides (note that ‘spring’
has no seasonal inference here). In addition to this, in the spring and autumn, the
fortnightly spring tides reach their maximum, the minima occurring in the summer
and winter; hence here we do bring in a seasonality. There is also a fourth level of
fluctuation which occurs over longer time periods still, such as annual cycles, and the
maximum 18.6 year cycle, at which the highest tides of all occur.
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Hence, tidal heights fluctuate on several scales:
 
� twice a day (high and low tide);
� fortnightly (springs and neaps);
� seasonally (equinox tides);
� every 18.6 years (nodal cycle—the last nodal cycle maximum was in 1988/89).
 
The physics of these tidal relationships is complex, but is all interrelated and associated
with the influence of lunar processes and wave motion. We can view the tide as a
long-period wave (see the section on wave-dominated coasts), where high tide equates
to the wave crest and low tide to the trough. These waves are subject to external
influences, as are gravity waves (see the section on waves).

There are other important aspects of tides which also need consideration. When
tides enter shallow water, which in effect is what they do when they enter the nearshore
zone, or an estuary, they can also become influenced by short-period harmonics caused
by local topography: the tide wave becomes distorted by the inter action with the
longshore profile, local freshwater flows, and estuarine morphology. The effect of
this is that the normal flood/ebb tide period of 12 hours can become unequally divided,
such that the normal pattern of a 5.5 hour flood, 1 hour high water, and 5.5 hour ebb
(symmetrical tide) may become asymmetrical with the flood tide lasting 3.5 hours
and the ebb 7.5 hours. This process is referred to as tidal asymmetry, and is important
in coastal management for the following reasons:
 
1 The tide moves a set amount of water into and out of an estuary on each tidal

cycle. If the flood and ebb tides are of unequal length, then on the shorter, the
fixed volume of water has to move faster than on the longer. That is, if the flood
tide takes 3.5 hours and the ebb tide 7.5 hours, then the estuary has, in effect, 3.5
hours to fill up and 7.5 hours to empty. The only way that this can be achieved is
by variations in velocity and, therefore, energy. If, as in the situation above, flood
periods are shorter, and energy greater, more sediment can be carried in on the
flood tide than can be moved on the ebb (assuming adequate sediment supply).
Hence, the estuary will experience a net input of sediment. In contrast, if the
situation were reversed, and the flood tide took longer than the ebb, there would

FIGURE 2.9 Effect of frequency of tidal inundation on the vertical accretion rates of recent salt marshes

MHWM = mean high water mark; MLWM = mean low water mark
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be greater velocities on the ebb, greater energy on the ebb, and, therefore, more
sediment moved and a net sediment loss to the system. Estuaries which have
shorter flood tides, and therefore higher-energy flood tides, are known as flood
dominant. Estuaries which have shorter, and so higher-energy, ebb tides are known
as ebb dominant.

2 This net movement of sediment is also modified by other factors, such as residual
currents, the transport mechanism of sediment transport (bedload or suspension),
sediment stability, and sediment entrapment.

 
Once inside an estuary, tides undergo significant modification as frictional drag is
increased owing to channelisation of flow, and also increased bed roughness, processes
similar to the attenuation of waves across the foreshore. This can cause a variety of
effects, one of the most dramatic being when the estuary cross-section forms a profile
not dissimilar to that of a funnel. Here, the channel shallows and narrows at the same
time, and so the only way to accommodate the volume of water is to increase its
height. On spring tides, this height increase can be sufficiently great to produce a tidal
bore (Plate 2.2).

Second, tidal height can also be affected, positively or negatively, by storm activity.
A deep low-pressure system (depression) centred offshore at high tide can cause
increased water elevation at high tide. The magnitude of this effect is of the order of
0.01 m of increased height for each millibar of decreased/increased pressure.

PLATE 2.2 The combination of high tidal range and rapid narrowing and shallowing of an estuarine
channel resulting in the formation of a tidal bore wave (Severn estuary, UK)
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These variations are referred to as meteorological tides or surges. A surge tide can
be a significant event and cause major disruption and damage to coastal communities.
In 1953, a northerly gale generated by a deep depression centred over the northern
North Sea caused water levels in the southern North Sea to rise by 3 m above those
predicted. This caused widespread flooding up to 6 km inland due to overtopping of
sea walls and general sea defence failure. The direct impact on the human population
was catastrophic, with the death of 307 people in eastern England and 1,800 people in
the Netherlands. In addition, over 100,000 people had to be evacuated from the affected
area (Grieve, 1959, in Hansom, 1988). While this illustrates the severity of storm
surges, it is certainly not the only example. Hansom (1988) also reports a surge in the
Bay of Bengal in 1970, which drowned 700,000 people and modified large parts of
the coastline in one night. In the Gulf of Mexico, hurricane-induced surges also cause
great damage, while storms affecting the Atlantic seaboard cause severe damage and
widespread flooding (Dolan and Davis, 1992).

Earlier, when talking about waves, we saw how wave activity can be significantly
modified by current activity, and that such activity can have significant implications
for sediment movement. In a similar way, tides also become modified by currents,
although tidal currents are distinct from wave currents in that they are controlled by
the rising and lowering of the tides. On open coasts currents are at a maximum at high
and low water, reversing at mid-tide. In estuaries, currents reach maximum landward
velocity at mid-flood tide, decrease to zero at high and low tide, before reversing to
maximum ebb velocity midway through the ebb. This tidal current relationship is of
fundamental importance in determining intertidal morphology, because where the
currents fall to zero the finest sediment can settle out and become deposited (see
Figure 2.10).

Although we clearly have a range of tidal cycles, operative for different time periods,
the main input and output of sediment, and corresponding morphology, is controlled
by diurnal and semi-diurnal tides. These tides may occur once a day (i.e. one high and
one low water during each 24 hours—diurnal), as happens along much of the Antarctic
coast and parts of Australia and New Zealand, or occur twice a day (semi-diurnal) as
along the Arctic and Atlantic coastlines; or there may be combinations of these two
types, such as on the coasts bordering much of the Pacific Ocean. In some areas,
however, such as the Solent in southern England, high and low water can occur four
times a day.

Tidal flow velocity varies with the state of the tide, and consequently the material
deposited during different parts of the tidal cycle will vary. Where the tidal currents
are slowest, fine clays and silts can settle out to form mudflats. Where currents are
higher, these fine particles may be kept in suspension, resulting in more silty and
sandy deposits (Figure 2.10). This depositional pattern results in the characteristic
sediment distribution often seen in estuaries and sheltered embayments, of sandflats,
mudflats, and salt marshes. The exact form of deposition is extremely varied, but a
summary of key types is presented in Figure 2.11.
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FIGURE 2.10 Relationship of current velocity to intertidal depositional environ-
ments: (a) diagrammatic illustration of the variation in current velocity over a complete
tidal cycle; (b) sediment distribution in the intertidal zone in relation to flood tide
current velocities

HT = high tide; LT = low tide

Source: French, 1990
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FIGURE  2.11 Variation of salt marsh types in a range of tidally dominant environments
Source: Modified from Pye and French, 1993
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Mudflats and sandflats and human interference

It is important to bear in mind that sediment will be deposited only once it has become
too heavy to be carried in the water. Hence sand will settle out from water which is
faster-flowing than that needed for mud to settle out. Each tidal cycle has two
components, a flood tide (tide coming in) and an ebb tide (tide going out). The velocity
at which the water flows varies during this cycle according to the graph in Figure
2.10. The periods of low velocity occur when the tide is turning, and, theoretically,
the flow should actually be zero as the direction of flow changes. What this actually
means is that tide-dominated environments often contain a sediment sequence from
the shoreline to low water channel which goes from mud to silts/sands to muds. In
situations where the low water channel migrates away from one shoreline, or where
an estuary is being infilled with sediment, this sequence may also occur vertically,
although estuarine stratigraphy is a potentially complex topic.

It can be seen that where tides dominate, sediments settle out in discrete areas.
However, if we think about the settling of mud, typically material composed of fine
clay material, then under laboratory conditions this material could take many hours,
or even days, to settle out in pure water which is completely undisturbed. Under
experimental conditions, the rate at which settling occurs is given by Stokes’s law,
which states that the settling velocity of a particle is related to its diameter and the
temperature of water through which it flows. It is clear from this law that settling of
fine clay particles cannot occur during the few hours around low and high tides, when
the water is disturbed. Contrary to this, however, we do find extensive areas of fine
clay in mudflats, so clearly there has to be some other process in operation which
allows these finest particles to settle out.

In solving this problem, we come to the second important role of the tides.
Estuaries and shallow embayments are often associated with river mouths; that is,
areas where fresh water enters the sea. When the tide comes in, this fresh water
mixes with the salt water brought in from the sea. In its simplest sense, the mixing
of the two types of water causes electrolytic imbalances to occur, which means that
clay particles become attracted to each other and adhere together. As more and
more particles stick together, the effective size and weight of the particle cluster
increases and so is able to settle out as if it were a larger silt or sand grain. This
process of particles sticking together is known as flocculation, and without it we
could not have the large areas of mudflats which typify many of the world’s estuaries.
Because of the large quantities of mud which settle out, an area can contain large
expanses of intertidal flats, which become very important as habitats and of
conservation importance. In addition, as with beaches, a wide, shallow intertidal
mudflat is very efficient at dissipating wave energy, and is therefore an important
form of coastal defence in its own right.

In addition to the conservation and coastal defence potential of estuaries, from a
human perspective the sheltered nature of these environments makes them
particularly appealing for development, albeit for leisure activities, such as marinas,
or for commercial port activities (see Chapters 3 and 4). The wide expanses of
intertidal muds also provide ideal areas where land can be claimed for new quays,
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etc., reaching down to the low water mark. As a result, many such areas have come
under great threat, both historically and up to the present, as an ideal environment
in which to claim and develop land. The outcome of this is that most estuaries have
experienced large-scale claiming of intertidal land which has completely modified
the shape of the estuary, with further implications for channel process, flood/ebb
tide dominance (see Chapter 3), and also for wildlife which use such areas for
feeding (see Chapter 4).

Salt marshes and mangroves and human interference

As mud accumulates according to the processes discussed above, so the mud surface
increases in elevation, and as it does so, it becomes covered in water for shorter periods
of time owing to its changing position relative to the tidal frame. As these new conditions
develop, so some pioneer plant species start to become established, such as Spartina sp.
or Salicornia sp. From this, we start to get the development of saltmarshes. In essence,
salt marshes are just mudflats with vegetation on them. Different types of plant can
tolerate different amounts of salt water, and so the lower parts of the mudflat will have
a flora different from that of the upper parts, and as the marsh develops, so newer
species will start to colonise, until ultimately there will be a transition between the salt-
tolerant marsh and terrestrial vegetation. However, such transitions are rare because
human intervention normally means that some form of defence or reclamation work
has occurred before this stage is reached (Chapters 3 and 4).

Once vegetation is established on mudflats, the whole process of sedimentation
changes because the vegetation acts, first, as a baffle, trapping sediment in its leaves
and among its roots, thus increasing the rate of sediment build-up, and, second, as a
means by which the sediment can be bound together, with the roots helping to hold
the sediment in place. By such processes do salt marshes develop, but these natural
processes are subject to interference by such activities as dredging (increasing
suspended sediment and potentially producing a swamping of marsh vegetation), tidal
reservoir construction (prolonged submergence of marsh vegetation beyond that
normally tolerated by species and reduced tidal range), sea defence (preventing
landward transitions and also preventing the natural landwards movement of species
during sea level rise, leading to coastal squeeze), and pollution (potentially toxic
effects of various pollutants, and also the storage of pollutants in salt marsh sediments)
(Chapter 4).

Marshes take on a whole set of characteristics once they have begun to form.
Creeks develop, vegetation spreads and surface features such as salt pans also form.
Another feature of marshes is that they are very productive biologically, and so they
have often been seen as ideal sites for conversion to agricultural land. As a result,
huge areas of marshes have been claimed and drained to produce fertile agricultural
land. This has two direct implications. First, there needs to be a form of coastal defence
to prevent the sea from reflooding the area, and second, there is a dramatic loss of
intertidal area, resulting in constricted estuarine channels, artificially steepened profiles,
and modifications to the tidal prism (Chapter 3).
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Whereas salt marshes are distributed throughout the temperate climates of the world,
in tropical areas the intertidal mudflats become colonised by mangrove trees (salt-
tolerant evergreens) whose roots and stems provide the same function as do the smaller
versions on salt marsh plants. In development and process, they are similar
environments, although, owing to their higher levels of organic material, soils in
mangroves tend to be more peaty than muddy. In addition, the ecology of the two
environments is such that their usage varies. Salt marshes are dominated by lowlevel
flora, suitable for grazing or turf cutting. Mangroves, on the other hand, are dominated
by trees, and thus are more suited to logging.

Mangroves have declined significantly in area, especially in Asia and Africa, with
the overriding causes being lack of protection and management, largely driven by the
increasing population, causing large-scale conversion to agriculture, aquaculture,
urban/industrial developments and fuel wood. In Guinea, Guinea Bissau, and Sierra
Leone, conversion of mangroves to rice fields and the extraction of fuel wood have
accounted for 46 per cent of the original mangrove area (Middleton, 1995). In the
Philippines, 75 per cent of the mangrove cover has been lost over the past seventy
years, originally as a result of fuel wood collection, but subsequently through the
creation of fish ponds for aquaculture. The destruction of mangroves and their
conversion to other uses are not really justified on economic grounds. Christensen
(1983) demonstrates that the income from mangroves converted to rice cultivation is
of the order of US$168 per hectare per year, while an undamaged hectare used for
shrimp farming can yield of the order of US$206 per hectare per year. This costing
also ignores the cost of the natural coastal protection afforded by the mangroves, thus
making it even more cost-effective to keep mangrove protection.

The largest remaining areas of mangroves occur in the Ganges and Brahmaputra
deltas, where they have been protected by reserve status since 1875.

Coral reefs

Coral reefs tend to occur in warm, tropical, shallow waters, typically between 30°
north and south of the equator. Their importance is exemplified in the fact that although
they occupy only 0.2 per cent of the ocean floor, they are incredibly diverse habitats,
containing around 25 per cent of the world’s marine species (Middleton, 1995). Apart
from the habitat importance, coral reefs form natural offshore breakwaters (see Chapter
3) and so play an important role in the protection of the coast from waves and, as a
result, from coastal erosion.

Reefs are particularly susceptible to environmental impacts, both natural, such as
hurricanes, and anthropogenic. Many of the problems relating to reefs are due to the
impacts of tourism (see Chapter 5), but others occur indirectly, because of the increased
amounts of sediments derived from rivers (Chapter 6), coastal development, pollution,
and also military activity, such as nuclear weapon testing (Bikini Atoll) and
conventional military ranges (Kwajalein Atoll, Marshall Islands) (Middleton, 1995).
Because of the distinct link with tourism, many of the issues which stem from this
source are discussed in detail in Chapter 5.
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Wind-dominated (aeolian) coasts

Although not strictly separable from wave- and tide-dominated environments, wind-
dominated (or aeolian) coasts do not rely directly on the waves or tides in order to
form (they do, however, rely on these agencies for the delivering of their sediment in
the first place). The difference between dunes and sandy beaches is that in the former,
wind has transported the sand from the intertidal zone into the supratidal zone. Hence
although important in a coastal context, aeolian coasts are not dependent on inundations
of salt water for their formation or the survival of their plant species. The primary
coastal landform associated with aeolian coasts is sand dunes. In order to form, dune
coasts need both a supply of sand delivered to the beach and a strong onshore wind.

In order for sand to be transferred into the dune system, the wind has to achieve a
suitable velocity to initiate motion in the individual grains. This initiation is a function
of two things. The first is the velocity of the wind. Wind speeds of around 4 m s-1 can
induce some movement in dry sand, although speeds of around 20m s-1 and higher are
needed to achieve rapid sand movement (Bagnold, 1954). Second, the water content
of the sandy beach is important. The wetter a beach is, the more cohesive strength it
has, and the harder it is to initiate movement in the grains. In effect, this means that
tidal ranges are important as the sediment needs to be exposed to drying for long
periods of time. For example, dune coasts occur where there is a large tidal range and
a foreshore which is wide and shallow. This exposes large areas of sand for long
periods of time, and so allows the sand to dry and be blown into the dunes (Plate 2.3).

PLATE 2.3 A wide intertidal sandflat fronting a dune complex (North Norfolk, UK)



THE PHYSICAL REGIME OF COASTS AND ESTUARIES

51

Deposition of sand will occur only when either the wind velocity drops, or the
grains are prevented from further movement by hitting an obstacle. As soon as either
of these occurs, accumulation will start.

In order for the system to become stabilised, there is also a necessity for vegetation
to trap and retain sediment. Typically, this needs to be drought tolerant, a good example
being marram grass. Dunes are highly fragile environments, although they play vital
roles in the stability of the beaches fronting them. Their fragility is due to the
uncompacted sediment and poor binding of the sediment by roots. Damage to dunes
is, therefore, easy to cause and largely arises from the impact of humans walking over
them. Furthermore, their aesthetic appeal means that they are often the site of intense
visitor pressure. Being in essence piles of sand, they are very easily eroded and
disturbed (see Chapter 5).

Deltaic coastlines

Whereas the coastal landforms discussed above can be attributed to one dominant
formative process, deltas can be both tide- and wave-dominated, as well as river-
dominated, and can equally fit into either of the above groupings. Their origin lies in
the fact that some rivers discharge sediment into the sea which is not completely
reworked and so builds up in the river mouth and protrudes out from the coastline into
the sea, as a sedimentary deposit. The distinction of dominant process lies in their
shape, and deltas tend to be labelled according to a type locality; that is, according to
the place where the typical formation is shown (Wright, 1978).

Where tide and wave conditions are low, the river discharge dominates and the
delta is characterised by many channels. This type of delta is traditionally referred to
as a birdsfoot or Mississippi-type delta The sediment accumulates where it is deposited
and little is reworked by waves and tides. Where river processes are subordinate to
either waves or tides, the sediment discharged by rivers is reworked and refashioned
by coastal processes, hence the form of the delta owes more to these secondary
processes than to the river.

Where the coast is dominated by tides, with little wave activity, the delta is typified
by shoals (small islands) surrounded by water or swamp vegetation, often with offshore
barriers, or bars. These are typically known as lobate or Nile- or Niger-type deltas.
Where deltas form in conditions of high wave energy, much of the sediment is reworked
and redistributed around the river mouth by a process of smoothing and rounding.
The deltas typically have high, broad, sandy beaches, and deflected river mouths.
These types are known as blunt and straight (or alternatively Sao Francisco-and
Senegal-type) deltas.

Deltas are constantly changing, owing to their constant sediment input, and as a
result, new material is constantly being added to the seaward edge and to the delta
surface by flood waters. Because they owe much of their material to rivers, the fertile
sediments are attractive to farmers, leading to large areas of deltas being reclaimed.
Many are also of sufficient size to allow settlement to proceed, although, being low-
lying, these settlement areas are often threatened by factors such as rising sea level.
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In addition, delta channels are highly mobile in that they regularly switch,
abandoning part of the delta. Once this occurs, the abandoned area receives less
sediment from channel overflow, and so can start to erode. Should this area coincide
with development, pressures to defend are great.

Summary of Chapter 2

We can see that the form of any particular coastline is not just one of chance. Each
type of coast is the result of a series of processes, and typifies a particular environment.
Each type of deposit or landform which occurs is controlled by a set of environmental
criteria. These criteria, however, are themselves subject to constant change, and so
are themselves also changing. Take for example wave-dominated currents. Wave
currents are partly controlled by the morphology of the intertidal profile, such as
wave base. However, currents interact with the sea bed, moving sediment around and
depositing it elsewhere, and so we have a situation where intertidal morphology controls
the process, but the process is constantly changing the intertidal morphology and, as
a result, the process itself has to change.

Perhaps the most important message to take away from this chapter is that the
coastline is composed of a series of morphologies, whether dunes, marshes, shingle,
or sand. In the long term, depositional and erosional patterns can change, so none of
these coastal features should ever be considered as being permanent. Increasingly,
dunes, marshes, or whatever, must be viewed not as long-term coastal amenities, but
as temporary stores of sediment. These sediment stores have been left there by the sea
because at the present time the sea does not need them. In the future, there is every
likelihood that the sea will need them again, and when that time comes, the sea will
begin to erode them. This is a perfectly natural process. We start meeting problems
when, because of development and land use, it is just not possible to allow the sea to
do what it wants. However, like an incredibly spoilt and manipulative child, the sea
cannot be tempered, but will get its own way in the end; the means of achieving this
may change, but the outcome will be the same.

The intention of Chapter 2 has been to give the reader a background into the ways
in which waves and tides behave, how this is reflected in the resulting landforms, and
how it is possible to interfere with these processes to initiate long-term coastal problems.
The reader should leave this section with an understanding:
 
� of how waves and tides interact with the environment to produce a series of

coastal morphologies;
� that coastal features are transient, and should never be considered as

permanent;
� of the fragility of the coastal process/landform system, and how a relatively simple

act can interfere with a process to cause a series of knock-on implications for the
rest of the coastline.

 
It has not been the intention of this chapter to give a detailed account of coastal
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geomorphology. Such aspects are covered well in other texts. It has intended to highlight
those areas where interference with processes can produce human impacts on the
coast. It is these points which are now developed further in Chapter 3 (coastal defence
and land claim), Chapter 4 (industrial development), Chapter 5 (tourism), and Chapter
6 (indirect coastal impacts).
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Introduction

In many papers and texts, authors refer to the process ‘reclamation’ when discussing
land claimed from the sea. Increasingly, however, the more technically correct term
‘land claim’ is becoming preferred, thus removing the misconception that reclaimed
land represents areas which were once dry land but had been inundated by the sea,
and are then subsequently ‘re-claimed’. While this may well be true in some cases, it
is certainly not always the case.

The topics of land claim and coastal defence are discussed together because, in
general, they tend to occur together; that is, when undertaking land claim, it is essential
to build sea defences. Land claim occurs for two reasons: for the generation of
agricultural land, and for development. Development may be related to housing, leisure,
or industry, although some aspects occur only in certain areas. For example, land
claim for port development is largely, although not exclusively, restricted to estuaries.
Ports need to be sheltered, and the open coast is less well suited unless sheltered by a
shallow intertidal profile, such as in the case of the port of Heysham, in Morecambe
Bay, Lancashire, in north-west England. Apart from port development, land claim
occurs primarily for agriculture and industrial development, and this also tends to
favour estuaries rather than open coasts, for reasons which are varied but relate to the
sheltered nature of the estuarine environment, the supply of large areas of cheap, flat
land, accessibility from both land and sea, availability of water supply, and ease of
waste disposal.

The term ‘coastal defence’ is a much used, but much abused term for referring to
any feature along the coast or estuary designed to protect a beach or land. It is more
correct, however, to distinguish between two forms of coastal defence. First, flood or
sea defences are structures used to prevent the land from being flooded by the sea;
examples include earth embankments in estuaries. Second, there are coastal protection
structures, a term used to describe measures taken to prevent the land from being
eroded, such as sea walls along the base of cliffs.

In estuaries, tidal processes facilitate the accumulation of thick deposits of sand,
silt, and clay, reaching to the upper limit of the tidal range. The process of land
claim means that it is necessary to exclude the sea from part or all of this intertidal
area, and also protect this area from reinundation. Land claim for agriculture and
industry generally takes in the higher salt marsh because the higher elevation of the
intertidal area claimed means, first, that the wave activity will be reduced by the
lower marshes and mudflats fronting the area to be reclaimed. In cases where there
are not sufficient areas of such deposits fronting the proposed claim, then the area
is perhaps not well suited. Second, less material is needed to build up the newly
created dry land. Third, the higher the elevation, the lower the sea walls need to be
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to prevent tidal overtopping. Finally, agriculture needs good-quality farmland, and
the upper marshes provide the most ‘mature’ sediments available in respect of the
processes of soil formation.

There are few areas of coastline in the ‘developed’ world which have not been
subject to some form of land claim, defence works, or development. It has been the
tendency for coastal populations to utilise their immediate environment to the full,
obtaining as much land as possible in order to increase their agricultural or industrial
potential, and to defend low-lying land to increase their security from flooding by the
sea. Industrial development along coasts and estuaries will be dealt with in the next
chapter, while here we shall concentrate on loss of intertidal land and its conversion
to dry or freshwater areas.

As far as port development in estuaries is concerned, one of the key requirements
is that the port itself should be afforded as much shelter as possible. Traditionally, this
meant that estuaries were the most suitable sites and, because of the small size of the
earliest vessels, many of the early ports were built some way upstream from the estuary
mouth. As ship size has increased, so these earlier ports have become uneconomic,
and thus many have been relocated downstream, towards the estuary mouth. This has
meant that the majority of the world’s major estuaries have some form of port
development located within them. In addition, even these areas may not be suitable
for the larger vessels of today, and thus many estuaries have been artificially deepened
by dredging to allow for the increased draught of modern ships. This process leads to
an artificial intertidal profile in which natural processes are in constant competition
with the alien environment in which they find themselves. As a result, especially over
the past few centuries, many estuaries have experienced considerable modification to
their natural ecosystems, which have brought about changes in floral patterns and
bird populations. From a process point of view, the dredging and land claiming which
have occurred in estuaries have also produced changes in circulation patterns, tidal
regime, and sediment deposition patterns, causing further knock-on effects for natural
habitats and wildlife populations.

History of land claim

The winning of land from the sea has been an activity which has gone on for many
centuries. There is evidence of Romano-British land claim in the Wash and the Severn
estuary in the UK, while the Dutch, perhaps regarded as the world leaders in land
claim, have extensive tracts of coastal land, formerly intertidal, protected by sea walls
which date back several centuries (Goudie, 1981). As well as land claimed for farming,
as soon as there was the development of sea-going vessels, there was a need for ports
and places to load and unload cargo, which necessitated areas of hard standing and
permanent access from the sea. Evidence for such port development can also be dated
back to the Romans: Porteus, the great port serving Rome, dates from AD 46 (Singer
et al., 1956).

In its earliest times, the process of land claim was carried out largely for the provision
of land for agriculture. This was especially true in areas where the hinterland was
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hilly or rock-dominated and, therefore, unsuitable for cultivation, or where the tribes
inland were unfriendly, causing peoples at the coast to want a more secure source of
food.

The importance of agriculture was the ultimate driving force behind land claim up
to the nineteenth century. It is still of importance, for the following reason. The
Industrial Revolution in the nineteenth century which occurred in the UK, and
subsequently in other countries, led to a rapid increase in the industrial base of the
developed world, and the need for links to other parts of the country and to other
countries. As a result, from this time onwards, land claim for port activity started to
increase, although the provision of food also increased in importance because more
people were migrating away from the rural areas of subsistence farming, to the
industrial centres, and so needed to be supplied with food by others. In its earliest
stages, industry developed at resource centres (such as coal and ore fields) rather than
import/export centres, and so land claim for industry and port development did not
really become significant until the late nineteenth and twentieth centuries, when the
development of larger industrial plants, particularly petrochemical works, led to a
requirement for large areas of flat, cheap land with links to ports. Estuaries were seen
as the ideal place for such development and, as a result, large areas of the major
estuaries underwent significant land claim, in the UK most notably in the Tees estuary
(Figure 3.1), which has lost 83 per cent (c. 3,300 ha) of its intertidal area since 1720,
with most of this loss being post-1800 (Davidson et al., 1991; Pye and French, 1993b).
The small area of intertidal land which is left (Seal Sands, North Gare Sands, and
Bran Sands) is also under threat from developers.

By looking at any major estuary in any developed country around the world, it is
possible to see evidence of land claim for industry. Industry, as a result, can be regarded
as one of the major factors influencing the shape of estuaries, and also one which has
effects beyond physical change, including as it does impacts from pollution, an issue
which will be discussed further in Chapter 4.

Although actual figures for land claim are difficult to determine, Table 3.1 details
some British land claims which have been quantified. Many of the figures quoted
relate primarily to salt marsh and intertidal flats, although other habitats may also be
involved in some cases. As well as those estuaries cited in Table 3.1, there are many
others, including practically all the main UK systems, which have undergone land
claim, but sources do not quantify areas involved. Pye and French (1993b) have
attempted some assessment of the extent of reclamation in all UK estuaries, albeit on
a qualitative rather than quantitative basis.

Environmental implications of land claim

As soon as any land is claimed from the sea, there is set in motion a series of changes
which considerably affect the natural environment. The extent of such changes will
vary according to the size of the land claim, and the geomorphic area in which it is
undertaken. Claiming a thin strip of upper salt marsh for agriculture would not have
the same effect as claiming a block of marsh and mudflats for port development, even
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FIGURE 3.1 Impact of land claim on the intertidal area of the Tees, north-east England:
(a) intertidal land in 1861 and 1985; (b) the year of development
Source: JNCC and English Nature, Colonial Waterbirds 9
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if the total intertidal area claimed was the same. The reasons for this are varied, but,
perhaps most importantly, land claim has significant secondary effects on system
hydrodynamics, such as tidal flow, current velocities, ebb/flood symmetry, etc. The
very fact that land claim involves the taking of intertidal land from the marine
environment means that:
 
1 The tide will have less area to inundate and so water depth could increase,

covering areas for longer, and also increasing the tidal range upstream (Figure
3.2).

2 To prevent the sea inundating the claimed land, sea defences have to be built,
which themselves represent a ‘hard’ barrier which can act as a reflector for
waves, causing back-scour, and preventing any natural habitat adjustment in
response to external factors, such as sea level rise and dredging. Generally,
when land is first claimed from the sea, hard defences are employed; soft
defences (habitat creation), in contrast, tend to be used as a means of protecting
areas previously defended, or to protect coasts where the sea is threatening to
erode existing hard defences.

TABLE 3.1 The extent of land claim in some UK estuaries

Source: Data from Pye and French, 1993b
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3 The cross-sectional area and morphology of an estuary will be modified by
reducing the areas of intertidal habitats, thus causing further implications for
current activity, wave propagation, and sediment movement.

4 It has already been indicated that coastal deposits, such as dunes or marshes,
should be regarded not as features fixed in time, but purely as temporary stores
of sediment. By enclosing estuarine and coastal deposits behind defences, we
are, in fact, removing part of this temporary sediment store from possible
reworking, when environmental conditions change, and, as a result, large volumes
of sediment may be removed from the sediment store, which may lead to a
future deficit in the sediment budget of a system. While the system is in an
accretional phase, or one of net stability, the potential problems may not be
realised. During erosion, however, problems of sediment starvation elsewhere
in the system may well result, leading to new threats to sea defences, or loss of
habitat.

Despite these environmental problems, land claim has been practised for many
centuries because the gains from the newly acquired land have been considered greatly
to outweigh the drawbacks of land claim. To take another stance, however, it may be
more correct to say that during the periods of greatest land claim, largely due to
agricultural expansion, these potential drawbacks were not foreseen and, therefore,
not considered. It is only in recent decades, when many of the older defences have

FIGURE 3.2 Impact of land claim and sea wall construction on the intertidal area of an estuary
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started to become undermined, that coastal engineers have become aware of the
implications of what our forebears have done, and the legacy of problems which the
current generation has been left to solve.

The need for coastal defences

Because of the need to protect the newly claimed land from reinundation by the sea,
it is also a requirement of land claim to install some form of flood defence. This
defence is largely to keep the sea out, rather than an anti-erosion structure, and so
tends to be more a flood defence measure than a measure for coastal protection.
Typically this defence is an earth embankment, sometimes faced with stone, although
occasionally defences may be concrete walls, particularly in cases of. high hinterland
value, such as land claim for industrial development, nuclear power stations, or port
activity.

These flood defences are often constructed using material derived from the upper
salt marshes. Methods of obtaining this material can vary, but in the Severn estuary in
the UK, for example, the upper marsh is scraped, and the material piled up to form the
embankment. The result of this is an upper marsh largely devoid of vegetation, and
lower by a few centimetres. The implications for the system are that vegetation needs
to recolonise the area and an equilibrium state be regained before any significant
vertical marsh accretion can occur. The process of vertical marsh accretion is essential
if a marsh is to keep pace with sea level rise.

An alternative method can be observed on the east coast of England. In the Wash,
individual pits (borrow pits) are dug to a depth of a few metres adjacent to where the
new defence is to be built. Again, material excavated is piled up to form the flood
defences. As compared to the earlier method, digging discrete pits means that most of
the upper marsh remains undisturbed, although parts of this are lowered considerably.
The methodology states that infilling with water during flood tides will input sediment,
and vegetation will begin to colonise, with the end result that the pit will, after a
period of around fifteen years, merge in to the rest of the marsh. While this is generally
the case, recent work has indicated (Pye and French, 1993b; Osborn and French, in
preparation) that in a significant number of pits there is only limited infilling, and, far
from being accretional, the pits are behaving as tidal reservoirs (Plate 3.1), discharging
large volumes of water on the ebb tide and causing erosion of the marsh creeks, and
internal dissection of the marsh itself.

Clearly, the onset of erosion due to borrow pit construction indicates a failure
of the borrow pit methodology. It is possible that the problems in these cases lie
in the fact that the pits were dug too deep, and so lie below the level where marsh
vegetation can normally colonise. Because of this, any sediment that does
accumulate in the pits is rapidly removed by scour, owing to the high velocities
reached during the ebb tide. It is also possible that the explanation is more complex
than this, including variations in wind/wave climate or the decline in sediment
availability due to coastal defences. Whichever of these explanations, or
combination of reasons, is correct, poor construction methods and/or poor
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PLATE 3.1 Large borrow pit fronting a sea bank (Gedney Drove End, Wash, UK)
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understanding of the system hydraulics have produced a situation which is the
reverse of that naturally operating in the local environment; that is, localised areas
of erosion in an environment of general accretion.

Once the defences are built, where the land is to be farmed it needs to be left to
allow the salt content to be reduced sufficiently to allow crops to grow. After being
claimed, the new land, previously covered by water twice a day, will start to dry out
and dewater, which will itself cause the land to compact and shrink, thus causing the
land surface level to fall. After a period of years, the level will fall sufficiently to
cause the new land surface to lie below the marsh level to seaward of the defence
(which has continued to accrete vertically since the defences were installed), and
greatly below sea level. For this reason the flood defences become even more important,
especially where large areas of land have been claimed and could potentially be flooded
were the defences to fail. As an example, work done for the UK National Rivers
Authority (now part of the UK Environment Agency) has indicated that were the
defences in the Wash to fail, the area of land flooded (with the exception of a few
isolated areas of high land) could potentially reach as far inland as Cambridge, the
first extensive land area above sea level. Elsewhere, surveying across sea defences in
the Severn estuary (Alien, 1991) has indicated that this variation in height either side
of the sea defences can show a relative drop on the landward side by as much as 1.7m
over a period of c. 1,700 years, or 0.88m over the past 650 years. Such variation
clearly demonstrates the ongoing commitment to defence once land has been claimed.
The relative height difference is a direct result of a sinking land surface due to
dewatering and compaction inland of the defence, and an increase in marsh surface
level to seaward due to continued vertical sediment accretion. Visually, this difference
can be dramatic, especially during a high spring tide. Such an example can be seen
later, in Plate 3.2.

The need for flood defences to protect land claim is also important in an environment
of continuing sea level rise. Although rise in sea level occurs eustatically, the effect on
the land is very much a regional problem, owing to the fact that coupled with variation
in sea level is movement of the land relative to the sea. Although strictly speaking this
effect is a natural phenomenon, and so not a result of human influence, the very
process brings about many and varied responses from humans in an attempt to protect
the developed coastal strip, and hence the process of sea level rise and land subsidence,
collectively referred to in terms of relative movement of the sea, and termed relative
sea level rise, has a profound impact on how we manage the coast and how we interact
with it. For example, if we take a natural coast, with no form of defence and a gradual
landward transition between salt-tolerant and fresh-water vegetation, the floral change
landwards would reflect a trend from salt marsh to freshwater species (for the sake of
this example). In conditions of sea level rise, such vegetation zones can ‘move’
landwards, thus ensuring that they constantly occupy the same position relative to the
tidal frame; that is, a particular vegetation zone will be covered by sea water for the
same length of time and by the same frequency of tides. The system is thus dynamic
and can respond to fluctuations in environmental conditions, while maintaining an
equilibrium. This is one of the main reasons for maintaining a natural coastline



LAND CLAIM AND COASTAL DEFENCE

65

wherever possible, because it allows habitats to respond to changing environmental
conditions. It does, however, result in the loss of land.

All the time the system is in its natural state, any long- to medium-term fluctuation
in sea level can be compensated for by landward shifts in vegetation community
zones. As soon as sea defences are built, however, any landward shift in these zones is
prevented by a physical barrier, and then vegetation communities can be lost by a
process known as coastal squeeze (Figure 3.3). Without the freedom to migrate
landwards, species are fixed with regard to the space which they occupy. As conditions
change, particular species become intolerant of the new environmental conditions,
such as the frequency and duration of inundation by the tide. In this situation, marsh
communities can revert to lower marsh species, meaning those which can tolerate
greater and more frequent periods of inundation by the sea. As a consequence of this,
with relative sea level rise continuing, the depth, frequency, and period of inundation
will increase the possibility that a marsh will actually revert to lower marsh species,
or even mudflat. In such cases, the increased depth of water will eventually allow
greater wave activity and increased threat of overtopping of the defences and
subsequent flooding.

FIGURE 3.3 Effect of sea wall construction on intertidal habitats: (a) before construction; (b) after
construction

MHWM = mean high water mark
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Modification of the tidal prism

The disruption of the tidal regime of an area by human interference, especially land
claim, can produce major modifications to the hydrodynamics and geomorphology of
the coastal or estuarine system. The distinction of tidal range has been introduced in
Chapter 2, with the greater tidal ranges being responsible for the movement of greater
volumes of water. The volume of water exchanged on each tidal cycle—that is, the
difference in water volume between low tide and high tide—is referred to as the tidal
prism. Carter (1988) suggests that a crude way of estimating this volume is by measuring
the surface area of the water at high tide, and multiplying by the tidal range.

The volume of water exchanged during a tidal cycle occurs through flood and ebb
tides, leading to estuaries being classified as either flood dominant, ebb dominant, or
co-dominant, where the flood and ebb are of equal magnitude. The process of land
claim, and associated activity such as dredging, can modify this flood-ebb cycle. It
becomes easy to see how, if this flood-ebb relationship of a system is upset, the
movement of sediment into and out of an estuary can be altered, and in an extreme
case the dominance can be switched from flood to ebb (or vice versa), with the result
that a once accreting estuary can become an erosional one or a once erosional system
can become accretional.

While it may be considered beneficial for an eroding estuary to become net
accretional, there are situations in which this can cause problems, such as near important
harbours, where accretion of sediment may induce the need for increased dredging.
Similarly, the increase deposition of fine sediments can induce the onset of marsh
formation and the potential switch from sand to mud domination. The obvious problem
here is where a resort at the mouth of an estuary begins to see its sandy beaches
overrun by marsh.

Examples of such variation in tidal dominance are given by Orford (1988) and
Orford and Carter (1985), and summarised by Carter (1988), using sites in eastern
Ireland as examples. In this work, the environmental impacts of land claim are
demonstrated for Rosslare Bay, where beach loss and spit depletion had been blamed
on the impact of construction in Rosslare Harbour and interference in longshore drift.
Research demonstrated, however, that the impedance of drift was insufficient to account
for the magnitude of change observed, although major land claim in the adjacent
estuary was shown to have significantly altered the tidal regime, with resulting
modifications in sediment transport. This change in sediment regime caused sediment
starvation in the spit region because less material was being brought out of the estuary
on the ebb tide, owing to its becoming less dominant. Because of this starvation,
waves began to rework sediment stored in the spit. This, therefore, highlights a situation
where, owing to land claim, sediment dynamics were altered, shifting the environment
into disequilibrium. As a direct result of the reduction in the strength of ebb currents
caused by changes in the channel due to land claim, the lack of sediment caused the
spit area to become net erosional (that is, more sediment was removed than was added),
as the sea started to rework one of its sediment stores.

This example is one of many similar studies. Carter (1988) cites a further example,
also from Ireland, where land claim in Malahide (Dublin Bay) resulted in the reduction
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of the tidal prism by 2 million cubic metres. Reduced ebb tide velocities caused erosion
at the estuary mouth because, following land claim, the estuary switched from a
situation of net seaward sediment movement to net landward. Hence, sediment was
lost from the estuary mouth and transported up-estuary. Furthermore, reduction in
ebb velocities has allowed longshore drift to encroach on the mouth by the formation
of a spit, further modifying the estuary.

Loss of coastal habitats

Land claim is also responsible for the loss of considerable areas of natural habitat.
Table 3.2 details the habitats lost from land claim in different areas of the coast. In
effect, the process of land claim can lead to loss in any of the habitats which can be
seen around any of the world’s coastlines. As an illustration, the loss experienced
around the coastline of England over the past twenty years, and predicted for the next
twenty years (Pye and French, 1993a), is shown in Box 3.1.

The loss of coastal habitats can occur in three ways:

1 Habitat can be lost by land claim and land alteration, as for example the conversion
of salt marsh to arable land or to industrial usage, or the planting of dunes for
golf courses.

TABLE 3.2 The loss of coastal habitats as a result of land claim in a range of coastal environments

Note: Because all habits can also be lost by sea defence works, and by building, these two processes not
listed under each environment .
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BOX 3.1 Loss and predicted loss of intertidal habitats along the
coast of England

The English coastline stretches for around 10,000 km. Estimates of this length
vary considerably depending on how the coast is defined. The figure of 10,000
km is that quoted by the Coastwatch survey, a survey monitored by the Joint
Nature Conservation Committee (JNCC), and includes in its total any area
under tidal influence; that is, lengths of all tidal rivers, etc. Other estimates
quote figures as low as 2,900 km (Herlihy, 1982), referring only to open
coastline. Although this distinction is not critical from the point of view of
this book, it is important to bear it in mind when reading literature which
quotes habitats as percentages of total coast length.

The English coast is extremely varied in respect of its landforms, a reflection
partly of its geology, its range of estuaries and coastal types, and also of its
differing exposure to wind and wave processes. A major study undertaken for
English Nature (Pye and French, 1993a) identified the result of human impact
on all the major coastal morphological types. The study identified historical
loss, and predicted future loss, with the aim of allowing English Nature to
undertake the sorts of habitat creation projects described in this chapter in
order to offset any losses, and thus to maintain levels of habitat at those of the
early 1990s.

The causes of loss, and future threats are many and varied and are discussed
in greater detail within the main text. However, the amount of habitat lost is
significant, and represents, in percentage terms, the direct effects of human
intervention in coastal processes. The table summarises the predicted future
losses into the first decade of the next century.

