PRU-H-98-001 C2

Lk
AMBERS

COPING

UNESCO
PUBLISHING




Copring wiTH Beach ERoOSION

COASTAL MANAGEMENT SOURCEBOOKS 1

LOAN Copy gy,



The designations employed and the presentation of material
throughout this publication do not imply the expression of any
‘opinion whatsoever on the part of UNESCO concerning the Iegal%
?status of any country, territory, aty or area or of its authaorities, or
iconcerning the delimitations of its frontiers or boundaries,
;The author is responsible for the choice and presertation of facts
fand material in this book as well as for any opinions expressed
étherein‘ which are not necessarily those of UNESCO and do not
iicommit the Organ?on_ This includes mentian of any specific

‘equipment and materials as well as methods employed.

“Published in 1998 by the
United Nations Educational, Scientific and Cultural Organization
i7, Place de Fontenoy, 75732 Paris 07 5P, France

Layout and cover design @ Claude Vacheret
{Printed by Imprimerie Jouve, 53100 Mayenne

ISBN 92-3- 103561 -4
©® UNESCO 1998
Prirted in France



CopiNg wiTn Beacn ERosiov

?\Y-'ITII CASE STUDIES FROM THE CARIBBEAN

By Gillian Camhersé

WITH COMTRIBUTIGONS:
FROM MaLcoLr HENDRY!

ENVIRONMENT AND DEVELOPMENTI
UNESCO PUBLISHING.



ACKNOWLEDGEMENTS

l would like to thank Malcolm Hendry for his direct contributions to
éCases 3, 6 and B in Chapter | and for his editorig] assistance. :
éSpec.iaJ thanks also go to Maria Benedetti, Alison Clayson, Carl
éVerkooy and Michelle Verkooy for their assistance, guidance and
éencouragement throughout the preparation of this manual. :
1‘ would also Jike to express my gratitude to UNESCO and to the Sea
%Gmnt College Program of the University of Puerto Rico, in particular
?Manue! Valdes-Pizzini, for their joint sponsorship of the present
imanual and unfailing support of the Coast and Beach Stability in the
Caribbean {COSALC) project
gThe kind permission given by copyright hoiders to reproduce or adaptg
Ecertain iflustrations is gratefully acknowledged. The complete sources
Eaj':per.u" in the fist of references beginning on page 105. :

GliLiaN CAMBERS%



FOREWORD

fCoastline changes due to natural processes and human
éintervention represent a major concern of coastal planners |
.the world over, and indeed of ordinary ¢itizens who have
Ereal or potential interests in beaches and seaside property.
?While beaches may be the substance of vacation dreams
:for some, their disappearance through erosion can lead te !
énightmar‘es for those who live, relax and build close to the
?shore. :
éThe United Nations Educational, Scientific and Cultural
éOrganization (UNESCO) has been involved in the search
éfor answers tc coastal problems for well over two decades.
?Under the auspices of its Coastal Marine programme, a :
iproject was developed and eventually entitled Coast and
éBeach Stability in the Caribbean (COSALC). Since 1993,
‘the project has benefited from the co-sponsorship of the
ESea Grant Caollege Program of the University of Puerto
gRico. More recently, UNESCQ's support for the project's
éactivities has been provided through the Organization's ;
gptatfonn for cross-sectoral action: Environment and :
:Development in Coastal Regions and in Small lslands (CS).
“The publication of Coping with Beach Erosion is one tangib|e§
éoutput of the above-mentioned project. The information :
‘and advice contained herein are the fruit of scientific :
?research findings since the mid-1980s. They are particulariyi
grelevant to the Caribbean, whose shores are subject to :
?powerfuh frequent hurricanes and where the loss of
?;beaches. vital to the tounism-based economies, adversely
faﬁ'ects the welfare of numerous coastal inhabitants.

?Based on copious observations, the author describes :
épractical steps to follow when contemplating an oceanside
?purchase — or when & favourite beach suddenly
fdisappears cvernight. The wise practices discussed herein,
‘while initially directed towards Caribbean coastal manager‘s,?
Epr‘oper'ty owners and beach users, should prove useful for
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seaside dwellers elsewhere. Indeed, it is hoped thatthe
‘text will help coastal planners and stakehalders arcund the
world to establish their own specific measures and :
guidelines for dealing with coastline instability.

In addition to expressing appreciation for Dr Cambers'
:unﬂagging efforts to develop these invaluable guidelines,
‘recognition is given to Dr Malcolm Hendry, who was
Jinstrumental in intiating the manuscript as part of his
collaboration with UNESCO's Intergovernmental
Oceanographic Commission via its subsidiary body in the
Caribbean {(IOCARIBE).

‘This volume launches a new UNESCO series entitled
‘Coastal Management Sourcebooks. The series is to serve
as a source of information, ideas and practical tools for
:environmentally sound, socially equitable and cutturalty
:appropriate management and development in coastal
regions and small islands.

D G. TroosT, Atexar £, Suzvumoy
UNESCO CSH Parrs, SEFTEMBER | %98
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f—lntmduction

he purpose of the present marual is to provide people .

with the knowledge necessary 1o make informed deci-
sions about the problems resulting from coastal changes.
While the manual focuses on the Caribbean, many of the
conclusions and measures descnibed could be relevant to
beach systems elsewhere in the world.

THE ENYIRONMENTAL SETTING

Caribbezn beaches are highly valued by residents for
relaxation, sports and simple cnjoyment. Most islanders are :
proud of their beaches and wish to conserve them for :
posterity. To others, Canbbean beaches evoke idyllic
pictures of soft sand, clear waters, cool breczes and shady
trees combined with the prospect of relaxed living and
revialization. The prospect of visiting such places or even
living beside the beach is a dream for many people. With
global travel having made remote places mare accessible,
such dreams are becoming realty. Yet all too often,
Caribbean beaches are subject to natural disasters,
inadequate planning and a lack of environmental sensitivity.

Shorelines are areas of continucus change where the

natural forces of wind and water interact with the land.

Photograph 1. Sond beach,
Pigeon Point, Antigua, 1995, An
idylfic sand beach backed by
seq grapes and palm trees.
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Phatograph 2. Eroded beach,
Runaway Bay, Antigua, 1997
Erosion of the sand has caused
walls to collapse leaving
‘concrete debris on the beach as
the land edge retreats inland.

These changes have been taking place for millennia.

History provides the example of Cockburn Town in the

Turks and Caicos lslands, where Back Street had to be
renamed Front Street at the beginning of this century as
erosion took its toll, Shoreline changes are the result of
both natural forces and human actvities, such asg sand
mining and beach construction.

These shifts between water and land have taker on
paramount importance in the Canbbean islands since
tourism became the major industry in the 19705, Despite
their econermic value in a region where tourism is
dependent for the maost part on sun. sea and sand, beaches
have unfortunately not been perceived as areas needing
management, protection and funding. but rather as
permanent features of the landscape.

Ervironmental awareness has been growirg slowly.
Intermational events. such as the United MNations
:Canferences on Environment and Develcpment (Rio de
Jancira, 1992% and on Sustainable Development of Small
Island Developing States (Barbados, 1994). have nelped to -
focus public attention on the need for ervirenmenta

management. Yel it was the dramatic cvents of 1989 and

1995 that gave the region the most direct demonstraticn

of the need for beach management; Humicane Hugo in
1989 and the numerous hurricanes in 1995 broughl home
to everyone the impermanrence and vulnerability of the

region’s boaches.
On the threshold of the third milleniam, as the Canbbean
enters a cycle of heightened humcanc activity against a
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fbackground of global sea level rise, all islanders — whether
;or not they live on the shore — should be concemed about
‘the state and future of the region’s beaches.

RMED A TION:
CAL AD E

N o C
C I vic

F
T

;The main part of the manual {Chapter 1) has been
Eorganized around the theme of beach disappearance and
%erosion. A total of eleven cases describing different
-fsituations have been developed. Readers may turn to
‘whichever case relates most closely to their particular
-éproblem or alternatively may read all eleven cases to obtainfi
“the maximum information. Bach opens with a description "
“of the environmental conditions and their causes. This is
Efollowed by a section offering practical advice on
_appropriate actions and responses. Considerable cross-
ireferencmg between cases serves to combine several
situations.

?Chapter 2 centres around the theme, “What to look for
‘when investing in coastal land or property.” It provides

. guidelines for prospective buyers and a checklist to help
?evalua’[e the potential of a particular site.

;The third and final chapter deals with the theme :
“'Protecting beaches: how you can help. It contains several
“suggestions for individuals or groups wishing to undertake :
?pr“ojects to improve a particular beach on their island,

A glossary has been included to define potentially
‘unfamiliar terms; for easy reference, the first mention of
‘these in each case and in chapters two and three s ;
‘highlighted in red. There is also a detailed subject index to
éassis‘t the reader in locating additional information on :
specific items.

;By adopting an action-oriented approach, the present
émanual is intended to help readers make informed
;decisions about suftable responses to beach changes on
étheir particular island. Although beach ercsion can be
-slowed down or the problems transferred to another :
‘section of shoreline, generally speaking, erosion is inevitable:
it is hoped that use of this manual will reduce the impact of
‘natural disasters and increase awareness of what individuels
éor small groups can do to preserve and protect their :
ébeaches.

i1



Figure !. Map of the Caribbean region (taken from Graphi-Ogre, 1 998).
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Chapter |

Figure 2. Cross-section of &
typical beach

éThe disappearing
beach:
what can be done?

his chapter locks at the many different crcumstances that
T may cause a beach 1o disappear and suggests some pos-
‘sible responses in cach situation.

?Figure 2 shows a simple diagram naming the various parts of a
ibeach. A beach can be defined as a zone of loose material
iextending fram the low waler merk to a point landward
‘where sither the topesgphy abruptly changes or permanent
“vegetation first appears. Although beaches are often made up
‘of sand particles, they may also consist of clay, silt, gravel,
:cobbles or boulders, or any combination of these.

Dune
‘ Yegetation Wave
! edge breakpoint
! Berm crest i
. |
! High water | Waves
i mark ;
Low water
mark

- Offshore step

. DUNE Ok LAKD BACK BEACH Fone- OFFSHORE ZONE
: SHORE

SEDIMENT $IZES

C|3)r’ . Less :han 0004mm o Less than 0.00015 inches
" sile 0004-008mm  0.00015-0003 inches -
Sand 0.08—4.6 mm O‘DDB—O.IIB inches .
Grave|. C 46_77 - U m(.)‘|3_3 e
cobmes ??_256 o e 110 inches

Boulders ”Gre.ater than 256 mm Greater than |0 inches

13



Case |

T4

Countering the effeets of high
seas in winfer

ENVIRONMENTAL
BACKGROUND

éWaves are the most
'significant force

éaﬁ'ecting beaches.

:Ocean and tidal
é_currents move
ésediment on the
Eadja.cent coastal shelf.

E_The Northeast Trade
éWinds approach with
‘great constancy from
‘the northeast, east and
‘southeast. The speed
fand specific direction,
ihowever. vary
;throughout the year.

“There are several natural forces that cause beach changes;
‘these include: waves, tides and ocean currents. Waves are
;ffor'med when the wind blows over the sea surface and the
?.wind's energy is transferred to the water, As waves move
Etowards the shoreline, they break and the turbulent energy
éstirs up and moves the beach sand. The higher the waves,
éthe more energy is available for sand movement. :
ETides are another factor influencing beaches. (Tides are thef
éperiodic rising and falling of large bodies of water resulting
ifrom the gravitational pull of the moon and sun on the -
E;rotating earth.) There are usually two high tides and two
low tides every day in the Caribbean islands, with about six
:;hours between high tide and low tide. The average tidal
Erange is low, around 0.3 m (I ft). Tides generate currents,
éwhich flow in one direction as the tide is rising and in the
:éoppos'rte direction as the tide is falling. These tidal currents
écan move sand. Tidal currents are particularly significant in
_Ethe passages between islands and at river mouths. (See alsoé:
éCase 9.) Ocean currents alse help to shape coastal areas.
;These continuous flows of water in the ocean are
fcontrolled by the prevailing wind patterns, The North
;Equatorial Current flows in a west-northwest direction
éthrough the eastern Caribbean islands. :
%The Canbbean islands lie within the Northeast Trade Wind .
:zone. Waves are generally highest from June to july and '
E;ﬁ"orﬂ December to March when the wind speeds are :
;highest. Wave direction varies according to the time of year.:
In the eastern Caribbean islands, waves approach from a
‘predominantly easterly direction. For this reason, the waves '
are highest on the east or windward coasts where average
éwave height is more than | m (3 ft). On the leeward coasts,é
éaverage wave height is usually less than 0.3 m (1 ft). Wave |
éenergy is concentrated at headlands and spread out in bays.



iCase ]

%This is a result of wave refraction, a process which results in :
:the wave fronts being ‘bent’ as they approach the shore. '
EMost of the islands from Grenada to Saint Martin have

longer east- and west-facing coastlines. The east is the _
“windward coast and the west the leeward coast. However,?_
‘the Greater Antilles (Cuba, Hispaniola, Jamaica and Puerto

Swell waves cause .Rico), several of the Virgin Islands and the Bahamas have
serious beach erosion ‘longer north- and south-facing coastlines. Here, the
‘during the winter ‘windward/leeward distinction is not so clear.

months. “Waves formed where the wind is blowing are often

irregular and are called wind waves. As these waves move
‘away from the area where the wind is blowing, they sort :
?Ithemselves out into groups with similar speeds and form a
regular pattemn known as swell. Swell waves are most often’
‘experienced in the Canbbean between the months of
. :October and April. They are usually caused by intense mid-i
- Figure 3. Origin of swefl waves latitude storms in the North Atiantic Ocean. (See Figure 3.):
offecting the Caribbean islonds. :5 el waves travel thousands of kilometres south to affect
:Vﬁ::tes t;?::;::::;;:i :: éthe weslt. north and east cqasts of the islands. Thus, severe
. the winter months and ofien | STOMS N the North Atlantic Ocean, like those off the coast
cause serious beach erosion Of Canada and the eastern USA, may indirectly affect the
{Bacon, 1978). éCaﬁ bbean through these swell waves.

Storms in this area generate
waves which travel south to
affect the islands in winter

o

........

15
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1T

Figure 4. Seasonal beach
changes. During the summer,
:there is o wide beach protecting
" the dune and the building. This
is eroded during the winter
leaving the dune and buiiding

_ vlnerable to direct wave action
{adapted from Bush et al,,
1995}

Together with Trade
'Wind waves, winter
'swells are responsible
for most of the seasonal

‘changes seen on
‘Caribbean beaches

Photograph 3. Winter beach
conditions, Folkestone,
Barbados, |980. Following a
severe winter swell, the waves
have eroded the beach and cut
into the edge of the land,
leaving tree roots exposed. In

" the background, one large tree
-has follen as a result of erosion.

Mormal high tide

Nermal high tide

e

. Yand has been eroded from
.. the beach and deposited offshore

As a result of swell, large waves may be scen breaking on
the coast even on calm, sunny days in winter, {Swell waves

are also generated by huricanes; see also Case 2.) During

each winter season. there may be from five 1o ten swell
events, cach lasting from one o eight days. Research has
also shown that intense winter swell activity often runs in
cycles, several active years being followed by several less
active years {Deane et af, 1973). These swells are known
locally by a vanety o names, for example as groundseas,
The height of swell waves en a usually calm leoward coast
may vary between | mand 3 m {(3-10 1), atthough
occasionally they may be as high as 5 m (16 ft}.

In the Greater Antilles, the Virgin Islands, the Bahamas
chain and the northern Leeward lslands, swell waves may
also be generated by fro~ta systems mowing across the
southern part of the USA during winter. These systems
gererate waves from a westerly. nerthwesterly and
northerly direction,

During swell wave conditions, leeward coasts in particular

experience considerzble erosion, (1hese leeward coasts




Figure 5. Accretionary coastal
features. These features are

- formed when sand is deposited
. by waves maving sand along
the coast, a process kKnown as
longshore transport. See also
Figure 16 {adapted from
Kormar, 1976).