Notes:
a

 ‘Soft cliffs’ refer to cliffs composed of unconsolidated (drift) material, or known unstable
geological formations, which are not protected by any form of defence. The predicted loss refers to
areas where defences will have to be built, in view of retreat rates over the past twenty years, in order
to protect land of high value which will become threatened over the next twenty years.
b

 ‘Cliff grassland’ refers to areas of grassland on top of cliffs under the maritime influence.
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As we have already mentioned, if the sea is prevented from flooding areas of
marsh, the ecological structure of the area is naturally going to shift from one which
is salt tolerant to one which is freshwater tolerant. The conversion of marshes to
farmland will completely remove all natural vegetation, as this tends to be replaced
by crops, or other grassland planted to maximise meat or milk yields in livestock.
Complete loss will also be experienced when land is claimed for development, in
which case marsh vegetation is often replaced by brick and concrete.

It is not necessary to remove habitats completely to cause vegetation loss. Changing
land use can modify habitats, perhaps by increasing drainage, by supplementary
planting with more favoured species, or by the promotion of species as a reflection of
human action, such as the increased dominance of trample-hardy species as opposed
to susceptible species, or by the grazing of animals.

While the modification of species can occur in any coastal habitat, perhaps the
classic example of this is management of dunes for recreation, and particularly golf.
There are typically two schools of thought with regard to this activity. The more
purist view is that by the very action of converting dunes to a golf course, you are
shifting the natural ecosystem balance to one of unnatural grassland, and turf
management, and, as a result, modifying the fauna of the area. The second, and
somewhat opposing, view is that the use of dunes for golf courses is perhaps a best
compromise situation because it prevents total loss from other forms of development;
it prevents the trampling problems and subsequent erosion of dunes experienced along
many coasts; and it also provides the habitat with some degree of management
protection. In addition, correctly maintained rough areas can provide homes for natural
dune species, and eventually, if abandoned, the golf course would naturally revert to
a semi-natural state. Thus some people would argue that far from the habitat being
lost from the natural coastal system, it is in fact being borrowed, and could, without
too much difficulty, be returned at a future date. While this may satisfy the ecological
argument, it does not satisfy the process argument, because by conversion to golf
courses, the sediment within the dunes is effectively removed from the sediment budget
since new grass planting causes greater root bonding, and the increased land value
also suggests that defences may become more likely.

2 The alteration of intertidal areas, without their being claimed for freshwater
environments but nevertheless being modified in a significant way, such as by
the building of ports or marinas, can also lead to significant loss and hydrological
modification. In this case, the result is often that intertidal areas are converted to
subtidal areas, either by dredging or by the artificial retention of water to maintain
a condition of continuous high tide. Such a situation is that of port or marina
construction. In the UK, the greatest single threat to intertidal areas is the planned
construction of marinas, largely for private boats and yachts (Pye and French,
1993a). The survey by Pye and French (1993a), carried out in 1993 as part of
English Nature’s ‘Living Coastline’ initiative, showed that within England alone,
there were fifty-nine proposals for marina development in estuaries, of which
thirteen were in Hampshire (on the south coast), and two-thirds were within the
south-east. This fact, although largely reflecting the population distribution and
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the reputed relative prosperity within this corner of the country, also coincides
with the area of greatest threat from sea level rise, an area where sea defences are
known to be inadequate, and also an area where any loss of intertidal areas can
have important implications for estuarine hydrology.

3 Finally, habitat can be lost as a result of the building of sea defences; that is, by
cutting off sediment supply from eroding cliffs, with knock-on effects on beaches;
or by preventing the landward migration of habitats during periods of sea level
rise (coastal squeeze). In effect, sea defences fix a habitat in space, which means
that if external factors, such as sea level, change, the habitat has to change form,
rather than migrate. Migration will allow habitats to maintain the same form, but
occupy a different space (Figure 3.3).

The need for dredging and spoil disposal

The modifications to the remaining intertidal area caused by land claim require that if
access to ports is to be maintained, the channel has to be artificially maintained. This
maintenance often takes the form of dredging (the removal of sediment from an area
in which it causes an obstruction).

Dredging, however, does not occur only in response to land claim, but can apply
equally to other aspects of channel maintenance. Irrespective of cause, its impacts
can be significant. In effect, dredging is a way to deepen a channel that impacts on
the rest of the intertidal area and sets in motion a series of environmental
modifications.

First, by deepening channels, it is possible to modify the ratio of intertidal to
subtidal areas, and thus alter the area of exposed mud available for feeding. Second,
and more significantly, dredging alters the intertidal profile. Generally, a mudflat

will slope towards the deepest part of the
channel. When this channel is deepened
by dredging, this slope will become
unstable and in disequilibrium with the
environment. It will therefore begin to
adjust to its new base levels (Figure 3.4).
At ebb tide, water drains from the marsh
and high flats towards the low-tide
channel. The steeper profile will provide
a steeper gradient for this water to flow
over, and there is, therefore, a greater
chance of creek incision and gulley
erosion into the mudflat.

Such processes occur as a result of the
adjustment of mudflats to a new base level,
and also because of the incision of creeks
into the mudflats. This, therefore, poses a
question: what happens to the volumes of

FIGURE 3.4 Impact of dredging on an estuarine deep
water channel: (a) before dredging; (b) after dredging

MHWM = mean high water mark; MLWM = mean low
water mark
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sediment involved (the dashed areas in Figure 3.4)? Increased sediment erosion in
one part of the estuary will provide increased sediment for deposition elsewhere.
While this may work out favourably if deposition occurs in an area of need such as an
eroding mudflat or salt marsh, it is equally possible that the eroded material will be
transferred into the dredged channel, thus necessitating further dredging. Such
redredging of a channel would be expected, however, because dredging causes a system
to become unnatural and, hence, unstable. As soon as it becomes unstable, the system
starts to revert to a stable form, with readjustment often including the natural infilling
of the channel.

Another major problem with dredging is what to do with the removed material.
Large quantities of muddy sediments can be produced by dredging. In some cases,
where dredging is occurring around ports, the contamination levels in the dredged
material are so high that the only safe environmental option is to treat the dredgings
as contaminated waste, and to process accordingly.

In other cases, one of two options can be employed. Traditionally, the material is
taken offshore and dumped in a licensed dump site. In process terms, this represents
a transfer of sediment out of the nearshore system into a largely inactive sediment
sink. Bearing in mind that we are regarding systems as being in a delicate balance
between energy, sediment input, and sediment outputs, the loss to a system of large
quantities of sediment can produce major deficits to the local sediment budget. A
further problem with transfer to offshore dump sites is that large volumes of sediment
are dumped into the sea, increasing turbidity and blanketing the bottom with a layer
of sediments. This process can impact upon many aquatic life forms, both nektonic
and benthonic.

Increasingly, a second approach is becoming more widely practised. In the second
part of this chapter, we will look in detail at alternative methods of protecting the
coast, and the impacts that these methods have on the coastal environment. We will
see that ‘soft’ methods—that is, the creation of coastal habitats as a means of defence—
are becoming more widely used. If dredgings are of suitable grade (grain size) and
sufficiently free from contamination, then a good use for them is in the creation of
such coastal habitats, whether by their use in beach feeding or in mudflat accretion.
By carrying out such a process, the creation of habitats helps defend coasts but, perhaps
more significantly from the sediment budget point of view, keeps the sediment within
the sediment system.

Coastal protection

So far, we have discussed coastal defence as something which occurs alongside
land claim, to protect the new land areas from inundation by the sea. Typically,
when we think of this form of defence, we usually mean earth embankments along
the shores of estuaries (Plate 3.2). The subject of coastal defence, however, is
considerably more diverse than this when we come to the open coastline because it
also represents one of the main ways in which humans can significantly alter coastal
processes.
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At regular intervals the media cover major coastal events, such as cliff falls which
threaten people’s homes or businesses, and publicise the demands of those involved
to have their properties protected. Such publicity generally revolves around cliffs and
is concentrated in specific geographic areas. Cliff recession has been well documented
historically, although, despite such extensive documentation, little appears to have
been successful in terms of effective defence construction. Within the UK, for example,
it is possible to identify areas where cliff instability has affected human populations,
and where there are no defence measures in place. It can be seen from Figure 3.5 that
in England the greatest concentrations occur around the north-east coast, north Norfolk
and Suffolk, and the coast of Dorset. In recent years, well-publicised media events
have included the loss of the Holbeck Hall Hotel, Scarborough (Clements, 1993), and
the rapid erosion of the Holderness coast and the associated loss of farmland.
Historically there have been the loss of villages (Prestage, 1990), the loss of houses
and land along the Dorset coast (Case, 1984), and the historical loss of houses along
the Suffolk coast (Parker, 1980). Although these are examples of the erosion of the
coast affecting the human population, it is, as we shall see later, the very fact that
humans have not interfered with these coastlines that has saved other areas along the
coast from not experiencing similar problems.

Sea defences are often regarded by people as being the ultimate saviour when
areas of coast or properties are at risk from tidal flooding. In many cases, this may
well be so, but if a sea defence scheme is not carried out with due consideration for its
full effects on the environment, then additional problems may well arise.

PLATE 3.2 Typical earth embankment protecting land claim from tidal inundation (Old Hall Marshes,
Tollesbury, Essex)
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These new problems, however, need not necessarily occur at the point of defence
construction, as the newly built defences merely cut off the sediment source. It is the
areas where this sediment would have been deposited which will feel the effects of its
loss, as there will no longer be the necessary supply of material to maintain beaches,
dunes, or marshes. As a result, the defence of an urban area on top of some cliffs may
well protect that area, but other settlements down the coast, which had not previously
had any problem with erosion, may well find that new problems have arisen because
the defence of the cliffs has stopped the supply of sediment which had previously
gone to supply the beaches down-drift (see Box 3.2 for a specific example). The

FIGURE 3.5 Areas of unprotected eroding cliffs in England
Source: Modified from Pye and French, 1993a
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significance of eroding cliffs to sediment input can be seen clearly in the following
example from Thompson Island, Massachusetts (Jones et al., 1993). Here, cliffs have
a geological composition similar to those referred to earlier at Holderness, eastern
England. At Thompson Island, average cliff recession rates range from 0.4 to 0.6 m
yr-1, and this, coupled with cliff height and length data, suggests an annual input to the
local sediment budget from these eroding cliffs of around 6,500 m3 yr-1 (calculation
based on the total input between 1939 and 1977). Such a volume of sediment is
significant in the context of longshore sediment movement. Were these cliffs to be
defended, then the local sediment budget would be deficient by this amount, and
would attempt to compensate by eroding material from elsewhere, such as beaches.
At Thompson Island, the beaches are also eroding, contributing a further 5,500 m3 yr-

1, so this source may not be sufficient, possibly indicating that other sediment stores
further down-drift may become erosional.

Other work by Correia et al., (1996) has demonstrated a similar phenomenon
occurring along the Algarve coast of Portugal. Here, the rates of cliff recession have
recently been estimated at 3.0m yr-1, having increased from 0.7m yr-1 following sea
defence construction further along the coast, thus illustrating how the sea will
compensate for reductions in sediment input once one source is defended. Figure 3.6
details a hypothetical situation which may arise when an area of cliff line is protected,
and also helps to explain the Portuguese coast case. In Figure 3.6a, erosion of the
cliffs provides a sediment supply which is moved along the coast by longshore drift
to enable the build-up of beaches down-drift. As a result, the loss of land at the cliffs
is balanced by the build-up of beaches and a spit down-drift. In economic terms, this
process provides a beach for tourism, as well as the spit, which shelters the estuary
mouth and provides sufficient protection to allow the development of a port there.

After a period of time, a settlement on top of the cliff becomes threatened by the
erosion of the cliff, and it is decided that some form of coastal protection is necessary.
A sea wall is built along the base of the cliff to stop any further loss, and to protect
the cliff-top settlement. These engineering works prove successful, and erosion at
the cliff stops, and the settlement is saved. However, looking back at the relation in
Chapter 2:
 

Wave energy=erosion+transport
 
without the ability to erode the cliffs, the wave energy transports sediment from the
beaches in front of the now defended cliff using the surplus energy no longer being
used for cliff erosion. As a result, this beach in front of the cliff is eroded until all the
beach material has been moved along the coast, meaning that the waves hitting the
coast now have a surplus of energy which is, in effect, transferred down-drift, and so
the focus of erosion is moved laterally, with the result that in Figure 3.6b, erosion has
started down-drift of the cliffs at a previously accreting beach, posing the same problem
as before but shifting it laterally to another settlement or land use. In time, this new
centre of erosion starts to threaten additional urban areas and so it becomes necessary
to defend this new part of the coast, and in time the same process will happen again,
and the focus of erosion will shift laterally down-drift (Figure 3.6c).
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 This process will continue along the coast until the end of the coastal cell is reached.
In our example, this point occurs at the spit (Figure 3.6d), where erosion means that
the estuary becomes more exposed to wave energy, and also the operations of the port
become threatened.

Ultimately, then, the initial decision to defend one section of the coast, where this
section represents the primary sediment source, has important knock-on implications
for the rest of that coastline. The final outcome is a coastline which is almost completely
defended, to which access may be difficult, and which has a greatly reduced potential
for economic activity, such as tourism or port activity. Had the cliffs not been defended
in the first place, the cliff-top settlement might have fallen into the sea, but the rest of

FIGURE 3.6 Impact of cliff protection along a coastline
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the coast would have remained natural. Alternatively, soft engineering techniques,
such as beach renourishment, could have been used to reduce the problem by artificially
adding sediment to the base of the cliff, allowing the constant reworking of this material
instead of shifting the focus of erosion laterally.

These problems are not restricted to cliffed coasts. The preservation of beaches,
too, especially in an area of tourism, is important from economic perspectives. The
utilisation of defence techniques for beaches, however, also has serious implications
for beaches down-drift. Box 3.2 details a case study in which these very problems are
exemplified.

Box 3.2 highlights the problem of hard defences and beach sediment supply
and loss. A study by Hall and Pilkey (1991), looking at the widths of high beaches
(between neap and spring tide high water mark along sandy beaches in New Jersey),
highlighted the impact of hard defences on beach width reduction. This reduction
in width occurs because the tide comes in further when beach levels are lower. Of
all the beaches studied, 51 per cent of those backed by sea walls had no high
beach; that is, the tide came in to the wall. Where no defences were present, all
beaches had at least 1 m. Where groynes were present, beaches were generally
absent from the down-drift side, but present up-drift where sediment is trapped.
Summarising their findings, Hall and Pilkey indicate that for beaches backed by
walls, the mean width is 9.0m (range 65.5–0). For coasts with groynes, this average
width increases to 18.5m (range 39.0–7.0), while those beaches with no defences
averaged 35m (range 454–6). These results appear to suggest that defended coasts
have, on average, narrower beach widths or, put another way, experience greater
beach lowering.

De Ruig and Louisse (1991) look at the sediment budget problem in a wider
context. On the Dutch coast, which is largely claimed land, much of the sediment
supply comes from the North Sea. Circulation patterns in the North Sea tend to be
anticlockwise, with one of the prime sources being the Holderness cliffs of eastern
England. This study has indicated a net sediment input to this part of the Dutch
coast of the order of 0.4 million m3 yr-1.This would suggest a significant and constant
sediment supply, which could become deficient if Holderness were ever to be
defended.

These problems and the examples cited bring us on to what is perhaps the most
contentious issue in coastal management at present. Should a coastline be protected
from erosion, even when that coastline is developed and provides homes and
employment for people? Or, to ask the same question another way, should coastal
authorities allow people’s homes to fall into the sea when defending them may lead to
additional, and more severe, problems elsewhere along the coastline?

Many authorities have differing views on this subject, but we live in an environment
of increasing use of soft engineering techniques, and one in which there is pressure to
protect the naturalness of the coastline; to avoid expense; and to avoid having unsightly
concrete sea walls, with the implications for future finance of eventually having to
build new walls. For these reasons, the growing trend is to allow erosion to continue
in areas of low land value, even if this means that individual houses or businesses
should fall into the sea.
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BOX 3.2 Coastal protection and its impacts along the Fylde coast,
north-west England

The Fylde coast is a wind- and wave-dominated coast located in the north-west
of England. Geographically, it comprises a north-south-trending coast stretching
southwards from Morecambe Bay to the Ribble estuary. Historically, this coast
has undergone extensive development, resulting in an almost continuous sprawl
of urban/commercial development, including such resort areas as Blackpool
and Lytham St Annes. This development has led to increased protection for
almost the entire coastline, owing to the increasing value of the hinterland.
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Morphologically, the coastline is sand dominated, consisting of wide sandy
beaches with gravel increasing in abundance northwards, and an extensive active
dune complex to the south of Blackpool and into Lytham. Traditionally, sediment
sources included soft glacial cliffs which occur along this coastline, and also
from the predominant north-south drift direction. The direction of drift is further
complicated by periodic reversals due to prevailing wind directions and the
sheltering effect of Ireland. Although significant, these transport reversals are
not critical in the demonstration of the impact of defences on beaches and
sediment movement, and so will not be discussed in detail to avoid unnecessary
complication.

Increased coastal defence works removed the soft cliffs from the sediment
budget of the area, significantly reducing the sediment input to the coast.
Following this, the only sediment source was from southerly drift from the
north. The problem of reversals in sediment movement and the cessation of
inputs from eroding cliffs has meant that beaches in the area started to
experience sediment losses and beach lowering. The response of the two local
authorities along this coast was to install groynes to retard the southerly drift
of sediment.

Although these were effective in retaining sediment, the impact on the coast
further south was significant, with beach losses and detrimental impacts on the
dunes south of Blackpool. As a result these groynes were removed from the
coast from Bispham southwards, effectively freeing up this section of coast and
allowing unimpeded sediment movement southwards from this point. The
groynes to the north, however, were left in place, thus splitting the coast into
two sections, with different defence methodologies. The changes in defence
policy occur at a local authority boundary, and serve to reinforce the issues
discussed in Chapter 7, where two groups control different parts of a coastline
which is acting as a single sedimentary unit.

The effects of this human interference have been marked. From the north,
the groynes around Fleetwood are full and sediment is passing down-drift. To
the south, the groynes are only partly filled, although enough sediment is being
retained to provide adequate protection for the defences present. At Bispham,
where groynes have been removed, beach levels are low, owing to continuous
sediment movement south but, because of the groynes, little replenishment from
the north. The unprotected sandy beaches of the Bispham and Blackpool areas
are, in effect, acting as the sediment source for southerly drift, and are therefore
experiencing a net loss of sediment and subsequent beach lowering. This problem
is causing great concern for the local authorities at Blackpool, a problem which
is being further aggravated by the vertical nature of the sea defences and the
subsequent high reflectivity of the structures.

Blackpool’s loss of sediment has to be gained by some other area.
Sediment movement down-drift occurs until the end of the defences at South
Gate, when the significance of the wind becomes important in that large
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quantities of sediment are transferred into the sand dunes. At this point, the
beach levels are good and there is abundant sediment exchange between the
beach and dunes. Further south, the drift is held up at the estuary of the
Ribble. Here, large sandbanks have developed, representing large stores of
sand. The movement of this sand across the mouth of the Ribble is relatively
slow, and can occur only when storms force the channels to move, allowing
sand to shift its position relative to the estuary’s ebb flow, and subsequently
continue its southerly migration down the coast to Southport and the Ainsdale
dunes.
To summarise the problems of this coast, southerly movement from
Fleetwood is slow and sporadic, dependent on the degree of groyne infill.
Further south, the lack of groynes means that sediment movement exceeds
replenishment, resulting in beach lowering and net sediment loss. Further
south, large quantities are transferred into the dunes and into sand-bars.
Indeed, between South Shore and Lytham, the build-up of sand is sufficient
to support extractive industry, with large quantities of sand being removed
commercially.

 

In considering the question of whether to defend or not, the coastal engineer needs to
consider two questions:
 
1 What is the value of the land which is being threatened; that is, what are its uses

(arable, urban, industrial), and what environmental threats might be posed if it
were allowed to erode (contaminated land, threats to rare habitats, loss of housing/
industry, etc.)?

2 How much would it cost adequately to defend the area in question—the cost of
building concrete walls, the creation of new habitats, etc., as offset against the
value of the land involved?

 
In addition, there also needs to be consideration of other socio-economic factors,
which may tip the balance of the decision, such as the effects on the local economy of
allowing a local farm to fall into the sea, the impact on a village of allowing an access
road to be lost, and the cost of replacing it (Table 3.3). When all parts of the equation
have been considered, it comes down to a question of which of the above points
(defence or no defence) will have the greater cost, and what, therefore is the most
cost-effective option to undertake. What is usually done is essentially a cost-benefit
analysis into whether the land or properties which will benefit from protection are
worth it in a financial sense; that is, is it worth building defences at a cost of several
million pounds to protect a group of four houses valued at around £100,000 each?
This, of course, neglects the personal aspect, the stress and feelings of the people who
live in those houses and whose lives would be affected by the ultimate decision, and
on which the placement of cost is impossible. As an example, in the late 1980s, Rother
District Council (near Hastings, Sussex, in south-east England) rejected coastal defence
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schemes ranging in value between £1.8 million and £9 million on the grounds that all
that would be protected would be a few houses (Meyer, 1991). In this case the value
of the houses, and the land in general, was not considered of sufficient value to merit
any protection by defence construction. Following on from this, however, another
scheme was put forward and awarded funding. This scheme involved a soft engineering
method, and involved the artificial building up of the beach in front of the cliffs,
reducing wave erosion in this way. This process, known as beach feeding, involved
the placement of 250,000 m3 of shingle to act as a protective beach in front of the
problem cliffs, and cost considerably less than the original schemes, involving the
construction of hard defences, would have done. The cost-benefit analysis meant that
this proved to be financially viable. A full discussion of the procedures used in such
decision-making can be found in Chapter 7.

It is quite clear that the decision to defend a stretch of coast is a complex one, and
one which involves many aspects. The general methodology behind such decisions
needs to take all such concerns into account.

Impacts of management techniques on wave-dominated coastlines

The natural processes on wave-dominated coastlines involve the erosion, transport,
and deposition of sediment to form beaches and other sedimentary landforms. On
inhabited coasts, these processes can become interfered with, with the result that
management problems can occur. Each form of coastal defence used will produce its
own set of effects on sediment movement and erosion, and its own set of environmental
problems. The sorts of issues raised include:
 
1 excessive material drawn offshore and stored below normal (non-storm) wave

base by shore-normal currents producing beach lowering and increased

TABLE 3.3 Practical considerations in the decision as to whether or not to construct sea
defences
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erosion, caused by a deficit of material in the swash (that is, lack of material
coming from up-drift owing to other defence works and sediment retention
methods) and, as a result, excess wave energy leading to greater removal of
material on the backwash;

2 beach degradation and down-drift sediment transfer by longshore movement due
to non-replenishment of source area as a result of up-drift defence and sediment
retention measures, therefore leading to increased erosion rates which gradually
prograde down-drift along the coast;

3 enhanced erosion in bays and at headlands due to concentration of waves from
refraction around breakwaters or walls;

4 the encroachment of spits, etc. on river mouths, and subsequent navigation
problems.

 
All the above issues can be summarised as occurring in one of three prime areas:
sediment supply, coastal morphology, or current directions. These are the three areas
in which studies of coastal problems need to be aimed. There is, however, an alternative
to these three approaches, and that is not to tackle problems 1–4 above, but to look
instead at the root cause; that is, the waves and tides. This then outlines the initial
approach strategy in dealing with protection along wave-dominated coasts: does one
tackle the problem from the sea (i.e. the waves) or from the land (i.e. the coast, sediment,
etc.)? Each is a possibility, and each has its own benefits and problems.

The approach taken will govern the form of defence strategy used. Each method of
coastal defence is outlined below, along with an indication of environmental impacts
and examples where the technique has been used.

Offshore breakwaters—stopping the waves in the first place

The theory goes that if you can stop large waves hitting the coast in the first place,
then problems of erosion and unwanted modifications to coastal morphology become
less significant, ideally to the stage where they are no longer a management problem.
The use of offshore breakwaters provides a suitable method by which wave energy
can be dissipated further seaward than would otherwise happen and, hence, not occur
at the beach or cliff. There are two ways in which this can be achieved:
 
1 increasing the frictional drag of the sea bed by either decreasing water depths or

increasing bed roughness (see Chapter 2); or
2 physically stopping the waves by means of a permeable barrier, such as piles of

rocks through which waves have to pass, or by using an impermeable barrier
which prevents shoreward movement of the wave altogether.

 
Irrespective of the design method chosen, it is not possible fully to remove the potential
of waves reaching the coast, as there are still problems of waves reaching the shore by
processes such as refraction and diffraction around the ends of the structures. This,
however, can be used to the coastal manager’s advantage. We have seen how sediment
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circulation cells often occur in conjunction with current activity, and if this effect
is used in the construction of an offshore breakwater, then results can be favourable.
If such wave refraction is utilised to force a sediment transport pathway past the
breakwater, then in the lee of that breakwater, where conditions are quieter,
sediment will be deposited, resulting in a sand bar eventually linking the shore to
the breakwater, in the form of a tombolo. This process may be desirable at the
specific coastal locations where offshore structures are built, but there is the risk
that sediment entrapment may be so effective that problems of sediment starvation
occur down-drift of the breakwaters, thus merely transferring the original problem
laterally.

When using such features, design is important, as enough material is needed in the
construction physically to do the job—what you do not want is to have material which
is too light, and so is moved by waves, as all this does is provide ammunition for the
waves to throw against the coast in times of storms. It must be borne in mind that
there have been recorded sightings of waves 400 m long and 11 m high that have
lifted 40 tonne concrete tetrapods.

ENVIRONMENTAL IMPACTS

The most obvious impact of offshore structures is to reduce wave energy at the
shore. As this is the intended effect, it cannot be considered as detrimental in its
own right, although knock-on effects may lead to problems. Other environmental
implications are:
 
1 The build-up of sediment in the lee may be beneficial for beach construction,

amenity use, and for a tourist beach, but it will also cover shallow benthic
ecosystems, swamping them in sediment, effectively replacing a wave-cut
platform containing rock communities with fine sediment. Such actions can
cause great ecological damage and lead to the loss of whole communities,
although new, but different, communities will replace them.

2 The reduction in wave energy will reduce erosion of the coast behind the
barrier. Effectively, a once-eroding coast will become a depositional one.
Up-drift, the movement of sediment will continue along the coast, producing
sediment deposition immediately up-drift and at the site of the structure. In
addition, down-drift the presence of these structures will cause an
interruption to this longshore sediment transport and may well decrease
deposition in these areas, resulting in beach sediment removal and the
subsequent initiation of a new erosion problem. In essence, the barrier will
stop a prime source of sediment, which may have additional implications
for the stability of adjacent coasts.

3 Decreased wave activity will reduce the wave splash onto supratidal
environments, meaning that dune communities, heaths, and maritime
grasslands can lose their maritime influence, and so ecologically revert to
terrestrial vegetation.
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4 The foreshore will become partly isolated from the active coastal environment,
which in some cases can lead to a reduction in the amount of sediment
available for seasonal fluctuations in beach levels; that is, sand dunes supply
sediment to the foreshore during the stormy winter months to modify the
beach profile, while storing it during the summer.

5 Visible intrusion and aesthetic effects must be considered, and also the fact
that a hugh offshore breakwater reduces the accessibility of the coast to ships
and pleasure craft.

 
Not all impacts are negative, however. New conditions to landward of a breakwater
can favour new communities, while the breakwater itself can act as a reef structure,
proving a completely new habitat.

Despite these problems, offshore breakwaters are becoming increasingly common
as a means of coastal protection. Many have been used effectively to trap sediment
and build up beach levels along coasts. In England, such schemes are operating in
Norfolk, Suffolk, Essex, Sussex, and Devon. In Sussex, a series of breakwaters has
been constructed to facilitate an increase in beach levels and reduce the flood risk for
coastal settlements (Pethick and Burd, 1993). Along the North Sea coast of Denmark
(Moller, 1992), a coastal defence scheme at Jylland has employed a series of strategies,
one of which is offshore breakwaters. This is a highly dynamic coast with large
longshore sediment movement, but is also one which experiences erosion. Breakwaters
of basalt blocks have successfully been used to form a series of tombolos, effectively
connecting the breakwater to the coast.

Not all schemes are as successful, however. Fox (1997) reports on an example
from Sidmouth in Devon, south-west England, where during the first winter of
operation of the breakwater scheme, beach levels have dropped dramatically owing
to storm waves which occurred at angles not covered by the breakwaters. This may,
however, rectify itself as sediment is brought back onshore as the area adjusts to its
new equilibrium state.

Artificial bays

Natural coastal embayments aid coastal protection in two ways. First, their morphology
results in a series of small sub-cells which trap coarse sediment leading to localised
beach development. Second, bays effectively lengthen the coastline without any
increase in wave energy, and so reduce wave energy per unit length of shore. Both
these processes can be used as part of coastal defence strategies.

On embayed coastlines, alternating hard and soft rocks cause a series of headlands
to develop, with softer rocks eroded to form the bays. On cliffed coasts, where problems
of wave erosion occur, it is possible to produce these hard points artificially, and thus
encourage the formation of bays. The main problem which does occur is that natural
bays are associated with characteristic offshore bathymetry, which results in the wave
refraction patterns we have already seen (Chapter 2). Artificial bays do not have such
bathymetry, and so they tend to be less stable. By artificially manufacturing
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embayments, it is possible to promote coastal deposition, and reduce wave energy.
The final bay shape and size depend on the wave regime and the direction of wave
approach. The ability of the bay to trap and hold sediment is a function of the sediment
grain size, as well as the length/depth ratio of the bay.

ENVIRONMENTAL IMPACTS

The development of an artificial shoreline has perhaps one of the greatest impacts
possible for a stretch of coast because rather than afford protection to the coast in its
natural form, it creates a completely new coastal topography. For that reason, this
process should be considered only after all other possibilities have been studied. The
new sedimentary environments will alter the local habitats for both flora and fauna.
These effects are predictable. In contrast, the impact on the rest of the coast is less so
because by creating an embayment, you are, in fact, creating a coastal sub-cell; that
is, a means of trapping sediment which might normally travel further along the coast.
In addition, there are also problems with accelerated erosion in the early stages of
development; where is this eroded sediment going to end up, and exactly where is it
going to be eroded from? This accelerated and partly unpredictable erosion means
that this type of engineering is not suitable for all coasts, especially those where
development of the hinterland is involved because the formation processes are largely
unpredictable.

Because such schemes have such a great and unpredictable impact, their use has
been somewhat restricted. Although I am not aware of any completed scheme, a
proposed scheme does exist for the creation of an embayment at Dinas Dinlle, near
Caernarfon, north Wales (Pethick and Burd, 1993). Here, conventional hard defences
were not cost-effective, and so a scheme of hard points along the coast, with localised
hard protection, has been devised to encourage erosion at specific points to create an
embayment. The scheme is very complex in nature, and whether it is successful remains
to be seen.

Beach recharge

Beaches are perhaps more efficient than anything else in dissipating wave energy, and
hence protecting the hinterland. The energy dissipation is achieved by several methods:
first, by providing mobile sediment which maximises the frictional area and allows
grain movement, hence dissipating wave energy; second, by allowing free drainage
through sediment but with decreased velocity, thus minimising the effects of backwash
and, thus, offshore movement of sediment; and third, by permitting morphological
changes to occur in response to wave conditions, thus increasing energy adsorption
under different meteorological conditions.

The idea of beach feeding, as the name suggests, is to increase artificially the
quantity of material on a beach which is experiencing sediment loss by erosion. As a
result, the engineer artificially reproduces the conditions listed above. The situations
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where feeding occurs are largely where sediment losses have occurred owing to the
construction of defences up-drift, leading to the prevention of longshore movement
of material, with the result that the beach is starved of sediment.

Basically, the technique is simple. Material is either pumped onto the beach from
a dredger offshore, or is moved onto the beach by dumper truck. However, it is not
just a question of dumping large quantities of sediment onto the beach, as it is important
to maintain beach profile and sediment grain size. There are two approaches to beach
feeding: either estimate the profile and construct the beach to this, or overestimate the
upper beach levels and allow the waves to draw material down to form a natural
profile.

Source material is generally from offshore, but less occasionally land sources
are used. Increasingly, dredgings are being used where they are sufficiently clean
and of the correct size range. The important thing is to select the right grade of
material, and similar rock types. If the recharge material is too coarse, then wave
action will not be able to move it and the beach profile will remain the same
throughout the year and not function as a suitable wave dissipator. In some cases,
however, material is used which is slightly coarser than the natural sediment in
order to increase the resistance of the beach to erosion. In such cases, an artificial
profile needs to be established as waves will not be able to fashion their own. Newman
(1976) illustrates this point for sand beaches, recommending a mean grain size for
recharge material of 1.5 times that of the original. Conversely, if the recharge material
is too fine, it will be preferentially removed from the beach, or will become washed
into pore spaces between existing sediment and block the permeability of the beach
to throughflow of water. McFarland et al. (1994) illustrate this problem for shingle
replenishment in southern England.

Material is typically mixed with 10 per cent water to allow it to be pumped. This
water will then drain off the beach, carrying the fines to seaward. Sometimes temporary
bunds are used, or bulldozers to move material around. The exact technique will
affect the eventual beach profile.

ENVIRONMENTAL IMPACTS

Beach recharge is perhaps one of the simplest methods of protecting the coast, in that
it replaces what the waves have previously removed. However, it still acts against
natural processes because the whole reason for doing the replenishment is that the
beach is eroding, and so there are still impacts to be considered. These impacts can be
divided into two groups: those caused during the pumping and beach build-up, and
those which arise as a result of the new beach profile. Another review of impacts and
the renourishment process is provided by Charlier and de Meyer (1995a).

The following are the first group of impacts, those arising from construction:
 
1 Run-off from the beach can cause scouring in the intertidal zone. We have

said that 10 per cent water is added to allow pumping. This excess water has
to drain and, if it becomes channelled, can erode.
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2 Fine sediment can alter the ecology and the profile of the intertidal zone by
swamping communities in sediment or increasing turbidity.

3 Loss of fines can cause the new beach material to become coarser than required
and thus relatively immobile with respect to wave refashioning.

4 Use of heavy machinery can lead to compaction of sediment and hence reduce
the pore space, and so reduce the throughflow from backwash. The result is
increased surface flow with increased sediment removal and gullying.

5 Removal of material from the source site must be considered; that is, is the
offshore source acting as a natural breakwater and thus protecting large
sections of the coast? The removal of an offshore sediment bank or barrier
which protected the coast from waves can lead to increased wave attack at
the coast and make the original problem worse.

6 Pollutants or toxicity of the source material must be considered. Heavily
polluted source material may damage environments in the intertidal or near-
shore zone.

 
The second group of impacts, those occurring post-construction, are:
 
1 The wrong grain size can lead to rapid removal if the sediment is too fine, or

an immobile beach form if too coarse. It is important for the beach to function
as part of the sediment system of a particular environment, and so sediment
needs to be of the same size distribution as that present in the area already.

2 Removal of fines can lead to a deficit of certain size classes on the beach, and
so can reduce aeolian processes and produce dune starvation.

 
Despite the potential problems, beach feeding is the most widely used method for
soft coastal protection, and is seen as a suitable way of disposing of unwanted
dredgings. It is also a way to protect a site while maintaining a degree of naturalness,
allowing or increasing amenity value, and could lead to the creation of new habitats
such as saline lagoons. In addition to this, placing sediment on a beach involves no
interruption to the longshore movement of sediment. Where beaches are starved of
sediment owing to groynes up-drift, beach feeding can be seen as a way of artificially
moving sediment past this obstruction, thus allowing natural processes to operate
without the net loss of sediment, and subsequent erosion of material from beaches
immediately down-drift of the defences. With reference to Box 3.2, a case study of
the Fylde coast, readers could well consider such a solution to the problems of sediment
loss from the Blackpool frontage, especially considering the commercial removal of
this same sediment from the foreshore at Lytham for building.

With renourishment schemes being such a common method for coastal protection,
there is a wide range of examples which can be cited. Table 3.4 lists some of these
case studies in order to provide extended reading. In addition, Charlier and de Meyer
(1995a) and Riddell and Young (1992) discuss general principles behind the
methodology and practice of beach feeding, while Verhagen (1996) discusses the
methodology with respect to the quantities of sediment needed and post-feeding
losses. Estimates given by Verhagen indicate that only around 52 per cent of material
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may be retained by the beach. This apparent loss of sediment, along with subsequent
losses caused by longshore drift, highlights another important aspect of beach
renourishment. Because beach feeding only compensates for sediment removed,
the process needs to be repeated, the period of repeats being dependent on the
volume of sediment used in the original fill and the rate of longshore transport. In
Bournemouth, southern England, renourishment needs to occur around every eight
to ten years. If renourishment is not repeated, then the original erosion problem
may well return. Finkl (1996) highlights this as a problem along the Florida coast,
where, owing to financial cutbacks, further funding for beach renourishment has
been stopped, which could lead to the onset of new erosion problems. As Finkl
points out, however, this is very much a false economy as renourishment costs equate
to less than 0.4 per cent of the income from beach-related activities, and this excludes
the higher cost of erosion prevention in the future.

TABLE 3.4 Some examples of beach renourishment studies from around the world
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Increasing sedimentation rates

Beach feeding involves the artificial supply of sediment to a beach by pumping material
onshore artificially. It is also possible to increase natural sedimentation rates by
preventing the loss of sediment from the foreshore by restraining its movement. This
can be done either by constructing obstacles to longshore movement (i.e. groynes) or
by stopping the removal of such large quantities in the backwash, such as by changing
the properties of beach drainage.

By interrupting the longshore sediment movement, sediment can be contained on
a beach where material is deficient. Groynes are the most commonly used device for
this, with sediment being reworked within the groyne compartment to face the
oncoming wave front, further increasing the potential for wave dissipation. When
groynes become filled, material can then be transported into the next groyne, either
by the burial of the groyne, or by transfer around the front.

If beach drainage is increased, water still flows back to the sea as a backwash, but
carries less sediment with it. This is particularly important on sandy beaches, where
most of the flow is surface flow. Problems also occur on shingle beaches, although in
this case techniques are slightly different.

ENVIRONMENTAL IMPACTS

Interrupting sediment movement along any coast can cause serious problems down-
drift with beach starvation, and the potential for increased erosion. Such problems
have been mentioned elsewhere, and so need not be restated. Nevertheless, groynes
have the potential to cause significant impacts on coastlines and, if not properly
investigated, can lead to greater problems than they solve.

Increased drainage is perhaps a better alternative. By allowing water to flow more
freely, through pipes or drainage channels, the problem of sediment loss can be reduced.
Although not as significant as in the case of groynes, this increased sediment retention
on beaches may lead to problems of deficit elsewhere along the coast because the
problem still remains that less material is being transferred along the coast.

Examples of groynes and their impacts on coastal processes are even more
numerous than those of renourishment. The case study of the Fylde coast (Box 3.2)
illustrates problems which can arise. Other work (Livesey, 1997) highlights other
problems which groynes can cause. Using newly installed fish-tail groynes along
parts of the Morecambe frontage, north-west England, he illustrates how sediment
accumulation has been so successful that large quantities of fine clays and silts
have created a potential hazard for beach users, although as these consolidate, they
are now becoming safer. In addition, sediment deposition has also inundated local
shellfish beds.

Granja (1996) indicates how the installation of groynes along the north-west coast
of Portugal has caused increased erosion in many places by cutting off sediment from
parts of the coast. During storms in 1994/95, recession rates of local cliffs, devoid of
their protective beaches owing to the groynes, ranged between 30 and 60m yr–1. In
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other places along the same coasts, groynes have accelerated the erosion of dune
complexes, threatening local housing developments.

Sea walls

The last of the techniques carried out on the upper beaches relates to physical protection
of the upper shore margin. Sea walls are a solid barrier to waves and have been the
most traditional method of coastal defence. Sea wall design varies greatly, and can
serve either to reflect or to absorb wave energy. Reflective walls are generally vertical
whereas absorptive walls are sloping, rough, and porous (see Carter, 1988, p. 444 for
detailed descriptions).

Problems result if wave fronts and sea walls are misaligned. Reflection of waves in
the cross-shore direction can cause standing waves to form in front of the defence,
which sets up a series of scour cells that effectively lower the beach, and eventually
undermine the sea wall. Because these structures form a physical barrier, they receive
extremely high impacts. It is normal to expect around 90 per cent of sea walls to need
some degree of maintenance within the first ten years, owing to either the wave battering
or the material thrown at them by storm waves.

ENVIRONMENTAL IMPACTS

The most serious problems are wave reflection and foreshore scour. Foreshore lowering
undermines the toe of the wall, which can collapse. There is also a flanking effect at
the down-shore edge of the sea walls, where accelerated erosion occurs. Reports of
such events are made by Hall and Pilkey (1991) and Griggs and Fulton-Bennett (1987),
who cite inadequate construction, lack of awareness of process, and poor design as
reasons for sea wall failure. Problems of beach lowering are discussed by Plant and
Griggs (1992), who indicate that sea wall impacts on beach levels are caused by (a)
alteration of swash velocity, direction and elevation which causes increased backwash
velocity and increased seaward transfer of sediment; (b) higher beach water tables,
causing less infiltration of backwash and further increased surface flow and seaward
sediment transfer; and (c) greater variations in beach shape caused by (a) and (b),
which lead to greater beach disequilibrium.

The main impact of sea walls is that they render the coast static; there can be no
sea-hinterland interaction and whatever ends up behind the sea wall is no longer part
of the marine area. As a result, sand dunes or cliffs can be sealed from marine influence.
Ecologically, this can remove one of the main environmental factors from a habitat,
namely the sea, and, as a result of protecting the land, also cut off sediments from
reworking. Hence there also tend to be significant impacts on sediment budgets (refer
to Figure 3.6).
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Impacts of management techniques on tide-dominated coasts

In tide-dominated environments, energy levels are considerably lower and so large-
scale defence structures are generally not required. Despite this, however, there are
still problems with erosion and sediment movement which need human interference
in order to protect development and general land usage.

As with wave-dominated environments, the best intertidal profile for sea defence
is one which slopes gradually over a long distance, as opposed to one which slopes
steeply over a short distance. With wave-dominated coasts, this typically takes the
form of a wide beach. On tide-dominated coasts, owing to the lower energy conditions,
the same theory applies but here the upper part of the intertidal zone (equivalent to the
beach on a wave-dominated coast) is often mudflats, part of which may be vegetated
by salt marsh. Despite this, the same logic applies.

A wide, shallow intertidal flat leading into a salt marsh is much better at dissipating
energy than a narrow, steep profile. The added advantage here is that the marsh,
covered with vegetation, has a high bed roughness and so its frictional drag is higher
than that of a mud flat. Hence, the best defence for a piece of land is a mudflat and
salt marsh.

In addition, we also have the advantage of vegetation cover providing a mechanism
by which sediment can be trapped on the marsh surface by water passing between
the stems and sediment becoming lodged. By this mechanism, marsh surfaces grow
rapidly. In similar vein, once a marsh surface becomes grazed by livestock, this
vegetation cover is eaten down, and so its effectiveness as a sediment baffle is
reduced. Similarly, while muddy sediment can be eroded, muddy sediment bound
together by roots is much more resistant, and so the substrate becomes more
stable.

Another point which should be borne in mind is how easy it is to erode the sediment.
Sandy sediment is said to be non-cohesive; that is, it functions as individual grains
which move independently of each other. In muds, grains act as a cohesive unit.
Compare the effort needed to walk across a sandy beach and that needed to walk
across a mudflat. Because of this, muddy sediments, even though they are finer grained,
are harder to erode than sandy sediments; that is, it takes more energy to erode a
mudflat than a sandflat.

There is a wide range of distinct management issues for tide-dominated coasts.
The principal habitats of concern in tide-dominated environments are intertidal flats
and salt marshes. In reality, salt marshes can be viewed as intertidal flats which have
been vegetated. One of the key issues is that although wave energy on tide-dominated
coasts is minimal, some does occur, and in such instances salt marshes are of prime
importance in reducing it—and thus play key roles in the defence of such coasts. As
an example of this importance, Table 3.5 shows the height of sea defences needed to
protect land behind different salt marsh widths from flooding. It is clear that the
wider the salt marsh, the lower the sea wall need be because the more wave energy is
attenuated by the marsh surface. As a result, the cost of construction comes down
dramatically from around £5,000 per metre for no salt marsh to around £400 per
metre where there is a width of 80m. Given that tide-dominated environments are
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governed by the same principles as wave-dominated with respect to profiles and energy
absorbtion, it is also reasonable to suggest that changes in the intertidal zone are
going to cause similar changes in both environments.

Some of the key threats posing problems in tide-dominated environments are
detailed below.

1 Increases in tidal range. If tidal range increases, this will have two effects. First, it
will increase the chances of sea defence overtopping, and it will also cause modification
to mudflat and salt marsh morphology and stability. The problem is caused partly by
increasing sea levels, but also by the construction of sea defences and reclaiming of
land (Figure 3.2). If a sea wall is built along a salt marsh, then it cuts off areas which
were once flooded by water. This water has to be accommodated somewhere, and so
can only be accommodated by an increase in water depth; hence, high tides become
higher. If tides become higher, then the volume of water moved on each tidal cycle
increases, and thus to compensate for this, current velocities increase in order to move
that increased volume of water into and out of the estuary on each flood/ebb tide, the
duration of which does not change.

2 Changes in windiness. The impact of wind and associated wave activity has
important implications for mudflat and salt marsh stability. Windiness in an
environment is an environmental factor which can change as part of the natural
atmospheric variation, producing periods of net storminess and increased calm. It
can be clearly seen in the Severn estuary, as well as many other estuaries, how
increased storminess can have serious impacts on salt marsh stability. In the Severn,
for example, it is possible to detect four distinct episodes of salt marsh development
(Box 3.3 ). Each onset of new marsh growth follows a period of increased storm
activity, and associated erosion. Changes in windiness can also be associated with
increased frequency of meterological tides, and thus the problems of surge tides
and over-topping of coastal defences. When these storm surges enter estuarine areas,
average tidal current velocities and bed shear stresses are increased, thus increasing
the potential for erosion.

TABLE 3.5 The relationship between salt marsh width and the required height and cost
of the sea wall

Source: Figures from the UK Ministry of Agriculture, Fisheries and Food
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3 Natural changes in channels. As with any channel, estuarine channels experience
periodic shifts in position. Such channel movement can initiate a new set of erosion
problems, as was the case at Silverdale salt marshes, Morecambe Bay, where the
marshes started to erode once the Kent estuary channel moved towards the coast
(Pringle, 1987). In contrast, the area on the opposite side of-the Kent estuary, now
some distance from the channel, is undergoing accretion and the rapid spread of
Spartina sp.

4 Dredging and navigation. Estuaries, as we have seen, are ideal places in which to
establish harbours and ports. Historically, this was not a problem because ships were
relatively small and could sail into small channels. As ship size has increased, however,
so ships need deeper channels in order to access ports which have not, by and large,
shifted their location. Consequently, dredging has to be carried out in order to maintain
access. Dredging has several effects which can threaten tidal environments.
 

(a) By deepening the channels, it is possible to increase flow velocities and
the amount of tidal discharge which can occur through the main channel,
thus reducing flow and shear stresses across adjoining mud flats. As a
result, it is possible to initiate accretion in the intertidal area. Such ffects
have been noted in the Dee, Mersey and Ribble in the UK.

(b) To cause a progressive net movement of sediment from the intertidal
flats into the dredged channel. In effect, when you dredge a channel, you
are artificially over-steepening the intertidal profile, which may begin a
 natural adjustment to regain stability.

 
In addition to the two points above, modification of flood and ebb directions can
cause modifications to sediment deposition and erosion patterns, as we have seen
earlier. Under normal conditions, sediment within the estuary may be moved around
within the system. Where dredging has occurred, the material is often moved outside
the estuary, representing a net sediment loss to the system and becoming unavailable
for redistribution.

Asides from dredging, tidal waters are often seen as safe places for sailing and
power boating. Constant wash from boats causes serious damage to marshes and
mudflats. This problem has been dealt with where it is serious, such as in Southampton
Water, the Orwell estuary and Lymington, all in England. By imposing speed
restrictions, either generally or at certain times of the tide, it is possible to reduce
disturbance to a minimum.

5 Embanking and land claim. The intertidal areas of many estuaries have been greatly
reduced owing to the practices of land claim and sea wall construction, as we have
seen earlier. Unlike on wave-dominated coasts, sea walls are rarely constructed on
tide-dominated coasts for purposes of defending the land against erosion by the sea
directly; rather they tend to be used to prevent flooding from areas which farmers
want to claim and use for agriculture. Hence, the form of sea wall found in estuaries
is fundamentally different from that found on open wave coasts. Instead of large
concrete structures, earth embankments are used to protect the land. With little wave
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BOX 3.3 The relationship of windiness to marsh erosion/accretion
cycles in the Severn estuary

Wind variation acts as a modifier to the wave and tidal regime of the Severn
estuary. Increases in wind strength will produce increases in wave height and
wave energy, as well as the possibility of producing a storm surge. The most
frequent wind direction is from the west or south-west (Hannel, 1955; Walker,
1972), with secondary modes occurring from the north-east and from the south.
The north-easterly trend arises as a result of the development of high-pressure
systems to the north of the region, particularly in the spring, when the prevailing
wind direction is predominantly north-easterly (Walker, 1972). The
predominance of westerly and south-westerly winds is particularly important
for the system because it is also the direction to which the estuary opens; that is,
a wind from this direction will blow directly up the estuary.

The most dramatic effects of wind are when its speed approaches gale force
(Force 6), or stronger. At such times, surface waters show wind-generated waves
which are a prime cause of sediment erosion, in respect of subtidal sediments
above wave base, and of intertidal sediments and the sea-facing cliff line of the
salt marsh sequences. Such wind strengths occur for only 1.8 per cent of the
time during which winds are observed (Hannel, 1955) and of this 1.8 per cent,
41 per cent occur in winter, 33 per cent in spring, 22 per cent in autumn and 4
per cent in summer. As winter is also the time when the salt marshes have least
protection by vegetation cover, this tends to be the period of most large-scale
erosion. Also, the autumn gales erode large blocks, weakened through deep
summer desiccation. Again, the most frequent prevailing direction for gale-
force winds is from the west or south-west.

In terms of erosion potential, the frequency of south-westerly winds appears
to play an important part (Allen, 1990). Historical records show that there are
distinct periods when south-westerly wind frequency is high, and periods when it
is relatively lower (Lamb, 1982). Periods of high south-west wind frequency appear
to occur in the early twentieth century, the mid- to late nineteenth century and the
early eighteenth century, and so these may be expected to be times of high erosion.
The sediment accumulation within the system occurs in the form of distinct erosion/
accretion cycles. The main periods of salt marsh erosion occur during the early
twentieth century, the late nineteenth century and the early eighteenth century, a
good correlation with the westerly and south-westerly wind frequency.

In addition, other work indicates that measurements of fallen trees,
blown over in gale conditions, indicate a west-east alignment. Where root
structures are evident, these clearly indicate a falling direction towards the east.
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activity, the energy received at the wall is lower, and thus they need not be as structurally
significant.

6 Loss of vegetation. Increased environmental stress can cause vegetation dieback.
These stresses can be either natural or anthropogenic in origin, but regardless, the
effects are the same. The presence of vegetation on sediment serves two main purposes:
 

(a) The roots bind the sediment and make it less susceptible to erosion.
(b) The above-ground vegetation acts as a baffle, trapping sediment as water

flows through it at high tide.
 
Thus the presence of vegetation on a marsh is important in the stability of that
environment. Excessive dieback has largely been restricted to Spartina marshes,
Spartina being a pioneer species which is one of the first colonisers of mudflats, but
vegetation loss can also arise from increased channel incision and widening.

7  Reduction in sediment supply. Sediment in estuaries can be derived from two
sources. It can either be brought in from the sea, or brought down the rivers. We have
seen how sediment can be reduced from the sea, by means of coastal defences, and
also from the removal of sediment by dredging. There is ample evidence, however,
that a significant component of ‘missing sediment’ derives from the fact that there is
less being brought down the rivers, the problem arising in a way similar to the reduction
of input from the coast, namely that river engineers have undertaken significant river
engineering projects and river entraining so as to minimise river erosion. This issue
will be explored further in Chapter 6.

8 Sediment extraction. Many British marshes have been used for turf, sea bank
construction, and minor sediment removal. If carried out correctly, this can be done
with no damaging effects to the marsh. In some places, however, notably in the Medway
estuary, south-east England, clay removal for brick- and cement-making has removed
the majority of marsh sediment (Box 3.4).

9 Problems of accretion. We have discussed the problems of wave- and tide-dominated
coasts as being a result of erosion. There are also very real management problems on tide-
dominated coasts which arise out of the problem of accretion. We have already seen that
fine sediment will accumulate where tidal currents slacken. There have been many examples
of this occurring owing to changes in channels, etc., and it is quite possible for a once silty
environment to become muddy. Once mud starts to accumulate and build up, it starts to be
colonised by vegetation, and thus become a marsh. This is fine unless the area in question
is used for some other purpose, notably as a beach. Southport, on the mouth of the Ribble
estuary in north-west England, has had major problems with encroachment of Spartina.
Similar problems have also occurred at Lindisfarne, in the north-east of England, and at
Grange, on the banks of the Kent estuary, Morecambe Bay. From a management point of
view, the development of a marsh is a great way to defend the coastline naturally. From an
amenity point of view, a marsh is no substitute for a beach of golden sand.
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BOX 3.4 Removal of marsh clay in the Medway estuary for brick-
making

Typically, the loss of large areas of marsh is associated with natural agents of
erosion. In the Medway, however, large quantities of marsh clay have been dug
for use in brick-making, particularly during the latter part of the nineteenth and
the early part of the twentieth century (Medway Ports Authority, 1975).
Extraction was prohibited from the marsh edge but the central parts of the
marshes were dug to considerable depth, cuts being made to channels to allow
the removal of the dug clay by barge, but also allowing water to enter the
workings.

Tight legislative controls were exercised over this industry with the issuing
of licences by the Medway Conservancy, in order to govern the locality and
quantity of clay removed. Despite these controls, however, many instances of
illegal extraction did occur, resulting in the loss of considerable marsh areas.
The areas in which extraction was licensed occur throughout the Medway and
are detailed in the table below. Although the last licence issued was dated 1931,
extraction at this time was much reduced compared to that at the turn of the
century, owing to the move to alternative sources of clay inland. Despite this, it
was not until the mid-1960s that the last shipment of clay was made.

The importance of this activity in relation to the loss of marsh is not clear,
and natural agents of erosion in response to dredging and sea bank construction
have also played a part. However, some areas have undergone significant loss
of marsh by the removal of clay (estimates put this loss in some areas as being
as high as 90 per cent; Kirby, 1990). The amount of clay removed is also
unclear, but estimates for one company at one site (West Hoo Creek) suggests
1.4 million tons between 1881 and 1911. Over the Medway as a whole, many
companies extracted from many sites, and so the total loss of marsh can
only be surmised.

Licences granted for clay digging and associated activity in the Medway
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As we have seen, there are many issues associated with management on tide-dominated
coasts. Not all of the issues raised will occur in every situation; the relative importance
of each management problem will vary according to region. Storminess, for example,
appears to have been important in the estuaries of western England, while embankments
and land reclamation have been significant in estuaries in many countries. There is a
broad range of environmentally specific problems, which all require a sensitive
approach. The need for sensitivity is doubly important because these areas, especially
estuaries, are important wildlife sites, not least because of the fact that mudflats and
marshes are estimated to be among the most productive habitats in the world
(McClusky, 1989).

Any management technique has to recognise the importance of an area for wildlife.
The Wash, in eastern England, for example, is an internationally important site for
overwintering bird populations, as are Morecambe Bay and the Severn, the latter
being home to the famous Slimbridge wildfowl reserve on the west coast. Similar
importance can be assigned to other areas of marsh, such as the Bay of Fundy, Canada,
and Chesapeake Bay in the USA, although any estuary will have some wildlife
importance. For this reason, it is necessary when dealing with defence issues to take
a long-term and holistic overview of the whole environment. Management techniques
used on tide-dominated coasts can take various forms, as will now be discussed.

Source: Data from Medway Conservancy (n.d.), ‘Terrier of Rents’. Unpublished document,
Sheerness Port Authority, Sheerness, Kent except: *Information from MacDougall, P. (1980)
‘The Story of the Hoo Peninsula’.
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Offshore breakwaters

We have already seen the use of offshore breakwaters in the context of wave-dominated
coasts, and how these structures can be used to aid the build-up of coastal sediment to
reduce wave attack on the beach. It is possible to use the same methodology in the
context of tide-dominated coasts. In Essex, on the east coast of England, there have
been ongoing problems of marsh erosion for many years. At the northern end of the
Dengie peninsula, the offshore breakwater consists of a series of old Thames barges,
which act as a wave baffle and reduce tidal scouring on the ebb tide. The result has
been that there is an area of mudflats which has accreted rapidly, and will, therefore,
provide an area where water depth will be lower, and so wave and tidal scour will be
reduced at the sea wall.

Barrages and barriers

Barriers and barrages are designed to protect low-lying coasts from flooding, often
following the extensive reclamation of an area which has subsequently undergone
relative subsidence due to dewatering and the continued accretion of sediment outside
the walls. Barrages may be of several types. Those designed to serve as flood protection,
such as the Thames Barrier, are in place only when flooding is predicted. Others are
permanent structures which also serve to generate power, and keep salt water out of
an area. The concept of barrages overlaps with another key theme, that of power
generation, and the environmental problems of these structures are discussed fully in
Chapter 4.

Sediment recharge

As with sandy beaches, mudflats can also be recharged with sediment. In this case,
however, because mudflats are largely on wide foreshores which are gently sloping
and involve cohesive sediment, different criteria have to be met. The recharge of
sandy beaches needs to employ the correct grade of sediment because waves move
sediment around in the short term to compensate for wave activity. For this reason,
the sediment has to be sufficiently mobile. Mudflats, because they are cohesive, respond
at different rates, and so it is not as critical for the stability of the coast to maintain the
correct grain size distribution. Instead, the prime motive for recharge is to increase
the defence potential, and this may be done by either slightly increasing the grain size
to make sure it stays on the flat, or increasing the cohesiveness of the mudflat sediment.
At Hamford Water, Essex, eastern England, slightly coarser sediment than that already
present in the environment was used to recharge two sites at Foulton Hall and Stone
Point (Pethick and Burd, 1993). Material was derived from dredging operations from
a nearby harbour, therefore successfully reusing surplus sediment and keeping it within
the near-shore zone.
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Because of the contrasting nature of muddy and sandy sediment, recharging
mudflats is more complex than for beaches. Muddy sediments do not develop an
equilibrium immediately, but need time to dewater and consolidate, and develop an
infauna of micro-organisms. It is only after such processes that the full cohesive strength
is realised. This means that mudflat recharge is not a rapid process, because it is
necessary to protect the recharge sediment from waves and tides while they are settling
and dewatering.

Basically, a series of deposition ponds needs to be constructed in which sediments
can settle. When this has happened, water is pumped out, and the sediment left to
dewater and consolidate, with increasing amounts of tidal inundation allowed.

ENVIRONMENTAL IMPACTS

Because mudflats are complex ecosystems, their organisms are sensitive to large and
sudden inputs of sediment. A covering of 1 or 2 cm can be coped with by upward
migration; half a metre or so would swamp the infauna and lead to mortality. This
would have serious knock-on implications for bird and fish life and also for sediment
stability because secretions from infauna also help in making muddy sediment more
cohesive. This has to be allowed for in the calculation of the area to be recharged. In
areas where birds are important, for example, recharge will have to be added over a
period of time to allow the infauna to maintain its position in the sediment profile.

The materials used also need to be tested for toxicity. Often, the technique employs
locally dredged sediment, which can be highly toxic (see Chapter 4) if it comes from
ports and harbours, especially if shipbuilding or petrochemical processing occurs at
the source. It is, however, a good way of using dredged sediments, as in the case of
Hamford Water, Essex. The sediment on the recharged flat remains within the sediment
budget, and so the use of local dredgings means that this material is not lost to the
system.

Increasing natural sedimentation

A second way to build up mudflats is to allow sedimentation to be a natural ongoing
process, rather than pump sediment from another source. This is particularly the case
where there is a plentiful sediment supply, or where parts of the ecosystem, such as
infauna, are especially prone to damage. Allowing the gradual build-up of material
enables infauna to adjust and compensate for sediment deposition, thus removing the
danger of inundating the fauna during the pumping process.

The rate of deposition is largely controlled by the velocity of the currents and
vegetation cover, and therefore to increase deposition, it is necessary to decrease these
current velocities which keep the sediment in suspension. This may be achieved in
one of two ways. The first is to construct polders of brushwood groynes (Plate 3.3), as
in the case of the Schleswig-Holstein method. Water can flow into the area, but
velocities are reduced by the ponding effect, thus allowing sediment to settle out. The



LAND CLAIM AND COASTAL DEFENCE

99

fact that the materials used for the construction allow water to move through, means
that water can slowly seep out, without generating significant tidal currents. Accretion
can be aided by trenching the mudflats to increase frictional drag on the water, by
increasing the roughness. This method of foreshore accretion is widely used, having
been developed from experiences on the Dutch coast and subsequently used in other
countries. A second way of increasing natural sedimentation is to reduce current
velocity by increasing the baffle effect caused by vegetation. Spartina sp. spreads
rapidly to colonise mudflat areas and, because of this, has been commonly planted as
a means of trapping sediment and increasing the elevation of such mudflat areas.

ENVIRONMENTAL IMPACTS

In the Schleswig-Holstein scheme, sedimentation is largely dependent on natural
supplies of sediment. However, the process is still artificially increasing the rate of
sedimentation, and so it is still possible to swamp infauna if sedimentation rate
increases too much. Similarly, the amount of dewatering which occurs is also
important. The entrapment of sediment can lead to a sediment with high water
content, which proves poor for habitat formation. There is consequently a danger
of developing an area with contrasting sediment properties when compared to
unrecharged sites, each having its own suitability for infauna, and its own stability
to resuspension and erosion.

PLATE 3.3 The use of brushwood groynes to increase sedimentation in the intertidal zone
(Wallasea Island, Essex, UK)
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The planting of Spartina can also lead to environmental impacts. Because of its
invasive nature, it can swamp important feeding grounds, which will have secondary
effects on wildfowl. Also, because it is so dominant, it can alter local ecology by
ousting native colonising species.

Flood embankments

As with all coastlines, it is quite possible to defend against flooding by constructing
defences in the high intertidal area. Wave activity is not as much of a problem on tide-
dominated coasts as on wave-dominated coasts, and so the scale of defence construction
need not be as large. Typically, earth embankments are used, often constructed by
taking sediment from the fronting salt marsh as discussed in the section on the
environmental implications of land claim (p. 58).

ENVIRONMENTAL IMPACTS

Flood embankments, because they are designed to prevent any interaction between
land and estuary, by definition form a barrier between the two environments. Under
conditions of sea level rise, habitats would naturally migrate landwards in order to
maintain their position relative to the tidal frame. Where defences are present, this
cannot happen, and problems of coastal squeeze result.

The construction of the defences can also have a long-term impact on the estuary.
Both the methods used in obtaining the mud to build the walls necessitate removal
from the marsh. Scraping from the whole surface lowers the level by centimetres, and
vegetation can normally re-establish itself fairly quickly, although possibly reverting
to a mid marsh from high, or low from mid. Similarly, the digging of borrow pits is
normally only a temporary feature, although they can take around fifteen years to
infill (Osborn and French, in prep.). Successful infilling, however, does not always
occur, owing to poor management of the pits’ construction. Digging pits too deep can
mean that their bases are lower in the tidal frame than the lowest marsh communities,
hence the re-establishment of vegetation will not occur. In addition, over-deepened
pits also act as stores of water, which, on ebb tides, discharge large volumes of water
through the creek network, sometimes leading to erosional problems within the creeks
(Plates 3.1a and 3.1b).

In wave-dominated environments, wave reflection is important in relation to beach
scour and loss of sediment. In tide-dominated environments, however, this
phenomenon is less common, first because wave action is much less, and second
because the sediment is more cohesive and often vegetated, thus making it more
resistant to erosion.
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Managed realignment

There is growing evidence to suggest that instead of always trying to keep the coastline
static—that is, hold the existing line of defence—it may be better to allow the sea to
erode parts of the coast—to abandon land to the sea. This method is referred to as
managed realignment (also called managed retreat or set-back). The idea of allowing
parts of the coast to erode, or revert to marine habitat, does perhaps run contrary to
the term ‘defence’. However, ‘defence’ relates to successfully protecting the hinterland,
and so managed realignment, as a method of protecting the hinterland from erosion,
is important. We have seen that for the best defence, it is necessary to operate with
nature as much as possible, and if nature is saying that a coast should move inland,
then working along those lines will lead to better longer-term stability than constantly
battling against the natural forces of tides and waves. The concept of managed
realignment combines this rationale behind the need for coastal defence, the need to
replace habitats lost as a result of coastal erosion, and also the need to compensate for
problems of sea level rise and coastal squeeze. This process is particularly important
in areas which experience coastal squeeze that has resulted in the reduction of intertidal
width and loss of habitat and wave attenuation ability. This reduction in width reduces
the buffering protection afforded by the intertidal area fronting the sea wall.
Increasingly, the sea defences become destabilised as the toe of the wall is exposed
and eventually becomes undermined.

We have seen that throughout history, humans have changed the outline of the
coast by large-scale reclamation, to gain areas of flat, cheap land for agriculture and
development. Throughout history, this process has accounted for an estimated 25 per
cent of intertidal land in estuaries, resulting in the destruction of large areas of the
coastal zone, world-wide. The continued exploitation of the coast has important
implications for habitats and wildlife, as the more land claim and defence works
which go on, the more tightly squeezed the intertidal zone becomes. As sea levels
continue to rise, so this squeeze will become greater as intertidal habitats are pushed
further up against hard sea defences, such as sea walls, and create increasing instability
in the coastal zone. The accommodation of this natural process of sea level rise can be
met in one of two ways:
 
1 Natural geomorphological processes are fundamental to coasts being able to

adapt to change; thus natural features such as a beach or shingle bar can move
and adapt to new wave and sea level conditions. Habitats can change and adapt
alongside such changes, provided that freedom of landward movement is
maintained.

2 These new habitats can be artificially created by allowing the movement of the
intertidal zone landwards by deliberately removing the line of hard defence. This
process is known as managed realignment.

 
The general concept of this technique involves the creation of new habitat to act as a
buffer in the reduction of wave energy. We have already seen how the foreshore can
be recharged and built up in front of defences by advancing the foreshore forwards
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into the sea. Managed realignment involves the landward movement of a sea defence
structure and the promotion of new habitat creation in front of this new line of defence.
The land between the old and new defences then forms a new part of the intertidal
zone which is more able to respond to coastal processes, and thus reduce the effects
of coastal squeeze. Goodwin and Williams (1992) have reviewed this technique,
combining habitat creation through both coastline advance and coastline retreat, for
example along the Californian coast.

Up to now, this technique has been used in the ‘artificial’ creation of salt marsh. In
the UK, there are several sites where managed realignment has occurred. One of the
most heavily studied areas is the Essex coast, where this practice has been used at
four locations (Old Hall Marsh, Tollesbury; Northey Island; Fambridge; and Wallasea
Island; Boorman and Hazelden, 1995; Turner, 1995). However, it can also be shown
that, historically, evidence of naturally occurring realignment has happened through
storm breaches which have not been repaired. In the UK, a period of increased
storminess around the turn of the century meant that there were many cases of sea
defences being breached around this time. Not all these were repaired, particularly
where the inundated area had been previously reclaimed and the flood inundated land
to the previous sea defence. These sites provide evidence for how this technique,
when artificially managed, can be of value in creating new habitat. Some of these
sites have been more successful than others. Pagham Harbour, Sussex, was fully
reclaimed at the end of the nineteenth century, but breached at the onset of the twentieth.
The inundation of the sea initiated new marsh growth and an active intertidal zone.
This area is still accreting and developing marsh growth, and thus has proved to be a
successful retreat site (French, 1991).

At Fambridge, on the river Crouch in Essex, a similar breach occurred at around
the same time. This flooded land back to a previous defence, and provided healthy
marsh protection for many years. At the present time the marsh is eroding, but it
can be argued that the set-back area successfully protected the coast along that
stretch of river for eighty years, and is still providing some degree of protection
today, while at other sites in the river, the marshes are narrow and close to the sea
wall.

It can be seen from these natural set-backs that this principle can be used to provide
low-cost flood defence, or provide extensive areas of habitat creation. Increased flood
defence is provided by the presence of an intertidal profile which dissipates wave
energy.

ENVIRONMENTAL IMPACTS

The most obvious environmental impact is that areas of dry land revert to the intertidal
zone. The loss of terrestrial habitats is compensated for by the addition of intertidal
ones, and it can be argued that terrestrial habitats have the greater freedom to migrate
laterally than do intertidal ones.

It is clear that some environmental conditions favour realignment, while others do
not, so that this method of coastal defence can be considered along the same lines as
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others, as far as environmental suitability is concerned. The most successful schemes
have occurred where the following four parameters were available:
 
1 The elevations of the original site were suitable for the desired habitat—i.e.,

higher for marshes, lower for mudflats.
2 The site was adjacent to an existing source of flora and fauna—i.e., next to areas

of marsh or dune vegetation to allow migration.
3 The hydrological conditions of the site were maintained to prevent scouring and

allow sufficient water stand to allow sedimentation.
4 The sites had been well researched, and advice had been obtained from suitably

qualified experts.
 
We have already seen that when defence measures are being considered, each option
is subject to a cost-benefit analysis. Managed realignment options also need to be
judged by the same criteria. There is expense involved in relevant engineering works,
especially if new inland defences are required. Similarly, the creation of new habitat
is also an expensive undertaking, if this has to be artificially encouraged or enhanced.
Offset against these costs, however, is the value of the new habitats, both as wildfowl
refuges and as coast protection measures. In the USA, estimates indicate that coastal
wetlands are worth around £18,500–£26,000 per hectare, based on their value in coastal
defence provision. Balanced against that, the same habitat costs between £3,200 and
£44,500 per hectare to create artificially, suggesting that the economics are better
favoured in some areas than others.

Finally, as with any defence, it is important to carry out all actions with consideration
of other parts of the coast, and the relevant sediment budgets. As most of these schemes
are based on estuaries, this means that it is important to bear in mind the impact that
these actions will have on estuarine processes. The amount of sediment available to an
estuary will remain the same whether a realignment scheme goes ahead or not. Thus
increased deposition in such an area will mean that sediment will not be deposited in
other areas. This could trigger off new erosion, or modifications to channel morphology.

The issues raised by managed realignment are significant. This approach is
becoming an increasingly common method of coastal defence, and we will be returning
to the process later.

Large-scale hydraulic remodelling in estuaries

Many of the problems which cause erosion on tide-dominated coasts are the result of
currents. In addition, many of the management problems which arise are deep-seated,
and local-scale measures are not likely to solve the problem overall. Major problems
such as sea level rise, tidal asymmetry, and negative sediment budgets cannot be
tackled by piecemeal measures, but could be, theoretically, by major works designed
to modify the hydraulic regime of estuaries.

Measures which could be taken include the construction of barriers, weirs,
submerged shoals, breakwaters, artificial headlands, and islands, all measures which
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we have discussed already as individual means to manage coastal systems, but which
in combination could be used to modify an estuarine environment completely. Simpler
measures could involve opening up new channels through marshes to alter flow or
ebb dominance, or increase bed roughness. To date, however, this form of management
is theory—and has not actually been put into practice.

Coastal defence management and planning

The planning of coastal defence measures

The initial trigger for the onset of defence planning will lie in the realisation of there
being a problem: a large cliff fall, a strong storm, the loss or flooding of property.
There are established procedures and planning stages laid down which can be followed,
forming a framework within which projects are planned, investigated, and implemented
in the best way to meet the demands of both the local population and the natural
environment. It is really the balance between these two factors (natural environment
and local population) which will decide whether the defences will be built or not.

There are six steps to the framework.

1 Preliminary thinking. During this stage, careful thinking is undertaken to define
clearly the extent of the problem, the desired final outcome, and a list of the various
ways by which that outcome can be achieved. Such aspects as minimising the risk to
life will be placed at the top of the list, but the list will also include other factors such
as the maintenance or enhancement of the built and natural environment—including
physical, cultural, and biological aspects.

Bearing in mind the relative importance of these factors, one can then investigate
the methods available. At this stage, it is also necessary to consider what will happen
if nothing is done; only by doing this is it possible to judge the merits of the other
options. Also, it is important to consider the effects of the proposed work on the rest
of the coastline; that is, the coastal cell approach (see Figure 3.6).

Where defences already exist, the thought process will consider the merits of
reinforcement or extending these. In effect, there are several categories of approach
utilising the methods discussed earlier which are available at this stage:
 
(a) do nothing (i.e. leave the coast alone to find its own equilibrium state);
(b) undertake managed realignment (i.e. move the defence inland to allow the creation

of new habitats);
(c) opt for partial set-back (allowing parts of the coast to erode while protecting

others);.
(d) maintain existing defences (reinforce and repair);
(e) build new defences (protecting previously unprotected parts of the coast);
(f) advance seaward (i.e. offshore breakwaters).
 
Finally, it is important, from this early stage, to include all interested parties in relevant
discussion. These could include:
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� statutory and voluntary groups;
� local people;
� those with specific site knowledge;
� coastal experts;
� nature conservation bodies.

2 Developing and appraising the options. All options should be developed and
appraised through careful, integrated planning. The options will fall within four
categories:

(a) Do nothing. Basically, take no action to maintain existing defences, improve
on defences, or construct any form of defence. In other words, allow the coastline
to continue to erode naturally, as in the example of Holderness. It is only by
doing this type of survey that all other options can be assessed.

(b) Manage potential risk. Rather than defend the coast, improve the warning systems
to allow people time to evacuate. This option is particularly relevant to areas of
coastal flooding, rather than erosion, but is important where aesthetics are
important, and the emplacement of large concrete defences would detract from a
tourist area, from an area of natural beauty, or where the supply of sediment
along a particular coast is critically important to other parts of the coastal cell.

(c) Maintain the existing line. Repair the current defences to maintain the current
standard and line of defence. Such actions will include the rebuilding of walls,
or the replenishment of sediment on beaches. This would then involve a further
investigation of hard vis-à-vis soft engineering.

(d) Change the existing method of defence. This may be achieved by:

(i) reconstructing or reinstating the existing measures with increased strength
and resistance to wave attack (upgrade);

(ii) implementation of new measures to improve the performance of existing
defences; that is, supplementing defences with groynes added to sea walls
or secondary walls, etc;

(iii) constructing a new defence seaward or landward of an existing defence,
such as offshore breakwaters or managed realignment;

(iv) construction of new defences in areas where they were previously absent.
 
In addition, consultation with interested parties should continue, and the area should
also be investigated for any environmental designation; for example, is it a nature
reserve or an SSSI (site of special scientific interest)?

A third stage is to investigate the environmental impacts of the options. This
investigation should include:
 
(a) looking at the information from consultations;
(b) assessing impacts within the rest of the coastal cell on both natural and artificial

environments; that is, effects on sediment erosion, sediment transport, and
deposition patterns;

(c) identifying areas of special interest; that is, areas which need to be protected, or
which contain geological or ecological sites;
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(d) consideration of impacts during and after scheme implementation;
(e) identifying ways in which (d) can be prevented or minimised;
(f) considering opportunities for environmental enhancement.
 
After carrying out these stages, it is possible to eliminate those options which will
give too great an impact, leaving those which are technically sound and feasible.

3 Choosing the right option. At this stage, the environmental assessment needs to
be formalised where the proposed works will require planning permission. The need
for this basically depends on the magnitude of the project, and whether it falls within
Schedule 1 projects, in which case an environmental impact assessment (EIA) is
mandatory, or Schedule 2, where an EIA may be required. The EIA will produce an
impact statement which assesses the impacts of the development on humans, fauna
and flora, soil, water, landscape, and the interaction between these.

At this stage, all surviving options are environmentally, economically, and
technically feasible. These options can be ranked into two groups with one relating to
cost-benefit and the other to environmental impact. If both lists favour the same
preferred option, then the decision is clear-cut. If the preferred option is different,
then the decision is a matter of judgement. After the preferred option has been selected,
it is now taken forward into the design stage. If, as is possible, the preferred option is
to do nothing, then the process will stop here and the coast be left to erode naturally.

4 Design. The design stage should consider all the environmental implications of the
project, and all the environmental issues raised under the consultation phase. It should
also study such factors as wave reflections and effects on adjacent coasts, sediment
dynamics, and what will happen at the edges of the development—the fringing effects.

The protection, conservation, and enhancement of the coast should be integral at
all design stages. There should be detailed consideration of:

 (a) maintenance/improvement/creation of habitats. No project should reduce habitat
diversity or leave an area ecologically impoverished, but could be made more
acceptable if it includes habitat creation;

(b) protection for important species;
(c) retention of landscape, morphology, geological features. This is especially

important when considering sea walls, as concrete is very effective in obliterating
rock outcrops and coastal morphology;

(d) protection of archaeology and built and cultural heritage, which may require
hard defences, the construction of which may affect the design of the rest of the
scheme;

(e) sources of materials: where the material will come from—sand for beach feeding,
rock for offshore breakwaters, etc;

(f) retention of access to the shore by pedestrians or boats—the coast must not become
inaccessible to users;

(g) methods of construction, sources, and disposal of materials; that is, there should
be no contamination of the local environment.
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The development of any defence structure, as we have already seen, will include
many opportunities for the environment. Schemes may provide opportunities for
enhancement of the terrestrial environment, or restore habitats such as lagoons or
marshes, or create artificial reefs. The development should be sympathetic with the
environment, and the damage done to existing habitats always borne in mind.

5 Operation. The operational/constructional stage needs to be planned and carried
out with particular care. There is tremendous potential for damage to the environment,
and the destruction of sensitive areas. Consideration needs to be given to:

(a) suitable timetabling to take account of such factors as flowering times, breeding
seasons, etc. Floral communities need to set seed, and so damage at flowering
times can reduce the vegetation in successive seasons. Also, birds need quiet and
safety during nesting periods and when feeding young;

(b) close definition of working areas to avoid compaction of beaches, and the
minimising of effects on marshes and dunes. Construction should avoid sensitive
areas and also restore any damaged sites;

(c) effective communication and understanding to lead to proper assessment of
construction impacts.

 
During construction, it is easy to cause accidental damage to parts of the shoreline,
and it is important to have a full understanding of the implications of these events.
The upper shoreline, for example, is an important habitat for many bird and plant
species, and so disruption must be kept to a minimum. Similarly, intertidal areas are
important for marine invertebrates, including fisheries.

6 Post-project appraisal. After completion, the appraisal of a project is critical to
allow the amelioration of unforeseen environmental problems, and to improve the
design and implementation of future schemes. This is important because although the
reaction of the shoreline to defence works can be modelled, subtle changes in wave
and wind activity can alter the criteria on which these models are based. An example
of this is given by Fox (1997): wind directions caused problems in the Sidmouth
offshore breakwater scheme, resulting in the offshore transport of sediment. It is
important to remember throughout that the predicted impacts are exactly that—
predicted. It is also important to remember that knowledge of the coast is not spatially
uniform. Some areas are well studied, others less so, and so the information base
which forms the basis of predictions is also variable in quality and completeness.

Post-construction monitoring is essential for all defence works, looking at how
efficient the works are in solving the problem which they set out to solve, and also the
effects further along the coastline. An environmental and engineering audit needs to
be carried out after the implementation of the scheme, based on the comparison between
baseline surveys and what is actually observed.

Mitigation action should be put in place if required if it becomes evident that the
environmental objectives of the scheme are not working. This can take many forms,
but may need to respond to loss of beach sediment, erosion at another locality, or,
most severely, the failure of the defences themselves.
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Responsibility

The procedure described above is all well and good, but what needs to be determined
is exactly who has the responsibility for initiating such schemes. Clearly, in such
situations we are verging on the grey area between coastal engineering and coastal
zone management. Increasingly, in many countries, the latter is gaining in
importance, and is an integral part of the whole coastal planning process. In the UK
the system has not developed as much, and the system of responsibility is still fairly
complex.

In the UK, ultimately it is the Ministry of Agriculture, Fisheries and Food (MAFF)
that is responsible for providing grant aid to various authorities for capital projects.
These authorities vary, largely according to the role and function of the defences.
Flood or sea defence projects—that is, those necessary to protect property from being
flooded by the sea—are the responsibility of the Environment Agency (EA) formerly
the National Rivers Authority (NRA), under the Water Resources Act 1991. These
flood defence functions are controlled by ten flood defence committees, chaired by a
ministerial appointment and made up of local council representatives. It is also possible
for groups to act independently. Under the Land Drainage Act 1991, local landowners
(including Railtrack, the company that manages the UK’s railway lines and stations)
may also undertake such works, and so in this respect different groups can serve the
same defence function without any consultation.

Coast protection—the prevention of erosion—falls within the bounds of maritime
district councils. Under the Coast Protection Act 1949, these councils are empowered
to carry out such works as are necessary to protect their administrative area. Because
these works have significant implications for the behaviour of the coastal cell, maritime
councils are required to consult with other groups, notably the NRA, neighbouring
councils, the relevant county council, the harbour authority, conservancy and navigation
authorities, and fisheries committees; that is, all those groups upon which defence
activities can have an effect. Any scheme, excluding emergency repairs, needs MAFF
approval anyway, and before this approval can be given, other bodies, such as the
Crown Estate Commissioners, the Countryside Commission, English Nature, the
Countryside Council for Wales, all need to be informed, and all schemes have to be
notified to the general public. Similarly, other landowners can also undertake protection
works, subject to notification of the relevant council, and the conditions outlined
above.

The co-ordination of works is the responsibility of the local authorities, although
the Environment Agency is required to exercise general supervision over all matters
relating to coastal defence. Frequently, however, much of the co-ordination is already
worked out owing to the establishment of regional coastal groups—which have
produced framework documents detailing defence strategies for many parts of the
coast.

Despite the responsibility of local authorities for the flood and coastal defences,
these powers are permissive, rather than mandatory. This means that the authorities
are not obliged to prevent flooding and erosion, and have the option of allowing
natural processes to operate; that is, to do nothing.
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MAFF will provide funding to schemes proven to be environmentally acceptable,
technically sound, and economically justifiable. Funding is available both for sea
wall construction and for recharge schemes. For schemes outside these controls such
as residual costs, or non-grant-aided schemes, finance is from local funds such as
regional environmental agencies (obtained from levies of local councils), or from
local authorities themselves.

Governing legislation

We have seen that the EA and local authorities are empowered to provide coastal and
flood defences. This does not mean that they have a free hand to do what they like.
The 1991 Water Resources Act (section 16) obliges the EA and ministers, and the
1991 Land Drainage Act (section 12) obliges the EA, internal drainage boards, and
ministers, to:
 
� further the conservation and enhancement of natural beauty consistent with any

enactments relating to their functions;
� further the conservation of wildlife and geological/morphological features of special

interest, consistent with any enactments relating to their functions;
� have regard to the desirability of:

(a) protecting and conserving buildings, sites and objects of archaeological,
architectural, or historic interest, and

(b) preserving public rights of way and access to the foreshore;

� take into account the effects of any proposals on the preservation of rights of
access, on wildlife, features, buildings, sites, or objects of interest.

 
Basically, while the authorities concerned are not forced by law to protect areas from
erosion and flooding, if they choose to do so then they are governed by strict controls
and guidelines as to what they have to do and what they need to take into account.

� � �

We are now in a situation where we have studied several aspects of coastal defences:
 
1 the sorts of problems which occur on the coast, and the environments in which

they occur;
2 the methods which can be used to prevent erosion and flooding, and the impacts

which these can cause;
3 the legal and responsibility framework in place to oversee these works.
 
It is not ideal to have the whole coast shrouded in defences, and so some selectivity
has to occur. On the basis of cost-benefit analysis, if the cost of defending the coast is
greater than the value of the land which is being defended, then no defences will be
built. Isolated farms tend to be regarded as developments which are not worth as
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much as the cost of the sea defences, and so are not defended. Major infrastructure or
industry is of critical national importance, and is of value clearly in excess of the cost
of sea defence construction and so is more likely to be defended.

Managed realignment: a universal solution in soft
engineering?

As yet, there is one main aspect which we have not considered in detail, although the
concept was introduced when we discussed the ways in which tide-dominated coasts
may be defended. This approach to coastal defence is one of the most important
contemporary issues in coastal management. Letting parts of the coastline erode, either
naturally (do nothing), or in an encouraged and controlled way (managed realignment),
is perhaps the best way of protecting the land. Increasingly, this approach is favoured,
and represents a new concept in human impact on the coast. This impact is different
from those which we have already considered because instead of being negative, the
process of realignment actually creates habitat and manages the coast in a way
sympathetic to the natural processes. For this reason, the option is often viewed as the
ultimate saviour in coastal defence, and one that can solve all the problems of traditional
methods. While this may be true to some extent, the technique has its advantages and
disadvantages along with any other technique.