‘Beaches tend to eraode
during the winter
months and build up
(or accrete) during
‘the summer months,
although this is not

:always the case.

Case |

Torr;hoh) "

Cuspate foreland Spits Bar

usually expenence fairly caim condibons.) Sand is moved

offshore and trees and walls are undermined, leaving their

‘roots or foundations exposed. (See Mgure 4 Swell waves
‘may also cause changes in the shape of a beach by maoving

sand from one cnd to the other,
During the summer maonths, when the scas are calmer and -
the waves smaller, beaches tend to build up. This process is’

known as accretion. Obviously, exceptions cccur when a
‘hurnicane passes over or close ta an island. The hurricanc
season lasts from June to Novernber.

‘If the amount of winter eros on exceeds surmmer
-accretion, there is overall erosion with the land behind the
‘beach baing eroded as the beach retecats inland. The rate
-of retreat is called the ercsion rate. Overall erosion may be

due 1o one or more factors, for example: a particularly

severe winter swell, 2 recent hurncane, the death of an

‘adjacent corai ~cef or interference in the supply of sand.

Conversely. if accretion exceeds erosion. the beach gets wider

over time and accretionary features, such as cuspate forelands,

ombclos spits and sans, may develop. (See ligure 5)

Photograph 4. Summer begch
conditions, Folkestone,
Barbados, | 980. The dead
trees have been removed and
the beach has shown signiﬁcant.
accretion. However, the
exposed roots of the tree in the
foreground indicate that the
beach has not fully recovered
from winter erosion.
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If you own beachfront

‘property and are

concerned, about

‘seasonal changes

‘occurring, you can

take some simple

measuremnments on a

-regular basis to assess

whether a problem
exists.

Photograph 5. Measuring beach

changes. The observers are

measuring the distance

‘between the vegetation line and

the high water mark,

‘Seasonal changes are inevitable, so human activities must be
‘adapted accordingly.

‘Be aware that seasonal changes are natural accurrences.
They cannot be prevented, so it is necessary to learn 1o live
with them. Also, changes in ane year may be much more
severe than in the previous year.

View winter and summer beach conditions before
:_contempl'ating the purchase of beachfront property.

If purchasing beachfront property, visit the sile several
“times in both winter and summer before completing the
:purchase. If this is not possible, talk to neighbours about
ELheir observations of seasonal changes to the beach. Askif
E‘they have photographs. Also consult local planning and

‘environmental agenaies, who may have information on

beach changes.

Measure the beach changes.

‘Measure the distance from a fixed point, such as a wall or
Aree, to the high waler mark once a week with a tape
‘measure,

Table | shows how measurements can be used Lo assess

‘whether a probierm exists. Take photographs of the beach
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TasLE |

SAMPLE N':!EASUREMENTS O BEACH WIDTH

A Average the measured distances for each month and enter values in the table.

TABLE OF BEACH WIDTHS IN 1993

Month Distance to high
: water mark (metres)
January ..o [5.5
February .................... ... 0.2
March ......................... 13.7
April ..o 14.0
May ... 14.2
Jume |5.0
July oo 6.0
August ... 18.5
September ... . ... . ... ... .. 7.0
October .............covvenn... 16.0
November ..................... | 4.4
December ......coivvvvinvnnens 132

B  Caculate the average winter and summer values.

?Average of the winter months Qctober to April

;(Add the values for October to April and divide the total by 7.)
=139 m

E-Aver'age of the summer months May to September :
{Add the values far May to September and divide the total by 5.
=161Im :

{C  Compare the winter and summer values for sticcessive years

YEAR  AVERAGE AVERAGE MiNiMUM MaxiMum
Winter Summer DisTance  DisTaNnCE
Distance (m) Distance {m} {m) (m)

: 1993 139 16.1 10.2 185 :

1994 135 170 %0 0

L1995 142 153 1 g2

il996 82 164 60 158

In the example above, the variation was normal between 993 and:
1995; however, there was very significant erosion in 1996 with a '
very low winter average and a low minimum value. If similar figures
Ear*e obtained for 1997, it may be necessary at this site to envisage :
épossible sea defence options before the situation becornes an
{emergency.

...................... SO T ST T T TP T TP UTOTRTOTPPTPPROT



Case F

............................................................................................................................................................................................................

It is important to
gconsider the effects of
%your actions on
éneighbouring
igproperties.

EAct before an
iemergency situation
‘develops.

fAII shoreline protection
‘measures must be
‘carefully designed and
épermits obtained from
éthe planning authorities
ébefore construction
gstarts.

ifrom a fixed point during good (summer) conditions and
ibad (winter) conditions and compare these photographs
‘over the years.

‘Obtain advice and permission from planning agencies.
'If, during seasonal erosion in winter, your land or property

is being seriously eroded, you may wish to try to stabilize

?the shoreline or your property boundary.

?The decision as to what to do is a difficult one and nzeds
écareful consideration. It may involve both your property
éand that of your neighbours,

Elmpl‘ement measures during the summer when wave
gcondiﬁons are caimer.

iThe timing for suitable responses is also important. It is
?much karder and more expensive to bulld a structure
‘when the waves are actually undermining the building. In :
iother words, co naot wait unti! the situation has tumned into
;a dire emergency. :

.Set new buildings well back from the beach.

If your beachfront land has not yet been built on, you may
‘wish to consider setting your buildings farther back from the -
sea than initially planned. You would thus help to conserve
‘the beach in a natural state without having to build
Eexpensive, unsightly sea defences, The beach will also protect:
éyour property. Consult your planning agency for more
?information about recommended building setbacks. (See also:
EChapter 2 for more iInformation on coastal development
ssetbacks for buildings and how they may be calculated )

E_Consider the sea defence options.

élf buildings are already in place and being threatened by
}?erosion. you may wish to protect your property. The
gvarious options described on the following pages fall into
_?two main categones:

‘s measures which protect the land but which do not _
épr"omote beach build-up, such as seawalls, rock revetments
‘and bulkheads. (See Figure 6.) Case 4 discusses these :
éfstmctures further,

- measures which protect the land by promoting beach
%build-up, such as groynes, offshore breakwaters (See also
ECase 4) and beach nourishment. (See also Case 5.
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Figure 6. Structures to protect
coastal land and property.
These structures, while
protecting the land, do not

- usually promote beach build-up
i (adapted from US Army Corps
%of Engineers, | 981 and Bush et
: al, 1995).
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?Cansider measures which protect the land, but which de not

‘promoate beach build-up.

iSeawalls are massive structures made of steel, rock or

:concrete, They have a curved or vertical seaward face and :

éare designed to protect land and buildings from the impact

%of the waves.

%Bulkheads are similar to seawalls. They have vertical

éseaward faces and are designed to protect land from




Case |

slumping and erading into the sea. They are maost suitable
for quiet water areas hke lagoons,

Rock revetments consist of arma.u rocks placed against a
sloping face.

Structures with a vertical seaward face, such as seawalls and
bulkheads, reflect wave energy and augment wave
turbulence. This results in the waler cutling downwards
below the base of the structure and digaing aut the sand, a
process known as wave scour, On the other hand, a
sloping rock revetment abisorbs much of the wave energy.
It is important to understand the conscquences of building

As erosion continues, structures which protect the land or propeity only. While
the beaches in front of these structures may protect the land, they do not
seawalls or revetments promote the deposition of sand.

become narrower and, Seawalls, bulkheads, revetments and the like may also affect

in some cases, disappear neighbounng properties, so often a cammunity approach is -

altogether, recommended. (See also Case 4 and Figures 11 and 15.)
Gabiors, which consist of stones in wire baskets. are often
used as materals to construct walls, bulkheads, revetments
and sometimes ‘mattresses’ extending under the beach in
the Caribbean. (See Figure 7))
The wire enclosing the gabion basket 1s coated with plastic. -
However, without regular maintenance, water action
results in the stones rubbing against each other and
‘wearng away the plastic-coated wire, leaving the stones to
spill over the beach. Gabions are best for slope or channel
stabilization where there is no danger of waves reaching

thern frequently.