Both the concept of doing nothing and the realignment of defences incite great
passion and feeling—especially among people who are directly affected. The scientific
reasoning behind it is sound: by defending the coastline, we may set up sediment
deficits which promote erosion elsewhere, and so make the problem considerably
worse than it originally was, but by encouraging an increase in intertidal area, or by
allowing the artificial input of sediment, the coast will develop its natural line of
defence, and so, in effect, manage itself. The complication lies in the fact that coasts
have been very popular for human settlement and industrial growth, and so in many
cases it is not possible to allow them to erode. The background to these theories has
already been explained. Far from being such a universal solution, however, managed
realignment is not the answer to all coastal defence problems. There are important
site requirements which need to be met before such schemes can go ahead, and so not
all areas of the coast are suitable.

The managed realignment option: suitable locations

As with any defence, it is important to carry out all actions with consideration of
other parts of the coast, and the relevant sediment budgets. As most of these schemes
are based on estuaries, this means that it is important to bear in mind the impact that
realignments will have on estuarine processes.
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Tidal prism

The most critical impact will be on the tidal prism. In some cases, the opening up of
an area of sea wall, and the subsequent inundation of land, will allow more water to
enter and leave the estuary during the tidal cycle, thus increasing the tidal prism. This
could result in increased erosion as current velocities are increased. Conversely, water
levels may become lower owing to the flooding of greater intertidal areas.

Estuarine morphology

The ultimate aim is to free up the intertidal zone to respond naturally to coastal
processes, with the long-term aim of returning the estuary to a more natural shape.
As, typically, estuaries are naturally funnel-shaped (wider at the mouth and tapering
inland), realignments in the lower estuary should go back further than those in the
upper estuary and hence greater land areas are required. The best way of achieving
this is to undertake one massive retreat, covering the whole of the estuary, although
this is likely to be impractical in most cases. Consequently, a series of smaller schemes
is often carried out, as part of an overall strategy.

Site history

The most suitable sites for managed retreat are those which were once salt marsh before
being reclaimed. This is because the soil chemistry and structure are likely to be more
suitable, and also because if marsh had once grown on a site, then it is clear that this site
is suitable for marsh growth. If, conversely, the site had never supported marsh growth,
then there must be some reason for this, and it might be better to avoid such sites.

Surface elevation

The elevation of the marsh surface is the single most important factor contributing to
long-term success in marsh creation. I have already stated, with reference to the Severn
estuary, that in being claimed, the claimed marsh level falls relative to the unclaimed
marsh owing to dewatering and continuous accretion to seaward. This means that the
longer the marsh has been claimed, the greater the height difference is likely to be,
and the lower the marsh community which is likely to develop. In some cases, the
level may be lower than that at which pioneer vegetation can become established,
meaning that only mudflats will develop. The higher the marsh elevation is, the fewer
the times that it will be covered by the tide, meaning that:
 
1 more mature marsh vegetation can colonise;
2 there will be fewer tides to erode sediment from the surface, and lower wave

energy;
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3 there will be longer time periods between tides to allow compaction of the
sediment;

4 greater settling means greater dewatering, and subsequent increases in the success
rate of seed germination.

 
The best method of determining whether the claimed surface is at a suitable level is
by relating it to those elevations already present on the existing marsh. Lower elevations
are more likely to revert to mudflat, until accretion is sufficient to allow marsh plants
to colonise. This may be desirable in some cases. If not, the level can be artificially
raised by sediment pumping, to increase the elevation sufficiently to allow the more
immediate colonisation of flora.

Surface gradient

Marshes will develop on flat land, although a gradient will allow a more diverse
marsh community, in that different levels of tidal inundation will encourage a range
of low, mid, and high marsh species. Many of the breaches which occurred naturally
around the turn of the century tend to be over flat land because they have been farmed.
The resulting marsh is consequently typified by a low species diversity, resulting in a
rather low-grade marsh.

A sloping site, preferably grading into terrestrial vegetation, is ideal. The slope
encourages a diverse flora, and reduces the management needed. The merging with
freshwater vegetation allows the development of transitional communities. Such sites,
however, are rare, especially because managed retreat is most needed in sites which
have undergone extensive reclamation, and which therefore are often those with several
lines of defence. In these circumstances land is likely to be set back to a previous line
of defence, rather than to high ground.

In reality, increased habitat diversity and, therefore, greater biological diversity
and conservation importance are generally achieved if:
 
1 the landward limit of the site grades naturally into terrestrial habitats, allowing

the creation of rare transitional plant communities;
2 a natural slope is present allowing a range of marsh communities to colonise; or
3 the surface is artificially graded to produce a range of elevations, to imitate the

effects of natural marsh development.
 
Research in the USA has shown that slope is important in determining the types of
vegetation which are established on slopes. The work found that slopes of between 0
and 2 per cent were generally to be recommended, while later work indicated that the
optimal results are obtained on slopes of between 6 and 7 per cent. Sites in the UK
which have undergone retreat following natural breaches have typically been in the
region of 0.1 per cent.

The importance of slope has been shown on the experimental managed-retreat site
at Northey Island in the estuary of the river Blackwater in Essex, south-east England.
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This experiment was backed by sloping land, with the result that a range of new plant
communities have become established, with increasing diversity towards the back of
the site, and higher elevations.

Sediment characteristics

The sediment of the new habitat will govern the success with which plants colonise.
It is important that the deposited sediment is of the right grade to encourage plant
colonisation. Provided that there is sufficient suspended sediment to allow accretion,
this will provide the basis for future plant establishment. As long as the rate of
accretion is not too rapid, so as to smother the plant communities, the continued
deposition of sediment will allow the continued building up of the marsh surface.
Developing root systems will then bind the sediment to form a more resistant
sediment surface.

Creek networks

In natural systems, creeks establish as an important part of the inundation and drainage
of the marsh. They play an important part in distributing sediment over the marsh
surface, and so when establishing a new marsh, it is beneficial to have some form of
creek system. In claimed land, it may be possible to reopen the original system, either
by allowing natural processes to do it, or by excavation.

If no system is present, again natural erosion may cut one, although this is a long-
term process and may hinder the establishment of vegetation. Alternatively, an artificial
drainage network can be. cut, based on equilibrium geometry, which is itself dictated
by tidal characteristics, tidal prism, sediments, accretion rates, and vegetation types.
Neither of these options is ideal, but may be the best solution. The best way is to allow
the site to develop its own system.

Tidal hydraulics

When any realignment project is being undertaken, it is important to know what
size of hole should be created in the old defence to allow the sea to invade. The best
method may be to remove the whole of the wall, but where this is not possible, it is
important to have a breach of sufficient size to allow the site to achieve an equilibrium
state. The main controlling factor is the amount of water moved into and out of the
site on each tidal cycle, the tidal prism. If the breach is too small, the velocities at
the breach will cause scour and erosion, and the net loss of sediment. If it is too
large, then the currents will be slack, and the breach could become clogged with
sediment.

The location of the breach is also important. Work in the USA has demonstrated
that the most important elements to consider are:
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1 The breach should be located at the natural mouth of a creek; therefore, flow in
an existing channel will move material onto and off the marsh.

2 As the new creek deepens at the breach, the potential loss of habitat outside the
mouth through ebb tide scour should be taken into account.

3 The breach should have sufficient shelter from wind and waves.
4 One wide breach is more suitable than many small ones, because if two or more are

present, flow can enter through one and leave via another, thus failing to transport
sediment onto the marsh. Multiple breaches may be suitable if the creek system of
the marsh is established into a series of watersheds.

 
Managed realignment is becoming more popular and is increasingly being regarded
as a suitable way of protecting tide-dominated coasts in a way which maintains a
natural coastline. Brooke (1992) reports on several examples in both the USA and
UK which utilise the ideas on managed realignment in conjunction with other
techniques already discussed. In North Carolina, dredged material has been used to
increase land levels prior to breaching and planting salt marsh vegetation. In California,
many sites have been breached and used for marsh generation, with techniques
involving the pumping of dredged material and natural sedimentation to increase
surface height, followed by either planting or natural colonisation. In Louisiana, marsh
has been created by natural processes, while in Texas, Georgia, and New York, dredged
material has been pumped and planted with marsh species.

In the UK, marshes have been restored by realignment of defences along the
Hampshire, Gloucestershire (Severn estuary), and Lancashire coasts. In Essex, many
schemes, as already discussed, have been adopted using both pumped material and
natural sediment accumulation.

Managed realignment represents the positive impact of human activity at the coast
by controlled landward movement of the high water line. In other cases, this retreat
can be allowed to occur naturally; that is, without any artificial management or control.
In situations where land is eroding but providing an important sediment supply, leaving
alone may be the best form of management. In other words, the policy of non-
interference or coastal sacrifice is adopted.

The argument for this policy lies in the fact that:
 
1 Some coasts will cost more to defend than the land is worth.
2 Some coasts are so important for sediment supply that to protect them will cause

adverse effects on the process cell:
3 Protection of the coast will mean that important habitats are lost.
 
At the present time, do nothing is very much an important option, but is not really
well managed. People whose homes are vulnerable will receive no compensation.
While the arguments for not defending the coast are sound and sensible, it hardly
seems just to say that people can lose everything as a result, and may even end up
paying to demolish their own houses. If it is not financially justifiable to defend a bit
of coast, then some of the money involved could be used to compensate the individual
householders.



LAND CLAIM AND COASTAL DEFENCE

115

Summary of Chapter 3

The chapter has introduced aspects relating to one of the key activities at the coast,
that of land claim and coastal defence. The topic is vast but represents perhaps the
greatest impact that humans have had on the coast.

The tendency of policy to protect what is present, never to allow land to be given to
the sea, is becoming outdated. Since we have been all too ready to take land from the
sea (land claim), so we should also be as ready to consider the prospect of giving it
back when natural conditions so dictate. This is not to say that wherever the sea
erodes, land should be surrendered. Issues of land use need to be brought into
consideration because humans have already gone so far down the line of coastal abuse
that in many places to surrender land is non-viable. What is important, however, is
that whenever a coastal erosion problem occurs, due consideration is given to all
possible options, and that the eventual policy is considered over a coastal cell, not just
on a local basis. If this means that development has to be relocated to allow sediment
to be input to the system, then so be it. After all, the cost of defending may well
exceed the cost of relocation.

It is for these reasons that this chapter has been presented in the way that it has.
Introducing the problems and causes makes clear the role of coastal defence. Thus,
the need having been established, the various approaches to defence can be presented
with due acknowledgement of the fact that while there are benefits for each
methodology, there are also environmental issues which need to be considered. After
all, the underlying theme throughout this book is that the best way of managing the
coast is to leave it alone. Hence any interference, be it development or defence, affects
these natural processes.

Increasingly, the policy of leaving the coast alone, helping it to do what it wants, or
providing natural habitats is becoming more common. Such processes, known as
‘soft’ methods (as compared to the ‘hard’ methods of building sea walls and groynes,
etc.), are becoming more important than what have hitherto been the conventional
techniques, but nevertheless the impacts of such actions still need to be considered.

Hence, the intention of Chapter 3 has been to provide the reader with details of the
main aspects of defence practice and methodologies, as well as their environmental
implications. The reader should leave this section with an understanding:
 
� of the reasons behind the need for defences and the role of land use and hinterland

values;
� of the various methods available for protection, their applicability, and their

impacts;
� of the contrasting nature between soft and hard methods—habitat creation v.

solid structures;
� of how humans strive to minimise the impacts of defence structures through

policy and the planning process;
� that in all cases, the one thing that needs to be considered is to leave the coast

alone to ‘do its own thing’.
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Introduction

The developed world has become very much an industrially based society and there
is an increasing trend for the developing world to follow the same route. Within society,
large areas of land are given over to industry and its associated infrastructure, for the
manufacture, processing, and storage of commodities. Perhaps before we proceed it
is necessary to understand what is meant by ‘industry’ in this context. As far as we are
concerned here, industry is a term used to refer to those aspects of society which
manufacture goods or products which are beneficial to it. By using such a broad
definition, we include not only manufacturing industry, but also power stations. We
exclude tourism, however, as the problems for the coast of this activity are sufficiently
different as to warrant separate treatment (see Chapter 5).

In order for industry to function, there are several factors related to the environment
which need to be met:
 
1 suitable land for development. The definition of suitable land may vary and is

somewhat industry specific, but often large areas of flat, cheap land are required,
especially for petrochemical works, power stations, and oil refineries;

2 the supply of raw materials: basic needs to start the manufacturing process such
as crude oil for refining or for petrochemicals, coal and oil for power generation,
or imports of raw materials;

3 the need for water: many processes require large quantities of water, either in
the actual making of products (e.g. electricity generation) or for washing and
cleaning;

4 means of waste disposal: many by-products of society are discharged into the
environment, although, increasingly, they are being processed and treated first.
Hence, some transport pathway is needed;

5 a means of transporting the finished goods to their eventual markets.
 
Such requirements restrict the number of suitable environments which are available,
and it is common to find certain industries concentrated in specific locations which
satisfy all, or the majority of, the conditions detailed above.

The significance of coasts and estuaries for industrial location

In answering the question of why coasts and estuaries are significant in the context of
industrial location, one has only to look at the five points listed above. Estuaries, in
particular, provide large areas of flat land, often at cheap prices because the land is
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newly claimed. They are also areas for port development, again partly owing to land
availability, and so the import of raw materials and the export of the finished products
are relatively easy, and the potential supply of water is limitless. In addition, estuaries
have also been seen, along with rivers, as natural ‘waste disposal systems’; ‘things’
into which industry can pour its waste to get rid of it. While this has certainly been
true in the historical context, more recently this situation has been reviewed and strict
legislation regarding discharges has been brought into effect, so that the situation is
by no means as serious as it once was. This topic will be returned to in later sections
of this chapter.

It can be seen, then, that the locating of industry in an estuarine environment provides
it with all the basic facilities. This fact, however, naturally puts great demands on
these systems, and, as between coasts and estuaries, it is typically the estuaries which
suffer the most. The main reason is that industries requiring ports or facilities for
loading and unloading of imports and exports tend to locate in estuaries, because
estuaries, for reasons already discussed, are where ports are best located. Table 4.1
lists industries commonly located along coasts and estuaries, and, as can be seen, the
majority are estuary, rather than coast, specific.

Other industries, particularly power generation, may not need all the above-
mentioned facilities. Nuclear power stations, for example, need just a good land-
based infrastructure, an abundant supply of water and, commonly, a location away
from large centres of population. In these respects, coasts are often as suitable as
estuaries. In some cases, such as Sellafield on the Cumbrian coast of the UK, the
continuous discharge of low-grade radioactive waste actually favours a coastal location
for reasons of dispersal. However, from a contamination point of view, this can lead
to problems of accumulation, as has occurred in the case of Sellafield, where natural

TABLE 4.1 The relevance of coastal and estuarine sites for industrial developments
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longshore drift leads to the accumulation of nuclides in many estuaries, and especially
in Morecambe Bay, where some nuclides can reach many times those of background.

As a result of these basic industrial requirements, it can be argued that it is necessary
for such development to occur at the coast, and so it is necessary for such developments
to be accounted for in the coastal planning process as a necessary future development.
Increasingly, though, coasts and estuaries have also seen new industrial growth not
due to the requirements already mentioned, but purely on the basis of cheap land.
Many of these developments, such as business parks, light industry, or offices, do not
need to be adjacent to the coast, and could equally be located further inland. As a
result of this unnecessarily high concentration of industry around coasts and estuaries,
land values have been increased, thus increasing the need for coastal defence measures
where a coastline becomes threatened with flooding or erosion. Hence such large-
scale development has given rise to potentially serious future coastal management
problems due purely to land prices.

Another important factor in the establishment of industry is exactly where on a
stretch of coastline the industry is located. Given that many industries are necessarily
located at the coast, the siting of these needs to be done in sympathy with local
environmental conditions. It is not, for example, a good idea to site a petrochemical
works on a rapidly eroding coastline. Clearly, such a situation would never occur
because of the planning process, but, considering that such an installation may have
a life expectancy of fifty years, it is necessary to predict what the coast will be like
in fifty years’ time, a prediction which, given our limited knowledge of large parts
of the coastline, is not necessarily a straightforward undertaking. A petrochemical
plant, for example, built 1 km inland from the coast might, during this fifty years,
find itself right on the coast if erosion starts to become a problem. This would
necessitate increased coastal defence expenditure in order to protect the plant,
whereas if it were sited elsewhere these problems could have been alleviated. A
good example of such a problem occurs in the case of the Easington gas terminal on
the Holderness coast of eastern England. This development, located at the southern
end of the rapidly eroding Holderness coast, is threatened by the erosion of the soft
till cliffs. When constructed, the cliff was some considerable way from the
development, but, given rates of erosion measured in metres per year, it is apparent
that what was considered a safe distance in the planning stage is proving not to be
so. Because of the importance of the site, it will be necessary to protect this stretch
of coast in years to come, unless the infrastructure can be relocated (which may be
a viable option, as that located nearest to the cliff is the oldest part of the plant and
nearing the end of its planned operating life). As we have seen in Chapter 3, the
supply of sediment from this coast is critical to the local sediment budget, and so it
becomes equally important to protect the supply of sediment from other parts of the
coast, so that nearby villages will not need protection.

The problems of long-term coastal stability and predicted erosion trends are
particularly critical in the siting of nuclear power stations. Such installations are
invariably sited on open coasts owing to the large water volumes required. Those
located in estuaries tend to require the construction of large reservoirs owing to the
need to safeguard water supply at all states of the tide. In addition to its operating life,
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a reactor will need several centuries for radiation levels to reduce. Hence, the
construction of nuclear power stations on a coastline means a long-term commitment
to defence, one of the order of three hundred years. Such a long-term prediction is
difficult even in situations where the behaviour of a coastline is well known. Along
coasts where knowledge is sparse, predictions are almost impossible, especially given
the added problem of sea level rise. As far as the UK is concerned, the siting of
nuclear power stations has often occurred in the absence of an adequate appreciation
of coastal processes and geology (Box 4.1). The result of this is that many nuclear
installations, in view of the mobility of many of the coastlines involved, and the role
of sea level rise, may require considerable protection for several centuries to come.
The alternative is to remove the hazard when the power station closes. At the present
time, this is not considered a practical option, as the highly radioactive core presents
a major environmental hazard, and the technology to break it up and remove it is not
fully established. In addition, purely on economic grounds, the cost of removal is
likely to be far in excess of the cost of defence, and so, in the majority of cases,
increased coastal protection is likely to be the favoured course of action. Such coastal
protection, however, must happen irrespective of coastal processes, management plans,
or the overall sediment budget of the coastal cell, and will therefore contravene many
of the principles which we have established regarding how coastal systems should be
managed. Local defence authorities must, in effect, write a blank cheque for the future
protection of the land.

Another aspect of industrial development at coastal or estuarine locations is
pollution. Industrial waste is discharged into the estuary, or out to sea, where dispersal
will remove it from the local area. However, many of the world’s coastlines have
experienced major problems associated with industrial emissions. We have seen how
both wave and tidal currents can move sediment onshore, offshore, and along shore.
As will be seen later, this sediment may not just represent a mineral grain, but may
have pollutants attached to it. Furthermore, particulate pollutants, such as mine waste
or coal dust, will behave like sediment and thus will be moved around in currents.
These problems will now be considered in more detail.

Historical trends in waste disposal

The exploitation of any natural resource generates waste material. The disposal problem
associated with large quantities of waste generated during periods of industrial or
mining activity has meant that the natural environment has been the ultimate recipient.
The assumption of many industrialists that both estuaries and coasts may be regarded
as natural waste disposal systems has meant that these environments in particular
have suffered intense pollutant input. The original assumption, especially in the case
of estuaries, is not really justified, since pollutants can remain in the system and
become incorporated into the sediment record of such a system. Whenever muddy
sediments are deposited, they absorb many pollutants from solution, and hence contain
within them whatever levels of pollutants are present in the water body at the time of
deposition. On deposition, the metals are stored within those sediments, but if
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BOX 4.1 The relationship of nuclear installations and coastal
stability in the UK

Because of the basic requirements of nuclear power, the coast is seen as the
most suitable location for such developments. In the UK, the only inland sites
tend to be those of reactors used for research; practically all the electricity
generating stations are located on the coast.

The problem is that many of these installations are located in areas which
have potential coastal defence problems. In September 1992, the UK government
issued a guidance note on coastal planning which stated that any new
developments away from urban areas should not be permitted on coasts with an
erosion problem. Around the coast, there are already thousands of developments
which would not have been allowed under these restrictions, including eighteen
of the UK’s nuclear installations which are located on land liable to flooding or
erosion and are entirely dependent on coastal defences for their stability. What
is perhaps worse is that some of these defences are not really adequate. We have
seen already the problems with defences in the south-east of England. Constant
land subsidence, sea level rise, and retreating marshes all point to a coast which
is unstable and could best be managed by being allowed to retreat inland.
Coincident with this area are the nuclear power stations at Bradwell in Essex,
Sizewell in Suffolk, and Dungeness in Kent.

The table details the current power stations (see map for the geographical
distribution), the land on which they are built, and stability of the coast. The
table includes sites, but does not indicate the number of reactors on each site
(indicated in parentheses on map). Sizewell, for example, has two commissioned
reactors and a further one planned—this on a site of unconsolidated shingle
which is likely to be subject to erosion and increased mobility. Similarly, there
are two reactors on the shingle at Dungeness, a site of historically rapid accretion,
but one showing increasing trends towards erosion. The site at Berkeley has
been decommissioned, and will be left with the highly radioactive core encased
in concrete. This site is claimed marsh, lying below mean high water, and
necessitating a long-term commitment to maintaining or improving the current
flood defences.

It is likely that of those sites listed in the table, numbers 5, 6, 7, 9, and 10 are
likely to pose future defence threats, with 3, 4, 8, 11, and 12 also posing possible
problems, depending on rates of sea level rise and increases in storminess: In
reality, all these sites, and those in other countries, will need a commitment to
protection for several hundred years. Nobody can predict what the coastline of
a country will look like at that time—what areas will have eroded, what areas
will have accreted, etc. Thus there are many unknowns. What is certain is that
developing reactor sites at the coast means that whatever happens to the coast,
these areas will have to remain protected, even if the land around them becomes
highly erosive.
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the sediments start to erode, then these pollutants
re-enter the system. In other words, the eroding
sediments will behave as a pollutant source. What
this means, therefore, is that in estuaries in
particular, when tidal currents move clay and fine
silt (mud), they also move pollutants with it.

The large-scale production of pollution became
of significance only around the early to mid-
nineteenth century during the period of sustained
industrial and economic growth commonly
referred to as the Industrial Revolution. At a point
in a sediment sequence coincident with the onset
of this historical period, sediment-borne pollution
levels show a rapid concentration increase (Figure
4.1). However, this is not to say that this was the
start of industrial activity in a particular area, as
localised industry and mining adjacent to some
estuaries can be documented right back to the
Romano-British period, normally associated with
natural exposures, where collection of coal or
metal ore could proceed without technical
difficulty. Swansea, in the Bristol Channel in the
UK, for example, had been an important centre
for copper smelting in the seventeenth and
eighteenth centuries (Flinn, 1984).

To a large extent, the amount of pollution entering the environment is positively
correlated with the growth and decline of towns and industry. Areas around estuaries
are, as we have seen, especially favoured for the development of industry. The Severn
estuary/Bristol Channel system, along with its extensive catchment, is one of the
UK’s most heavily industrialised estuary systems (Price, 1986). On its northern
margin, there has been industrial and mining activity in south Wales and the Forest
of Dean dating from the Romano-British period (Hamilton et al., 1979; British
Coal, 1986). Until the mid-nineteenth century, however, activity was only localised.
Following the Industrial Revolution, there was a rapid increase in industrial and
mining activity as the railways opened up the large south Wales coalfield for
development. In addition, the railways provided a link to the coast, allowing the
development of a coal export trade through the rapidly expanding ports. On its
southern margin, there is the large chemical and processing complex of Avonmouth
and Severnside, in operation since the early 1900s, and also, prior to 1973 (British
Coal, 1986), the coal-producing area of the Bristol and Somerset coalfield. The
Severn catchment includes areas of the south-west Midlands, where industrialisation
and urbanisation have followed the same patterns of development as areas adjacent
to the estuary. From these industrial centres, pollutants can be transported to the
Severn estuary and Bristol Channel along a variety of pathways (Figure 4.2), the
relative importance of which, with specific reference to the Severn, can be seen in

FIGURE 4.1 Diagrammatic representation of typical
heavy metal concentration v. depth trends from polluted
salt marsh sequences
Source: French, 1990
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Table 4.2 (Owens, 1984). Although this example relates specifically to the Severn
estuary, the principal pathways shown in Figure 4.2 and outcrops are exactly the same
for any industrial catchment, and so it is possible to substitute the name of any such
estuary into the central box to achieve a flow diagram relevant to any system.

The most direct way for pollutants to enter an estuary or coastal system is via
direct discharge; that is, through a pipeline from the factory into the channel. This is
not, however, the only means. Figure 4.2 details all the various pathways, and
demonstrates routes for land, river, and the atmosphere. It can also be the case that
different pollutants predominate in the different transport media such as air or water,
and also, the importance of these media with respect to different pollutants may vary
within single systems. Using the Severn estuary as an example, it can be seen from
Table 4.2 that lead and zinc are chiefly derived from atmospheric input, with industry

FIGURE 4.2 The Severn estuary and Bristol Channel system as an example of the causes of
estuarine and coastal pollution, and the various transport pathways
Source: French, 1990
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and rivers being of secondary importance. Atmospheric lead mainly results from the
large quantities found in vehicle exhaust fumes, while atmospheric zinc is chiefly
derived from non-ferrous metal production (Pacyna and Münch, 1987). Significant
quantities of both lead and zinc are also present in the gaseous emissions from coal-
and oil-fired power stations (Pacyna and Münch, 1987).

In this example, the derivation of atmospheric-borne pollutants (Table 4.2) is likely
to be of relatively local origin. With the overall prevailing wind direction being from
the west or south-west, the majority of wind patterns would have developed out in the
Atlantic Ocean, where there are no pollutant sources. The first real sources of airborne
pollutants are the industrialised areas of the Welsh and Avon coastlines. The second
most frequent wind direction, from the north-east, may derive airborne pollutants
from the area around the south-western Midlands. With attention turning towards a
greater concern for the environment, atmospheric inputs may well be expected to
decline as lead-free petrol increases in popularity, and as tighter controls on air pollution
come into force. Thus it can be seen that the potential to supply pollutants is great in
many areas, but that the method of transport and sources will vary. In our case, however,
these factors are perhaps not of prime importance, although the study of the role of
pollution in estuaries and on coasts does need to take source and transport into account.
What is of great significance, however, is the fact that the pollution ends up in estuarine
and coastal environments, and that once there it can become incorporated into sediments
and so play an important future role in pollutant sources should these sediments begin
to erode.

The historical development of many areas has meant that the supply of pollutants
to coastal and estuarine sediments has a simple temporal variation (Figure 4.1). The
level of most pollutants is dependant on two factors. First, there is a background
component due to natural processes of erosion and weathering of outcrop within the

Source: Modified from Owens, 1984
Notes:

a

 Includes industrial, storage/tip/natural erosion.
b

 Includes industry, sewage, and sludge components.
Figures are quoted as percentage of total input, unless otherwise indicated.

TABLE 4.2 The relative importance of different transport media in the supply of metal
pollution in the Severn estuary
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catchment. Second, and superimposed on this, are the levels of pollutants, variable in
time and space, associated with anthropogenic activity. Some pollutants do not occur
naturally and so cannot possess a component due to background levels, in which case
their presence is purely a result of anthropogenic inputs. It is these anthropogenic
inputs which have the greatest temporal variability, and which have been used to form
the basis of a pollutant-based chronology (Alien, 1987, 1988; French, 1996a, b). In
addition, some spatial variation also arises from the non-uniform way that pollutants
are introduced into the system (French, 1993a). Industrial discharges produce a series
of point sources from which pollutants are disseminated by the system to become
diluted and mixed. This mixing is variable in nature but is primarily a function of the
mixing capabilities of the system. Such a model of point sources can be seen in Figure
4.3, which represents four of the principal pollutants in the Severn estuary and Bristol
Channel, all of which are linked to industrial or urban areas.

The increase in the amount of pollution due to anthropogenic influence can be
better understood when compared to the levels associated with natural erosion. Jones
(1978) exemplifies this point in tabular form (Table 4.3). Whereas some metals (e.g.
silver and nickel) show little increase due to anthropogenic influence, others are
dramatically affected, with up to 110 times natural levels in the case of tin.

It is clear that many estuarine sediments, therefore, contain within them stores of
potential future pollutants. This raises a serious issue as to how much pollution is

FIGURE 4.3 Point sources of pollution input to the Severn estuary and Bristol Channel
Source: French, 1990
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present in these stores, and what the future threat is likely to be. To date, much work
has looked at levels present in sediments, but hardly any has examined the linking of
these to rates of erosion, and hence the future role of supply. Many reports on pollutant
variation with depth have been utilised for the benefit of increased understanding of
sediment accretion rates, resulting in the development of pollution-based stratigraphies.
Many of these are centred around sites from the USA. Finney and Huh (1989) analysed
a series of box cores from Santa Monica and the San Pedro Basin, California, for a
series of metals and for lead-210 dates. From this they showed that variation in copper,
lead, and zinc levels arises in response to anthropogenic influences, and that it reached
a peak level around 1970. Since this peak, levels have been slowly declining to the
present day, where they are now around a third of this peak level.

Other reported findings (Hamilton-Taylor, 1979; Crecelius, 1975) all tend to show
the same pollutant/depth trend as the general pattern shown in Figure 4.1. Förstner
and Müller’s (1973) review of metal pollution in rivers in response to anthropogenic
influences also supports these ideas. The recent study of Middleton and Grant (1990)
looks at a range of heavy metals in the Humber estuary and relates these to a pre-
industrial datum horizon (Scrobicularia Clay). Their data, as a result, use this
comparison to enable it to be expressed in the form of a series of enrichment factors
which show the impact of discharge on coastal sediments. A similar demonstration
was also produced for the Severn estuary (French, 1993b, 1996b), and clearly
demonstrates the impacts of industrial development in this system. Other examples
are detailed by Alien (1987, 1988), Alien and Rae (1986), de Souza et al. (1980),
French (1990, 1993a, b, 1996b), Hamilton and Clarke (1985), Itoh et al. (1987),
McCaffrey and Thompson (1980) and Müller (1981). One of the most striking features

TABLE 4.3 A comparison between natural and anthropogenic rates of heavy metal input

Source: Modified from Jones, 1978
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to arise from all these sets of data is the remarkable similarity in the form of the
pollutant-depth trend (see Figure 4.1). In most cases, the results show a steady, low
background level which, at a point governed by the history of the individual catchments,
begins to increase rapidly to a peak level of pollution, before slowly declining to the
present day.

Despite the predominance of studies on metals, these are not the only form of
pollutant found in estuarine and coastal systems. A second major group concerns the
particulate pollutants. However, studies on particulate pollutants are rather more scarce
than those relating to heavy metals. The majority of the work is concerned with areal
surveys of present-day environments. Hunt et al. (1984) looked at heavy metals
associated with particulate atmospheric pollutants, and developed a link between metals
and magnetic mineral concentrations in a variety of environmental contexts. By
characterising the magnetic components of a variety of emissions, they were able to
suggest an identity for emissions of unknown origin. Magnetic susceptibility is also
the method used by Oldfield and Scoullos (1984) in particulate monitoring in the
Elefis Gulf, Greece. They showed that magnetic susceptibility could be used to
characterize sediment samples and filtered particulates.

Studies by Campbell et al. (1988) link the two fields of adsorbed and particulate
metals. Using the Mersey estuary in north-west England as an example, they studied
the contrasting behaviour of dissolved and particulate nickel and zinc, using this work
to suggest origins for the two metals. A combined study of dissolved and particulate
trace elements comprised the study of Abdullah and Royle (1974) in the Bristol
Channel. Two surveys carried out in 1971 show that the major source of these metals
is run-off from areas of mineralisation and waste disposal.

It is clear that there has been much Work done on the levels of pollution present in
coastal and estuarine systems. Whereas the absolute concentrations may vary, the
temporal trends are consistent with the variation in industrial and urban activity. It is
true to say that many of these reports have been determined from a purely academic
standpoint. There are, however, many implications for the estuary and coastal
environments which arise out of this. What all these have in common is that they all
demonstrate how human activities, via industrial development and urbanisation, have
produced large-scale impacts in estuaries and along coasts. While visually these may
not be readily noticeable, this potential with respect to future pollution problems is
certainly real and may have serious consequences.

All the studies mentioned above are based on the fact that when sediment is
deposited, it contains within it the levels of pollution present in the water environment
at that time. An important question can now be raised. What happens to this pollution
after it has been deposited? Clearly, once a marsh, intertidal mudflat, or other
contaminated sediment body starts to erode, these pollutants will be reintroduced into
the water body. Hence the sediments themselves become a source of pollutants in
exactly the same way as a factory outfall would, with the main exception being that
salt marshes do not come under the strict legislation concerning levels of emissions.

A second possibility is that even before erosion, material can be leached out of a
sediment sequence by some chemical process. Under the right environmental
conditions, decay of organic matter, oxidation/reduction conditions, as well as
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ground-water chemistry can cause the removal of metals. Such processes are
complicated, and the exact nature of the process does not concern us greatly.
Moreover, they are of considerably less importance than erosion.

We have a situation, therefore, where many of the muddy deposits of the
industrialised world contain pollution. To put this another way, as sand dunes and salt
marshes can be seen as sediment stores, all the world’s industrialised estuaries can
also be seen as pollutant stores. These pollutants can be adsorbed onto sediment grains
or organic material, or occur in particulate form. It is important that the role of these
pollutants be assessed for the impact which they can potentially produce.

Effects of pollution on estuaries and coasts

The incorporation of pollution into sediments can occur in many ways. For our purposes
it is not necessary to go into great detail on all of these. Particulates will behave like
sediment grains, with deposition depending on size and specific gravity of the particle.
Metals, on the other hand, are adsorbed directly onto particles. This adsorption is
very much grain-size dependent, as a given volume of clay-sized grains will have a
greater surface area than the same volume of sand grains. As a result, for two estuaries
with exactly the same environmental variables and metal pollution levels, but one
sand-dominated and the other mud-dominated, the levels of metals in sediments will
be higher in the mud-dominated estuary than in the sand-dominated one, purely as a
result of the effect of grain size.

The adsorption of heavy metals onto clay minerals, organic material, or iron/
manganese oxide/hydroxide grain coatings has been recognised as an important
controlling process with respect to the deposition of heavy metals within the estuarine
environment (Jones, 1978). Clay minerals, owing to their relatively large adsorption
capacities and their tendency to accumulate in many estuaries, are important in this
regard, and it is for these reasons that the greater part of the heavy metal pollution
occurs in association with the finer sediment fraction and hence is a particular problem
in muddy environments, such as estuaries. The literature concerning this topic is both
vast and diverse, a large proportion being cited in papers by Alien (1987, 1988), Allen
and Rae (1986), Förstner (1989), Krumgalz et al. (1990), and Ridgeway and Price
(1987). Following adsorption onto sediment grains, in order that the pollutants can be
incorporated into the sedimentary record they have to be deposited along with the
sediments of the system. Sedimentation processes in estuaries and coastal
environments, where most of these pollutants end up, are complex interactions between
many environmental variables, notably current velocities, water chemistry, water
circulation and sediment grain size (see Chapter 2).

Types of pollutants

Many substances which occur as pollutants, or are indicative of pollution, build up in
the natural environment, a process referred to as ‘geo-accumulation’ (Müller, 1981).
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Pollutants can generally be regarded as occurring in two principal forms. First, there
are chemical solutions or colloidal suspensions which contain heavy metals and other
chemical compounds. Such material can occur as a result of natural processes—that
is, chemical weathering, etc.—or by the discharge of waste during anthropogenic
activity. Second, there are particulate pollutants: solid material such as wastes from
mining activity or from power generation (fly ash, spherules, etc.). All these materials,
both heavy metals and particulates, occur in discharges and all, therefore, have the
potential for being incorporated into the sedimentary record of a system. By using
dated sediment cores, it is possible to study the temporal importance of many of these
substances over the past century or so. Müller (1981) has produced a generalised
chronology of various groups of pollutants with respect to temporal variation in
environmental concentration (Figure 4.4). The following classification is based on
Müller’s work.

I have said that pollutants can be divided into two main groups, but this is perhaps
a little simplistic, because not all chemical solutions behave in the same way.

FIGURE 4.4 Age distribution for the occurrence of major pollutants in sedimentary
deposits, based on the work of Müller (1981)
PAH = polycyclic aromatic hydrocarbons
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framework is that adopted by Müller (1981), which divides pollutants into eleven
groups (Figure 4.4), each of which has its own set of time-related properties. The
evolution of heavy metal concentration runs parallel to world-wide industrialisation,
which began around the mid-nineteenth century. A significant proportion of the increase
has been attributed by Erlenkeuser et al. (1974) to the combustion of coal and lignite.
Polycyclic aromatic hydrocarbons (PAH) show a strong positive correlation with heavy
metals. PAH also started to increase around the latter half of the nineteenth century,
reaching a maximum in the mid-1960s. This close correlation has led to the conclusion
that coal combustion is an important source not only of metals, but also of PAH,
because, as Müller states, ‘it is a known fact that the incomplete combustion of coal
produces PAH’. Coal particles have an overall similar evolutionary pattern to that of
metals and PAH, but are more strongly influenced by local variations. Coal-fired
boilers and coal production are important sources. Petroleum-derived hydrocarbons
from crude oil or refined petroleum first appear around 1870, although the largest
growth is in the late 1930s in response to a rapid increase in vehicular traffic.
Chlorinated hydrocarbons have become significant pollutants since the 1940s. Since
1970, owing to their high toxicity and carcinogenic properties, their application to a
closed system, such as a lake, has been legally restricted, although a decrease in levels
is yet to be revealed by the sediment record. Nutrients, particularly phosphorus and
nitrates, reflect the trophic (production) status of an aquatic system. Artificial radio-
nuclides appear in the mid-1950s in response to the atmospheric testing of nuclear
weapons. Since 1963, levels have been decreasing as strict legal constraints have
been implemented. In addition, nuclear reactors and reprocessing contribute to the
sediment-borne radionuclides. The accident at Chernobyl, for example, produced
enough caesium-137, and the characteristic caesium-134, to deposit a unique layer in
many sediment environments (Rowan et al., 1993). This layer can be detected and
forms a unique reference horizon from which to date post-Chernobyl sediment
accumulation. Phthalate esters are widely used as plasticisers in the manufacture of
PVC and other plastics. Concentration in sediments has increased steadily since the
1950s in response to an increased demand for plastic products. Coprostanol (faecal
pollution) is recorded in sediments back to pre-industrial times and correlates with
population growth.

These principal groups represent a convenient system in which to categorise
pollutants and to study their temporal importance. Perhaps, in comparison to some
work, the classification may still be a little crude; for instance, the inclusion of coal
and cinder into one group brings together a diverse range of material which might be
better subdivided. However, as far as we are concerned, the impact of different
pollutants on the environment varies with time. Eroding marshes, for example, will
not reintroduce pollutants if they were deposited before the input of that pollutant
started. Hence, we may expect older marshes to contain a pollutant such as coal or
heavy metal, while newer ones may, in addition, contain pollutants such as chlorinated
hydrocarbons or radionuclides.
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Effects on the system

We have seen how release of pollutants into the environment can be reflected in the
uptake of these substances by sediments. These inputs can impact on the environment
in two ways. First, they can cause pollution when they are initially pumped into the
water. Second, they can also produce increased pollution inputs when the sediments
in which they are contained start to erode. There is, however, another factor, which
may be seen by some environmentalists as a positive issue. When pollutants are
absorbed onto sediments, they are being removed from the water body, so that the
water quality becomes better. Hence the removal of pollution by sediment adsorption
can be seen as a water-cleaning process and, as such, of clear benefit to a heavily
polluted environment. It is important to remember, however, that these processes are
not permanent, and that subsequent re-release is likely in the future since pollutants
are not being removed from the system, merely stored away from the water body
temporarily. In systems where pollution has been high, which has resulted in high
levels in sediments, such as occurs in some shipbuilding areas for example, it may be
environmentally preferable to physically remove the sediments from the environment
to be treated elsewhere. Fraser (1993) reports on the case of New Bedford harbour,
Massachusetts, where heavily contaminated sediments containing polychlorinated
biphenyls (PCBs), heavy metals and other contaminants caused the harbour to be
placed on the National Waste List as one of the USA’s most hazardous waste sites.
Various forms of dredging were employed to remove the sediments from the harbour,
and these were then disposed of in one of two ways. First, they were placed in confined
disposal facilities adjacent to the estuary, where sediment was allowed to settle in
sediment ponds before burial. Second, contained aquatic disposal was used, where
contaminated material was sealed in holes dug in the floor of the upper estuary. While
from a pollution point of view this form of treatment would be sensible, it should be
remembered that the process involves taking much sediment from the system, and
hence has a negative effect on the sediment budget.

The impact which these pollutants have on the environment can increase or decrease
according to several environmental parameters. The primary impact will be determined
by the concentration of the initial input. On emission, the concentration will be much
greater around the source, which will gradually decrease as the material disperses
from this source. A coastline with strong onshore or offshore currents will spread the
pollutants over great distances. In contrast, such currents can also be responsible for
washing material onto beaches. In estuaries, the flood and ebb tides are largely
responsible for the dispersion of material, with stronger currents producing a greater
degree of mixing. The estuaries with the stronger currents can achieve an almost
uniform mixing, with pollutants dispersed to produce uniform levels throughout the
system. Because ebb and flood tides introduce material into, and take it out of, an
estuary, over time pollutants will eventually leave the system and be taken out to sea.
The time taken from introduction to removal is known as the flushing time. Flushing
times vary considerably and can range from a few days to many months. The significant
fact, however, is that estuaries with long flushing times will retain pollution in the
system for longer, and thus sediments will have a longer period of time in which to
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adsorb material. It can be argued, therefore, that there will be greater retention of
material in estuaries with long flushing times.

It is still possible for metals, once deposited, to re-enter the system, as mentioned
earlier. This potential is related to metal stability (Förstner, 1989). On deposition, a layer
of sediment represents a single time plane which will contain within it levels of pollution
governed by the pollution state of the estuary at that time. One important assumption is
that when deposited, the pollution record is permanent and stable, and that no significant
post-depositional migration of the heavy metals occurs. Certainly, in the case of anoxic,
subtidal muds, problems of metal mobility do occur, with a tendency for metals to combine
to form sulphides. In some cases, these metals then become mobilised, with the result that
they can migrate into interstitial pore waters and up to the sediment surface on a
concentration gradient set up by the overlying water body (Elderfield and Hepworth,
1975). In intertidal areas, such as high mudflats and salt marshes, prolonged anoxia is
uncommon and water cover is not of a long enough duration to allow concentration gradients
to be established. As a result, it is thought (Rae, pers. comm.) that no large-scale mobilisation
occurs. Work by Allen et al. (1991), based on a Severn estuary salt marsh sequence,
suggests that in this environment at least, post-depositional mobilisation occurs only from
the organic phase—that is, metals adsorbed onto organic material—with other phases
being stable. As organic matter decays, metals are released back into the water body.
There is no evidence to suggest that once released, these metals are readsorbed by another
phase. The rate of release (Allen, pers. comm.) is estimated as being in the order of a 50
per cent decrease every few decades. If metals did migrate up a salt marsh sequence on a
large scale, then one would expect to find a gradual up-section increase in metal levels,
with the greatest concentrations at, or just below, the surface. In other environments, the
mobilisation of particle-bound material (i.e. heavy metals adsorbed onto clay grains or
oxide/ hydroxide coatings) can be enhanced by five major factors (Förstner, 1989):
 
1 Acidification can be a prime factor in mobilising metals in water bodies and

groundwater, and in the production of acidic drainage from coal and ore mines.
2 Salinity increases can be critical in the remobilisation of metals from cadmium-

rich sediments in estuaries (Salomons and Förstner, 1984), which, in conjunction
with sediment-borne biota, can cause sediments to become major sources of
dissolved metals.

3 Complexing can significantly affect metal mobility, but is dependent on such
factors as acidity, mode of metal occurrence, and cation presence.

4 Organic activity may also affect acidity, and cause sulphide reduction and bioturbate
sediments, which can cause other processes to become more prolific.

5 Oxidation and reduction processes can cause sulphur complexing, converting
the metal to its metal sulphide, thus changing its stability. In oxygenating
conditions, metals may revert from their sulphides to become carbonates, oxides,
etc., again changing their stability.

 
Thus, irrespective of the erosional state of the sediments, it is still possible, albeit
under specific environmental conditions, for metals to be input to the environment
from sediments without any erosion.
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Other implications of sediment-borne pollutants: sediment dating

The interrelationship of sediments in any estuary or coastal environment can reveal
a complex series of events which have helped shape the morphology of that
particular area. Stepped salt marshes or cross-cutting dune systems suggest distinct
erosion and accretion periods, events which need to be put into a temporal
framework in order to understand how natural processes have shaped the system.
The ideas of lithostratigraphy, biostratigraphy, etc. are well founded in the geological
record and, to a certain extent, in the modern sediment record, and have frequently
been used to determine sedimentary events. In the study of contemporary sediments,
however, the development of a chronostratigraphy (a scheme for dating and
correlation) can be of more use than biologically or lithologically based counterparts.
Because these sediments are deposited in environments in which humans have a
direct influence, pollutants are commonplace. In effect, this means that owing to
anthropogenic factors, temporally variable quantities of pollutants are often
incorporated into the sediments of a system, and it is possible to use these temporally
variable discharges to discover more about how a sediment sequence operates, and
how its morphology is determined.

Although much work has been done regarding the pollutant status of many estuaries,
the main thrust of much of this investigation has been towards looking at modern
pollution levels and the possible effects that these may have on life and environmental
issues in general. This means that most of the literature concerns the present-day
areal distribution of pollutants and not their use in a stratigraphical context. To date,
few authors have taken a stratigraphic approach, although among those who have,
concentration has been focused on heavy metals.

Because of the deposition of pollutants along with sediments, a sediment core or
salt marsh section will contain within it a historical record of the sediment activity
and pollution history of the system which deposited it. The individual sediment layers
can be dated using appropriate radioisotopes (typically 210Pb or 137Cs) in order to
document the history of contamination (Warren, 1981). On this basis, Bruland et al.
(1974) found that lead and zinc in coastal sediments near Los Angeles dramatically
increased around 1940 along with rapid industrial development; Crecelius (1975)
documented an increase in arsenic levels in Lake Washington around 1890 coinciding
with the opening of a new smelter in the area; Hamilton-Taylor (1979) showed
increases in lead and zinc levels in Lake Windermere sediments after 1850 following
a rapid population increase; and Alien (1987, 1988) and French (1990, 1993b, 1996a,
b) have shown how increased metal concentrations followed the industrialisation of
the Severn catchment around the mid-nineteenth century. Although not all the cited
work refers to coasts, the techniques and findings are all relevant to the situation
under discussion. The analysis of metal trends can demonstrate variation in
sedimentation rates, pollution input, amount of pollution stored, etc., which are all
factors which need to be determined if pollution inventories are ever to be determined
for estuaries as part of management plans.
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Bio-accumulation

We have seen how pollution can be incorporated into sedimentary deposits and stored.
In contrast to this, accumulation of metals and other aqueous pollutants can also
occur in the organisms which live in the system, and this accumulation can become
accentuated up the food chain as predator eats prey. Such bio-accumulation may have
considerable impact on the human population because we are often part of the same
food chain, generally occupying the role of chief predator.

While metals such as copper, iron, nickel and zinc are essential in minor amounts
to many forms of life, in any great concentration they rapidly become toxic. One
particular feature of aquatic life is that many organisms can absorb metals into their
body tissues, increasing this abundance up the food chain when eaten. There have
been many instances of mortality due to toxic poisoning, including transfer to
humans.

In Japan, the release of cadmium from lead and zinc smelters over a prolonged
period of time led to an accumulation in local fish. The eating of this fish by the
human population produced a painful disease of the joints (the name of which, when
translated, produces the rather appropriate name ‘ouch-ouch’), which resulted in the
death of 100 people and the paralysis of many others. A further example, also from
Japan, occurred between 1953 and 1956. Waste containing mercury(II) sulphate was
discharged into Minimata Bay and was subsequently absorbed by fish, which converted
it into organic methyl mercury. These same fish form the basic diet of the local
population, and as a result of the accumulation of methyl mercury, Minimata disease
(mercury poisoning) killed forty-three people and caused severe disablement in sixty-
eight others (Clark, 1992).

As the above example illustrates, mercury is particularly harmful to humans.
Evidence indicates that around many of the world’s coastlines, levels of mercury are
increasing, within both sediments and fish. Many other metals have similar effects
and impacts on human populations, and all of them continue to enter the environment
by many routes, including domestic sewage, industrial wastes, car exhausts, and storm
drains.

It is not just human populations which suffer from pollutant accumulation. An
example of the direct effect that the dumping of pollutants can have is the case of the
common seal and the effect of PCBs in both the North Sea and the Baltic (Clark,
1992). PCBs are organic molecules which are fat soluble, and therefore readily
absorbed into body tissues. Around the Dutch Waddensee, between 1950 and 1975,
numbers of the common seal declined from 3,000 to 500 although there were no
telltale signs of harm; that is, mortality levels were not abnormally high, and so there
was no increase in the death rate of seals. On examination of the body tissues, the
seals were found to have typical levels of heavy metals but elevated levels of PCBs.
Experiments showed that seals which fed on fish heavily contaminated with PCBs
experienced a dramatic reduction in birth rate, which meant that the population was
not replenishing itself and that this was the cause of the seal population decline. It
should also be remembered that during this same period, these same fish which were
contaminated were being caught and sold in shops in countries which fish these areas.



THE INDUSTRIAL USE OF COASTS AND ESTUARIES

137

A second example, tributyl tin (TBT), used as an anti-fouling paint on ship hulls, has
been shown to influence the reproductive capacity of whelks, producing imposex, a
condition in which females experience the development of male characteristics (Clark,
1992).

Both these examples come from the North Sea, which is an area of intensively
fished and polluted water. This largely stems from the fact that the North Sea is
bounded by many highly industrialised countries, and receives much of their river
discharge. The exact severity of the problem is difficult to determine, but evidence
has shown that the environment of the North Sea has been significantly changed
over the present century as a direct result of the interaction of humans with it.
Peter Wilkinson of Greenpeace argued that by 1996 the North Sea would become
biologically dead because of the continued use of it as a rubbish tip for our toxic
waste. This has not actually occurred, but really only as the result of intervention
to clean up the area and discharges going into it. International panels have been
set up to investigate this problem, and while these panels have highlighted official
concern, the problem is not seen as being as severe as is made out by some
conservation groups. Nevertheless, the North Sea remains one of the dirtier seas
of the world.

� � �

Another type of pollutant which can readily accumulate in the food chain is pesticides.
Pesticides come in many forms, both organic and inorganic. Each can have a particular
effect on the natural environment beyond its designated role. The most hazardous are
the organochlorides, because they are both stable and environmentally persistent.
One such example is DDT, which can remain effective for up to twenty-five years.
Work by Woodwell et al. (1967), based on a salt marsh in the eastern USA,
demonstrated how the bio-accumulation of DDT can operate at different levels of the
food chain (Figure 4.5). This is one example of how pesticides increase in concentration
up through the estuarine food chain, and have then been transferred into humans,
with dangerous levels having been reported in various human tissues and fluids, notably
mother’s milk.

Effects of power generation

Conventional power

I have already mentioned reasons for the siting of power stations at coastal and estuarine
locations, such as the need for port facilities and deep-water berths for the import of
raw materials, the requirement of large quantities of cooling water, and the need for
large quantities of cheap land. These are the basic requirements which mean that the
coast is well suited for this type of development. There are, however, a series of
factors that cause other forms of environmental problem which need to be considered
in relation to detrimental impacts.
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The use of water in cooling and in the generation of steam to drive turbines is
common in all forms of conventional power generation. Although this water is replaced
to the environment, it is at a higher temperature than when it was removed, thus
producing thermal pollution. The effects of such forms of pollution are localised.
Fish stocks around these warm-water plumes tend to grow more quickly than do
others in colder water. While this may benefit the fishermen, it does mean that with
mesh sizes effectively controlling the catch, younger and younger fish are being caught
owing to the larger size, and thus fewer fish may be reaching the age of breeding
maturity. As a result, the population could go into decline. It is also possible for there
to be abnormal development of species, such as the development of a coral reef near
Shoreham power station in East Sussex in southern England, cited earlier.

Discharges of warm water will cause localised problems. Much greater problems
come from discharges of other forms of contaminant. In particular, nuclear discharges
can be carried long distances via longshore drift, and also become incorporated into
sediments in the same way that metals do, forming a temporal record. The majority of

FIGURE 4.5 Accumulation of DDT up an estuarine food chain
Source: Based on data from Wood well et al., 1967
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nuclear installations emit little, if any, radioactivity. Indeed, figures reveal that you
are likely to receive a greater radiation dose from standing near a coal-fired power
station than from standing near a nuclear one of similar size. However, in 1955, the
scientific community was informed about a ‘deliberate experiment’ in Cumbria, north-
west England, to study the effects of discharging radioactive effluent into the Irish
Sea. Elsewhere in the world, such actions were frowned upon, and more cautious
approaches were taken to such experiments.

From the onset of reprocessing in the early 1950s until the building of a new
plant in 1964, discharges increased steadily. The 1970s saw the greatest increase,
but it was not until 1975 that serious concern about the environment began. The
Windscale inquiry (Windscale being the name of the installation at the time) of
1977 increased this worry, when the question of the effects on the local population
was raised.

Much of the radioactivity emitted becomes bound to sediment and tends to be
deposited offshore, where it can be ingested by benthos and, subsequently, higher
levels of the food chain. Around 5 per cent of the plutonium, along with caesium-137,
tends to remain mobile and becomes dispersed within marine currents, much of it
ending up being concentrated in the restricted embayment of Morecambe Bay to the
south. When the levels found in any environment are reported, they are quoted as
amounts compared to fallout from weapons testing. These levels from fallout
themselves caused great concern and criticism, but in contrast, because of concentration
and sediment-bound deposition, Morecambe Bay receives around 3,000 times such
levels.

Sellafield, as it is currently known, continues to discharge low-level liquid waste.
Similar plants around the world have achieved almost zero discharge, using technology
which was available when much of the current Sellafield plant was built. In addition,
the price of such technology would not have added much to construction costs. In
reality, the reason that such anti-emission equipment was not used is a management
decision to discharge such substances, with a full knowledge of their toxicity and
environmental persistence. As a result, many sediments contain safe, but unnecessary,
levels of radionuclides.

Alternative power sources

Increasingly, scientists are turning to alternative ways to generate power, owing to the
increasing threat of global warming, and the emissions of detrimental greenhouse
gases which typify the burning of fossil fuels. As far as the coasts and oceans are
concerned, there are two limitless energy sources: the tides and the waves. The
harnessing of this potential resides with technology, much of which has not been
fully proven in the production situation. Tidal power relies on the ponding up of
water until there is a suitable head. This is generally done by the construction of
barrages or barriers. Wave power necessitates the transfer of the energy in the waves
into some mechanism for converting this to electricity. Hence, as the expression of
the wave form is largest in the surface waters, the machinery may often be floated on
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the surface (although other techniques do exist), so that large-scale construction is
not always required.

Barriers and barrages can serve one of two functions (or in some cases, both).
First, some are designed to protect low-lying coasts from flooding, often following
the extensive reclamation of an area, which has subsequently undergone subsidence.
In this case, barrages can be raised or lowered according to conditions, as in the case
of the Thames Barrier, and so are in place only when flooding is predicted. Second,
barrages can be used to harness the energy of the tides to produce power. In this case,
they are permanent structures which block the channel.

Flood defence (storm surge) barriers are used solely for protection against coastal
flooding, and block off flow only when flooding threatens. Their advantage is that
they stop the water by blocking flow, and so they can replace the need for many
kilometres of flood embankments, which can have significant ecological benefits when
considering natural habitats and their freedom to migrate inland. In areas of high
marsh sensitivity, this can be an important consideration because the construction of
flood embankments causes damage to the marsh surface. The very nature of the
structure means that it can be expensive. However, when the cost is matched against
the building, upkeep, and maintenance of flood embankments around the whole of an
estuary, this can mean that the cost becomes more realistic.

Permanent barriers for combined flood defence and power generation cover the
same uses as those built purely for flood defence, but in addition they are used as a
means of power generation. On the flood tide, the barrier is open to allow water to
flood into the estuary. As the tide turns, the barrier is closed to pond the water up. As
the water level approaches low water, the water is allowed to ebb through the turbines,
thus generating power.

Irrespective of type, both cause similar problems in an estuary. We have seen enough
evidence to indicate that whenever a structure is built along the coast or in an estuary,
there is potential for environmental modification and the generation of a new set of
management problems. Tidal power is cited as one of the best ways of generating
environmentally friendly electricity, mainly because it does not contribute to the levels
of greenhouse gases (except in the construction processes). In addition, tidal power is
inexhaustible but intermittent, though totally predictable and reliable. The greater the
tidal range, the better the conditions for power generation. Hence, when operational,
a tidal barrage can produce a continuous supply of electricity. The European Union
estimates that the UK has the potential to generate 53 million kW (20 per cent) of its

TABLE 4.4 The costs of developing and utilising tidal power in some UK estuaries

Source: Based on data from Pickering and Owen, 1994
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energy demands, 90 per cent being from only eight estuaries, including the Humber,
Severn, Mersey, Wye, and Conwy (Middleton, 1995). Despite this, there are no barrages
in the UK, and only a few world-wide. The reasons for this are varied, but include
such factors as cost and environmental impact. Table 4.4 details the costs involved in
three potential barrage sites. Apart from the problems of cost, the environmental impacts
are also great and include such factors as decreased intertidal areas, increased erosion,
increased deposition, pollution, modification of river flow, and loss of habitat. These
impacts will now be discussed in more detail.

Environmental impacts of barrages

Barrages are perhaps the most visually intrusive means of flood protection. Leaving
this aside, they also have a tremendous impact on estuarine processes. These problems
become increasingly significant when you consider that in the UK alone, there are
practically no major estuaries without proposals for a barrage of some sort. Many
minor systems have proposals, or structures already in place, which serve to pond up
water for aesthetic reasons and for marina developments. We know that any structure
built in an estuary is going to have an effect on tidal flow. Barriers need piers and
jetties, and while these are built in such a way as to minimise intrusion, they will still
have an effect. The effect of pier construction can alter the direction of tidal currents,
as well as providing lee areas where sediment can accumulate. This sediment will, as
a result, not be deposited in areas where it once was; thus this can have knock-on effects.

Tidal flow

As well as governing the rate of water movement into and out of an estuary, tidal flow
also controls the height of the tide. Modification of the flow can cause the tidal range
to vary; that is, if flood tide flow is restricted by constraining it through a narrow
opening, there is going to be a backing-up of water, and thus reduced tidal heights
upstream of the structure, and increased tidal heights downstream. Similarly, on the
ebb, the ponding effect will occur upstream of the barrage, prolonging the period
during which intertidal habitats are submerged. If you vary the tidal elevation, you
could alter the depositional regime of the area in one of two ways. First, marshes
could become emergent—that is, no longer covered by the tide as frequently or at
all—or secondly, marshes could become inundated more frequently, and thus might
undergo species change, or even drowning.

Tidal flow also governs the physical form of the estuary, and the way in which
river water (fresh) mixes with sea water (salt). Salt water is denser than fresh, and so
unless these two bodies of water are physically mixed by currents, it is possible to
have a situation where a salt wedge is formed; that is, where the incoming tide pushes
a wedge of salt water under the fresh river water. This salt wedge moves in and out
with the tide, and as it does so, it provides a powerful aid to the flushing mechanism
of the system. If a barrage is built, this salt water may be impounded, and unable to
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migrate. In the Tawe estuary in south Wales, a captive wedge of salt water is retained
upstream of the barrage, and is only occasionally flushed out by extreme river flows.
Periods of neap tides and low river flow produce periods of stagnation and reduced
oxygen levels in the barraged lake (Figure 4.6).

Retention of sediment

Such a blockage to water flow as that mentioned above is going to cause many knock-
on problems to occur. As well as large amounts of water moving on each tidal cycle,
there are significant volumes of sediment which also get shifted around. A barrage
holds back large quantities of sediment which become deposited on the bed of the
estuary upstream of the barrage. This causes two problems. First, the water volume is
reduced by the increased space needed for the sediment. On a power-generating
barrage, this means less water to flow through the turbines. It also means that the
barrage will, in effect, begin to silt up. In rivers with a high sediment flow, this may
start to happen fairly rapidly. To a certain extent, this decrease in volume due to
sedimentation is compensated for by an increase in water level. On extreme events,
this could lead to overtopping of the barrage, but more commonly leads to the inland
movement of the tidal limit on all the rivers draining into the estuary.

Second, before the barrage, this sediment was transported out to the coast. With
the prevention of this, sedimentary landforms downstream from the barrage may
become starved of sediment, and hence begin to erode. This will, therefore, have
implications for defence and many uses of the coastline, along the lines which have
been discussed, and which are covered in Chapter 6.

Changes in currents

Modification of current direction will also impact on mudflat morphology. Changes
in currents mean alterations to the bed shear stresses, and thus a reduction in stress
caused by reduced current velocities is going to further enhance deposition and erosion
problems downstream of the barrage, with subsequent effects on navigation and benthic
communities. Any localised increases in velocities around the new structure will also
cause scour.

FIGURE 4.6 Simplified section of the impounded water behind the Tawe barrage, south
Wales
Source: WWF-UK (Peter Dyrynda)
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Impounding of water

If water is impounded, then it is going to stay at the same elevation for long periods of
time. This can cause several problems:
 
1 Concentration of wave activity at a particular level will occur, which can enhance

marsh and mudflat erosion at specific levels.
2 Increased erosion means increased water turbidity, owing to increased suspended

sediment.
3 Prolonged coverage by water means that environments become anaerobic, or

certainly less aerobic.
4 Fixed barrages may cause reduction in tidal range, and thus a higher low-water

stand which leads to habitat modification.
5 Higher water levels mean modifications to the local water table and the saturation

of farmland, and possible alterations to the base levels of local rivers.
 
Apart from the physical environmental effects, the ponding up of water also has
significant impacts on water quality. The washing down and entrapment of decaying
organic matter can cause periods of oxygen starvation, further enhanced by the poor
exchange of water with fresh, oxygen-rich water from downstream. Considering that
upstream urban areas continue to flush pollutants into the river, these accumulate in
the sediments and water of the impounded lake. Algal blooms can start to occur, as
well as increases in levels of metal pollutants in sediments. Reduction of water quality
is known to impact directly on wildlife, as well as on human usage of the lake for
amenity purposes.

Local increases in mean sea level

Seaward of the barriers, impedance of flood tide flow can elevate sea levels owing to
the backing up of water. The increase can be of the order of 10cm for a large estuary,
which, although not a large number, can have serious implications for ecology and
marshes.

Loss of flooding

The idea of barriers is that they prevent flooding. While this may be fine for human
activity, the loss of periodic flood waters can have a serious impact on natural
ecosystems. Loss of a periodic inundation by saline water can destroy brackish-water
lakes or cause an alteration in the balance of brackish-water communities, causing a
shift to terrestrial vegetation, while the loss of periodic sediment input reduces nutrient
input to land.
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Wildlife

The muddy shores of estuaries are important for a whole host of wildlife. Any change
in morphology or habitat can have serious implications. The ponding up of water
reduces the intertidal area, thus reducing the available habitat for many organisms, as
well as the feeding ground for birds. Studies in the Tawe estuary (Dyrynda, 1996)
have shown that since the barrage was constructed, the densities of key invertebrate
species have fallen sharply, removing the staple diet of many bird species.

Estuaries are also important in the breeding cycle of many fish, providing nursery
and feeding grounds for many coastal fish. Problems of water quality, oxygen levels,
and the physical blockage of an estuary can lead to population fluctuations and
subsequent knock-on effects on local food chains. In addition, the presence of a major
barrier across an estuary along with consideration of the importance of estuaries as
overwintering sites can mean that such structures can have an influence on migration
routes.

� � �

The impacts of barrage construction have been clearly demonstrated for the
Oosterscheldt storm surge barrier on the Dutch coast. This barrier was completed in
1986 and resulted in a large reduction in the frequency of marsh inundation (de Leeuw
et al., 1995), partly as a result of a 35 per cent reduction in tidal range (de Jong and de
Jong, 1995). There was also a recorded drop in numbers of some infauna species
(Seys et al., 1995), although other species increased in abundance, producing no net
reduction in total biomass.

The reduction in frequency of inundation meant that flooding of the marsh surface
did not occur during the growing season, reducing the distribution of seeds. In addition,
reduced inundation also produced a reduction in rates of vertical accretion because
less sediment was reaching the marsh surface. Another result of reduced inundation
was that high marsh species could tolerate lower elevations, while some mid-marsh
species were no longer being inundated frequently enough. Hence, high marsh plants
colonised the mid-marsh area, resulting in the disappearance of mid-marsh flora.

Other changes caused by the reduced inundation are highlighted by de Jong and
de Jong (1995). Soil properties changed and became more oxic, resulting in mineral
growth. The drying out of sediment caused bank collapse due to weakening by
desiccation cracks, while the reduced sediment strength led to lateral marsh retreat.
Other impacts from less frequent inundation were that some infauna disappeared
because the sediments were too dry, while others became more abundant (Seys et al.,
1995). This shift in the ecosystem structure could also have implications for wildfowl
which feed on the marshes.

� � �

Leaving aside the tidal potential in estuaries, offshore the energy of waves can also
have great potential to generate electricity. While the methods of generating wave-
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based electricity are generally less destructive of the environment—that is, they involve
no large-scale engineering works—it is not true to say that there are no detrimental
effects. By effectively removing the energy from waves, you are reducing the ability
of those waves to work on the coastline; that is, to erode. However, waves are important
mechanisms in controlling shoreline processes. The shape, form, and behaviour of
the coast are largely dependent on waves, particularly along the open coast. Loss of
wave activity at the coastline will cause decreased erosion along cliff lines, reducing
the amount of sediment available to the system, thus leading to accelerated beach loss
in many areas down-drift. Such events will also have associated financial implications
for seaside towns and resorts in the form of beach loss due to sediment starvation (see
discussion in Chapter 3).

In contrast, the same process can also be used for the benefit of some coasts which
have severe erosion problems. We saw in Chapter 3 how offshore breakwaters are
being used increasingly to reduce wave activity at the coast. It is potentially also
possible to utilise this form of power generation as a coastal protection measure. On
some coasts, where erosion is a problem, reducing wave activity is a desirable factor,
and so in such situations this may be a practical proposition, and one that offers a
useful ‘by-product’ at the same time.

Summary of Chapter 4

It becomes quite clear from the series of issues raised in this chapter that the human
impact on the coastal and estuarine system is far-reaching. Before this chapter, I was
stressing the importance of sediments from the point of view of coastal erosion and
sediment budgets. In this chapter, I have introduced another aspect of sediments’
role, in that they are also critical in the storage and remobilisation of pollutants.

This clearly puts our consideration into a new realm, because the presence of
pollution is, by and large, something which cannot be seen. The discharge of pollution
to estuaries or coasts is now regulated in most industrial countries, although
exceptions do occur. What is needed is some knowledge of how much pollution is
actually held within the muddy sediments of the world’s estuaries and coasts, in
order to predict the significant unmonitored discharges which occur when systems
start to erode.

Aside from the pollution problem, there is another aspect of industrialisation which
is also important. With the abundant water supplies, it is no great surprise that many
power stations, especially nuclear ones, are located at the coast. Some slight pollution
problems can occur, typically thermal, although in the case of Sellafield radionuclide
emissions occur as well. Newer, ‘environmentally friendly’ forms of power generation
potentially have much greater impact on estuaries because they can significantly alter
the whole regime. In Chapter 3 we mentioned the possibility of the large-scale
remodelling of estuaries as a means of management. This idea is dismissed at present
because there are too many unknowns in this approach. Rather strangely, therefore,
there are many plans for barrage construction, which will achieve just that effect.
Virtually all the environmental components of a barraged estuary will change, which
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appears acceptable where the approach is finance led, but totally unacceptable, and a
dangerous venture into the unknown, when the approach is research and science led.
There appears to be a contradiction in ethics and methodology here in the world of
coastal management.

This chapter has been rather diverse, and in places rather specific. It has been
necessary to introduce key points about the types of pollutant within a system in order
for the reader to link the problems discussed here to other, more specific texts on
pollutant behaviour and types. It has been the intention of this chapter to provide the
reader with an understanding of the following issues:
 
� the historical nature of pollutant storage in muddy sediments;
� the potential of muddy sediments to act as future pollution sources;
� the role of power generation in coastal problems, and the significance of nuclear

power for long-term coastal protection;
� the hazards of estuarine barrages and their implications for the stability of the

estuary.
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Introduction

So far we have considered the coast as a place where industry is located, population
centres develop, and ports and harbours become established. To a large extent, these
populations are fixed and are permanently based in these localities. However, in addition
to these uses, the coast also has great appeal to a large transitory population who use
the coast for leisure and recreation. As a result, affected parts of the coastline have
undergone development dedicated to the recreational needs of the tourist. We have
considered the problems associated with coastal development in other chapters, and
so these need not be reiterated here. The form of development associated with tourism
is really no different from that associated with urban or industrial development; the
problems of high hinterland values and the need for coastal protection are the same.
What does make tourist development different, however, is its intensity, and the number
of people located in any given area. In other words, the number of people per unit
area is generally greater in tourist areas than in non-tourist areas of similar size, and
so as a result the impacts are more concentrated.

Such coastal tourist development is not a recent thing. The trend for coastal
holidays and leisure time started when it became fashionable to take the sea air
around the late eighteenth and early nineteenth centuries (see Goodhead and
Johnson, 1996, for a detailed synopsis). As a result, resorts started to develop in
many parts of Europe and, by the late twentieth century, along the Atlantic coast of
the USA. Throughout the twentieth century, the development of resort areas has
spread along the coasts of most developed and some developing countries. With
increasing freedom of travel during the second half of the twentieth century, the
development of coastal tourism has spread, concentrating large resort areas in
climates of dependable sunshine. This increased ability to travel has meant that
more areas the world over are available for the tourist. As the number of people
wanting to go to a particular resort area increases, so more and more areas develop
into larger resort towns, with increased development for the provision of amenities
and hotels.

Developing coastal areas for tourism involves many of the processes associated
with developing the coastline for industry, ports, or power stations. A coastal resort
needs access to the sea, inevitably meaning some form of sea front promenade, which
often comes in the form of a sea wall. But resorts do not just mean hotels and sea front
bandstands. The whole idea of coastal tourism, from a coastal management point of
view, covers a series of major issues, including:
 
1 need for access to the foreshore, possibly involving stairways down cliffs, or

paths across sand dunes;



COASTAL DEVELOPMENT FOR TOURISM

149

2 pressure on coastal habitats, such as trampling pressures on grasslands and dunes;
3 need for a stable beach with suitable sediment. Beaches which are unstable will

need to replenish their sediment levels at intervals, otherwise the tourist population
will move to other resorts;

4 the problems of multi-users and conflicts of interest. People who want to swim
cannot do so in areas where others are boating, for example. Increasingly, holidays
are becoming primarily active rather than passive. People want to do things, such
as boating, water-skiing, snorkelling, etc., rather than lie on beaches;

5 increased pollution caused by the large influx of people. Pollution can take many
forms, including sewage, litter and traffic fumes;

6 requirement for facilities to entertain the tourists, which can dramatically increase
the size of resorts, resulting in sprawl. In addition, other facilities such as leisure
parks, entertainments and marinas all increase demands on the local environment.

 
Many researchers regard the leisure industry as having the greatest impact on coasts
and estuaries. With the expansion of leisure time and the increase in demand for
facilities, the demands on estuaries and coasts are increasing, and with such an increased
demand, there is an increased need for careful management in order to protect sites
for future uses, and the coexistence of other interests. The importance of tourism
cannot be understated. Miller (1993) highlights the significance of tourism from
different viewpoints, and indicates that 12.3 per cent of the world’s total consumer
spending goes on tourism, creating jobs for 6.5 per cent of the world’s workforce.
Clearly, with such a world commitment to this one industry, there is great pressure to
maintain tourist popularity, and, as a result of this, environmental concerns often
come a poor second to commercial demands.

Some coasts experience greater impact than others. Tidally dominated coasts
such as estuaries, for example, do not generally appeal for beach holidays, but more
to bird watchers, walkers, wildfowlers, etc. Such people tend to avoid the kind of
large-scale tourist developments which can mean serious environmental degradation,
because the coast’s natural state is essential for the attractions which they go there
to enjoy.

Wave- and wind-dominated coasts, however, are much more popular, owing to the
prevalence of coarser sediments in the form of sand and shingle beaches. Such features
make suitable sunbathing sites, and so these areas are often heavily developed and
heavily used. In addition, in marked contrast to tidal environments, because wildlife
or natural history is not the prime interest, the preservation of natural habitat is not the
prime concern; the priority is a good beach for people to lie on, and this can be
achieved without the need to protect habitats. This means, therefore, that wave- and
wind-dominated coasts have experienced some of the greatest impacts from tourism,
and some of the greatest environmental degradation.

Because beaches can be viewed purely as an amenity—a means to attract the fee-
paying visitors into a resort—they are often considered in isolation from the land. We
have already seen that natural sediment movement needs the mobility of sediment
along large stretches of coastline. To a resort, the main concern is to have a beach
fronting it, and many resorts have their own set of defences protecting their own
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frontage. As we have already seen (Box 3.2, p. 77), such a management style does not
facilitate good coastal management and leads to increased problems elsewhere.

As well as coming to lie on beaches, tourists continue to be drawn by coastal
attractions such as cliff scenery and coral reefs, and so it is important that these areas
maintain a degree of naturalness. In Australia, for example, reefs have become
particularly susceptible to change from people going to look and to take souvenirs.
The result is that visitors, albeit unintentionally, can damage the area which they
come to see. Coral reefs are discussed more fully later in this chapter, with respect to
tourism impacts.

Problems of tourist development at the coast

With so much pressure to cater for large numbers of people in relatively small areas,
the competition for space in resorts is great, with the most being made of any that is
available. Because of the need for good beaches, it is generally not policy to encroach
on the foreshore area for development where beach holidays are the prime concern. It
is common in areas of intense development pressure for adjacent estuaries to be seen
not as wildfowl sites, but as potential marinas and sites for land claim in order to
increase hotel space or leisure facilities. As a result, some resorts, especially in areas
such as Florida and California, and Australia’s Gold Coast, have dramatically increased
their land area by claiming wetlands. Towle (1985) reports on a project at Gros Inlet
in St Lucia in the Caribbean, in which wetlands were claimed for building land and
for amenity development. Here, land claim was carried out in 1969 in part of the inlet
to create dry land and an artificial lagoon to enable expansion of the adjacent resort at
Rodney Bay. In this example, the loss of the wetlands was also considered an advantage
because of a long-term problem with sand-flies, which had become a nuisance in the
resort area. Although the land did allow the resort to expand, the area of land claim
significantly modified ebb and flood tide currents, directing stronger currents onto
the beach areas, resulting in increased erosion. In addition, local fisheries were
affected—a negative economic impact—and the problem with the sand-flies remained.
From this example, it can be seen that the environmental implications of interference
remain, irrespective of the reasons for development (see Chapter 3). In the above
example, the financially driven need for resort expansion has only served to cause a
new problem of beach loss, which itself may have serious implications for the future
prosperity of the resort.

In other tourist areas, the provision of marinas has also been a prime aid to attracting
visitors. Small leisure craft need areas in which to dock, and so sheltered marinas are
constructed, generally at great environmental cost to the local estuarine resource. In
the UK for example, there is not one major estuary without a marina actually in place
or planned (Figure 5.1; Pye and French, 1993a). In other resort areas the need for
berths has been taken to the extreme, with the construction of facilities for the berthing
of larger cruise ships. The construction of such a facility at Montego Bay on the
northern coast of Jamaica has occurred in conjunction with resort development and
the construction of artificial beaches which extend into the bay. It is possible to identify
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major problems with this form of development. Clearly, this area, Jamaica’s major
tourist centre, needs attractions and the facilities to attract tourists, and large amounts
of money have been spent on their provision. Looking more closely, however, one
begins to question the practicalities of such moves. For example, was it sensible to
claim areas of mangroves (shallow-water tidal areas of high sediment deposition) in
order to construct a deep-water berth for cruise ships? What has been the impact on
the local tidal regime and sediment transport patterns? Second, when artificial beaches
are being constructed, it is perhaps pertinent to ask why there are no beaches there
already; perhaps the environmental conditions are not suited to sediment deposition.
In such cases, more sediment can be brought in each year or so to recharge the area to
maintain its attraction to tourists, but what happens to the sediment which is lost?

This example therefore clearly shows what may typically happen in some resort
areas. Instead of development going along with the constraints and limitations of the
coastal environment, as is recommended by theories of coastal zone management
(see Chapter 7), the natural environment is being made to fit the development. Clearly,
the construction of beaches where they do not naturally occur, and the construction of
major deep-water areas where they are not found, are two prime ingredients of coastal
instability.

The development of tourism on islands where land is scarce encourages coastal
tourism. In Japan, there has been much coastal land claim in order to create open
spaces and facility development. The Kasaioki scheme in Tokyo Bay was a major 380
ha land claim and development scheme which occurred during the late 1980s and
early 1990s, and has allowed the development of the Kasai Seaside Park (Hudson,
1996) . The neighbouring Tokyo Disney World is also built on claimed wetlands at

FIGURE 5.1 Number of proposed marina and mooring developments, by county, in
England
Source: Based on data from Pye and French, 1993a
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the mouth of the Edo river. In addition to this, many schemes around Tokyo Bay have
claimed wetlands to provide beach areas, open spaces, and wildlife parks. Such
significant areas of land claim will cause extensive modifications to the tidal and
wave regime (see Chapter 3).

Impacts of tourism on dune coasts

Perhaps one of the greatest areas of tourist impact is in sand dunes. Dunes are very
fragile habitats and, from a process point of view, represent the temporary store of
beach sediment in the supratidal zone. Sediment which is regularly moved and
reworked onto the beach tends to be highly mobile, while that which has been in the
dune system for greater periods of time tends to become vegetated and partly stabilised.
Although the presence of vegetation provides increased stability, the non-cohesive
nature of the sediment causes it to remain quite mobile, and although it can withstand
wind, the vegetation is rarely sufficient to withstand the impacts of trampling, off-
road vehicles, horses, or trail bikes.

It has been shown both by field observation and by experiment that any area
subjected to visitor pressure will, at some time, show signs of degradation. This
degradation is manifest in several ways. One way is that the total biomass of plants is
reduced, leading to a situation where species are lost and replaced by trample-resistant
varieties. While in coastal heaths or grassland this species change may be possible,
the range of vegetation which can tolerate the harsh regime of sand dunes is limited,
and so large-scale species loss tends to happen rather rapidly. The total loss of species
can also result if trampling increases sufficiently. Work done on the Winterton dunes
in Norfolk, eastern England (Boorman and Fuller, 1977) clearly demonstrates a
correlation between areas of intense trampling damage and pathways, with the more
heavily used pathways showing greater degrees of trampling and floral degradation.
Grasses such as marram and lyme are most easily removed by trampling, but are also
the most effective at accumulating sand.

Once sand dunes have started to lose their vegetation cover, the sand becomes
more mobile because it no longer has its protective cover of vegetation with its roots
which bind the sediment together. This will allow the wind to start moving the sediment
around, causing blow-outs. These blow-outs then make ideal sites for picnics or parties,
and so their usage intensifies. In England and Wales, the greatest human impact on
dunes is from human trampling (Ranwell and Boar, 1986). Part of the problem arises
from the fact that most people want to be at the sea-shore, but to get there they have to
gain access through the sand dunes, hence forming clear paths. It does not actually
take much trampling for an effect on vegetation to begin. Work by Boorman (1976)
found that around ten passes in a month were enough to reduce the height of grasses
by 66 per cent, and that forty passes per month would reduce it by 75 per cent. Around
eighty passes per month would start to produce bare ground, while 150 passes could
lead to up to half the vegetation being lost.

The leisure use of dunes, however, is not restricted to the impact of human trampling.
Tourist use involves several other aspects, each of which can lead to damage of this
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fragile environment. There is an increasing tendency for leisure time to be spent in
off-road vehicles. Tyres can behave in the same way as human feet, in that they produce
a trampling effect and eventual reduction in vegetation diversity and abundance. In
addition, however, the increased weight of vehicles leads to greater soil compaction
and reduced oxygen availability to roots. Another difference is that damage due to
vehicles is generally not as widespread as that caused by human trampling because
vehicles are restricted to flatter, more consolidated areas. Regardless of this, 200 vehicle
passes are sufficient to reduce ground cover by 50 per cent in summer, and by more in
winter (Liddle, 1973). The effect of tyre damage is also long-lasting, meaning that
sand is exposed to wind and subject to erosion for long periods of time. At St Ouen’s
Bay, Jersey, tyre damage was still evident in the area five years after vehicles were
banned. This tyre damage comprises not merely lack of vegetation but also the
displacement of large volumes of sand. As a result, regularly driven tracks become
considerably lowered, in some cases by up to 0.6m yr-1 (Leatherman, 1979; Leatherman
and Godfrey, 1979). These problems are further exemplified in a study by Anders and
Leatherman (1987) at Fire Island, New York. They noted a significant change in
vegetation after only twelve weeks of use, with a retreating vegetation front and
increasing dune instability. Furthermore, such changes become evident at only low-
level use by off-road vehicles. Heavier use caused the total elimination of vegetation
after just one year. Investigations also revealed that cessation of use will allow some
regeneration, but this is severely reduced in abundance and vigour, and rapidly
disappears with resumed activity. McAtee and Drawe (1980) demonstrated similar
problems of vegetation reduction and loss at North Padre Island, Texas. They found
that the degradation of vegetation cover was directly related to the type and intensity
of traffic.

Horse-riding can cause similar levels of damage to vegetation, with the amount of
damage increasing with the speed of movement: galloping horses will cause more
damage than trotting, which causes more damage than walking. Other causes of dune
damage occur in areas where a specific activity attracts interest. Sand-skiing and sand-
yachting are spectator sports, and the natural relief of dunes favours them as a form of
temporary grandstand. This form of damage is very local and does not affect all dune
systems, but with four thousand spectators recorded at a sand-yachting event in
Caithness (Ranwell and Boar, 1986), and considering the amount of trampling which
can cause damage to vegetation, local impacts can be severe.

Increasingly, the demand for more leisure amenities is also having an impact on
dunes in an indirect way. There has recently been a great increase in the number of
people playing golf, and coastal links courses are well favoured. There are, however,
two sides to this argument. First, the conversion of dunes to a golf course serves to
restrict public access, reduce trampling, provide positive management practices, and
preserve natural habitats—all of which may be considered as beneficial to dune areas.
In contrast, however, it also requires the improvement of parts of the vegetation cover.
While natural dune vegetation is fine for areas of rough and fairways, it is not really
suitable for greens, leading to the planting of alien species of grass. These species are
not generally as resistant to the prevailing conditions. Flooding with sea water at a
golf course in Kent in south-east England (Ranwell and Boar, 1986) resulted in severe
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damage to the alien turf, while natural grasses were undamaged. Such flooding may
be considered a rare event, and while the planting of high-quality grasses on greens
may introduce a degree of unnaturalness to the environment, the concept of converting
areas of dunes to golf courses can provide a good method of conservation. Although
the management as a golf course could hardly be considered to-be managing the
system as a sand dune system, there are many areas which do maintain their natural
form, and have significant conservation importance. There is also the added factor
that the use of sand dunes as golf courses is not necessarily irreversible. Provided the
conversion practice does not alter the morphology of the dunes in any great way, then
the system could be allowed to revert to natural dune vegetation. This is not a simple
process, however, because while in use as a golf course, the dunes are not receiving
the same degree of sediment input, or allowed to interact with the natural environment
in the same way as they would if left alone. This problem of sediment mobility can
also produce further problems. For as long as the dunes are being managed for some
other primary purpose, they cannot serve their role in coastal defence, unless provision
is made for this in the siting of tees and greens. It is important, from a defence point
of view, that these areas of dunes can continue to interact with the shore and allow the
interchange of sediment with the beach.