Photograph 6. Deteriorated
gabion groynes, Speightstown,
Barbados, 1980. The gabion
baskets have stilled open,
spreading the stones over the
beach.
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Case |

“Consider measures which protect the land by promoting
beach build-up. _
‘Groynes and offshore breakwaters are hard structures; the
former is designed to trap sediment and the latter to
protect the shore from wave action. These are described irv
‘greater detail in Case 1. As for beach nourishment, it
consists of adding sand to the beach, usually from an
“offshore source. (See also Case 5.) Gererally, such
measures are not carvied out by individuals working alone
because they are very expensive and alflect entire beaches.
They require the co-operation of all land owners along a

Figure 7. Siope stabilization  particular beach or coastal stretch.
using gabions. The stones hove

" to be closely packed in the wire

baskets so as to reduce their §tongs enclosed

movement {adapted from US in wire mesh
Army Corps of Engineers,
[981b ).

Topsoil -
Sand fil] <m— -

Filter material.-—--——

Toe pratection

Photegraph 7. Gabion channel
stabilization, Tent Bay,
Barbados, 987, Gabions are
most successful in sfope and
river chonnel stabilization where
they are not offected by wave
action.
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Case 2

When a hurricane occurs

ENVIRONMENTAL
BACKGROUND

éHurricanes are intense éMost hurricanes are experienced in September in the :
‘weather systems which éCaribbean. Many hurricanes originate as tropical waves off :
éafl'ect the Caribbean é:the west coast of Africa and travel across the Atlartic :
‘every year from June to ?_Ocean gaining strength from the warm ocean waters. As
;November. ?tropical waves strengthen, they pass through several

?stages, including tropical depression and tropical storm ;
ibefore reaching hurricane strength. Once a system reachesé
tropical storm strength, it Is named. Hurricanes are further
éclassiﬂed into five categories based on wind speed. (See
“Table 2.)

TasLE 2
‘Hurricane categories

%CATEGORY WWIND SPEEC {KM/HR} WWIND SPEED {MPH)
Fo 18- 152 74 - 95
2 153 - 176 96-110 :
4 209 - 248 31 - 155
5 249 + 156 +

EEThe wind speeds in categories one to five refer to sustained .
Ewind speeds, Actual gusts may be much higher. While the
éhigher category storms cause the most damage, even a
?tropical storm or category one huricane may do

Al tropical storms and éconsiderable darmage depending on its particular :
ghurricanes should be Echar‘acteristics. For example, Tropical Storm Debbie resulted |
gconsidered as m sigrificant flooding of Saint Lucia in September 1994, :
épotentially dangerous élndeed. lesser storms also have the potential to cause

'storms, They have the ?ser‘ious beach erosion, especially when the waves approach -
épotential to inflict from an unusual direction, such as from the west. :
éserious damage to a ;:Based on a study of weather patterns and dimate records

‘beach system. fover the past century, it appears that hurricane generation



:An active hurricane

‘cycle is expected to

‘continue for the next

‘two decades.

‘Hurricanes that miss a

‘particular island may

‘still cause beach erosion

';there as a result of swell

‘waves,

Figure 8. Track of Hurricane

. Erika, 4-10 Seprember 1997,
Istands as far south as Grenada

L

and as far west as Hispaniolg
experienced high swell waves
from this hurricane

(adapted from Bacon, 1978),

Case ]

éin the North Atlantic Ocean occurs in 20-25-year
alternating cycles of activity and relative inactivity, The
ievidence indicates that we are now entering an active
scycle. The years 1995 and 1996 were especially active,

1995 registering as the second-most active year on record
‘with 19 named storms, However, even within an active
écyde, there are years with below-average hurricane activity.-f
“such as 1997, :
_?Tr"opical storms and hurricanas are such intense, well-
éorganized systems that they generate waves which move
‘out of the immediate vicinity of the hurricane to affect
éother islands as swell waves. (See also Case ) For
;example. Hurricane Erka in September 1997 did not _
‘directly affect any of the Caribbean islands as it followed a
track north of the Leeward lslands. (See Figure 8.)
‘However, swells from this hurricane affected islands as far
‘south as Grenada and as far west as Hispaniola. Thus, .

waves from a particular hurricane can affect islands several

:hundred kilometres distart from its immediate path.
“Tropical storms and hurricanes may cause catastrophic
:damage to beach systems as a result of. high seas, raised
‘water level (known as a storm surge), high winds and heavyf

rainfall.

{Strong winds generate high seas. Hurrcane waves erode the!
‘beaches and penetrate farther into the land behind the
‘beach causing flooding, erosion of sand dunes and

destruction of coastal highways and buildings, (See Figure 2.)

TRACK OF HURRICANE ERIKA
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Case 2

New first dune forming

Figure 9. Typical beach cross-

' section before and after a
. hurricane. The hurricane waves
overtopped the seoward dune
and the building on the dune
coltapsed. Sand was moved
offshore and inland {adapted
from Bush et al,, 1995,

Beaches on all coasts of
an island may be
‘exposed to hurricane-

generated waves.

Figure 10. Satellite view of
Q_Hum'cane fris, 1995. The winds
: blow counter-clockwise around
' the central eye (shown in

black). In the eye the winds are
calm (from National
Geophysical Data Center,
1996).

Normal high tide

P P e oo,

Steep slope

Fallen house

- New beach posion Normal high tide

Pre-storm profile

Within a hurricane, wind circulates counter-clockwise
around a central eye. (See Figure 10) Most hurricanes

affecting the Canbbean islands move in a westerly to

‘northwesterly direction. (See Figure |1} As the hurricane
-approaches, winds usually blow from the east and north,
:Once the centre, or eye, of the hurricane has passed, the
saind direction reverses and the wind blows from the west -
:and south.

The high winds assocated with hurricanes cause
considerable damage to infrastructure and vegetation in

‘both coastal and inland areas. he heavy rainfall often
.associated with these systems causes flooding of low-lying

areas.

Hurricane Iris -
Visible Spectrum
03 Sep 1995 LXITGMT




Case 2

Figure [ 1. Main hurricane
tracks in the Caribbean isfands.
: Most hurricanes follow a

westerly to northwesterly
direction in the Caribbean
region (adapted from Bacon,

Atlantic Ocean

1978},
;The most serious ingh rainfall often results in rivers cutting new channels
‘damage to beaches is Ethrough the beach. After a hurricane, beaches are littered
écaused by hurricane ‘with debris, which may include mounds of dead seagrass,
gwaves and the storm f;rubble torm from the coral reefs and huge tree trunks :
ésurge. iwhich sometimes originate in other islands. After Hum’caneé

Luis in 1995, a new species of iguana armved in Anguilla
Hfrom neighbouring islands, presumably via rafts of logs
(Dudley, 1996). :
‘Beaches have been measured on a regular basis in many ofé
‘the Caribbean islands over the past ten years as part of the
: Coast and Beach Stability in the Cariobean (COSALL)
épro}ect. Monitoring has provided consideracle information
‘about the effects of hurricanes on beaches. Information
?collected has shown several major types of beach changes
iresulting from hurmcanes. One or more of these changes ‘
‘may affect a particular beach.

‘Following a hurricane, beaches are usually lower and
‘narrower. In the aftermath of Hurricane Luis in 1995, the
‘average beach size shrank by 28 per cent on seven islands
:(Cambers, 1996¢), Thus, waves may be able to reach roads
“or buildings that were tens of metres away from the active :
iwave impact zone before the hurricane. Some beaches may |
‘be totally stripped of their sand leaving rock outcrops
‘exposed. Rocky ledges often consisting of beachrock may
‘become exposed where they were not evident before. (See-"
‘also Case 10,) Consideratle quantities of beach sand will



Hain primary dune

Evenual dune
profile after
slumping

Figure 12. Dune retreat dfier a
hurricane. The dune face has
been eroded leaving o near
vertical slope. In the months
following the hurricane, the
sand will stump to form a more
stable siope (adapted from
Cambers, 1995).

‘The normal picture
after a hurricane is for
‘beach erosion that may
vary from slight to
severe,

Photograph 8. Pre-hurricane
beach conditions, Barnes Bay,
Anguilla, 1994. There is a wide
sand beach backed by palm
trees.

s

"L, after hurricane T~
~

~ Dune profile befere hurricane
-

S
A

~
Dune profile ~

Small dune

Loss of dung ———ree—p-

A

have been moved inland and deposited an coastal highways,

in swimming pocls and on beachfront properties. Large
valurmes of sand will have moved offshore. The water depth

i the affs-ore zone may be much shallower than befare

the hurricane. Sard dunes which were previously gently

sloping and covered with vegetation will now stand at a

near-vertical angle bereft of vegetation. (See Figure 12} In
small sandy bays, sometimes all the sand will have been
transported 1o one end of the beach. The material
composing the beach may have changed from sand to

slores and boulders. {See alse Case 3)

The preceding st of effects of hurricanes on beaches is by :
no means exhaustive. Indeed, on rare occasions, there may
be no change or even acorelior at a particular beach. For

instance, two islands impacted by Hurricane Luis in [ 295,

Antigua and Anguilla, cach showed accretion at only one
beach.
The land behind the beach s also impacted by the

hurricanc waves and storm surge. The maximum dune
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‘Beachfront property “eireat recorded during Hurricane Luis in 1995 was

owners should expect 30 m (98 fi).

‘some loss of land after a Dune or land retreat is important because features like

major hurricane. _sand dunes take decades to form. Thus, such changes may
be regarded as semi-pomanent.
Beaches, on the other hand, usually recover to a large
extent after the hurricane. For instance, within eight
months of Hurmicane Luis i [ 995, an 80 per cent average
recovery was recorded (Cambers, 1996¢). However, not all
beaches show complete recavery after a hurricane. This
was evident in Prince Rupert Bay in Dominica after
Hurncane Hugo in 1989, Several beaches did rol recover
to pre-hurricane levels over a three year periad (Camnbers
and James, 1994). In addition, accretionary features such as

‘Beach recovery starts “spits and lombolos, when impacted by successive
‘immediately after the hurricanes. show major changes. In the two decades since
burricane and continues Hurricane David struck in 1979, the Scotls Head tombolo
during the following in Drominica has shown continuous lowering to the point
manths, where it is now easily breached by a small storm. Similarly,

‘in Saint Kitts, since Hurricanes David and Frederick in 1979
-and subsequent hurricanes, Dieppe Bay spit has wirtually
“disappcared.

Hurricanes also affect offshore systems, such as seagrass
beds and coral reefs, In these environments, damage oflen
‘goes unseen and its effects may not becomce apparent for
-several years, Coral reefs provide protection for beaches by
:acting as natural breakwaters. They also produce sand for
‘many beaches. Thus, hurricane damage to a coral reef may -
result in beach erosion several years after the actual

hurricane. (See also Case 10)

Photograph 9. Post-hurricane
beach conditions, Barnes Bay,
Anguillg, 1995, The sand had
been stripped from the beach
during Hurricane Lufs leaving
rocky outcrops exposed and just
a few pockets of sand. The .
palm trees were fost.

29



Case 2

PRACTICAL
RESPONSES

‘Hurricanes are natural,

ffinescapable events.

gRecent predictions

éindicate that each

;?Caribbean island can

éexpect to be impacted

éby at least one category

ithree hurricane within

;the next two decades.

éThe greater

ithe distance between

E—the buildings and

f:the active wave impact

Ezone, the higher

ithe margin of safety

from hurricane -

igenerated waves.

S0

éBefore the hurricane:

EHurricanes are inevitable and Caribbean islanders must plan
éfor their impact. 5
A hurricane may not pass directly over a particular island
gbut may pass close enough to cause a severe impact.
?People living in the Caribbean islands should know about
these predictions and plan for their consequences.

Muaintain a wide and stable beach, ‘
A wide beach is the best protection against the high waves
‘and storm surge generated by a hurricane. A beachisa
flexible barrier which will be eroded during the storm but
rebuilt quickly afterwards. Any measures which help ta
protect a beach or dune area, such as setting new buildings
‘well back from the active wave impact zone, conserving
‘natural beach and dune vegetation, dune stabilization
‘practices and preventing beach sand mining, will help to
conserve the beach as a natural storm barrier.

Establish maximum setbacks for new buildings, roads and
iother infrastructure.

1f you are plenning a beachfrent property, obtain
information from local planning and environmental
‘authorities about beach changes during recent hurricanes
and advice conceming safe setback distances for your
‘property. (See also Chapter 2.} A coastal setback is a
?prescn'bed distance between a coastal feature, like the
vegetation line, and a building. The depth of the land parcel
‘permitting, the greater the setback, the safer the property.

%Consw‘t local insurance agencies regarding coverage for
icoastal property. ;
It is always best to obtain this information before investing
in coastal land and starting to build, since insurance rates 1
%are increasing at a significant rate. On some islands,



Allow time for

gthe beach to recover
‘naturally. Do not rush
‘out and build walls or
other hard structures,
since these may actually
‘impede recovery.

iBeach nourishment
Emay speed up natural
?recovery in some
éinstances.

‘Wait until the end of
ithe hurricane season

‘before implementing
éremedial measures to

‘restore the beach.

Case 2

é_insurance — particularly for beachfront properties — has
;been difficult to obtain because of recent hurricanes.

éAﬂ:er the hurricane:

%Beach damage ofter a hurricane is impressive, but should not
ébe cause for panic. -:
EAs soon as the hurricane has passed cut of the region,
‘waves will usually begin to bring the sand back onto the
ébeach. Most of the beach recovery will have occurred
éwithin six rnonths of the hurricane. Most beaches do
recover about 80 per cent of their pre-hurricane size.

' There are always exceptions. If a beach has not shown :
fsigniﬂcant recovery within twelve months of the hurricane,
it may be necessary to take some direct action along the :
“lines of that described in Cases 1,4, 5 and 7.

'éConsider the soft engineering option of beach nourishment.
iIn some instances, it may nat be feasible to wait for natural
ébeach recovery. Since hurricanes usually occur in :
‘September in the Caribbean, the start of the important
swinter tounst season is often less than three months away.
A particular hotel owner may consider it essential to try to
:get a beach back in time for the start of the winter tourist
‘season. In such instances, it is certainly advisable to Consider‘;
éreplenishing the beach with sand dredged from the :
éoffshore zone. During the hurricane, much of the beach
?sand may have been deposited just offshore, However,
ésuch measures are expensive and require detailed
ffpr'eliminary studies. (See also Case 5.}

‘Before starting any beach nourishment, it is advisable to
‘wait uritil the end of the most active hurricane peried. For :
éinstance, if the hurricane that caused the damage occurred
in late August, wait until the end of October before
-implermenting any remedial measures. In particularly active
ghurn'cane years, a second hurricane may well bring some ofg
“the eroded sand back to the beach system naturally, This
‘happened in Saint Lucia in |995.

éConsider other soft engineering options like dune
-rehabilitation.

‘While the best recommendation for beaches is to allow
‘them to recover naturally, dunes are another matter, since
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‘Hurricanes usually
iresult in the permanent
loss of beachfront land
‘and dunes.

In most of

‘the Caribbean, land
ébelow the mean high
‘water mark belongs to
‘the government.
éBeachfront land lost
;from erosion is the
landowner’s loss.

‘While cleaning up
:after the storm, replace

any sand that has been

‘moved inland on
‘the beach.

iEthey often take decades to form. If the dunes have been
j;eroded leaving vertical cliffs of sand, then it may be :
éappropriate to regrade the slope to a stable angle (around
20 degrees) and to replant with natural grasses and vines,
‘Alternatively, sand accretion may be promoted by the use
Eof sand fences. (See also Case 7)) :

ERepositjon hurricane-damaged structures.

éh‘ a particular building adjacent to the beach has been .
structurally damaged by the hurricane, consider all options
‘sefore reconstruction. Evidence has shown that hurricanes
?result in the permmanent loss of beachfrort land and/or :
‘dunes. The land edge may be several metres farther inland
:after the hurricane. :
éh‘ you have lost a building or fixtures, obtain the advice of
;coastal professionals and planning authorities concerning if,
éwhere and how to rebuild. For instance, sometimes the |
i:building can be rebuilt farther back from the beach, behind

‘or above existing buildings.

iHave your property resurveyed after the hurricane,

E\t may be advisable to have the property resurveyed six
imonths or sa after the hurricane, so as to record
gpermanently any changes in the size of the land parcel.