It is clear then that from a tourist and leisure perspective, sand dunes represent
an environment which is subject to many forms of human intervention. As a result,
there are many management practices which are relevant to dunes. When considering
the management of heavily used dunes, it is important to bear in mind that as well
as providing a good amenity area which needs to be preserved, dunes also serve
two natural functions. First, they provide a temporary store of sediment to allow for
short-term adjustment of the beach during storm conditions, and second, they provide
effective defence for the hinterland. Consequently, the management and protection
of dunes has to be carried out in such a way that they are protected while still
maintaining public access. As part of this access problem, it should also be
remembered that most people who walk over dunes do so only as a means of getting
to the beach beyond. Because of this, the provision of routes through dunes is perhaps
of prime importance. There are three approaches to dune management. First, in
heavily degraded areas it may be necessary to consider the construction of artificial
dunes. This is perhaps the most drastic in respect of coastal management because it
has huge implications for the sediment budget owing to the large volumes of sediment
required. It is certainly true that the supply of sand would be naturally available, but
at the expense of other habitats down the coast. Despite this, however, artificial
nourishment (see Chapter 3) has been carried out in many dune systems. Adriaanse
and Choosen (1991) discuss the methodology behind this procedure, while Baye
(1990) discusses the construction and ecology of dune reconstruction in Canada;
Cortright (1987) looks at management of dunes at Nedonna Beach, Oregon, and
Nordstrom (1988) looks at the artificial grading of dunes along the Oregon coast.
Second, the restoration of degraded dunes can occur in response to the sorts of
problem which we have indicated above. And third, we could adopt the policy that
to prevent is better than to cure, and undertake a programme involving the
management of healthy dunes.
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When dunes are being managed, by whatever method and approach, it is important,
from a coastal process point of view, to bear in mind the method by which sand is
transferred to them. Sand is derived from the intertidal zone at low water via the wind
by a process known as saltation (the bouncing of sand grains along the beach). As a
result, any structure placed along the ground will intercept the sediment. It is also the
case that the sediment transport rate is proportional to the cube of the wind speed, and
therefore only slight variations in wind speed are needed to increase or decrease the
amount of sand transported to the dunes. The critical speed required to initiate sand
movement is variable according to the grain size concerned, but is generally in the
region of 4m s-1 (Bagnold, 1941).

The most common way of encouraging the accretion of sand is to impede the wind
velocity, typically by installing 1 m-high wire mesh, brushwood, or geotextile fences,
which interrupt the coarser sand but allow the finer material to pass through and on up
into the higher dunes, hence ensuring that these areas do not become starved of
sediment. The effect of these fences is felt approximately eight times the fence height
downwind. In other words, a fence of height 1 m would allow up to 8m of land behind
the barrier to undergo some degree of sedimentation. Once the sand is deposited and
has buried the fences, planting of vegetation can stabilise it.

Where dunes have been badly damaged and need to be rebuilt, re-forming them
using earth-moving equipment is a method that can be adopted, although this can
have implications for beach levels and sediment supply. Alternatively, the stabilisation
of eroding dune faces with some form of mesh can be useful but tends to prevent
any further process, such as transfer to the dunes inland. All the above involve the
restoration of the sand dunes themselves. Were matters to be left at this, then
continued use by people would allow the problems to recur. Therefore, it is also
important to bring in a form of ‘people management’. Bearing in mind that most
people use the dunes only as a route through to the beach, one way of doing this is
to channel people along wooden walkways (Plate 5.1). This is a useful way of
reducing the effects of trampling, and, as can be seen from Plate 5.1, the vegetation
on either side of the walkway remains healthy because there is a great tendency to
concentrate walking on these pathways, since the sand itself is very difficult to
walk through. Other techniques can include excluding visitors from certain areas of
the dunes by fences and keeping out grazing livestock. The problem here is that the
wooden fences which tend to be used for this purpose also make very good firewood
for dune parties, and accordingly many get damaged. Better success has been
observed in areas where these forms of dune management have been coupled with
a programme of public education in the form of information boards and displays. It
appears that if the public can see why some course of action is being taken, then
they are greater respecters of it.

Because dunes serve two important functions (as tourist amenities and coastal
defence), their management is seen as critical in many countries. In the Netherlands,
where much of the coast is claimed and around 33 per cent of the country is below sea
level (Louisse and van der Meulen, 1991), maintenance is critical. Louisse and van
der Meulen (1991) and Verhagen (1990) both identify the essential nature and
importance of dune management along this coast. The Dutch government has spent  a
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PLATE 5.1 A simple trample prevention management measure in sand dunes Ainsdale Coast,
NW England)
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good deal of money investigating solutions to the management problems, concluding
that the dunes should remain as natural as possible, although direct interference is
worthwhile in areas of high hinterland value. Where possible, this will be in the form
of soft engineering methods.

In Brittany, coastal tourism has been a threat to dunes since the Second World War
(Guilcher and Hallégouët, 1991). Management has occurred without restricting public
access to the beach, thus maintaining the tourist potential of the area. The planting of
marram and the construction of sand fences and mesh matting have been successful
in regenerating the dunes by natural processes of sediment entrapment and vegetation
colonisation.

In the Mediterranean, where tourist pressure can be particularly high, management
of dune systems is also of great importance to maintain tourist interest in the area (van
der Meulen and Salman, 1996). Dunes here have been stabilised by many techniques,
including renourishment, sediment entrapment, and afforestation.

Environmental impacts of dune management

The successful management of dunes is beneficial in a number of environmental
ways. First, it provides important coastal habitat which acts as an effective line of soft
defences. Second, healthy dunes provide a temporary store of beach sand which can
be used during storm periods to supply the beach, as under storm conditions waves
may reach the dune areas. Waves also remove much material from the beach by
drawdown, hence, by using the dune sand, the beach sand can be replenished, and
beach level maintained. In non-stormy conditions, the sea will bring this sand back in
to the beach, where it will be returned, via the wind, to the dunes. The management of
dunes can have significant environmental benefits for coastal defence and beach
stability provided that it occurs in a way which maintains the ability for land-sea
interactions.

Overmanagement is always a problem in dunes. If the dune becomes overstabilised,
then its store of sediment will become locked up in the dunes and become unavailable
to beach processes. The result will be a coast which cannot adapt in order to absorb
wave energy efficiently, which will have implications for long-term beach stability.
This overmanagement can result from the overuse of fencing and other sediment
entrapment methods which may be fine in trapping the sediment to build up the dunes,
but will not allow the movement of sediment seawards again. The effect is the same as
that which happens when a sea wall is built along the face of a cliff: a supply of
sediment to the coastal sediment budget is removed.

Impacts of tourism on other coastal habitats

While sand dunes represent perhaps the area of greatest environmental impact caused
by tourism, other coastal habitats also suffer their own forms of environmental
impacts. On salt marshes, the constant use of the upper marsh by walkers can lead
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to problems of trampling and the loss of vegetation. Mudflats and sandflats rarely
suffer damage, partly as a result of their inaccessibility, the danger of walking on
them, and the ability of the tide to repair any damage which may be caused.
Mangroves are environments similar to salt marshes but are even less accessible,
experiencing few direct impacts of tourism but many indirect ones, such as land
claim and conversion to marinas, leading to problems of sediment storage, hydraulic
changes, and pollution.

Coastal habitats found in wave-dominated environments do tend to experience
greater tourist and leisure impacts. Many resort areas owe their existence to beaches,
whether shingle or sand-dominated, and so these areas tend to be the aspect which
tourist authorities need to have right. Many of the methods used, however, can
contravene the best practices for coastal management. Natural processes build up
beach profiles and move sediment along the coast, both processes which are important
to the overall management of the coastal cell. Sediment loss due to longshore drift, or
to defence works up-drift, can have serious implications for resort areas as they see
their beaches disappear. As a result, areas of coastline where resort areas proliferate
also tend to be some of the worse cases of piecemeal and poorly judged sea defence
construction. Many local authorities, in response to requests from their tourist
authorities, construct defences to protect their beach sediments, resulting in there
being no overall management structure for these coasts. Another approach is to feed
the beach. Being a soft engineering method, this is more acceptable from a coastal
management point of view as it allows the continued movement of sediment along
the coast. In addition, however, by feeding the beach with sediment, the area can also
be maintained aesthetically. Bournemouth, on the south coast of England, is a major
resort area. The loss of sand from its beaches became a serious issue in the late 1960s
and early 1970s, with the result that a major recharge scheme was undertaken in
1974/75. Continued longshore movement of sediment meant that this had to be repeated
between 1988 and 1990, with a further scheme expected around 2003 (Cooper, 1996).
By adopting this method of foreshore generation, the Bournemouth authorities have
achieved two major objectives: first, they have secured a nice sandy beach to support
their tourist industry; and second, from a coastal management point of view they have
done this in a way that does not starve down-drift areas of sediment. There are many
examples of beach renourishment, some in response to tourism and some as a means
of compensating for low beach levels. A select bibliography can be found in Table 3.4
(p. 87).

Impacts of tourism on coral reefs

Second to sand dunes, coral reefs are perhaps the most tourist-damaged habitats found
on the coast. Being located in warm, shallow clear waters, and containing a very
diverse range of fauna, reefs have an immediate appeal to the tourist. Damage to reef
sites by tourists can be quite serious, often purely as a result of lack of knowledge of
the implications rather than by any deliberate act. Collecting of specimens and
trampling are two of the major historical causes of reef destruction, with additional
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problems caused by the berthing of boats. While much damage has been done in this
way, these are all problems which have been realised and tackled by the setting up of
conservation parks and management schemes.

In Sri Lanka, tourism, along with other land uses, has resulted in a steady depletion
in the extent of reefs (Rajasuriya et al., 1995). Rapid and largely unplanned tourist
expansion in the late 1980s and early 1990s has had severe impacts on the reefs,
partly directly, but mostly indirectly via increased sewage and sediment loads due to
land clearance. In this example, much of the change has occurred in areas of
conservation designation, such as in the Hikkaduwe Marine Sanctuary. Collection of
specimens has been banned since 1929, and many sanctuary areas have been declared
since then. This has caused a great reduction in the direct impacts, although the indirect
problems have not been tackled, meaning that the resource is still threatened. In the
Philippines, reefs are said to be in a reasonable condition (Gomez et al., 1994), although
they still suffer from the problems mentioned above, again owing to tourist
development. In the Pacific, reef health varies directly with the intensity of
development. Areas distant from any tourist or population centres are healthy, while
those closer to such areas are degraded (Maragos, 1993; Zann, 1994). In French
Polynesia (Hutchings et al., 1994), similar degradation problems occur, as they do in
the Galápagos Islands (Glynn, 1994) and Thailand (Hale and Olsen, 1993).

It appears from all this evidence that while management clearly plays an important
role in reef protection, it appears to solve only part of the problem, because it covers
direct impacts such as those of boats, fishing, collecting, etc. Management tends to
overlook the indirect problems, such as development, sewage, sediment loads, etc.,
which, from our examples above, appear to be the main causes of reef degradation.
The problems of increased tourism and related increases in sewage disposal, poorer
water quality, and sedimentation clearly cause impacts on a habitat which depends
for survival on clean water.

Kanehoe Bay in Hawaii is an area where reefs and tourism have to coexist. Better
access and links to major road networks opened up this area to settlers as well as
tourists and, as a result of the subsequent increased sewage discharge into the bay,
coral populations started to decline and large sections of the reef became
impoverished. Because of increasing concern for the coral environment, all sewage
outfalls were redirected away from the bay by the 1980s, with the result that by
1983 nutrient levels had declined, with corresponding increases in water clarity and
quality. Shortly after this, corals started to regenerate (Jokiel et al., 1993; Maragos
et al., 1985; Smith et al., 1981). This example clearly shows how rapidly reefs can
become damaged, but also how robust they are and how rapidly they can begin to
repair themselves. Guzmán (1991) details another example of reef restoration in
Costa Rica. In some areas, all coral had disappeared as a result of human impacts
and natural processes. While this may not be entirely attributable to tourism, the
restoration method does provide a good example of how tourist (and other) impacts
can be rectified. Around Cano Island, coral fragments were imported from a nearby
reef and transplanted onto dead reef structures. After three years, around 83 per
cent of these were still alive, and some had naturally split and colonised additional
areas. Clearly, transplanting coral may provide a method of reducing the degradation
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problem, but this can only occur once the original cause of degradation has been
removed; that is, sewage has been stopped, water clarity has increased, or collection
has been banned.

In other cases, the original degradation problem has been caused by the local
population, as has happened in Sri Lanka, where around 40 per cent of raw material
for the cement industry is derived from corals (Lindén, 1990), and in Madagascar,
where whole corals are utilised for building. Apart from building, the fishing of reefs
can also lead to problems, especially when the techniques employed involve the use
of dynamite, because while killing the fish, which then conveniently float to the surface,
one stick of dynamite can also destroy all organisms over an area of up to 100m2

(Lindén, 1990). For the sake of completion, it should also be noted that reefs are
additionally subject to impact from rising sea levels. This issue is discussed in more
detail in Chapter 7.

Demands of the tourist industry

So far we have looked at tourism-associated problems in specific coastal settings.
In these cases, the problems discussed are somewhat location specific. There are,
however, a series of problems which are common to a whole range of coastal
environments.

Need for access

There is little point in having a tourist beach if people cannot reach it. We have already
seen how sand dunes can be severely damaged by being used for access to beaches.
The greatest impact of tourist access is twofold. First, if access is restricted by defence
works, then many people are going to be concentrated into areas where access is
possible. As has already been seen, this can lead to problems of vegetation loss through
trampling, but can also cause excessive sediment compaction. Particularly in sandy
environments, the compression of sand can produce areas of sediment which are
firmer, and therefore more resistant to wave action. This can result in reduced infiltration
of water into the sand and the resulting increased surface flow. On popular tourist
beaches this effect can be significant, with increased surface flow causing increased
erosion of the beach. The second problem with access is when it allows greater usage
of areas which were previously isolated. Access to beaches through boats, for example,
can cause disturbance to birds; similarly, many shingle spits provide homes to important
breeding colonies of several species.

When it comes to coastal management, it is clearly necessary to build access into
any defence constructions which may occur. Similarly, access routes need to be built
into any soft engineering structures, such as boardwalks through dunes, or ‘bridges’
across otherwise problematical routes to the beach (Plate 5.2).

Another aspect of access is that of the car. People who visit resorts, whether resident
or day trippers, tend to arrive increasingly by car. The sheer number of vehicles can



COASTAL DEVELOPMENT FOR TOURISM

161

PLATE 5.2 Wooden bridge allowing beach access across large sea defence blocks (Worthing,
Sussex, UK)
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be problematical for many resort authorities, who may have to turn areas of flat ground
into car parks. This land use can make further demands on already stretched land
resources.

Pressure on coastal habitats

Large numbers of people and wildlife habitats rarely mix successfully unless careful
management is practised. We have seen how tourist resorts can make great demands
on intertidal sites for land claim and marina development. This represents not just a
gain in land on which to build new hotels, but also a significant loss of intertidal
habitat for wildfowl, and of sediment deposits which could act as a form of coastal
defence. It is true to say that in many coastal resort areas, natural habitat is practically
non-existent, and the whole coastal system becomes artificial. Once it becomes
artificial, it needs constant intervention to maintain it in this form.

Pressures in tidal environments are perhaps limited, but on open coasts the demand
for hotels and amenities tends to mean that resorts develop and encroach further and
further into sand dunes, heathland, or lagoon areas. As an example, along the Sefton
coast in north-west England, hotel development spread northwards along the coast
from the Mersey estuary, including onto dune areas. What was particularly extreme,
and perhaps rather unbelievable with hindsight, is that the demand to spread was
greater than the suitability of the land, with the result that hotels were built with views
of the back of the sand dunes, rather than the sea. As a result, the tops of the dunes
were actually removed to provide a sea view to guests of the hotels. Clearly, such
demands on coastal habitats are well beyond the recommendations of any coastal
management plan and only serve to reflect the misconceptions that habitats should
come second to development.

Need for a stable beach

No coastal resort can survive without its beach. Tourist authorities will go to great
lengths to protect their prime assets, whether it is by feeding or by means of hard
structures. We have already seen, both in this chapter and in Chapter 3, what can
happen to the coast as a whole when too many authorities start to interfere with little
bits of it. To a certain extent one has to be sympathetic to hotel owners in towns where
coast erosion removes their beach. Changes in coastal deposition and accretion patterns
do happen, but, while a new beach may start to accrete elsewhere, the resort is fixed to
its location. As a result, coastal management has to allow for such situations and has
to recognise the fact that in some circumstances it is necessary to force a depositional
environment to stay where it is.

Another aspect of this problem is where the depositional environment changes
from being sand dominated to mud dominated, or where sandy beaches are invaded
by unwanted vegetation. There have been many examples of Spartina, a salt marsh
coloniser species, invading beach areas. Southport, in north-west England, experienced
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this problem in the 1970s and 1980s when vegetation spread from the adjacent Ribble
estuary. In this case the vegetation was removed to maintain the beach as a sand-
dominated feature. Further problems occur when the environment shifts from sand to
mud. At Grange-over-Sands, at the mouth of the Kent estuary in Morecambe Bay, the
sandy beach has been replaced by mud, with the result that salt marsh has now
developed. Clearly, this has had an impact on that particular aspect of the town’s
tourist trade, but has occurred as a result of natural processes within the channel. To
date, the exact causes of the change are not known, but the natural shifting of the
estuary’s ebb channel away from one side of the estuary to the other, bridge construction
upstream, defence works, and a newly installed breakwater may all have some
responsibility.

Problems of multi-users and conflicts of interest

One of the greatest problems of leisure and tourism is that often it is a case either of
too many people wanting to do too many different activities in too small an area, or
people wanting to carry out certain activities in areas which are not suited to that
activity. Perhaps one of the greatest areas of conflict is that which exists between
leisure pursuits and nature conservation. Such conflicts can be categorised (Sidaway,
1988; Sidaway and van der Voet, 1993) as disturbances to birds or other animals by
noise and contact, especially at certain times of the year. Such problems can lead to
the loss of young to predators due to nest abandonment, or to displacement of breeding
colonies. Another conflict can arise as a result of activity and damage to soils and
vegetation. We have already discussed trampling and its effects in detail, but severe
trampling can also cause loss of nest sites and loss of foraging habitat. Specimen
collection, such as collection of eggs or individuals, can also cause reductions in
biodiversity. This problem can also be extended to cover angling, where local reductions
in species may occur.

Apart from nature conservation, the conflicts of use which occur along the coast
often increase pressure for more of the coastline to be turned over to leisure pursuits,
and to undergo related tourist development. The obvious resources for which people
come to the coast are the water and beaches. People lying on a beach may find shore-
fishing, power-boating, dog-walking, or jet-skiing incompatible. Similarly, swimmers
may find the presence of boats or jet skis a hazard. This leaves a zonation problem in
many resorts, although there is no reason why all activities should not occur at the
coast, and even within the same resort. A launching ramp could centre as an area of
boating, where swimmers are banned. Similarly, swimmers and sunbathers could
occupy the same part of the coast, as the two activities are compatible. The whole
issue of usage zonation is one which is becoming increasingly used in coastal
management as the numbers of people using the coast, and the number of activities in
which they are involved, increase (see Chapter 7). It is seen as a good way of removing
conflict, and also to reduce heavy impacts on particular parts of the coast. For example,
the construction of a launching ramp could be located a short way outside a resort, so
as to allow the launching of boats in relative safety away from bathers. Also, this
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could spread the intensity of vehicles. The proviso, of course, is that such a development
should not infringe greatly upon natural habitats.

Increased pollution

Wherever large numbers of people gather, there is bound to be an increase in the
amount of pollution. On beaches, this may be in the form of litter, which tends to have
more of an aesthetic impact than anything seriously toxic, but can result in the mortality
of shore birds: fishing line and plastic drinks-can holders can tangle a bird’s legs, for
example. Litter is an increasing problem in many coastal tourist areas (as well as
many others). Clearly, a heavily littered beach is not appealing to visitors, although it
is the visitors who cause the original problem. Coastal authorities are often landed
with a cleaning bill in order to keep visitors coming to their resort. In South Africa,
around R 8 million was spent in 1994 clearing beaches of litter (Ryan and Swanepoel,
1996). Not all of this litter is tourist related, however; a large quantity is derived from
offshore. Along the Mediterranean coast, a similar problem was identified by
Gabrielides et al. (1991). This study showed a direct relationship between the amount
of litter on a beach and intensity of usage.

Another aspect of pollution, which holiday-makers do not always see, concerns
water quality. The large increases in population which result from tourism ultimately
lead to increased quantities of sewage and waste water in general (as we have seen
from its impact on coral reefs). In some parts of the world, sewage is still discharged
untreated, although increasingly treatment is occurring as a means of improving coastal
water quality. Significant in this in Europe is the European Bathing Water Objective
(76/160/EEC) with proposed revision (COM 94/36), which has committed England
and Wales alone to spend £2 billion on improvements to water treatment (Drury,
1995). This directive will implement improved emission standards around the European
coastline.

General water quality is reflected in several ways. Highly enriched areas may suffer
from algal blooms and other forms of nitrification and eutrophication (see also Chapter
6), which represent both an aesthetic problem and a potential toxicity problem for
marine life. In other ways, illness as a result of swimming is also a real problem in
many resort areas.

� � �

We have seen many ways in which tourism can impact on the coastline. Some of
these impacts relate as much to other coastal uses as they do tourism, and so it is
questionable how much is directly attributable to each cause. It is perhaps important
at this stage to place the issues discussed into their correct context. It is clear that at
the local level, many impacts can be severe. On national and regional levels, however,
threats to the coast are greater from pollution and development in general, and so the
cause lies with human activity in general rather than solely with tourism (Sidaway,
1995). We can thus regard tourism as contributing to a problem which already exists
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in many cases, rather than being the sole cause of a problem. There are, however,
some qualifications to this. Large tourist areas and resort complexes can cause
widespread impacts due to land loss, land claim and interference with coastal processes
in areas where no other development occurs. Similarly, the large-scale threat to sand
dune environments is predominantly from the tourism and leisure sector, and so when
a management strategy is sought here, it is this aspect of usage to which attention
must be turned.

Examples of tourist impact on coastlines

The range of problems discussed above can be exemplified with reference to the
following examples.

The Mediterranean

Each year, an estimated 100 million tourists visit the Mediterranean coast, making it
the European centre for international tourism, receiving around a third of all
international tourists. This has had a significant impact with respect to environmental
quality, both directly because of visitor pressure, and also because of the increase in
pollutants and wastes that need to be disposed of. Very little of the natural coastline
remains within the popular tourist countries such as Spain, France, and Italy, a fact
that has been caused by the wide-scale conversion of natural habitats, such as wetlands,
forests, and maquis (Hinrichsen, 1990). The Catalonian coast of Spain is heavily
developed for much of its 580km, and 75 per cent of the Romagna coast of Italy is
also now developed. In the 1970s, for example (Viles and Spencer, 1995), the south
coast of Attica, Greece, between Athens and Cape Sounion was a combination of
olive groves and fields, while today it is a series of tourist complexes and luxury
holiday villas with litter, household refuse, and discarded builder’s material being
common in the area. Meinesz et al. (1991) highlight this problem for the Mediterranean
coast of France. Developments covering 106km of the 656km shoreline have had
severe impacts on intertidal and subtidal communities, causing high mortality among
some species.

Much of the Mediterranean tourism is based around beaches, and there have been
large efforts made to preserve and even create these habitats. Such projects have
significantly altered the sediment supply off the coasts, leading to increased erosion
in some places and increased sedimentation in others. There has been a tendency in
some areas to develop resorts, and then import the sediment to make the beach.
However, this has overlooked one major factor: if a beach does not have any sediment
on it (i.e., it is a shore platform), there is a good reason for this. If you add sediment
to build up a beach, then this sediment will go the same way as the original. In other
words, by adding sediment to an area from which it will be naturally removed, you
are inputting sediment to a coastal system, leading to deposition elsewhere, with
possible problems impinging on ports or harbours, or the swamping of habitats with
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sediment. Anthony (1994) discusses this tendency towards artificial beach formation
and indicates that 75–85 per cent of artificial beaches in the Mediterranean have had
negative impacts on natural beaches. These impacts have been associated with erosion
of the feed material, the deposition of this material on natural beaches (the feed material
is coarser than the natural sediment, therefore once deposited on natural beaches, it
becomes less mobile, and leads to artificial beach profiles), and beach shape.

In addition to beach erosion and modification, and loss of the coastal strip to
development, there is also a serious pollution problem. We have already highlighted
the litter problem which the area experiences (Gabrielides et al., 1991) but in addition,
the Mediterranean suffers from chronic oil pollution, most of which originates from
the cleaning of tanks and discharge of ballast from tankers (Clark, 1989). Domestic
waste, particularly sewage, is also a serious problem, especially around the major
tourist centres. The problem of sewage is made worse by the fact that only around 20
per cent is treated before discharge (Buckley, 1992). While along many coasts the
natural movements of water and the waves will break up and dilute inputs, the
Mediterranean is generally non-tidal, the sea is shallow, and flushing into the Atlantic
Ocean through the Straits of Gibraltar is a very slow process, and hence pollutants
tend to accumulate in the natural environment (see Chapter 4).

The destruction of the natural coastal habitat of the Mediterranean has placed many
species on the endangered list as their habitats are destroyed, and the disturbance
from holiday-makers has driven birds away from nest sites, and destroyed feeding
areas. Many of the coastal wetlands have been reclaimed and converted to other uses,
largely associated with the tourist industry. In other areas, low-lying parts of the coast
have experienced accelerated subsidence due to increased groundwater extraction
necessitated by the large demands made by the seasonally high populations. This
subsidence is also coupled with the increased saline incursion into fresh water supplies.
Other reasons for subsidence reflect the fact that large areas have been claimed from
wetlands. As we saw in Chapter 3, after being claimed, sediments undergo a period of
dewatering and sediment compaction. This problem is particularly acute in the region
of Venice, where a combination of land claim and water extraction has resulted in
significant drops in land level.

It is clear that the Mediterranean has undergone radical change due to tourism,
reflected in loss of coastal habitats, increased pollution, and loss of species. It is true
to say that along the northern shore, where most of this intense development has
occurred, the term ‘natural coastline’ has no place. The picture painted so far sounds
bleak, but in spite of these impacts, there are many areas of attractive sandy beaches
where people like to spend their holidays. The majority of these tourists, spending
only one or two weeks a year on their well-earned holiday, will have no comprehension
of the damage that has been inflicted on this environment.

There are clearly many management issues which need to be tackled. Pollution
can be tackled at source, with increased water and sewage treatment and even tighter
checks on tankers. The problem of coastal erosion is much more difficult because
there has been so much human interference that any chance of re-creating a natural
coast which can move sediment around and look after itself (see Chapter 3) has long
gone. The best hope for the area is a long-term strategy of regional coastal management.
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However, the problem with this is that owing to the intense tourist developments, any
freeing up of sediment is going to mean the loss of some resort’s beach. Similarly, the
concept of allowing land to erode is also largely out of the question because there is
little land of suitably low value.

It is clear that the northern (and parts of the southern) coast of the Mediterranean
represent much of what is environmentally bad about coastal tourism. The creation of
the mass beach holiday, while attractive to many people, has destroyed a large stretch
of coastline. It is unlikely that the northern coast can ever be sustainably managed.
Because beaches are so vital, sand continues to be brought in from the Sahara or other
sources to feed beaches and make sure there is sand present for next year’s visitors.

The Caribbean

As with the Mediterranean, some 100 million tourists visit the Caribbean each year.
Although not as advanced, problems similar to those of the Mediterranean are
threatening to overtake some of the islands, but because mass tourism has not yet had
the same development impacts, and because of the morphology of the coastline (i.e. it
is not practically landlocked), the problems of pollutants have not become as acute.
Coastal development, however, is spreading unchecked, with even fewer planning
controls than in Europe, causing large areas of natural habitats to be lost, and also
adding unnatural constraints on the coastline. Tourism is acknowledged as the future
of the Caribbean in order to support the population and to provide economic prosperity.
At the same time, however, the local authorities realise that they need to monitor
carefully the impacts of this growth on the environment. For example, disposal of
solid waste, such as sewage, is a serious problem, with local seas becoming more
polluted, with the result that coral reefs are dying. The unchecked development has
also produced its own set of problems. On many islands, hotels have been built too
close to the beaches, and because the sewage pollution is killing the reefs, problems
of increased wave attack are causing increased beach erosion, which will eventually
threaten to impinge on the protection of the hotels. The loss of beaches will become a
serious issue as these are one of the prime ways of attracting tourists.

Much of the development has progressed at the expense of mangroves and forests,
and supporting the tourist industry has caused overfishing and overcollecting of
specimens from many of the reef areas. These are two main areas of concern. Another
area is coastal pollution, as mentioned above. Less than 10 per cent of sewage and
waste water emission from 170 million residents and around 100 million tourists is
treated (Hinrichsen, 1990). Many of the urbanised coasts experience coastal waters
full of raw sewage and litter, with resulting outbreaks of cholera and typhoid. This
pollution problem, made worse by industrial pollution and agricultural run-off, is
also leading to damage to coastal habitats, with damage recorded in mangroves, reefs,
and seagrass, as well as to fish and sea-bird populations.

The loss of mangroves and coral reefs, coupled with the high pollution levels, also
has one other major impact. Loss of reefs allows increased wave attack at the coast.
Loss of mangrove means that sediment becomes less stable and more prone to erosion.
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Both these processes are driven by marine pollution. The combination of increased
wave attack and decreased sediment stability means that coastal erosion will increase,
and it has become a problem in Puerto Rico, Jamaica, Trinidad, and several US states
on the Gulf of Mexico, such as Florida, Mississippi, and Louisiana (Hinrichsen, 1990).
In order to combat this problem, stabilisation works are being carried out and
mangroves replanted. However, this is rather piecemeal and clearly needs to be
structured.

� � �

The two examples represent two extreme cases of tourism impacts on coastlines.
Nevertheless, the symptoms can be found, albeit to a lesser extent, on many tourist
coasts around the world. For example, Hickman and Cocklin (1992) report on tourism
and recreation development in the coastal zone of North Island, New Zealand; Yapp
(1986) discusses recreation and tourism on Australia’s coast; Charlier and de Meyer
(1992) illustrate the threats posed by tourism along the Belgian coast; Smith (1992)
highlights growing problems relating to the nature of resort development in Malaysia;
and Carlson and Godfrey (1989) look at ways of managing the human impacts on a
largely natural coastline in Massachusetts.

We have seen that different resorts cope in different ways with the range of problems
which are created. Some realise what is happening early and start working with natural
processes to provide a relatively cheap solution but one which takes time to achieve.
Others go for the quick response; that is, if a beach is being eroded, they import a new
one, only to have to repeat the exercise after a period of a few years. Such actions
merely serve to keep the coast in an artificial condition, and do nothing for the overall
stability of the regional coastline, or the advancement of coastal management.

Summary of Chapter 5

This chapter has, to a certain extent, drawn on information from other chapters and
brought it together under the heading of tourism. It may appear from what has been
said that all tourist activity at the coast is bad and is totally contrary to coastal
management. While it is not true to say that tourism necessarily does much good to
the coast, it is not much worse than many other human activities which we have
discussed. We can regard tourism as one of those activities which have a bona fide
case for being located in the coastal area, and so have to be accommodated in coastal
planning. It can never be said that coastal tourism should be stopped because of its
detrimental impacts, but it can be said that coastal tourism could be better managed to
reduce some of these impacts.

We can, however, approach this in a slightly different way. If coastal tourism must,
by its very nature, cause problems for any part of the coast on which it is located,
would it not be possible to nominate parts of the coast in which to concentrate tourism?
In other words, parts of the coast (possibly one coastal cell) could be sacrificed in
order to protect others from any form of tourist development. Clearly, such suggestions
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are difficult in areas where a tourist industry is already developed, but in developing
countries, where coastal tourism is still in its infancy, it may be possible to construct
a more sustainable tourism strategy along these lines.

There are many links to be made between this chapter and others. The ideas of
coastal developments and beach protection link to the discussion in Chapter 3. The
ideas of pollutants are discussed in Chapter 4, and also partly in Chapter 6. On finishing
this chapter, however, the reader should have an understanding of the role that tourism
plays in coastal problems, in particular:
 
� the ways in which tourism can affect coastal areas;
� the problems associated with conflicts of use and the problems of relating

conservation and activities;
� an insight into two actual examples of coastal problems, with references to others;
� an understanding of how this topic fits into the context of coastal processes, as

discussed in other parts of the book.
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Introduction

In the preceding chapters, we have considered the various ways in which humans
have impacted on coasts and estuaries by actually interfering directly in coastal or
estuarine processes, or by development of the hinterland. While such actions account
for many of the problems which we observe around the world’s coastline, there are
other impacts which can occur many kilometres distant from the coast, but which
have an impact on it. We can consider these impacts under two categories. First, there
are impacts which happen inland from the coast, such as modifications to river
catchments which can alter coastal configuration due to changes in the amount of
water entering the sea, input significant amounts of pollution (see Chapter 4), or vary
the volume of sediment. Second, there are impacts from offshore which are largely
concerned with the pollution aspects of the coastline, and in particular the oil and gas
industry and the subsequent shipping of oil-based products. Accidents to tankers can
cause dramatic impacts along coasts, but actions such as the washing of tanks and
dumping of ballast can also contaminate coastlines, and account for the greatest
proportion of oil pollution. In addition to the problems caused by shipping, there is
also the increasing problem of the disposal of old oil and gas platforms and, perhaps
of more concern, of storage installations, such as the Brent Spar, which do pose huge
potential threats to the coastline (see Box 6.1, pp. 182–3). Other offshore causes
include dredging for sediments, which can alter benthic topography and, hence, the
degree of wave exposure experienced by the coast.

Inland causes

While coastal management is an adequate tool for protecting the coast from activities
which occur within the coastal zone, it also has to include other aspects which supply
material to the coast, notably rivers. On some coastlines, a good deal of sediment
which helps to build up the coast is derived from the river catchment, not from longshore
drift, and so this sediment can be seen as being vital to the stability of the shoreline.
Thus any activities in the river catchment which cause variation in the amount of
sediment coming downstream can affect the stability of beaches in the same way that
defending a cliff or erecting groynes can cause beach starvation.

Human impacts as a result of inland activities comprise those which occur within
the river catchment. When soil is vegetated, it is considerably more stable than when
left bare. The effects of deforestation, therefore, can have dramatic results for the
amount of sediment washed into rivers. Miller (1994) estimates the amount of soil
washed into lakes, rivers and the oceans each year to be sufficient to fill a freight train
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large enough to encircle the Earth 150 times. Deforestation also increases the amount
of water entering the hydrological cycle because less is taken up by vegetation.

The way in which water is managed in a catchment can also be significant. Any
modifications to the flow regime can impact on a coast if that particular part of the
coast is in fine equilibrium between fluvial inputs and littoral processes. As a result,
river engineering, flood protection, and channel works, all methods of river
management with counterparts on the coast, can cause fluvial inputs to the coast to
change, and, by implication, the coast itself to change.

Land use modification and the storm hydrograph

The storm hydrograph is a method of recording the flow of water in a river following
rainfall. The form of the graph is a function of many environmental factors, such as
intensity of rainfall, bedrock, soil type, soil cover, and land use, all of which help
control the rate at which water is transferred from the land surface to the river network.
Human impacts can have major influences on some of these variables, and so can
cause changes to the hydrograph. Figure 6.1 shows two typical forms of a flood
hydrograph. In Figure 6.1a, the discharge of a storm event is spread over a long period
of time and tends to occur in a situation where water reaches the river by a combination
of the various types of throughflow and surface flow. This form of the hydrograph is
typical of rural areas with vegetation cover. In contrast, Figure 6.1b shows a sudden
and short-duration peak which reaches the river rapidly, causing a rapid rise in water
levels for a short period of time, then a rapid decline to previous conditions. This
form of hydrograph results from a land use where the bulk of rainfall reaches the river
via surface flow as a result of land modification. The most common way to have a
system with mostly surface flow is where
there is little soil and large areas of
bedrock, into which water is slow to
penetrate. Concrete acts in the same way
as bedrock for hydrological purposes, and
so the change of land use from rural to
urban dramatically decreases the amount
of water which can no longer penetrate
into the soil. As development of the
catchment continues and concrete
replaces vegetation and soil, so the
hydrograph can become more peaked,
changing in form from Figure 6.1a to 6.1b.
The area of Kanehoe Bay (Hawaiian
Islands) has been directly affected by such
processes. River catchments underwent
large-scale development in the mid-part
of the twentieth century (Jokiel et al.,
1993), which produced a large increase

FIGURE 6.1 Hypothetical storm hydrographs:
(a) typical rural catchment; (b) typical urbanised catchment
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in the area of impermeable surfaces. The subsequent change to the storm hydrograph
and increases in sediment loads due to increased bank erosion blanketed the bay
corals in layers of terrestrially derived sediment. While the direct impact was to kill
the corals, secondary problems also arose because the corals were important in reducing
wave activity at the coast, and their removal led to increased wave activity and coastal
erosion.

Although storm hydrographs are very much a fluvial concern, the example from
Kanehoe Bay shows that we are in a situation to observe potential problems for coastal
areas. A sharp peak in the hydrograph (Figure 6.1b) means that there is a large volume
of water moving down the river over a short period of time, effectively like a wave
form. As a result, the water will have high energy levels and move large quantities of
sediment, which will be deposited only when the energy levels of the river have dropped
below the movement threshold. One place where this velocity drop happens is in the
estuary or nearshore region where the river water meets the comparatively static water
body of the sea. This process was well exemplified by the East and West Lyn rivers in
north Devon, south-west England, which, over the period of a few hours on the night
of Friday 15 August and the early morning of Saturday 16 August 1952, completely
refashioned its estuary and part of the coastal embayment with sediment brought
down by the floods which hit the two rivers owing to high rainfall over the previous
day. In addition to the large volumes of sediment, the floods also did great damage to
the town of Lynmouth, situated on the estuary, washing away many buildings and
causing the deaths of thirty-four people, some of whom were never found (Delderfield,
1981).

While this sort of devastation may be considered dramatic, and a rare event, it does
reflect the chain of events which can happen following heavy rainfall on a catchment
with large areas of bedrock. The events at Lynmouth were natural, in that the catchment
was undeveloped. However, increasing urbanisation and the concreting over of land
can, in effect, artificially produce a catchment whose hydrological properties are similar
to those of the East and West Lyn rivers.

Perhaps more common as a result of catchment modifications and changes to
hydrographs is an increase in the frequency of coastal flooding. Any storm will increase
the discharge of rivers, but the more peaked the hydrograph, the greater that discharge
will be and the shorter the time for which it will last, and it is in estuaries that effects
may be greatly felt. If such increased discharge reaches an estuary at low tide, then
there is plenty of surplus volume in the estuary to accommodate that water, and there
are few problems. If, on the other hand, the increased discharge reaches the estuary at
high tide, when the estuary is already full, the only way in which the increased volume
can be accommodated is for the estuary to overtop its embankments. Because most
estuaries are the locations for settlements, this often causes coastal flooding and
disruptions to settlement and infrastructure.

From a management point of view, such events are difficult to cater for. Better
planning of catchment developments and reduction in concrete coverage may help,
but at the coast itself, dedicated floodlands are a good way of ensuring the protection
of settlement. Floodlands, as their name suggests, are areas of land which are allowed
to flood in order to take excess storm water during periods of high water. They
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subsequently drain on the ebb tide. Thus they may be viewed as a form of artificial
floodplain. Perhaps ironically, though, it is development on natural floodplains which
often exacerbates the original problems.

In summary, it can be seen that coastal flooding can be increased as a result of
development and land modifications in the catchment. In particular, the reduction in
the amount of ground available for water to soak into means that more water flows
over the surface, producing sudden and large flows of short duration down rivers.

Impacts of farming and land clearance

In addition to the catchment modifications mentioned above, other changes in land
use may also have implications for the coast. Perhaps the greatest impacts are felt
when forests are cleared for agricultural land. Natural soil loss in areas still forested
has been estimated at up to 3 tonnes ha-1 yr-1 for tropical woodland. Forest clearance
and cultivation increases this loss dramatically to between 54 and 334 tonnes ha-1 yr-

1. Even if the whole soil horizon is not removed, individual components may be, such
as the fine material, leaving a very sandy and non-stable soil horizon, which is also
very low in fertility. Simple mathematics will indicate the increase in available sediment,
the bulk of which will enter the river system, with significant quantities being brought
downstream to the coast. In addition to leaving the soil surface open to erosion, and
hence increasing sediment loads, forest canopies intercept a lot of rainfall, and because
trees store a great deal of water, their loss will increase the amount of water which
runs off to the river system. It is not possible to do this without causing dramatic
modification to the catchment. This occurs in several ways. First, increased run-off
causes increased soil erosion owing to the lack of roots to bind soil and the increases
in saturated ground. Second, greater volumes of water can cause the rejuvenation of
rivers, which leads to increased erosion and so increased sediment yields. Third, the
changes in storm hydrographs produce increased flow velocities for shorter duration,
which again facilitates higher sediment loads.

All these processes point to larger volumes of sediment being brought down by
rivers. This sediment can end up in one of two places. As the river enters its lowland
channel, large amounts of sediment can be deposited as currents slacken. One place
for this is in estuaries, where, owing to flocculation (see Chapter 2), large quantities
of mud will settle. The silting up of estuaries in this way can have serious implications
because it reduces estuarine volumes, which can lead to problems of navigation and
threaten the existence of port facilities, and can also cause tidal flooding of settlements.
In addition to the reduction in volume caused by sediment, the estuary also receives
increased quantities of water from the river owing to increased run-off following land
clearance, thus making the problem of flooding worse.

If the currents in the river are sufficient, then the sediment can be transported
beyond the estuary out to the coast, producing a sediment plume or, exceptionally, a
delta at the estuary mouth. This will represent a large sediment input into the coastal
sediment budget, and can serve to benefit sediment accretion. Although this may be
considered a positive benefit, detrimental effects can also occur, especially where
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there are fisheries or coral reefs which can become swamped, navigation channels
which can silt up, or sandy beaches which can receive large quantities of muddy
sediment

The engineering of rivers and the construction of dams

While the above example deals with increases in sediment due to land clearance, the
reduction of sediment reaching the coast can also have severe implications. Such a
reduction can occur in one of two ways. First, river management and engineering
works to protect areas of erosion will remove that sediment source from the river
sediment budget. This will mean less sediment moving downstream, although increased
erosion elsewhere in the channel may counteract this. Similarly, sediment can be
prevented from reaching the coast by the construction of dams or weirs across the
river. As with barrages (Chapter 3), the building of an impenetrable structure across a
river will impede discharge and sediment movement. In many cases of dam
construction, there have been problems with reductions in sediment loads reaching
estuaries.