éRetum sand to the beach after the hurricane.

éSand may have been washed onto beachfront property,
éinto the swimming pool or into the building during the
éhur*ricane' Do not sell this sand for construction or other
épurposes. Returning this sand to the beach will help the
;beach recovery process and is the best way to conserve
‘the beach.

éBe aware that the full hurricane impacts may not be
:gexperienced until several years after the event,

éWhen nearshore coral reefs have been damaged during
‘hurricanes, the resultant impacts on beaches may not be
Sexperienced immediately. It may be several years before
éthe beach starts to erode as a result of a sand deficit ora
reduced reef breakwater effect, both of which may be
“‘caused by a past hurricane. It therefore pays to be vigilant

éarwd to use simple measurement methods and photogr‘aphyé
‘to record beach changes, as described in Case |, Table .
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Case 3

When stones have replaced a
sand beach

iBeaches can vary in size, shape, colour and composition.
iThere are two main sources of beach material land-based :
:and offshore sources. :

SLand-based sources

ERiver‘s and streams drain the land surface and carry with ¢

Eé‘cher'n particles of the underlying rock. The size of particles

-éreaching the sea depends on the structure of the parent

Eroclq; and the extent to which the particles were waorm or
: ébroken down during transport to the sea. The composition
éThe size and colour of {of the parent rocks determines the colour of these :
fmaterial on a beach Esediments' For example, volcanic rocks are typically dark
;depend on the types of %grey 1o black. ©On the high volcanic islands of the Lesser
ématerials available in fg/—\ntilles, beach materals are commonly formed from these
?the coastal area. iglistening dark mirerals. Particles of rock may also be :
5 %eroded from cliffs by wave action,

éOﬂ’shore sources ;
éAlong tropical coasts, where the land extends offshore to
%form a shallow shelf and there are few land-based :
ésediments to cloud the water, coral reefs and seagrasses

égrow in abundance. These environments play host to manyé
éspecies of plants and to many animal species with a :
gskeleton formed from calcium, (See also Case 10.) When
Ethe organism dies, this material becomes sand and may be
Htransported to the beach area by wave and current action.
éThis material is predominantly white in colour.
;In many Caribbean islands, both types of sand sources are
:found; beaches may be light, dark or a mixture of both
gmineral types. Once on a beach, particles are subjected to
gwave and current action which causes further breakdown
%in particle size, Longshore currents may move the sand far
;ffrom its original sources. (See also Case 4.) :

33



Case 3

a4

Photograph 10. Black sand
beach, Byera, Saint Yincent,
1995, The sand particies on
this beach are derived from

the land and carried to
the coast by rivers. Once at

the coast, the materiaf
is reworked by wave action.

A beach covered by
coarse sediments year-

round may be one

‘which is only supplied

with coarse sediment to
start with or it may be
going through an
extended erosive cycle,

Photograph | |. White sand
beach, Grace Bay,
Providenciales, Turks and
Caicos Islands, 1995, This sand
is derived from the offshore
reefs and moved to the beach
by wave action.

A beach may be coverec with large rock particles. These

may be chunks of coral derved from the breakdown al a

coral reef or boulders and stances from a river or cliff.

Other sources for coarse sediment may be man-made.

:They can include material derived from: ships’ ballast,
‘coastal quarrying activitics, offshore dreaging or boulders
-and stones from broken gab or baskets (Sce alse Case 1)
‘or other sea defence structures. :

Sediments are deposited in layers on the beach. Size may
vary between layers, reflecting the energy of the condtions
at the time of deposition, as well as natural variation in the
size of particles avalable in the particular beach system.
These layers can be easily observed by scooping or digging

.a small trench through the beach.
A beach may be cavered with stones at one time of the




Photograph 2. Stone beach,
lles Bay, Montserrat, winter
1990. The beach is covered in
stones thrown up by winter
swells and by Hurricane Hugo
(September, 1989).

Photograph 13. Sand and
stone heach, Rockaway Beach,
Daminica, June 1994. In the
foreground, a layer of black
sand can be seen partially
covering the stones beneath.
The stones which were
deposited during the high

© energy winter swells have been
partiolly covered by sand during
the fow wave energy of the
summer months.

year and with sand at another time. Such changes in grain

“size will most likely reflect one of two causes: seascnal

.erosor or seascnal deposition.

Seasonal erosion

During winter sweells or hut-canes, finer grained sedinrents

“are often moved offshore or to the tace beack area. The

larger, heavier sediments are left as a residual layer on the
beach.

Seasonal deposition

Coarse sediments may alse be thrown up onto the beach
from offshore during a winter swell or hurricane. Ceoarse
sediments may be covered up when calmer wave
conditions retum sand te the beach.

-



Case 3

‘Some Caribbean
;beaches may consist
épredominantly of stones
g:in the winter months
;and sand in the summer
émonths.

EThe removal of stones
éfrom a particular beach
iis rarely successful
E_because maore stones
éwill be moved in from
Eadiacent areas when the
Ehigh ehergy waves
Ereturn.

‘Obtain information on the beach before purchasing.
fObserve the nature of the beach material on initial
iinspection of a beachfront property. Whether the beach
consists of sand, stones or a mixture of sediment sizes,
;;establish if this is a seasonal phenomenon or the nommal
‘condition for this location. Planning authorities, research
%organizations local area residents and coastal landowners

‘may all have useful information.

;Avoid hasty reactive responses. :
Before considering what action to take on a beach that has ;
Echanged from sand to stones, determine the possible cause |
?of these changes. Establish whether there was a seasonal
éswe\!, If so, there is a very strong possibility that the sand

éwill begin 1o come back to the beach within a few days. :
‘Naturaf sand replenishment is also likely to follow a tropicafg'
?stor"m or hurricane, although this may take several months.
(See also Case 2.) :
éBe aware that, on many Carlbbean beaches, material size
varies seasonally. For example, a stony beach in the winter |
‘months may be replaced by a sandy beach in the summer
:manths. This is a response 1o seasonal changes in the wave |
gcomd'rtions. Little car be done to alter these natural -‘
évariations. Unfortunately, the stony periods often :
?cor‘r"espond to the winter months, the peak tourist season,

fConsfder whether any response is necessary. :
Afer assessing the short- or long-term nature of the beach
%changes. determine whether to proceed with corrective -
émeasures. or whether to leave the beach to restore itself
énatumlly. Any intervention must be carefully designed and
involve consultation with the planning authorities.

;Consider the engineering options.
Firstly, it is important to determine that the absence of
'sand is not a short-lived seasonal phencmenon. Only once :
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;The artificial supply of
‘beach sand must be
écarefully designed by
fexperienced
?professionals.

éUananned dumping of
gsand is unlikely to
?_provide a lasting
ésolution. The absence
éor loss of sand in the
first place indicates that
éany sand added to the
beach is also likely to be
éwashed away.

i Case |

‘éthis has been determined should consideration be given to
éengineen’ng options, The most likely option wili be to :
'supply the beach with sand from an offshare or inland
?source. This aption is called beach nourishment and is
.discussed in Case 5.

‘Sometimes a combination of engineering solutions is
irequired at a particular site, Examples include nourishing
the beach with sand and constructing groynes to prevent
;the newly placed sand from being moved to other coastal
‘stretches. :

E;Consuft with the planning authorities.

‘;In the Caribbean, the seabed belongs to the govermment.
éAny action involving alteration of the seabed, such as
;dredging it to provide sand for beach nourishment, will :
‘require planning permission. In approaching the authorities,
ébe aware that they will want the following information:
» analysis as to the cause of the observed beach condition;
design specifications for the proposed intervention; :
L« environmental impacts of the proposed intervention on
ineighboun‘ng shorelines both during construction and
%during operation.



ase 4
Assessing the impact of coastal

§stmctu Ies

ENVIRONMENTAL
BACKGROUND .

;IAny solid sea defence
f;structure built on or
;near the beach will
zfinterfere with natural
ichanges in the beach.

;Seawalls and related
?structures only protect
éthe land and property
‘behind the beach, They
gdo not promote beach
‘build-up.

éBeaches are constantly changing formations. They change
fover hourly, daily and vearly time-periods. Any sea
;defences built on or near the beach will influence the
natural processes. Sea defences may result in beach :
‘accretion or erosion, or both of these on different parts of
‘the beach. Sometimes, the changes may be seen just :

manths after the structure is built, At other times, it may
take years.

There are three main groups of selid structures which _
protect land and/or beaches: structures built parallel to the -
shore (seawalls, bulkheads, revetments); structures built at
right angles to the shore (groynes and jetties); and offshore
structures like offshore breakwaters. -

Structures built parallel to the shore

Generally, such structures are made cf steel, concrete. rock
or wood and are designed to protect land and buildings

from erosion by the sea. They are the most commoen
:means of protection found on island beaches. They come
éin all shapes and sizes. The main types have already been
deseribed in Case |, (See also Rigure 6. Itis important to
éremember that these structures only protect the land. They!
?do not promote beach accretion. In this sense, they can
éonly be regarded as a means of "buying time', since erosion
will continue in front of the seawall and the beach will '
‘marrow or even eventually disappear. New, stronger :
‘structures may then be required to withstand the increased§
‘wave impact, making maintenance costs higher.
iIn the Caribbean, a retaining wall is often built adjacent to
the beach to define property boundaries and to provide
§privacy for hotels and residential property. When beach
éer‘osion takes place, these retaining walls come under wave



“:Retainingwall

Figure [3. Features of retaining
wails and bulkheads. Retaining
walls are often built to separate
private property from the
beach. Bulkheads are designed
tc protect land from wave
-action. Neither type of structure
promotes beach build-up
fadapted from Bush et al,
1995).

Photograph 4. Seawall and
-groynes, Cockburn Town, Grand
Turk, 1995. The seawall and
groynes are protecting the
coastal highway and buildings
from inundation by the sea.

" Note the absence of any beach
in frant of this seawall,

 Ancher -

Retaining wall

Fites cloth="
Weep hake

‘attack and they may collapse. They are designed to retain

land and soil, but not Lo withstand wave impact. As one
wall fails, it often takes an adjacent wall with it. A property

“designed bulkhead, however, will have additional features,
;such as filter c.oth, toe proweclion, te backs and drainage
“holes. (See Figure 13.)

A scawall, bulkhead or revetment protects only the land

and buildings immediately behind it. Erosion will continue in:

front of the unprotected land on either side of the

sstructure and the waves will eventually cut in behind it

Case 4




Case 4

* Figure {4. Bulkheads and flank © Before
protection. Without flank
protection, the waves will \,&E;

eventually cut into the land ¢

behind the bulkhead, seawall or

_Srevetment (adapted from the US ;‘.xistin|g shareline Bu||khead
: Army Corps of Engineers, - -
1981aj.

Without flank protection

Foh

A Rl Retreated shoreling

’//ﬁ Bulkhead

) =

With flank protection

Bulkhead :

: / o 77T s ‘\“x.\‘

i Retum walls Return walls
A co-operative ‘(See Figure 14) This is why it is usually necessary to build
:approach to shereline ‘retum walls, which provide flank protection, :
‘stabilization structures As erosion continues, however, the protected section of
is generally more ‘coast will become like a small headland projecting seaward
‘effective than several :of the main coastline. Wave energy wil become :
dindividual efforts. ‘concentrated on the adjacent unprotected shoreline, A

gcommunny approach is often favoured. (See Figure 15)

Commumty approach

~\@ L 7 E}@f

Figure 15. Community
approach to shore protection.
The community approach
reduces the need for flank
protection and is more
economical and efficient

i {adapted from US Army Corbs @

of Engineers, 1981a).

. “Individual approach-
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Photograph 15. Boulder
groynes, Nisbett Plantation,
Nevis, 1992, Note the sand

build-up on the updrift side of
the groyne in the foreground
while the beach edge has
eroded inland on the downdrift
side.

Planning permission is
required before any

'structure can be built
‘on or near the beach.

Figure 16. Longshore sediment

' transport. When the waves
approach at an angle to the
shoreline, the sediment on the
beachfoce is moved along the
beach {adapted from US Army
Corps of Engineers, 1981a).

‘Case 4

This can reduce the need for individual returm walls, as well

as being more economical and efficiert.

Nature does not recagnize property boundarics; crosion
or accretion can ocour anywhere. It will usually affect maore
than one property along a particular beach.

In most of the Canbbean islands formerly under Bntish
rule, praperty owners have the right 1o protect thewr land.
This is the case under British Common [ aw, However. in
some of the islands, more recent caastal legislation may
have established other rights Throughout the Caribbear, it

_is necessary to obtain planning permission before building

any structure on or ncar a beach.

Structures built at right angles to the shore
When waves approach the shoreline at an angle, they
generate a longshore curert which transports sand

suspended in the water along the shore. {See Figure 163 In

Breaker zone

Longshore current
carries sediment in
suspension

Downdrift direction
- Wave crest

Sediment particles
on the heach mowe
along the beach
with the waves

Updrife direction .
Breaking wave

| Water's edge

41
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i Longshore transport  $1] -

. Downdrift : . Updrift

Figure 17. Effect of asingle  addition, the wave-generated turbulence carries sand up the
. groyne. The beach has buit b beachface in the general direction of the wave approach. As:
© on the updrift side and eroded :
i on the dewndrift side {adapted
' from Bush et al, {995).

the water returns seaward, it moves directly down the
;beachface in response to gravity. Thus, sand moves along
é-the beachface in a zig-zag motion. (See Figure 16.)
?Structur‘es designed to trap this moving sand are called
?groynes. They are low walls constructed perpendicularto
‘the shoreline which extend out into the water. Their main
function is 1o promote beach build-up by trapping sand or
fslowing down its movement along the beach. Groynes are

SGroynes usually result iusually constructed of rock or concrete. Sometimes,

'in sand accretion on one :gabions are used, although, as menticned in Case |, they
side and erosion on the éare not recommendad as materials far groyne construction
?other sid ?;because of the need for continual maintenance. Wood or

;steel may also be used for groyne construction. Graynes
}?may be built singly, or in groups known as groyne fields.
i{See Figures 17 and 18)

;While groynes trap sediment on one side, they cause a
ésand deficit and therefore erosion on the other side. (See

Figure 18. Effect of a groyne i e |7} n effect, one property owner may gain at the

field. Sand moves around the

: end of each groyne to feed ) i
 downdrift sections of the beach :-A properly designed groyne field should ensure that, as the;_

‘expense of a neighbour.
. (adapted from US Army Corps sand builds up to the end of the groyne, material passes
: of Engineers, {981a). ‘over or around the end of the groyne to the downdnft

g_shore. but at a slower rate than before its construction.

é(See Figure |8) it is sometimes necessary to combine

;!esulting shoreline Griginal shoreline
Groyre

Downdrift _‘— Longshore transport Updrift :

...... P PSPPI



‘Groynes only function
%well under certain
éspecific conditions, they
Ejal’e not a ‘cure-all’ for
‘every beach erosion
problem.

Brezkwater Sand

Lagoon N

.

o

Source: Crawns of Thorns
Newsletter, 1990a.

_ Figure 1. Plan view of an
i offshore breakwater. The sand
‘builds ub in the area behind the
breakwater, which is sheftered
: from high waves (adapted from
T Army Corps of Engineers,

[981a).

Case 4

-groyne fields with beach nourishment. In such cases, the
égroynes help to reduce the rate of longshore transport
ialong the beach and thereby retain the sand where it was
‘placed during the nourishment project.

Groynes function most effectively along coastlines where

‘the direction of lengshore transport is constant. In the

Caribbean islands with their prevailing Northeasterly Trade

“Wind regimes, the predominant longshore transport

direction is from east to west. Experience has shown that

‘groynes work best along north- or south-facing coastlines
;and are least effective on east- or west-facing coastlines.
?For example, groynes have worked reascnacly effectively
‘on the north coast of Nevis. Similarly, much of the south
icoast of Barbados has been stabilized with groynes.
iSometimes, solid structures built as jetties or piers,
{essentially used for boat docking, have inadvertently
functioned as groynes. Piled structures are recommended
Hor jetties used for boat docking.