The closure of the Aswan High Dam on the river Nile in 1964 led to significant
reductions in the amount of sediment reaching the Nile delta. It has been estimated
that pre-closure in 1964, the Nile input to the delta was of the order of 124 million
tonnes of sediment per year (Stanley and Warne, 1993). Post-closure, this input had
been reduced to 50 million tonnes per year (Carter, 1988). As we have seen from
previous examples (Chapters 2 and 3), when the sediment input to the coast is reduced
or ceases, then that part of the coast often starts to erode. In the case of the Nile
delta, the removal of the river sediment source is the most probable cause of the
large-scale removal of sediment from the delta by the sea (Orlova and Zenkovich,
1974) at rates of up to 30 m yr-1 at the Ras El-bar (Bird, 1985). It is important to
remember in this example that the erosional regime of the sea has not changed.
Before the dam closed, the sea still eroded the delta, but the eroded sediment was
replaced by a greater quantity of river sediment, hence leading to a situation of net
accretion. After closure, the sea has continued to erode in the same way, but the
input of sediment to replace this erosion has stopped, and so the delta is now in a
situation of net erosion. Other impacts have also been experienced in the Nile delta:
in the fishing industry, and also in crop cultivation, owing to decreased fresh water
and nutrient-sediment inputs.

Similar problems have been experienced in the Volta delta on the coast of Ghana
(Ly, 1980). The Akosombo dam was constructed in 1961 and, since closure, has blocked
around 99.5 per cent of the drainage from the Volta basin. The only sediment which
now reaches the delta from the river is that which is eroded from below the dam, and
is negligible in comparison to the original volumes of sediment brought down by the
river. That sediment was originally the main source of sediment for the adjacent
coastline. Although much of the coastline was experiencing erosion before the dam
was constructed, the only areas to experience an increase in erosion since the dam
was closed are those areas which formerly received sediment from the river. Retreat
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rates since the dam became operational have been in the order of an increase of 2–3 m
yr-1 on pre-dam rates, with localised rates reaching between 8 and 10 m yr-1.

Other deltas have also experienced similar erosion problems following dam
construction and closure. Viles and Spencer (1995) report that the Ebro delta, Spain,
has lost 96 per cent of its fluvial input, while the Rhone delta has lost 90 per cent.
Clearly, such dramatic decreases in sediment supply to coastal deltas have severe
implications for local and regional coastal stability. Lack of sediment input means
that once-stable deltas become unstable and erosional. This will impact directly on
land use, especially farming, which often predominates in such areas, but also, as in
the case of the Mississippi, on settlement and capital-intensive land use.

Although dams represent major constructions in rivers, regulation of water flows
by weirs can also have an impact, as even such small-scale features can retard sediment
movement downstream and lead to sediment starvation at the coast. Reed (1992)
demonstrates this with respect to a study of the impact of weir construction in a
Louisiana salt marsh, which resulted in the marsh areas downstream of the weirs
experiencing significantly lower accretion rates.

� � �

We have seen three ways in which catchment-based operations can have impacts on
the coast. It has not been necessary to describe the processes in detail, as this verges
on the realms of river management, which are beyond the scope of this text. It does
serve to illustrate the point, however, that the coast cannot be considered in isolation.
Where coastlines receive their greater sediment input from rivers, then such rivers
and their catchments become of great importance in the coastal context, because actions
some distance up-river can lead to significant modifications at the coast.

These modifications can be summarised in three ways: by decreasing the time
taken for storm run-off to pass through the system; by increasing the sediment yield
by changes in land use; and by decreasing the sediment yield by blocking river flow.
To some extent, these latter two are mutually exclusive and tend to suggest that there
is a no-win situation. This is not the case, however, because the effects are also partly
dependent on the river itself. If a river has a low sediment yield, and inputs little to the
coast, then constructing a dam will not have any large-scale impact of sediment at the
coast, as the coast is not reliant on the river as a prime source. Similarly, increased
sediment yield on a river where there is already an abundance of sediment may not
cause the same intensity of coastal problem because the estuary is likely to be sediment
choked already.

Offshore causes

We have already seen how human impacts within the river catchment can cause
problems at the coast. In a similar way, actions offshore can also have detrimental
impacts. In this case, however, the problems are related less to sediment than to
pollution. With regard to sediments, the offshore zone represents a long-term store,
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and little human intervention goes on relative to this. There are occasionally schemes,
however, to utilise offshore sand and shingle banks for sediment sources, which could
potentially lead to detrimental impacts at the coast.

Utilisation of offshore sediments

We have already explained that as far as coastal processes are concerned, deposits of
sediment are merely temporary features, to be used once the accretion/erosion regime
of the coastal system changes, and should not be seen as permanent. Similarly, while
deposited, such features provide important offshore wave breaks, thus providing a
natural analogue to the construction of offshore breakwaters (see Chapter 3). Bearing
both these facts in mind, we see that any utilisation of offshore sediments needs to
take into account the impacts for the coast. Removal of sand and shingle can leave the
coast exposed to increased wave attack, while any development of these features
renders them immobile as future sources of sediment.

We have already seen in Chapter 1 how the removal of offshore sediment structures
can lead to increased wave erosion at the shoreline (Hallsands, Devon; Job, 1993). In
a similar way, the many sandbanks off the coast of north Norfolk in eastern England
serve to provide sufficient coastal protection from waves to allow the development of
spits and salt marshes. In addition to providing protection, these banks also focus
wave energy onto particular parts of the coast, thus causing a series of erosion and
accretion cells. This further highlights the importance of offshore deposits in controlling
what actually happens at the coast. Such features are mobile and do change their
shape and size according to marine conditions. Any plans to develop such features,
therefore, may seem poorly based in science. Plans do exist, however, to develop
offshore sandbanks for features such as wind farms.

Closer inshore, Carter et al. (1992) demonstrate the environmental impacts of
sediment removal from beaches. Using an example from Northern Ireland, they claim
that 80 per cent of the area’s coastal erosion can be accounted for by sand loss via
extraction. This loss is due partly to beach lowering, and partly to the inability of
dunes to store enough sediment to compensate for winter lowering of the beach profile.
Such problems are not restricted to Northern Ireland, however. Carter et al. also indicate
problems of varying magnitude in Australia, South Africa, Malaysia, Morocco,
Tanzania, Namibia, Canada, the USA, Spain, India, Sri Lanka, and Brazil. In Scotland,
sand mining occurs on 20 per cent of beaches because of the high demand for building
aggregate, while on the Isle of Man (Joliffe, 1981), historic mining is claimed as the
reason behind the island’s current beach erosion problems.

The problems of shipping and accidents

The greatest offshore threat, however, comes from pollution. Despite many increases
in ship safety, and tight regulations concerning routes and management practices,
shipping accidents still occur. While oil spills receive the greatest reporting, other
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cargoes can cause damage to coastal environments. Despite this, perhaps oil is the
greatest threat both because of its range of impacts and because of the length of time
for which it can remain environmentally damaging. When oil pollutes a coast, it can
kill the majority of life forms, both birds and infauna. The impacts on coasts can be
dramatic and, depending on wave and tidal conditions, can cover large areas. Table
6.1 details the major oil spills since the mid-1960s and the extent of coastline
contaminated, where known.

TABLE 6.1 Oil tanker accidents since 1967, and their impacts on the coast

Source: Compiled from Barrow, 1995; Daily Telegraph, 1996; Pearce, 1996; Pickering and Owen, 1994
Note:
a

 A dash in this column denotes that no information was available, not that no coastal impact occurred
—which, in the majority of cases, it certainly did.
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While impacts are immediate, clean-up operations can reduce the impact
considerably. The use of chemical sprays does disperse the oil but just makes it sink
to contaminate the benthos and bottom sediments. As oil is organic, it will break
down naturally given time, although the problem remains that when it is beaches and
valuable conservation coasts which are contaminated, it is important to remove the
oil as quickly as possible. In cold climates, oil can remain in the system for many
years. Hence, when incorporated into beach sediments, the oil is going to be broken
down only very slowly. The Exxon Valdez spill in Alaska occurred in a cold climate,
and so the natural regeneration of the area, and the breakdown of oil, will not occur as
rapidly as would happen in warmer areas, hence the effects of the spill will be around
for much longer.

Offshore industry

Oil accidents and spillages are rare events. Another aspect of the oil and gas industry
which can also have an impact on coastlines is the actual extraction side of the operation.
Such complex offshore activities need land-based support, and so designated oil ports
undergo rapid expansion to service and support the rigs and other offshore operations.
Similarly, where oil and gas are pumped directly onshore, storage areas are needed.
Again, these structures require large areas of land which can become contaminated
over time, and because of the contamination issue and the need to site installations
according to the location of offshore operations rather than according to coastal
suitability, these do not always occur on the most suitable coastlines. The Easington
gas terminal, for example, is sited at the southern end of Holderness, on a coastline
which is rapidly eroding.

In other respects, the very extraction process can also be unsound from a
management perspective. Oil and gas extraction in the Mississippi delta, for example,
involves the setting up of infrastructure and rigs on land which is best described as
swamp. Because of this development, the whole coastal management and defence
strategy for the coastline is brought into question. From a process point of view, the
area is clearly not suitable for development, but because of the financial aspect of the
area’s reserves, these concerns have overridden those of the coastal managers and
environmentalists.

In addition to unsuitable development, oil leaks from production platforms can
also occur. While Table 6.1 details spills from shipping accidents, the world’s worst
oil spill occurred in the Gulf of Mexico (Hinrichsen, 1990), when in June 1979 a
blow-out occurred in the Ixtoc 1 exploratory well in the Bay of Campeche. Between
then and March 1980, when the well was finally capped, 475,000 tonnes of oil were
spilled into the Gulf waters. In this case, the extent of the damage to the coast was
never calculated, but the damage was considerable over a great distance (see Hinrichsen,
1990).

Another contentious issue, and a further possible threat to the coastal environment,
concerns the disposal of the drilling platforms and storage containers. Exploration and
drilling platforms do not pose too great a threat in this respect, as they are largely devoid
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of any stored oil products, and are generally designed to float into and out of ports.
Offshore storage platforms, however, are more complex, and pose potential threats.
Box 6.1 discusses this problem in more detail with reference to the Brent Spar.

 
Box 6.1 Disposal of the Brent Spar: arguments for and against land-
based salvage

The debate on where to dispose of the Brent Spar hit the media headlines in the
summer of 1995, when Shell announced that it wanted to dispose of its oil
storage platform. The original intention was to dispose of the structure in around
180m of water in the North Atlantic, some 240km west of the Hebrides.
Greenpeace objected to these plans on the basis (later shown to be erroneous)
that large volumes of oil and sludge would pollute the sea bed, and that, in
principle, the sea floor should not become a dumping ground for North Sea
rigs, especially considering that there are several hundred other rigs awaiting
decisions on disposal. Following additional pressure from Denmark and
Germany, with threatened boycotts of Shell products, Shell abandoned its original
intentions, indicating instead that the platform will be brought ashore for salvage.
This pleased Greenpeace and environmentalists, who saw land-based disposal
as a victory for the sake of the oceans, without thinking through the consequences
for the land.

Clearly, disposal in the oceans needs to be regulated. However, it is important
to weigh up the pros and cons of this method.

Arguments against ocean disposal:
 
� The old oil and ballast stored within the tanks could leak and contaminate

part of the deep ocean.
� The structure will decay and possibly break up on the ocean floor.
� It would set a precedent for future disposal activities, and may open the

door to other North Sea structures being dumped in this way.
 
Arguments against onshore salvage:
 
� The Brent Spar is over 137m in height, with a draught of over 100m. There

is no port facility into which this could be towed for break-up, unless the
structure was tipped on its side. This is the method originally used to launch
it. Tipping it on its side can cause spillage.

� The ballast and oil would need to be pumped out and contained, prior to
land-based incineration.

� The tanks, etc, would need breaking up, involving men entering them in
hostile environments.

� All metal, etc., would either need to go to landfill, or be processed.
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On the whole, there are great risks in bringing the structure into port. The
process of tipping it could spill the contents. Manoeuvres would be difficult,
and unfavourable conditions could cause further wave damage. In addition,
two of the storage tanks are already ruptured, with the result that sea water has
entered. These weaknesses make the structure even less stable, and possibly in
danger of collapse when tilted.

On the whole, if land-based salvage were to be a success, Greenpeace and
other environmentalists would score a moral victory. In contrast, the threat of
coastal contamination is a risk which few port authorities would be willing to
take. This brings in yet another problem: which port authority would allow
such an operation to occur in its jurisdiction? What political pressures can local
populations exert on councillors as part of the NIMBY trends?

The arguments against trend-setting are fully justified. It is also true that
there are many structures in the North Sea which will need disposal. However,
the Brent Spar is a one-off, there are no other similar structures present, and so
the dumping of this type of structure will also only be a one-off event.

In effect, the Brent Spar represents a form of coastal protection issue that
should form the basis of a one-off case. The potential threat to the coastline
through contamination is great. It is perhaps safer to opt, in this case, for the
easy way out, which is also, if all things are considered, the best environmental
option; that is, dispersal at sea.

� � �

It should perhaps also be said, for the sake of completeness, that leaks and spillages
from production or storage installations which have direct impacts on coastlines need
not be accidental. In the Iran-Iraq war, damage to the Nowruz Oil Field resulted in the
release of around 6 million barrels of oil into the Gulf environment. In 1991, the Gulf
war resulted in the release of a further 7–11 million barrels because of damage caused
by retreating Iraqi forces. Coupled with this, a further 6–8 million barrels were released
between 19 and 28 January 1991 from sunken and leaking vessels, including Iraqi oil
tankers; and also from leakage from the Kuwaiti Mini Al-Ahmadi Sea Island terminal,
and the Iraqi Mina Al-Bakr loading terminal (Alam, 1993).

During the Gulf war, the large oil releases formed a substantial oil slick. The
movement of this slick was southwards, down the Saudi Arabian coast where winds
continuously drove it onto the shore. The most heavily affected areas were the salt
marshes and bays located between Ras Al Khafji and Abu Ali in the south. The
environmental impact of this slick was great, causing the deaths of around 30,000
marine birds, the oiling of 20 per cent of the mangroves on the eastern coast of Saudi
Arabia along with hundreds of square kilometres of seagrass and mudflats, and damage
to around 50 per cent of the coral reefs. Other forms of damage also occurred in the
region during this conflict, notably the trenching of beaches, vehicle movements, and
the dozens of ships which were sunk in the Gulf. In addition, the destruction of the
sewage treatment plants in Kuwait led to the release of 50,000 m3 day-1 into Kuwait
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Bay, threatening the ecosystem, reducing water quality and polluting public beaches
(Gerges, 1993; Price et al., 1993).

Long-term damage to the coastal environment has not been as serious as originally
feared, however. Evaporation studies on oil suggest that winter evaporation can be
double that of the summer, meaning that there was rapid evaporation of the oil spills,
as they tended to occur under winter conditions. The rapid decomposition of oil meant
that it had relatively short residence times. Subsurface oil was more persistent, with
oil-saturated water common in many of the intertidal habitats.

Oil contamination of subtidal sediments was greatest in sheltered muddy bays
(500–900 per thousand in some places). Many areas had escaped the large-scale
problems of sinking oil, partly because of the fact that widespread use of dispersants
did not occur, but also because much was carried on the surface. It is thought that
much of what was deposited at the bottom was deposited there because it had been
reworked from intertidal sources, and transported there as a result of sedimentation.

The penetration of oil into sediments was also a slight problem. Under water,
penetration was along burrows, but on beaches, oil flowed through the sand grains.
Where sands were coarse, the greater interstitial spaces allowed greater penetration,
and hence greater contamination to depth. Where these beaches are sheltered, this oil
has the potential of being around for some time. In areas of erosion, however, up to 70
per cent of the oil was remobilised into the subtidal zone, where it was deposited as
tar balls. Overall, however, contamination appears to be restricted to the top few
centimetres, and as a result, pollution effects are less severe than if the sediment was
bioturbated.

A survey carried out a year after the spill revealed that while there was evidence
that much of the oil had degraded, there were also areas which appeared fresh and
were being supplemented by continuous releases from the sediment. A further survey
by the International Council for Bird Preservation revealed that while no bird species
had its world population reduced to such an extent that recovery was impossible,
locally 20–50 per cent of species experienced severe mortality. In addition, the intertidal
flats of the Saudi Arabian coast, important feeding areas for migratory birds, were
heavily polluted, with a drastic reduction in the numbers of birds supported. In total,
around 50 per cent of the mainland Gulf coast of Saudi Arabia was polluted with oil,
as well as the shores of two offshore islands. Hence, the impact on wildfowl was
significant.

A second survey, carried out in 1992, revealed that damage done to many of the
coral reefs had been largely superficial, despite the oiling which they had received.
Locally, however, three reefs in Kuwait showed serious signs of stress, typified by
bleaching and mortality. It is possible that these effects on the corals are not due to the
oil spills, but reflect the fact that the winter of 1991/92 was around 4–5°C colder than
normal. It is also possible that the corals were subject to some form of pollution
effects, notably from oil spill, smoke clouds, and sewage/pollution releases. On the
Saudi reefs, there were no detected impacts from pollution. It is not possible to say
definitely, however, that there will be no impacts. The reef communities have long
histories of fluctuating populations, and so it is possible that the effects of the war are
being masked. Long-term monitoring will help to reveal any overall trends.
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Colonies of seagrass appear to be thriving, despite the fact that they had undergone
complete covering in oil. Algal mats suffered extensive damage in the upper intertidal
zone. The ability of a species to survive appears to be linked to the geomorphology
and persistence of oil. The greatest impacts were on communities at the head of bays,
where there was typically no sign of life on the mid- to upper foreshore. The deep
penetration of oil into burrows is likely to result in the continued pollution of these
areas for many years to come.

There was evidence of problems and mortality in fish stocks, but there are other
factors which could also have caused this effect. In some areas, the links between the
oil and damage were slightly more conclusive. The World Conservation monitoring
centre suggests that there is damage in heavily oiled areas, which includes long periods
during which fishing was not possible. Surveys of fish populations have indicated
that problems have been experienced locally. In some areas, there have been no reported
losses, while in others, no fish can be found. The Saudi fisheries company reports that
shrimp production is now less than 1 per cent of pre-war levels, although there may
be more reasons to this than just pollution. Reproduction rates are also very much
lower; this fact may also owe something to the problem of water temperature, because
the breeding season is generally in the spring period, when rises in sea temperature
occur. In 1991, this period occurred at the same time as the appearance of the smoke
plume, which decreased atmospheric temperatures significantly (sources: Alam, 1993;
Gerges, 1993; Gupta et al., 1993; Price, 1993; Price et al., 1993; Watt et al., 1993).

Summary of Chapter 6

This chapter has been a brief introduction to some of the wider issues relating to
human impacts at the coastline. It is important to realise that a particular environment
can suffer from problems which have their origins some distance away, these
problems being largely sedimentological and pollutant based. We have already seen
that many of the problems at the coast have their origins in lack of sediment. Sediment
variation from a river acts in exactly the same way as any sediment source at the
coast.

Pollution-wise, many coastal habitats and the wildlife which inhabits them are
vulnerable to pollution. We have concentrated here on oil, which is perhaps one of
the most damaging pollutants. The sources are also varied. Accidents do happen.
All management can do is to try to put rules and regulations in place to minimise
them. This may involve locating dedicated shipping routes away from sensitive
coastal areas, but this cannot always be possible. Milford Haven in Wales, for
example, is a prime oil terminal, but is surrounded by seventeen designated sites of
special scientific interest and two marine nature reserves, and experienced severe
oil pollution in 1996. In this case, however, it has subsequently emerged that tidal
current surveys were incomplete.

One of the chief coastal oil pollution incidents of this decade has been the Gulf
war. What happened there was indefensible, and marked a new era in eco-warfare.
Militarily, nothing was really gained from the exercise of setting fire to oil installations
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and blowing up wells. Environmentally, however, the cost was high. Because of the
nature of the intertidal environment here, the spilt oil will be reappearing in the
environment for many years to come.

On leaving this chapter, readers should realise that not all coastal issues have origins
which are related to the coast and its processes. Any activity on the land can influence
sediment and water flow through rivers. These can all impact on the coast. Many sea-
based operations can equally impact on coasts through pollution. Pollution incidents
are hard to manage from a coastal management point of view. The best that can be
achieved is the provision of emergency plans to cope with problems once they arise.
Land-based problems, however, can be accounted for, in catchment management plans.
What we have seen in this chapter is that from a coastal point of view, these should
not be ignored because there are coastlines which owe their stability to rivers.
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Introduction

The aim of this book has been to investigate the ways in which human intervention at
the coast has interfered with natural processes. While many of the original problems
may have been solved, this interference has caused further problems along the adjacent
shoreline. We have constantly seen how engineering methods, whether hard or soft,
have been used to protect a part of the coast from erosion, either by building up the
coast with sediment, or by constructing a physical barrier between that which causes
erosion, and that which is being eroded. Clearly, then, humans have the capability to
fix the coastline into its present form; all it needs is enough money to pay for the work
and to maintain it.

While we clearly have the relevant knowledge to protect our coasts, and to safeguard
the hinterland, it is all too common to do this from a very narrow viewpoint. It is only
fairly recently that coastal engineers have taken a broader view and looked further
afield, and not just concentrated on the piece of coast which is to be defended. By
looking both up- and down-drift you start to see what is happening in the wider context,
and, most importantly, what is happening to the sediment. Doing this makes it easier
to appreciate the impacts of engineering structures on the rest of the coast. Table 7.1
details the increasing perspective which such a process can provide. It becomes quite
clear that the broader the view taken, the more of the coastline you look at, meaning
that you can gain a greater amount of information regarding how that coastline operates.
Just addressing the problem of the immediate area to be defended takes no account of
the impacts in adjacent areas, and so makes it impossible to predict what may happen
to beaches down-drift, to sediment transport patterns, or to sediment source areas and
the sediment budget. Clearly, this sort of approach is very restrictive, and is liable to
cause more problems than it solves.

Each successive scale change (Table 7.1) increases the amount of available
information, and so can lead to safer predictions with regard to the impacts of any
defence works. At this broader scale, however, we start to obtain a lot of information
from many different sources. In addition, we also begin to draw in many different
coastal types, land uses, and activities. This process ultimately leads into the concept
of managing the whole coast. By taking a more holistic view and observing how the
coast operates, it becomes possible to identify areas where certain activities may be
more suited, where the construction of defences would have serious impacts on coastal
sediment budgets and where it would not, and where development of the hinterland
would be unwise owing to current or predicted erosion trends.

It is at this point that we return to the recurrent theme which has become more and
more evident as this book has progressed. It is only by viewing the coast as a single
unit that it can become possible to use it in a sustainable way. In order for this to be
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the case, we need a management scheme for each part of the coast. The realisation of
this need, however, has come about in completely the wrong way. It is because coastal
engineering structures have caused major problems along the world’s coastlines,
deriving from their restrictive and rather piecemeal approach, that many people have
begun to realise that some form of overall management would offer new solutions to
both natural and anthropogenic problems. Engineers have now realised that the coast

TABLE 7.1 The increased environmental information available to the coastal planner as a
result of increasing the area of coastline used for data-gathering
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is a complex system operating over a large area. What is done in one part of this area
can produce effects in other parts. It is only from the realisation that coasts operate in
this complex way that the delineation of coastal cells has been possible, thus putting
in place the basis of the coastal management framework.

This increase in realisation has been paralleled by an increase in defence
construction which has resulted in the isolation from coastal processes of more and
more sediment sources. This, in turn, has produced the need for further defences.
Clayton (1990) has demonstrated this phenomenon with the growth of defence
structures in the UK over the past century. Furthermore, we are also beginning to
recognise a new problem. Many of the existing defences are quite old, especially in
established tourist areas where defence structures were constructed a hundred or so
years ago, and are nearing the end of their useful life. This fact poses a new threat to
the security of coastal areas, because even though an area is defended, poor defences
are only marginally better than no defences at all, and so many areas may be resting
under a sense of false security. The fact that many defences are due for replacement
does, however, provide coastal planners and managers with a good opportunity to
rethink the coastal strategies of a stretch of coast. As defences become due for
replacement, it is possible to reassess their viability and usefulness by asking whether
the area in question still needs defending. Can it be better defended by soft engineering?
If we free up sediment movement along the coast, can it protect itself by habitat
generation?

If we also consider the problems of sea level rise (discussed fully later in this
chapter), then it becomes advantageous to free up as much of the coastline as possible.
The option of a more natural coastline can only lead to future benefits, because the
more sediment that can be freed up now, the more natural habitats can develop in the
future, and so the coast can respond to changes in wind, waves, and sea level more
easily. Naturally, nobody is saying that such options are universally appropriate. A
major tourist resort depends for its survival on defences, and so in such cases it is
important to maintain the line of defence. Similarly, the Netherlands would take on a
whole new outline were it not for its defences. Clearly, then, coastal management has
to take account of all these views. As far as coastal defence is concerned, should new
defence replacements hold the existing line, advance seaward, or retreat landward?

Coastal management is not only about defence, however. Coastal use is also an
important part but, while some uses, such as tourism and ports, are legitimate uses
of the coastal margins, many other developments are not, and need not necessarily
be located in these areas. Similarly, with resort areas, should the development of
these sites be allowed to continue unchecked, as has happened in the Mediterranean
(Chapter 5), or should limits be placed on their size and the type of development
allowed?

We appear to be entering a wide-ranging debate here, and one which has about as
many answers as it has questions. There is a general agreement that because of the
increased knowledge of how the coast works and how different uses can impact upon
it, it is necessary to adopt a holistic form of coastal management. Only by looking at
the coast as a whole can we produce a sensible management strategy. This, therefore,
represents a major new sphere in the realm of human interference at the coast and in
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estuaries. It is because of this growing field that this final chapter deals in detail with
the subject of coastal management. We have seen how human activity has had many
negative impacts; we will now see how humans are beginning to adapt their approach
to coasts to be more user-friendly, and to try to address some of the problems caused.

The concept of coastal zone management

The tendency for coasts to be used by many different sectors of society has led to a
proliferation of controlling and interested groups when it comes to coastal management.
Because of the problem of sheer size, the management of many coastal areas is divided
into smaller, more manageable units, each with its own management plan. These
plans tend to form a hierarchy, in which plans for smaller units join to form plans for
larger coastal units, and so on. Table 7.2 details the types of management strategies
which occur along the coast.

While the development of estuarine and coastal protection plans is important on
the local scale, there is still a potential problem of activity in one area having a
detrimental effect on processes in another. It is essential that these local plans are
linked to a broader scheme based on regional and national strategies and management.
The common denominator in all this is the formulation of a national coastal defence
strategy based on coastal zone management plans (Table 7.2). In its purest form, the
concept of coastal zone management (CZM), also referred to as integrated CZM
(ICZM), involves an ecosystem approach to the problems of management. Any human
activity or development along the coast must be undertaken only with due consideration
of the environmental needs of erosion, accretion, and habitat creation and stability.
Increasingly, however, the term has been applied to the whole field of coastal activity

TABLE 7.2 The relationships of statutory and non-statutory management initiatives at
national, regional, and local levels
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such as the management of competing land use activities: fishing, versus shooting,
versus sailing, for example.

So, using the modern definition of the term, coastal zone management can be seen
as a process which covers the whole concept of protecting the coastline from damage
and change from any activity. The topic itself has been the feature of many texts (such
as Beatley et al., 1994; Clayton, 1993; Goldberg, 1994; Healy and Doody, 1995; and
Organisation for Economic Co-operation and Development, 1993), and a detailed
discussion is beyond the scope of this book, although it is important to consider some
aspects of the topic as a tool with which to moderate the human impacts on the coast.
There are many ways in which the CZM process can be summarised, although as a
general rule we can say that CZM represents a dynamic process which develops and
implements a co-ordinated strategy to allocate resources to achieve the conservation
and sustainable multiple use of the coastal zone.

Aims and requirements of coastal zone management

It is important when considering CZM that certain basic aims and requirements are
stipulated. It is generally agreed that with regard to CZM, the coastline includes the
hinterland, the intertidal area, and the sub tidal areas. However, there is no overall
view as to how much of the hinterland and how much of the sea should be included.
Owing to the variation in coastal topography and coastal process, the precise landward
and seaward limits are difficult to determine for a single CZM policy, and will vary
according to the area in which the CZM is being adopted. Important factors in the
consideration of areal coverage are the primary coastal processes—that is, erosion/
accretion—and the primary coastal usage—that is, tourism, fishing. A CZM plan on
a coast of severe erosion will take in more of the landward margin in order to control
what developments occur near to the sea margins, thereby limiting the necessity for
future defence measures and their impacts. In contrast, on a stable coast dominated
by the fishing industry, more of the sea will be taken in, to protect spawning grounds,
shellfish beds, and water quality. As far as these measures are concerned, the CZM
scheme retains a degree of flexibility in recognition of the fact that all coastlines are
different and the usage which each of them experiences will largely determine the
form of management which they require. Juhasz (1991) supports this idea of variability
in areal coverage of a CZM plan, and develops the idea further in the form of legislation,
proposing the need for both broad-scale legislation to deal with problems such as
erosion and accretion, and also more specific legislation dealing with aspects like
pollution, shipping, and conservation.

The one important criterion, however, is that the basis for each scheme should
centre around the environmental principles of sediment movement and habitats. By
adopting this policy, and fitting socio-economic planning around it, the impact of any
development on the environment, and vice versa, can be minimised. Thus development
may be allowed in an area of coastal stability, provided that stability is predicted to
remain, but not in areas of instability, thereby reducing the need for further defence
measures. However, before a CZM plan can be instigated, it is important to know the
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detail for this environmentally based designation. This detail will involve defining the
area that the plan will cover.

Defining the landward boundary

Bear in mind that while environmental criteria are paramount, the CZM scheme
also has to function in a workable manner, and so it is necessary to impose some
constraints on the plan which may not be purely environmental in their consideration.
The main problem with defining how far inland the CZM should go is the limit that
one should choose: whether one based purely on environmental grounds or one
which coincides with an existing administrative boundary. It is very rare that the
two coincide.

As has been said before, the best approach will be one based on environmental
grounds, such as:
 
1 influence of maritime climate, that is, the limit of salt spray, hence including

coverage of all habitats which are under the maritime influence (intertidal and
supratidal), including cliff-tops and sand dunes;

2 mean high-water mark, that is, all intertidal habitats, but excluding supratidal
areas (dunes and landward transitions of salt marshes and mangroves);

3 boundary of watersheds; that is, the whole of the catchment of rivers entering a
particular coastline. This policy will include coverage of all activities which can
have an effect on the coast; that is, dams and their effects on sediment loads, land
management such as deforestation and the effects on sediment mobility and input,
or industry and the increase in pollutants;

4 an arbitrary limit set according to the conditions in any specified area taking into
account local topography, land use, and habitats.

 
All the above are idealised situations. Clearly, if the management plan wants total
control, then a scheme based along the lines of 3 above will cover all possibilities. In
reality, however, this involves huge areas of land, and is, in practice, largely
unmanageable, because in most countries all rivers enter the sea and so the coastal
plans will cover the entire land mass. In reality, the distance adopted is an arbitrary
limit, of the order of 2 km inland from the mean high-water mark of ordinary spring
tides (MHWOST), modified according to the geography and issues relevant to a
particular coastline. The problem of river catchments is subsequently included by
reference to catchment management plans (Table 7.2) (see Chapter 6), which are
developed to aid the management of river habitats.

Defining the seaward boundary

Because natural marine processes recognise no administrative boundaries, designating
seaward limits becomes difficult. Ultimately, the limit of national jurisdiction may be
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the obvious choice, but in reality many processes which influence the coast (shipping,
fishing, etc.) occur outside this limit. As with the definition of the landward limit,
there are a series of other possibilities for the seaward limit, which include:
 
1 mean low water mark; that is, intertidal areas but ignoring subtidal areas—which

means excluding marine interests and coral reefs;
2 edge of the continental shelf; that is, the limit of sediment stores, but this does

cover large areas in many cases. Also, some countries, such as Germany, the
Netherlands, and Denmark, do not have an edge to their shelf;

3 bottom of the continental slope for similar reasons as for the edge of the shelf, but
including the loss of sediment to the deep oceans via sediment avalanches (turbidite
flows) down the continental slope onto the abyssal plains;

4 an arbitrary water depth, although this can be quite variable in areas of high sediment
mobility (formation and removal of sand flats), which is itself an important
consideration in management. In addition, water depth can increase and then
decrease again, making such a limit difficult to delineate;

5 one of the major, internationally acknowledged administrative boundaries. In the
UK, there are three such boundaries:

(a) 3 nautical miles—limit of controlled waters;
(b) 6 nautical miles—limit of exclusive fishing rights;
(c) 12 nautical miles—limit of territorial waters;

In this case, the favoured limit is the 12 nautical mile mark, as this covers most of
the sea activities over which a country has some jurisdiction.

Methodology behind coastal zone management

We have consistently seen how human impacts on the coastal zone have caused knock-
on effects for natural processes and coastal stability. Coming out of this is the growing
realisation that if left to its own devices, this intervention will only produce further
conflict between different user groups and between the natural environment and coastal
protection measures. Eventually this will impact on the whole viability and stability
of the coastline.

Many countries have realised the problems associated with management of the
coast, and have undertaken initiatives to correct them, largely by constructing formal
management policies. This has put CZM into the international arena, resulting in an
increased awareness of many trans-boundary problems, such as pollution, dam
construction and sediment supply, and tourism. Barston (1994) highlights the increased
potential which an international arena provides, but demonstrates how this can also
produce a need for improved information systems and the development of international
standards. It is here that a further, and significant, problem arises. Once it is put on an
international scale, coastal managers and other experts tend to lose control of the
whole CZM process, with politicians becoming the driving and negotiating force.
Similarly, many international problems can also arise, such as where one country’s
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coastal defence policy can impact on another. For example, the implications of the
UK’s defending the eroding cliffs of eastern England will be felt in the Netherlands
and Germany; or consider the breaking up of the Soviet Union and the associated
policy problems which this caused, not least the problems concerned with how to
redistribute fish quotas (Barston, 1994).

Despite these problems, many nations have developed their own CZM initiatives,
producing a proliferation of examples and case studies. Owing to the vast number
of examples cited in the literature, it is impossible to produce fair coverage of all
countries here. Table 7.3 contains a diverse bibliography of the CZM experiences
of many countries. By following these leads, and using the reference lists provided
in these sources, the reader can easily develop case studies for any of the countries
presented.

The UK appears to be lagging considerably behind in the production of overall
coastal strategies. In 1992, the UK Department of the Environment published a
paper entitled Coastal Zone Protection and Planning (Department of the Environment,
1992), which represents the first real advance for the concept of managing the UK
coast as a single unit, composed of many individual but interacting parts. Following
this, the Earth Summit in Rio de Janeiro in 1992 led to the production of Agenda 21
as a blueprint for environmental action. Chapter 17 deals exclusively with oceans
and coastlines, and probably represents the strongest international commitment to
CZM that currently exists. Agenda 21 commits coastal nations to the implementation
of integrated coastal zone management initiatives, and to the sustainable
development of coastal areas and marine environment under their jurisdiction.
Within this, a number of co-objectives commit signatories to more specific aspects
of coastal management:
 
1 To provide for an integrated coastal policy and decision-making process in order

to promote compatibility and balance of coastal uses. This also stipulates the
inclusion and co-operation of government departments, ministries and agencies
which have control over specific aspects of the coast.

2 To apply preventive and precautionary approaches in development including prior
assessment and systematic observation of the impacts of major projects.

3 To promote the development and application of techniques which reflect changes
in value resulting from uses in coastal areas. These changes include pollution;
loss of value due to erosion; loss of natural resources and habitat destruction, on
which assigning a cost is difficult; and the increase in value due to development
of the hinterland.

4 To liaise with all interested groups, to provide access to relevant information, and
to provide opportunities for consultation and participation in planning and
decision-making processes associated with the development of management plans.

 
These policies have also been supported from other sources. The Intergovernmental
Panel on Climate Change (IPCC) recognises the need for management to allow for
the continued protection of the coast in the light of global environmental changes and
sea level rise.
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TABLE 7.3 Select bibliography of coastal zone management initiatives in different countries
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TABLE 7.3 continued
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It appears, therefore, that all the guidelines and incentives are in place for countries
to develop detailed coastal management plans for their coastlines. All these reports
agree that it is essential to get away from the traditional approaches to management,
which tend to be sectorially orientated and fragmented, and go for the management
of the coastal zone as a whole unit. This problem is clearly exemplified by a study of
the Fylde coast (Box 3.2, p. 77), where several maritime authorities along this coast
each have their own form of sea defences. Clearly, if this coast were to be managed
under the guidelines laid down by Agenda 21, these problems would not occur because
the coast would be managed as a whole unit. This might involve the removing of
groynes, or beach feeding the shore at Blackpool with the sediment extracted from
Lytham.

The theories for developing a CZM scheme may be clearly laid out, but there are,
nevertheless, some important questions. Most important are questions such as who
does what? Who formulates the plans? Who enforces the plans? Who pays for the
plans? This brings us on to the next important consideration: actually turning the
concept into a workable framework and policy, which represents perhaps the prime
area in which CZM ideals have faltered in many cases.

Running the CZM process

There are a whole series of groups that have a vested interest in the coastal zone. In
many countries, these interests have been co-ordinated under one administrative
authority, such as an environmental protection agency. In the UK, however, there is
no single authority, just a collection of groups. These controlling groups have been
appointed over time to administer the various acts and legislation which been introduced
on a piecemeal basis to manage various aspects of coastal problems.

Note: A dash in the ‘Region’ column indicates that the work refers to the general coast of that country,
rather than to any specific region.

TABLE 7.3 continued
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As there is no single group with individual control of the coastline, the policies of
the groups involved can become fragmented. A good example of this is coastal defence
policy. Until recently, the Coast Protection Act 1949 was administered by the
Department of the Environment (DoE), while sea defences were provided for by the
Ministry of Agriculture, Fisheries and Food (MAFF) under the Land Drainage Act
1976—two similar and compatible responsibilities but administered by different parts
of the government. Another aspect of this conflict is that the jurisdiction of the
individual Acts depends on whether the land is above or below high water. Around
the coast, there are many transition points where the level of land falls below or rises
above the high-water mark. At these points, the relevant legislation changes from one
Act to the other, and therefore from one department to the other. This was clearly a
ludicrous situation, and the giving of responsibility for the Coast Protection Act to
MAFF has opened the way for better strategic planning. Despite this, however, there
are still conflicts with regard to flood protection (protecting property from inundation
by sea water) and coastal defence (preventing land erosion).

Practical experience in many countries has shown that the best way to operate
such a coastal management system is to have one group to oversee the whole operation.
The favoured approach is to set up CZM ‘units’ to act as a stimulus and development
focus within which all relevant areas of research can be focused and compiled to
produce a comprehensive understanding of a particular coastal cell. At the present
time in the UK, the area covered by individual CZM plans is administered by a range
of administrative groups, meaning that the potential for fragmentation, non-co-
operation and poorly constructed plans is higher than it would be were a single unitary
authority in charge. By using the CZM ideas, a successful coastal management
authority, on behalf of the people concerned in formulating the plan, should:

1 provide advice on CZM matters by facilitating contact between different groups
and information sources;

2 provide a framework for CZM plans, in order to remove problems of over-lapping
research, and to ensure comprehensive coverage of the study area;

3 co-ordinate and liaise between other groups working in adjacent coastal areas to
stimulate discussion between people doing similar jobs, and also to maintain a
consistent approach;

4 co-ordinate internationally with other CZM units;
5 seek and allocate funding to allow new research in areas of poor knowledge or

understanding;
6 regulate plans for development via planning policies to oversee any projects which

are likely to impact on the coastal management area;
7 implement CZM recommendations by making sure that they are known about

and followed.

The requirements of CZM

With such a wide brief and so many contrasting demands on coastal resources, the
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interest of the CZM groups needs to be diverse. When the coastal zone is being planned,
there are several factors which need to be taken into consideration, and included in
overall plans. These factors form the basis of report structure and represent the main
aims of the management plan. These are outlined below.

Protection from storms

Many coastal areas are in danger of damage from natural hazards. Hazards can take
many forms, ranging from earthquakes, storms, surge tides, to sea level rise. Storms
and hurricanes can cause sudden and dramatic effects on the coastline, causing the
loss of life and property, and also have the potential to alter the coastal morphology
by breaching sea defences. Although warning systems are becoming better developed,
these cannot protect property, but as a means of ensuring public safety they can enable
the evacuation of danger areas. In order to protect coasts from storms, there are a
series of measures which could be implemented by a management plan.
 
1 Where the threat of storms is great, the protection of property may be too

expensive. In such cases, the protection of human life is of prime concern and so
it may be sufficient to arrange evacuation procedures in response to storm warning
systems.

2 Where direct protection is feasible, actions such as reinforcing or increasing the
height of sea walls may be preferred.

3 Particularly in estuaries, the main threat from storms comes in the form of a
surge tide (meteorological tide). Estuaries which are prone to such features, or
which contain significant areas of high-value hinterland, need to be protected by
tide surge barriers, such as those found on the estuaries of the rivers Thames and
Colne.

4 Where hinterland values are not that high, sufficient protection to property could
be supplied through the provision of floodlands to take excess water. Nominating
areas which are allowed to flood may enable more valuable areas to be protected.

5 The greatest impacts from storm activity are due to waves. We have seen (Chapter
2) how beach profiles can reduce wave action at the coast by shallowing gradually
towards the land. By artificially building up beaches by beach feeding, sufficient
wave attenuation can reduce the impacts of storms at the coast, and thus remove
the need for increased hard defences.

6 Naturally, the best form of protection is prevention, hence one of the prime
management recommendations has to be to avoid building in high-risk areas.
Such planning controls can remove the necessity for any of the other methods
mentioned here.

7 On coasts where people want to live, but which are subject to severe storms, such
as in parts of the USA and Australia, planning regulations can be used to ensure
the construction of ‘storm-proof’ buildings which can withstand the impacts of
storm activity. However, it should perhaps be made clear to people that if, after
information is made available, they still insist on developing unsuitable areas,
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then they alone are responsible for the outcome, and should expect no protection
to be forthcoming.

8 The impact of storms is also likely to become greater as a result of sea level rise.
As sea level rises, wave base could deepen, thus increasing the force of a coastal
storm. Bondesan et al. (1995) discuss this problem in relation to the Italian coast,
and highlight the problem of predicted relative sea level rise (stressing the
components of falling land levels and rising water levels) of 0.5m by 2100 with
respect to increased flooding from surge and storm tides. This makes coastal
planning even more important, and indicates the need to identify areas susceptible
to storm surge inundation.

EXAMPLE: THE THAMES BARRIER

The potential problem of sea level rise and the threat of storm surge down the North
Sea led to the realisation that London was under serious threat from sea flooding.
Because of the high population density, and the huge underground development in
London, the threat of flooding from the Thames necessitated the building of the Thames
Barrier. Despite the building of 112 km of defences in the nineteenth century, serious
flooding took place in 1881, 1928, and 1953. With sea levels rising in the area, rises
ranging from about l.4 mm yr-1 at Southend to 2.7 mm yr-1 at London Bridge (Pye and
French, 1993b; the difference is due to the influences of tidal wave amplification in
the upper estuary arising from land reclamation and dredging—see Chapter 3), the
danger from possible floods, particularly on surge tides, became high, and a realistic
possibility following the 1953 surge.

The barrier was completed in 1984 and is designed to withhold a flood of up to
1.2 m greater than anything previously recorded. It has already been used on over
twenty occasions following predictions of storm surges in the North Sea, effectively
saving London from flooding.

Shoreline erosion

As we have seen, many problems of coastal erosion are brought about by the impact
of humans on the coast. The dilemma facing the management team is whether to
defend an eroding coast or not. If the area is undeveloped, it is likely that the coast
will be left to erode in order to maintain sediment supply to the intertidal zone. When
there are homes and livelihoods at stake, the decision becomes more complicated, as
it depends on the value put on the land as to whether it is defended or not.

One of the problems with managing the coastal fringe is that many of the activities
present have a good argument for being there, and so sensible zoning and multiple
usage are generally the answer. However, it is fundamental that natural processes are
given paramount importance, as without a strategy for defending the coast, many
areas would be unusable owing to problems with instability and erosion.
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As the successful functioning of the coast as a natural system is largely based on
the movement of sediment from one point to another, any development which upsets
this balance will cause a knock-on effect for other parts of the coast, and the setting
up of a whole new set of management problems.

CZM has to reflect this dynamic nature, while protecting important areas. In order
to maintain a balance between sediment supply (erosion) and deposition (accretion),
the policy of CZM is to defend where necessary, but allow other areas to erode to
maintain sediment inputs, even if this means the loss of isolated houses, small villages,
or farmland (e.g. on the Holderness and Suffolk coasts of the UK). Only by making
such sacrifices can greater protection and stability be given to other, more highly
valued coastal areas.

Protection of coastal waters

Many coastlines are subject to a variety of pollutants from industrial, urban, or
agricultural sources (Chapter 4). Extreme nutrient enrichment can cause algal blooms,
causing water clouding and reduction in oxygen levels for marine life.

In the USA, many of these problems are dealt with through schemes known as best
management practices (BMPs). For example, BMPs for agriculture include contour
ploughing, crop rotation, filter strips, and animal waste control, to reduce the
detrimental impacts of farming on river and coastal areas. BMPs for urban areas
include storm water collection and treatment and the use of porous surfaces to reduce
run-off and even out the storm hydrograph (Chapter 6). Hence, CZM can introduce
management methods to protect the coast by tackling the problem both onshore and
at source, thus controlling some of the issues raised in Chapter 6.

All aquatic life forms and water-based leisure activity ultimately depend on water
quality for success. In the coastal zone, pressure on the water resource has traditionally
been great, with a tendency to treat the seas as a large waste disposal unit. Discharges
range from heated water to raw sewage, and include industrial pollutants, discharges
through storm drains, and domestic drainage. All such discharges can have serious
consequences for coastal habitats, as well as making the water unattractive for bathing.
In addition to land-based sources, many industries actively dump at sea, both legally
and illegally, on the principle of out of sight, out of mind. Often this dumped material
is highly toxic or hazardous (Chapter 4).

Modern land-based sources are discharged well below the mean low-water mark
of ordinary spring tides (MLWOST), and so become redistributed by tidal currents
and do not recontaminate the land. They do, however, have the potential to affect
marine organisms and fish stocks.

Many of the older sewage systems, and storm-water discharge outlets, do not
discharge so far out, with the result that tidal currents can bring material back inshore,
causing solid matter to be washed up on beaches, so that problems relating to odour
and bacteria levels can result. Other problems with water-borne pollutants—that is,
those which are water soluble—are not as readily detected, and so tend to go unnoticed
until major environmental problems result. In contrast, the less ecologically serious
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problems of solid sewage on beaches tend to be noticed immediately, and treated by
local authorities.

As part of the CZM principle, new outfalls have to be built to beyond MLWOST,
in order to discharge out to sea in such a way that material is not brought back on
tidal currents. For example, the discharge pipes for Weymouth and Portland in
southern England were short, and many piped material directly into Weymouth
Bay, with the result that much material washed ashore. A scheme to build a long
outfall was proposed and put before a committee of people representing all the user
groups of the area—that is, fishermen, conservationists, and the Royal Navy–and
was amended accordingly to reduce any impacts or conflicts of interest. The result
was a 2.5 km pipe discharging material directly into the English Channel. It was
installed in a way that reduced individuals’ fears, and reassured conservation groups
that no environmental problems would result to Chesil Beach or adjacent habitats.
New European legislation includes tighter controls on the quality of discharges,
which means that much more land-based treatment of sewage and other discharges
will need to occur before discharge into the sea.

When considering estuaries, the problems of disposal of dredged spoil are
particularly acute because, since estuaries are often sites for harbour activity, these
sediments can be highly contaminated, or occur in large quantities so as to need regular
dredging. By adopting a wider coastal perspective, CZM can perceive wider uses for
‘clean’ material for the benefit of the coast, the alternative being to dump offshore in
one of the licensed dump sites. Offshore disposal has been the traditional option for
sewage or contaminated materials which are unsuitable for soft defence methods,
because of the coasts involved. Alternative disposal practices include incineration (at
fifteen times the cost) and processing (at between eight and ten times).

Leaving aside industrial uses, perhaps the prime uses of the coastal waters are for
recreation and tourism. This can lead to some of the greatest conflicts which CZM
plans have to deal with. They include trampling in sensitive areas and conflicts of
usage, such as those caused by incompatible activities such as bird-watching and
wildfowling. To minimise such conflicts, the CZM plan needs to study the activities
which occur along the coast, and to accommodate and zone usage so that each may
occur without affecting others.

Biodiversity and habitat conservation

Coastal areas support a wide biodiversity, which can be severely reduced by loss of
habitat. In England, English Nature has started to become aware of this problem, with
its Campaign for a Living Coastline, and has identified loss in major coastal habitats
and areas where re-creation is needed in order to maintain habitat levels (see Box
3.1).

In the USA habitat conservation plans (HCPs) are used to balance development
and conservation interests. In this case, some states will actively seek areas to purchase
for conservation and habitat creation in order to balance areas of land lost through
development with the creation of replacement areas. This approach provides a good
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model for the English Nature scheme in the UK, where national areas of habitats are
targeted to remain at those of the early 1990s.

Protecting access

As well as protecting the natural environment, management also needs to protect
access to the shore. The coast is an immense recreational area, but as it becomes more
developed the levels of access can be reduced, either by making areas inaccessible or
by charging for use of facilities.

Protecting coastal development

Development along the coast can often lead to small towns and villages losing their
identity when they are swallowed up in development. Many tourist areas are guilty of
this form of identity loss, with coastal villages being developed so that they merge
with other neighbouring villages undergoing similar development. As well as the loss
of all identity and uniqueness, the result is a continuous development along much of
a popular tourist coast, removing many possibilities for natural habitat management.
Management planning needs to impose strict regulations on such areas, to preserve
uniqueness. Canon Beach, in Oregon, has a ban on large fast-food outlets, to protect
it from mass tourism and day trippers. Other ways include tight building regulations
with regard to style and materials used, limits on how many floors a development can
have, and tight rules concerning the provision of open spaces.

Construction of a management plan

It is important to bear in mind that a management plan aims to protect a stretch of
coast or an estuary by allowing multi-usage by industry, members of the public, and
developers. There are many potential areas of conflict between these groups and bad
feeling if the whole thing is not done well. As the ultimate purpose is to allow citizens
to enjoy the coast in a sustainable way, whether for recreation, work, or as a place to
live, it is important that such people have a say in the eventual management plan.

Many of the coastal management plans which have been proposed have been
developed by a panel of experts, including ecologists, sociologists, engineers, coastal
scientists, etc. These plans act as a decree, with rules and regulations being issued
from on high, and dictating to users of the environment what they can and cannot
do. The net outcome of many of these plans is that they meet great opposition from
users, who resent being told what they can and cannot do in their own neighbourhood,
with the result that they can sometimes be completely disregarded and so fail to
work.

In contrast, by far the most successful method is to work out a strategy for coastal
management by incorporating as many views as possible, from as many users as
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possible. If the plan is based on the needs of the people whom it aims to serve, there
is a greater chance that it will be successful. Clearly, there still needs to be some
degree of overall control exerted by the experts constructing the plan, but overall, less
resentment is felt if people are aware that everything possible is being done to protect
their interests. The group responsible for plan construction needs to consult with all
user groups, determining the type of use, frequency, and intensity, and also any ways
in which improvements could be made. By building in as many interests as possible
to a plan, it is possible to produce a better-received document, and one which is more
likely to be accepted by the local population.

A second important consideration is that nothing is written in tablets of stone. The
strategy or planning document is advisory, and subject to frequent updating and
modification to allow for changes in usage patterns, relative impacts of users, and a
changing environment. Any plan needs to be subject to review so as to incorporate
areas of new activity, growth and decline of others, and changes in natural processes
such as erosion and accretion.

Procedure

The first important decision is the exact form that the management is to take, and the
area which it is expected to cover. This decision will govern the actions needed, and
the authority which will be charged with its co-ordination and implementation.
Regardless of the exact form of plan, it is important to remember that one of the main
objectives is to improve the understanding of the coastal processes operating within
the sediment cell, because only by doing this can effective management occur. An
insight having been gained into how the coast is operating, other factors, such as
predicting the likely future evolution of the coast, and the identification of all the
assets within the plan area which are likely to be affected by such coastal change, can
be provided for.

If all these are satisfactorily completed, then the final plan will be a document
which will allow an assessment of strategic coastal defence options for the area of
coast governed by the plan, and an agreed approach for individual sites, such as which
sites will be defended, which will not, and which may be the location for managed
realignments. The plan should also outline the future requirements for monitoring
and measurement, and provide a reference source for planning authorities in order to
allow continued assessment of how the plan is functioning, and whether it remains
viable for that particular coastline. From a conservation point of view, the plan also
needs to identify areas of important habitat, and areas of high ecological value, along
with potential sites for improved habitat creation. The identification of possible sites
for habitat creation can then be linked back to the coastal defence strategies because
it is feasible to allow these to operate together, with new habitats being created as a
form of coastal defence (Chapter 3). Finally, the plan should also facilitate the setting
up of a mechanism which allows continued interaction between interested parties,
and the continued updating of the strategic plan. Doing so causes the plan to remain
a viable and workable document.
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To achieve those objectives outlined above, the plan needs to incorporate
Information on four key areas. The key to any plan is a good understanding of how
the coast operates. Only by knowing what the coast has done in the past can a prediction
be made as to what is likely to happen in the future. This means that it is necessary to
understand how the coast has changed over history, how it is operating at the present
time, and, most importantly, how past and present behaviour relate in order to predict
areas likely to need defences.

As defences already exist on many coasts, the plan needs to consider the likelihood
of these continuing to be effective and the future need for upgrading. When the future
of defences is being considered, the potential of removing coastal defence structures
to ‘free up’ coastal sediment must be taken into account as a possible way of permitting
the coast to function in as natural a state as possible.

Study of defences is relevant only in the context of what they are protecting. Not
only should current defences be considered, but any future needs for flood or erosion
protection should be determined, and areas where development should no longer be
allowed should be highlighted. Coastal planning policies should normally provide only
for those developments which require a coastal location. Ongoing dredging policies,
restrictions on use, and protection of historic buildings also need to be considered.

Finally, the ecological and scientific importance of the whole natural coastal
environment needs to be considered. Designation of statutory protection for areas of
particular geomorphological, ecological, or geological interest needs to be highlighted.
Plans will also need to take into account the fact of sea level rise, and the potential for
habitat loss as a result of continued exploitation and coastal squeeze. Estimates of
loss, such as those indicated for England by Pye and French (1993a), need to be built
into any strategy plan to allow for areas to be set aside for the re-creation of habitat to
combat any losses. The report should also designate areas for habitat re-creation,
possibly in conjunction with managed retreat.

The production process

All the uses of the coastal area having been considered, relevant individuals and groups
consulted, and the information required having been specified, it is paramount to
obtain and present this information in a way which can be understood and appreciated
by all who need to consult it. The production of a management plan can be split into
two stages, data gathering and plan preparation.

By gathering as much data as possible covering the whole range of uses treated in
the report, the plan can be produced to its fullest extent. For example, in the UK the
Morecambe Bay strategy covers the following range of relevant issues: coastal defence,
fisheries, heritage and landscape, industry, transport and development, land
management, pollution, recreation, and tourism, and wildlife. Such categories can be
used as the basis for many plans. Each of these areas forms the basis of data collection
from as many sources as possible, including the environment itself, historical records,
scientific literature, unpublished records, and members of the public/user groups/
societies, etc.
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Once the data have been obtained and interpreted, plan preparation has to occur.
The section of coast to be managed can be divided into subunits for the sake of
management, or treated as a whole, as in the case of Morecambe Bay. Within each of
the categories used, it is necessary to make management decisions to cover the future
of that particular category; that is, how will future infrastructure development be
managed? How will recreation be controlled? What areas will be defended?

This document then becomes a draft plan, put out for consultation. Following this
consultation period, amendments are made and the final report is produced. This
report is not a statutory document, but is merely a reference and advisory document.
Governments, however, make it a strong recommendation that any development is
made with reference to such a strategy document.

Finally, the plan should specify a time when updating will take place. This is often
after a period of five years, at which time all objectives and recommendations are
reviewed, any new information assessed, and the report updated and reissued as a
second version.

As a non-statutory document, the report can be considered only as advisory.
Frequently, management reports concentrate on individual parts of the coastal cell,
such as an urban frontage, embayment, or estuary. While the ultimate aim is to manage
the coast on a coastal cell basis, it is important to use the management plans in
conjunction with other plans covering different areas in the same coastal cell. Figure
7.1 details a framework which could be employed in order to do this.

Regions for coastal zone management

As we have already seen in Chapter 1, in order to manage the coastline to the best
possible degree, it is necessary to take into account coastal processes. For example,
we have seen that sediment movements around the coast occur in set patterns, with
erosion from one area leading to deposition in another, and that such processes create
a balance within clearly defined areas of the coast, or cells. It is important for CZM to
take account of these cells, as any management schemes will have to take note of
sediment movement, sources, and stores so as to avoid complications with the sediment
budget. For example, if one authority were to protect a cliff from eroding, this would
cut off a major source of sediment supply (see Chapter 3).

In summary, we are in a position to tackle many of the problems to which we have
referred in earlier chapters. There is a workable framework in place which can be
used as a basis for all management plans. By forming plans for all parts of the coastline,
particularly those which are heavily developed, we should be able to come up with a
coast which is effectively managed with sensible development and the most suitable
defence types, as well as being as natural as possible, permitting unimpeded movement
of sediment and promoting wildlife habitats. Some people would argue that this is a
rather ideal situation and could never be achieved. Certainly no one would ever suggest
that all the world’s coasts have to be naturalised, but it is clear that many parts can be.
What is perhaps the most frustrating factor in all this is that huge amounts of money
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are being spent on outdated forms of defence, when less money could be spent using
newer ideas and methods to protect the coast more naturally, more effectively, and for
longer before new investment is needed. The underlying problem lies in lack of
education. Governments and national bodies need to inform and persuade their
populations that to give land back to the sea is not such a bad thing, and in many cases
can be a most efficient use of tax-payers’ money.

The future of the coastline

Throughout this book, we have looked at various aspects of human impact along the
coast associated with coastal protection and management. The various concepts can
be divided up on the basis of coastal types, that is, strategies for wave-dominated,
tide-dominated, and wind-dominated coasts, along with the concepts of hard vis-à-
vis soft engineering, the role of human intervention, and the concepts of coastal zone
management. We have also seen that CZM is being used increasingly to protect the
whole coastal environment.

FIGURE 7.1 Framework for the integration of the various management plans into an overall coastal
strategy



MANAGEMENT FRAMEWORKS FOR COASTAL AND ESTUARINE SYSTEMS

209

We have seen that the human impacts on coasts, and the application of coastal
management, are in a state of change. Traditional methods are being replaced by new,
more environmentally sensitive methods. We are seeing a shift from the traditional
concrete barrier ‘defend the coast at all costs—never allow the sea to erode the land’
approach, to a softer, more habitat-based approach to defending our coasts. In the
newer approach the coast functions in as natural a way as possible, resulting in a more
natural coastline, interactive with the environment, while the same end results are still
achieved.

This attitude change has three outcomes. First, the coastline becomes more
environmentally friendly, has greater habitat potential, and has considerably more
aesthetic appeal; second, being more natural, it can respond more easily to changes in
environmental conditions (wind, waves, sea level), and so becomes more able to ‘look
after itself’; and third, the methods used are cheaper to implement.

We are entering an era of increased environmental concern for the coast, and
increasing financial restrictions. In future, coasts will be protected by hard structures
only where necessary. This means that some houses will be considered expendable,
that actually removing defences and sacrificing land to the sea may be an
environmentally better way of defence. These actions are likely to become increasingly
common, but if they are to become more widely accepted, it is necessary to convince
the general public of their viability, and also, perhaps more importantly, to compensate
those whose houses and businesses are allowed to fall into the sea.

Implications of sea level rise for the future of the coast

The future of coastal management and defence also contains one other factor which
we have not, as yet, mentioned in detail. So far we have talked about the coast only as
a zone which is interacting with the sea. The other important factor which has to be
built into our future predictions is what is actually happening to the sea itself. Of
prime importance here is the fact that mean global sea level is increasing, causing the
problem of sea level rise. The Intergovernmental Panel on Climate Change (1990)
predicts the rates of this rise as being between 31 cm (low) and 110 cm (high) by
2100, with a best estimate of 66 cm.

This means that high tides become higher, wave base increases, and so the energy
received at the coast may also increase (see Dolotov, 1992, for a detailed assessment).
The prospect of the sea drowning large areas of land which are currently areas on
which humans live is an emotive subject. Significantly, the problem is one which is
common to low-lying areas the world over, irrespective of politics or wealth. Predictions
of how the coast will react to such changes have been made possible by studying how
the coast has changed in response to Holocene sea level rise, following the last
glaciation.

Many countries already have systems in place to cope with sea level rise, such as
sea defences and barrages. Many of these systems will need to be ungraded, or, more
drastically, the land concerned allowed to be flooded by the sea with any population
or land use having to relocate. Under conditions of accelerated sea level rise, coastal
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erosion may become more rapid, requiring either new defences, or methods of habitat
creation, such as managed realignment. In some areas, such methods will not be a
problem. In others, such as the Netherlands, the idea of allowing land to flood is a
non-starter, as large areas of the country are already below sea level. Many countries
now employ barrages to protect the larger cities; the Thames barrage in the UK has
been constructed to withstand a 1,000 year flood, and so will be able to cope with sea
level rise for some time.

The concept of building defences to protect our towns and cities is second nature
to countries in the developed world that have the financial resources to cope, and we
tend to take it for granted. However, the cost of such defence constructions may still
be significant. Burby and Nelson (1991) quote data which indicate that the USA
would need to defend an additional 1,025 km of its coast by 2100 following a 1.0m
rise in sea level. While this may represent a large financial burden, consider countries
such as Bangladesh, which do not have the resources to construct hugely expensive
coastal defences, and where predicted sea level rise is up to 345 cm by 2100 (range
56.2–345 cm; see Castro-Ortiz, 1994). Storm surges are a major cause of loss of life
or of livelihood, and spoiling of land. Much of Bangladesh lies on the delta of the
Ganges—Brahmaputra, hence high land refuges are not common. Elaborate
engineering schemes have been proposed, but all are expensive and have serious
environmental repercussions in their own right. A sea level rise of around 1 m by the
middle of the twenty-first century would cause the loss of 23,000  km2 of land. Some
of Bangladesh’s administrative districts would disappear altogether, as would 14 per
cent of the area of crops and 29 per cent of its forest (Ince, 1990; Viles and Spencer,
1995). Much of the population, as a result, would need to move, although the possibility
of new settlement within Bangladesh itself would be slight. The rise of 1 m is a mid-
range prediction based on current forecasts for the area. What this represents in real
terms is the loss of 14 million head of livestock, 100,000 households, 8,000 schools,
1,500 km of railways, 20,000 km of roads, 4,000 km2 of mangroves. This would result
in political and social upheaval on a scale rarely seen in the history of the world.

Bangladesh, however, is not alone in this problem. It is quite clear how rising seas
can cause problems for society, as well as for the natural environment in general.
Problems of habitat migration and habitat squeeze have been mentioned earlier. The
effects on society of an increased frequency of flooding, population migration, and
the loss of land and homes are also important considerations. Sea level rise is very
much a global issue. While some countries are able to adapt, others are not. Ways in
which this problem is having an effect on different countries become readily apparent
when looking at individual case histories. A series of studies is presented below to
illustrate the problems of some countries. A more extensive case study bibliography
is given in Table 7.4.

The Maldives

There is considerable interest in the Maldives Islands in the Indian Ocean when
considering problems of sea level rise, as may be expected in a nation whose highest
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TABLE 7.4 Select biblography of sea level rise studies from diffrent countries
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point is just 3 m above present sea level. Regardless of the variation in current sea
level rise prediction, even the lowest estimates would be sufficient to cause physical,
social, and economic damage. The population is concentrated on twenty-five of the
islands, although 275 out of the total 1,300 are inhabited to some extent. Virtually the
whole of the population lives between 0.8 and 2 m above sea level (Ince, 1990; Pernetta,
1992; Pernetta and Sestini, 1989).

As with other low-lying tropical islands, the Maldives are able to generate their
own living sea defences, in the form of coral atolls. Provided that the rate of sea level
rise is not too rapid, the growth of corals should be able to keep pace with it and
provide storm protection (though not protection from increased water levels). This is
by no means a certainty, however, and just the increasing erosion potential of the sea
may be sufficient to erode coral as fast as it grows. This situation will exist only for a

Table 7.4 Continued

Note: A dash in the ‘Region’ column indicates that the work refers to the general coast of that country,
rather than to any specific region.
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finite period of time. If we assume that the growth of coral reefs can keep pace with
rising sea levels, then some protection will be provided although the increased water
levels will still be inundating the islands. At some point, whole islands may become
submerged, leaving rings of coral around them.

The main areas of risk include the country’s agriculture, its airport and hence
tourism, and the areas of reclaimed land which have been important in coping with an
increasing population. Problems of flooding are already real. Legislation is required
to promote sensible development, although modification of buildings and houses to
cope with sea level rise would require a great deal of the country’s investment fund.
What the problem does mean is that the Maldivian government has had significant
experience with the problems of sea level rise, and is one of the few that have a
history of taking the subject seriously. In reality, the Maldives can cope with only a
small amount of slow sea level rise. Anything in excess of c. 1m in total would cause
serious problems for local infrastructure and population. There may well come a
point, in this case, where defence is no longer a realistic option, or even possible, with
island abandonment becoming the only viable alternative.

Australia and the Great Barrier Reef

The Great Barrier Reef runs along the east coast of Australia, but in this case the
effect of sea level rise is not necessarily for the worst. Over the past 20,000 years or
so, a period of considerable sea level change, the reef has responded to slight changes
and kept pace with sea level. It could be argued that this has not been a gradual
process, and that the reef has failed to keep, pace but has regenerated itself once
conditions become favourable again (Ince, 1990). Although this may appear an
academic argument, it is important when considering the response of the reef to sea
level rise (see also Stoddart, 1990). An ability to keep pace with rising sea level will
ensure continued wave protection for the coast; the ability to catch up at a later date
when conditions change, assuming that they will, could mean a loss of this protection,
and increased coastal erosion problems.

Corals can grow at up to 8 mm yr-1, or continue to grow at depths of 10 m, a figure
far in excess of even the most pessimistic of predictions. As a result, the most likely
scenario with regard to the reef and sea level rise is not one of destruction, but one of
radical change such as the regeneration of coral exposed on the surface. Sea level rise
could, however, flood some of the coral islands, some of which are inhabited, and
some of which contain rare flora and fauna.

In this case, CZM has to consider one further point. The uniqueness of these islands
is in their flora and fauna. To interfere and protect will cause impacts on these species
and may destroy the naturalness of their habitat. As a result, it is important to consider
whether these ecosystems will retain their uniqueness if interfered with, or whether it
may be better to leave alone and allow the effects of sea level rise to be felt by the
islands concerned. If left alone, populations may adapt to change. If sea level rise
were sufficient to drown an island, then the possibility of habitat creation elsewhere
should be considered, such as designating another island as a sanctuary.
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The Netherlands

Large parts of the Netherlands have been created through land claim from the sea,
and half the total land mass is less than 5 m above sea level (Ince, 1990). The Dutch
are considered to be in greater peril from rising seas than any other developed nation,
although their history and awareness of the sea make them perhaps the best equipped
to protect themselves from it.

The Dutch coast tends to be defended either by dunes or by dykes. Each will
respond differently to sea level rise. The dyke system is considerable, and an order of
magnitude or so greater than that of the UK. Each defence is built to withstand a flood
with a return period of 10,000 years, which in general, means that they are built
approximately 4–6 m higher than the highest predicted storm surge. The main impact
of rising sea level is to increase the likelihood of occurrence of a 1 in 10,000 years
flood to 1 in 2,000 years, although this would be partly offset by the increasing depth
of the North Sea as levels increased (Ince, 1990).

The real problem is that one-third of the country lies below sea level, and a
further 25 per cent is less than 1 m above it. As sea level rises, this land will need to
be more heavily defended, and the drainage system upgraded to accommodate the
increase in base level. Looking at the worst-case scenario for the area, a 1.5 m rise
in sea level would involve a major change in the country’s way of life. It would be
necessary to close the mouth of the Rhine with sluices and locks, even though it
provides access to Europe’s biggest port (Rotterdam). Water pumping would be
needed in large parts of the country, and saline water might penetrate drinking-
water supplies, while dune systems might reactivate and migrate inland. To combat
such problems, interference will almost certainly be the most viable option
considering the degree of dependence on marginal land, and the infrastructure
concerned. Blocking the Rhine might prevent flooding but would have a strong
impact on fluvial processes and habitats a long way inland. The type of problem
would be similar to that of a tidal barrage (Chapter 3), with increased sedimentation,
retention of pollution, dredging requirements, increased water tables, and increased
coastal erosion due to sediment starvation. Hence, as a result, it is possible that
storm damage could be increased by the reduced coastal sedimentation, increasing
wave base and, therefore, wave height and intensity.

An impact assessment using a modelling package (IMAGE) has been carried out
to assess the problems of sea level rise in the Netherlands (Den Elzen and Rotmans,
1992). This has shown that the impacts are large and involve considerable cumulative
costs for the next century. Action required includes increasing the height of dykes,
prevention of dune erosion, amelioration of saline water intrusion into aquifers, and
increased drainage.

Pacific islands

The islands of the Pacific are many and diverse. For food, many depend on fishing
rather than agriculture, and many have already disappeared owing to rises in sea
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level already experienced (Middleton, 1995). In addition, many are low-lying coral
atolls, which are also the most vulnerable to sea level rise. A study by the New
Zealand Ministry of Foreign Affairs estimates that under the higher predictions, the
entire populations of Kiribati, Tokelau, and Tuvalu, around 70,000 people, would
need to be resettled as it is not feasible to adopt the sorts of measures of defence
practised elsewhere. In essence, the worst-case scenario for sea level rise would
result in the destruction of these countries and the forced relocation of their inhabitants
(Ince, 1990).

Many of the other islands would also be seriously affected, with the relocation of
capital cities, industry and commerce, and government being necessary. Other problems
with agriculture and crop production would also arise. One of the major effects,
however, would be caused by the modification of ocean currents due to ocean warming,
especially in the context of fish population migration and the local economy, with the
movement of migration pathways offshore and away from traditional feeding grounds
(Hinrichsen, 1990; Ince, 1990).

Guyana

Guyana has an area the size of the UK., but a population of only around 900,000.
Despite this small size, around 90 per cent of the population occupy just 3 per cent of
the land area, much of this being located within a coastal zone of reclaimed land
(Ince, 1990).

With much of the country’s economy being based along the coastal agricultural
land, a rise in sea level of 0.5 m would produce serious economic damage, and 1.5 m
would force drainage measures to be undertaken in much of the coastal area. The
solution is difficult, as only minor amounts of alternative agricultural land are available
further inland. Alternative wealth generation may be possible from mineral resources,
but this has never been verified. The only realistic proposition is to defend, which will
require a huge financial and practical effort (Hinrichsen, 1990; Ince, 1990).

� � �

It is clear that the problems of sea level rise are different for many countries, and it is
for this reason that there can be no definite standards in CZM planning. Obviously,
the problem of managing sea level rise is much more acute in some areas than in
others, with the threat of island abandonment very real in some cases. Sea level rise is
a component of CZM which is variable and not accurately predictable. When CZM
strategies are being developed, there is always going to be this largely indefinite value,
which will vary according to which predictive model is used. Sea level rise will continue
to occur in the medium term irrespective of what happens to global emissions and
global warming, resulting in increased problems of flooding, erosion, aquifer intrusion,
habitat loss, alteration of wave climate and modifications to the position of the fresh
water-salt water interface (Pernetta and Elder, 1992; Titus, 1986). What is needed as
part of the CZM process is, along with national statutory requirements for CZM,
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national and international strategic plans to cope with sea level rise. This strategy
must identify not only those sites where sea defences need to be upgraded, but also
those areas where important fronting habitats could be lost, and identify a series of
sites where new habitat can be created. In the extreme, this option must also consider
abandonment to the sea.

If coastal protection and management are to occur in a sensible and holistic manner,
we have to get away from the outdated view that we have to defend everything from
the sea, and that no land should be eroded. What we see as the coastline today is just
a snapshot in time—it is a transitory feature, constantly having bits added to it and
bits taken off, and the only way of successfully managing the coast is to recognise
this fact, and to incorporate it into a sound coastal strategy.

In contrast to the doom and gloom of the sea level rise scenarios discussed so far,
there is an alternative argument which may partly offset some of the problems which
we have discussed. Carter (1988) raises the point, as we have also suggested, that as
sea levels increase, so the erosion rates along many coasts will increase owing to the
increased water depth and wave activity. This increased erosion will increase the amount
of sediment available for input into the coastal system. Hence, the increased sediment
load will be transferred down-drift, resulting in beaches containing larger sediment
volumes. It can be argued, therefore, that this will partly offset the problems of increased
sea level rise, and may result in the stabilisation of beach profiles. This is an aspect of
sea level rise which is difficult to predict, but we can draw comparisons from the post-
glacial rises in sea level. What is more certain is that while increased protection may
result, the build-up of beaches, as argued by Carter, will result in an increase in the
abundance of sand-dominated coastlines, as opposed to those dominated by shingle
or mud. Sandy beaches tend to be less steep and wider than shingle beaches, and so
the degree of protection they will afford will be different from that of their muddy and
shingle counterparts.

While this process may offer some hope, it does ignore the fact that for beaches
to become stable under new sea level conditions, it is necessary for them to occupy
a position in the tidal frame similar to the one they did at earlier sea level conditions.
Hence, it will be necessary to allow landforms to migrate landwards or coastal
squeeze will result. This process brings us back to the original problem of much of
the coast, and a constant problem for CZM, which is that landward retreat cannot
occur because of human development and the high value of land adjacent to the
coast.

Prediction of future rise

The perception of sea level rise has developed from being an alarmist scientific
speculation to becoming a more factually based prediction based on evidence readily
available at first hand. However, predicting rise in sea level is notoriously difficult.
Since the 1960s, models for prediction, and the data used, have improved, with the
result that estimates of rise have been gradually revised downwards. Some recent
estimates (Wigley and Raper, 1990) suggest a rate of 4–5 mm yr-1 until the year 2100.
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Other work indicates only 1–2 mm yr-1, representing a halving. What is clear, however,
is that as more data become available, and models more refined, estimates will get
more reliable, and that whatever the rate of sea level rise, that rate is critical in the
formatting of CZM plans.

Predictions are always difficult to make, considering the general uncertainty of the
natural environment, and the process of saying how the planet will respond to global
warming, what policy will be adopted, and how these will be reflected in the processes
which affect sea level rise is not a simple one. What is certain, however, is that rises in
sea level are occurring, and will, in all probability, continue so long as global warming
increases. Considering that today, after a rise of only 10–15 cm over the past century,
many more parts of the world suffer from coastal flooding, and our attempts at flood
prevention have only been partially successful, predictions of a further 13 cm in the
next forty years only make the issue more pressing.

We have seen through examples the types of impacts which sea level rise will have
on various coastlines. Although the problems are country specific, the basic components
of the problem remain the same: the level of the sea is getting higher. The sheer size
and speed of the sea level rise issue mean that there are many different viewpoints
relating to the implications, most of which eventually point to policy as the only
solution. Major questions relating to the problem of sea level rise include such aspects
as how nations are supposed to balance the unknown costs of environmental damage
caused by sea level rise, with solutions to the problem on which no costs have been
determined. However, it does become evident that the greatest sufferers from sea
level rise are not only some of the poorer nations, but also nations which have little or
no responsibility for causing the problem in the first place.

Although the viewpoints are varied, the process of dealing with the problem is
likely to be more easily stated. The places where the problem is being taken most
seriously are the low-lying island states of the lesser-developed areas, the peoples
with the most to lose as their actual existence is in the balance. Since most of these
nations are already poor and have limited resource potential, coping with sea level
rise on top of all this has been compared to playing a piano concerto while fighting
off an unfed tiger. It is really a question of the more technologically advanced and
wealthy nations meeting requests for financial and professional help in full, because
after all, if we accept the anthropogenic cause of sea level rise as being global warming,
responsibility can be traced directly to the industrialised nations.

The way forward

It is clear that the coastal zone faces a complex variety of human pressures which
potentially have severe implications for the coastal environment. The key to grasping
these issues and creating a rational strategy which fully addresses them is to treat the
coastal zone as a whole, with the foreshore, hinterland, and offshore areas being parts
of a single unit within which occur a complex series of interactions. We have seen
from Table 7.3 how many countries have adopted this philosophy and have a single
controlling authority for coastal management. We have also seen that in the UK, such
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things are not as well advanced. The problem with UK coastal management has been
a lengthy process of lack of interest and problem realisation. A parliamentary select
committee has now recognised that the current planning and management of the UK
coastal zone is epitomised by the number of organisations with powers or
responsibilities, and, as a result, no single body has the responsibility or authority to
take an overview of the coastal zone, or even to ensure co-ordination. This situation
leads to overlap, conflict, confusion, omission, piecemeal action, and lack of long-
term planning and management, and, as a result, a poorly managed strategy.

The overlap between authorities poses many problems. As an example, the Dee
estuary falls within the areas of two county councils and six district councils, and also
falls partly within England and partly within Wales. This latter fact means that it also
falls within the jurisdiction of both the Department of the Environment and the Welsh
Office. Clearly, this situation verges on farce when one is trying to construct a
management policy for this system.

Although there are many management plans in operation, none has any statutory
regulatory authority, and not all are as comprehensive as they might be because of
non-co-ordination between authorities. This is not to say, however, that plans do not
have a role in statutory planning. Increasingly, many are being incorporated into
development plans and official management policy for coastal areas. This formation
of plans and co-ordination needs to be systematised to put it on a more clearly defined
platform. In addition, the statutory planning powers of local authorities could be
extended further out to sea to allow offshore activities to be included in coastal planning
controls.

Things are improving to a significant extent. Local authorities are coming together
as they realise the importance of the coastal zone, and of the adoption of an overall
management strategy which could be beneficial for the coastal zone as a whole. The
UK government, however, is still reviewing options and, as yet, has not taken the
lead. It is essential that coastal management planes are co-ordinated under one body,
whether as part of MAFF or as part of the DoE, because only in that way can plans be
made uniform and of similar standards. At present, this task can only be monitored
and overseen; there are no powers to intervene. The National Coasts and Estuaries
Advisory Group is acting in this capacity, and has published reports dealing with
good practice in management plan preparation (King and Bridge, 1994; National
Coasts and Estuaries Advisory Group, 1993). However, as if emphasising the problems
with too many interested parties, other reports on the same topics have also been
produced by the DoE (Department of the Environment, 1995) and MAFF (Pethick
and Burd, 1993; Ministry of Agriculture, Fisheries and Food et al., 1995; Ministry of
Agriculture, Fisheries and Food and the Welsh Office, 1993).

In addition to this, English Nature has its own scheme, Campaign for a Living
Coastline, which aims to maintain areas of coastal habitats and natural features at
levels equivalent to their 1992 distribution and in a sustainable condition. This implies
that while the preservation of human life is paramount, the protection of property
must be balanced with the need to secure society’s environmental assets for the future.
Hence, this campaign is very much orientated towards soft engineering, with much
emphasis being placed on freeing up the coast, rather than protecting it further.
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This policy advocates the need for allowing coastal planning and management to
utilise the power of natural forces to augment human efforts to protect the coast. This
is significantly different from the historical approach of trying to stop natural processes
and alter them, which only leads to conflict between humans and nature. Natural
processes happen; humans cannot stop them, they can only alter them. The best way
of protection is to get nature on your side, working with it rather than against it.

It is important to recognise that coastal areas will be lost, salt marshes will erode,
dunes will migrate inland, shingle spits will breach and re-form. Where possible, this
should be allowed to happen, with loss compensated for elsewhere. These actions are
readily compatible with the idea of managed retreat.

The RSPB report Save Our Shorebirds Campaign (Royal Society for the
Protection of Birds, 1993) recognises many of the features that are present in the
Campaign for a Living Coastline. Its report goes slightly further in that it makes a
series of recommendations to government on all aspects of planning. Many of these
procedures have been accepted to varying degrees; many of the important ones,
however, have not.

Summary of Chapter 7

This chapter has taken a slightly different aspect of the human intervention problem
and considered coastal impacts as a management issue. We have seen that only by
taking an holistic approach, by treating the coast as functional units, can successful
management ever occur. It is possible, however, that in any developed part of the
world some aspect of coastal usage will obstruct the ideal coastal plan, such as not
being able to free up the sediment in a shingle bank because it has a nuclear power
station,on it. While there is a clear methodology outlining how the process is best
achieved, coastal managers often have to accept a compromise to fit the management
plan to what is actually present on the ground.

The most successful and effective coastal management schemes operate where the
system of administration and control is simple. In situations of multi-control and
competing interests there is bound to be a problem of non-communication. It is rather
frustrating to have all the tools at hand to do the job, only to be prevented by authorities
pulling in different directions. It is essential to sort out the logistics before success
can be achieved at grassroots level. It is impossible to operate a successful coastal
strategy if reference constantly has to be made to different groups with different
controlling and governing interests. This remains an issue which needs sorting out in
many countries.

The topic of coastal management also contains one of the largest unknowns, the
problem of global sea level rise. We know from tide records that sea level is definitely
rising. This may be considered a natural process of land movement relative to sea, but
there are also other components caused by global warming, such as the melting of ice
and the thermal expansion of sea water. These problems are not going to go away in
the foreseeable future, and need major international consultation on emission controls
before they are likely to do so.
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The problem of sea level rise is a very real issue for coastal management. It is
perhaps difficult for most people to appreciate that sea level rise means anything
other than new defences, or a little more coastal erosion. For many nations, however,
it is a matter of pure existence. Abandoning your island home is not something that
many of us would wish to contemplate, but is an issue already facing people in the
Maldives, for example. Where the problems are not as severe, it is perhaps better to
adopt a management strategy that allows the coast to maintain its sediment inputs and
stores as much as possible. Only by adopting these options can the long-term stability
of the coast be best achieved.

There have been many important concepts and ideas introduced in this chapter. I
have taken the issues raised in earlier chapters and grouped them into ways of tackling
the problems, mainly by the process referred to as coastal zone management. The
reader should leave this chapter with an understanding of:
 
1 the need for, and uses or, the coastal management process;
2 how the formation of coastal management plans is best achieved;
3 what a coastal plan contains and what it does;
4 the problems of sea level rise in management, and the impacts caused by it.
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The final word

 
Throughout this text, we have covered many issues which relate to the broad topic of
human impacts on coasts and estuaries. The intention of this book is that it should be
considered not as a comprehensive guide to all impacts and their effects on coasts and
estuaries, but more as a source for informing students of the sorts of problems, and
their diversity, which face the coastal manager.

We can sum up coastal problems in two words: sediment and pollution. All the
impacts considered in this book can relate to one of these two. All coastal instability
inevitably comes down to either a lack of sediment or too much sediment. The human
role in this is to bring about one of these by constructing defences to cut off sediment
supply, or clear land to increase sediment yields. The presence of industry at the coast
not only makes land more valuable, and therefore more in need of protection, thus
cutting off sediment supply further, but also increases pollution, the second major
area of impact.

In many respects, coastal management presents the ideal solution to these problems.
The snag is, however, that many coastlines are already too developed to allow the
ideal management plan to be put into effect. Encouragingly, however, there is an
increasing awareness of the natural coast, and a recognition that this will function
better in many situations than a concrete, artificial coast. We can look at this another
way. The reason that sea walls are built is to stop the waves from hitting the vulnerable
coast behind. The damage that waves do is a function of momentum and energy. If
you are driving a car down a road, the car has energy and momentum, as does a wave.
When you want to stop it, you apply a braking mechanism to reduce that momentum
and energy gradually, until you come to a stop before hitting the car in front. When an
aeroplane comes in to land, it also has energy and momentum, and so it increases its
resistance to this by using its flaps, and also, once on the runway, it too employs a
braking mechanism, thus reducing its energy and momentum before crashing into the
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terminal building. So then, considering that the problem of stopping anything is due
to these two physical parameters, and that it is generally acknowledged that the best
way of stopping and reducing these parameters is to employ some form of braking
device, why, when we consider waves, do we typically allow them to run straight into
concrete walls?

Intertidal areas can be considered the waves’ braking mechanism, and so the use
of these can reduce the need for sea walls. Reducing the need for sea walls will allow
the coast to behave more naturally, and if it behaves more naturally, then the coast
will be more capable of looking after itself. It is through the acceptance of this idea
that soft engineering techniques are becoming increasingly common on coastlines.
They are not the universal solution; hard engineering structures are still needed in
some areas. The more areas which are managed by soft techniques, however, the
better for the coastline, the better for conservation, and, in the end, the better for us.
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