?Groynes are often seen as a ‘cure-all’ far any ercsion

situation, However, this is not the case. Groynes are just

‘one of several ways to control beach ercsion. Thus, as with;
fall coastal structures, careful design by professionals '
‘experienced in coastal processes is required.

?Oﬁ'shore structures

{Offshore breakwaters are placed out in the water to
;intercept the energy of the approaching waves, thereby
ésheltermg the shoreline on their landward side.

‘The sheltering effect of the breakwater results in a reduced
‘rate of longshore sand transport and encourages sand
-accumulation behind the structure. (See Figure 19.)

Original shereline Downdrift erosien

Approaching
wave crests

Breakwater



Case 4 :

Figure 20, Floating tyre
breakwater. These are only
suitable for sheltered-wave

: environments like marinas
i (adapted from US Army Corps
: of Engineers, 1981bj.

Floating tyres

= . . .
™ Anchors depend on sea-bortam conditions

éHowever. as with groynes, downdrift beaches may suffer
'éerosion if they are deprived of their sand supply. _
.?Breakwaters are built out in the sea, usually parallel to the
Ecoast or sometimes angled to the shoreline. They are
:jusually rmade of interlocking concrete shapes or large :
‘boulders. Generally, they are more expensive than groynes
‘or seawalls because they are of massive construction :
%designed to withstand breaking waves. Also, they must be
éconstructed in the sea, rather than placed on land.
éConstruction material must be moved by barge or by
‘%buildiﬂg a temporary ramp from the land out to the
‘construction location,

‘Breakwaters may emerge above the sea surface or they
Emay be submerged. Floating breakwaters, which are
constructed of buoyant materials like used tyres, may be
?used in sheftered wave environments like marinas to :
éreduce the wakes caused by passing boats. (See Figure 20.)
;They are not suitable for open water conditions. :
‘While it is impossible to provide specific costs for the
‘structures described in this section since conditions and
ématerials vary from island to island and from site to site,
éTabIe 3 provides some general cost ranges to give an
order of magnitude.

T ABLE 3 :
.General cost ranges for sea defence structures in
the Caribbean islands (1998 estimates).

TYPE OF STRUGCTURE COST PER METRE LENGTH

OF STRUCTURE {LS$)

RDCI( revetménts. S . . 650 - é75

éGroynes (rock) . - 650 - 975
‘Groynes (pre-cast concrete) C 480- 1170 :
‘Cffshore breakwaters (rock) 29253900

géffshore breakwaters (pre-cast concrete) 3,250 — 4225



:Case

PrRacTliCAL
RESPONSES

:Take necessary action
gas soon as there is any
%sign of construction
é_on the beach.

If a newly built coastal
éstructure is affecting
éyour property or a
ébeach you visit, first
écheck whether planning

‘permission was granted.

EPhotographs showing
:éconditions before and
Eafter the structure
éwa.s built often provide
gbacking for a possible

‘complaint.

A response is always possible, atthough it will differ
iaccording to whether the structure exists, is under
construction or still in the planning phase.

If a structure exists
{or is under construction:

éAct at the first sign of construction.

éThe best time to act is as soon as there is any sign of
‘construction, such as a surveyor measuring the site. Once
‘the actual coastal structure is in place, it is very difficult to
get it modified or removed.

ECheck whether the structure has the necessary permits.
éWhiIe property owners in most Caribbean islands have the';
?n'ght to protect their land, planning permission is required :
“for a structure on or behind the beach or out in the sea.
“Find out if permits exist and whether there are any
gconditions attached to the permits. Sometimes, the
éconditions relate to possible changes to neighbouring :
éproper‘ties. You are in a much better position to negotiate
?if you are in possession of the facts. :

Toke photographs during and after construction.

i;'l'ake photographs as the structure is being built and
‘afterwards. Always date the photographs and try to take
‘them from the same pasition, sa that they always show the:
éview from the same angle. ;

éConsuIt with the owner of the coastal structure that is
 affecting you.

;This can be done verbally or in writing. It often pays to
;have evidence in writing and thus to build a ‘paper trai’ of
?the complaint. ;
If the owner does have plans to modify the structure to
‘reduce the impact on your property, determine the nature

45



Case d

40

EDetermine whether the
%owner of the coastal
Estructure has any plans
gfor madification,
Eexpansion or
écompensation for you.

éAny complaint should
‘be made in writing with
éa full description of the
:grelevant facts, such as
éconditions and dates.

iCo-operate with other
fEpl'operty owners to
Eensu re coastal
éstructures are effective
iand economical.

‘of the planned modifications and when they will be

implemented.

‘Consult with planning and other authorities.

‘While you may have already checked with planning
authorities concerning the permits for the structure, it will
be necessary to lodge an official complaint with them if the

owner of the structure is not willing to co-operate with

‘you by modifying the structure or providing compensation.
It may also be useful to make your complaint knownto
‘other authorities, such as your parliamentary representative.
(At this stage, you may wish to involve the local media and
‘have them publicize the situation.

%Consu!t with other homeowners who are affected by the
‘structure or who might become affected in the future.

The effects on shorelines of most coastal structures are
écumulative. While only one property may be affected
éinitially, the erosion may extend to several other property
?owners along the shoreline in the following months or
Eyears. Although 1t may be difficult to achieve a consensus
‘approach among adjacent property owners, it is ultimately
‘the most effective way of dealing with ali shoreline :
iproblems.

Carefully consider your options. ._
‘The erosion that caused your neighbour to build a seawall,
revetment or similar structure in the first place may well
éprogress in front of your property, so you may need to
éconsider protecting your property. If this is the case, have
éyour structure properly designed, obtain the necessary _
?_permits and try to co-operate with other property owners, |
since this will be in everyone's interests. :
?Similarly, if a groyne has been constructed, there may be
‘opportunities for sand bypassing, which may involve moving:
;ésand from the updrift side of the groyne to the downdrift, '_
éeroded side. Alternative solutions include trucking the sand |
éor pumping a sand and water mixture around the structur‘e.é
‘A similar opportunity may exist with accretion behind an :
;oﬂ‘shor‘e breakwater. These approaches will require co- |
Eoperation and cost-sharing among all the property owners
involved, :



§_It is always more
effective and less
éexpensive to take the
‘Enecessary action before
gthe waves start eroding

iyour property.

éObtain advice from a
iprofessional with
éexperience in coastal
éstructures and their
‘environmental impact
éon your island. Your
Eplanning agency will be
Eable to recommend
qualified persons.

:Case

flf you are planning to build
a structure:

éAct before the situation becomes an emergency.

‘Once the situation becomes an emergency, your options
‘are going to be fimited and the actual construction will be
:jmore difficult and costly.

‘Obtain good technical advice about design before any
‘construction is started.

‘Discuss all available options at your site. In particular, ask
‘about: maintenance costs, the life expectancy of the
sstructure, how the structure will perform under hurricane
“conditions, likely impacts on adjacent properties and
‘environmental impacts.

éObtain the necessary permits,
Consult with the planning authorities for advice and the
‘necessary permits for the proposed structure.

éConqu‘t with neighbours.

é/—\lways inform your neighbours about your project, since |
?they may be affected and there may be the possibility of a
:less costly co-operative approach. ::



“ase 5!

%A(lding more sand (o the beach

ENVIRONMENTAL
BACKGROUND

-iPeriodic renourishment
iis required after

?the initial effort to put
?sand back.

::ﬁgure 21, Before and after
;‘Jeach rourishment {odapted
from US Army Corps of
Engineers, 1981b),

Before

48

éBeach nourishment consists of adding large volumes of
sand to the beach. (See Figure 21 The sand may be
‘obtained from an infand or offshare source. Since land
Esources of sand are limited in the Canbbean, the sand 15
;usua\ly obtained from the offshore zone. The sand is
Epumped up often using a suction dredge. The sand and
éwater mixture is then pumped via a floating pipeline onto
;fthe shore. (See Figure 22.)

EQBeach nourishment has been little used in the Canbbean
éislands. unlike in North America and cther parts of the __
?worid. Generally speaking, it is an expensive technique and
?not an cption ndividuals choose, since it includes an entire
gbeach. In the islands, the cost of dredged sand ranges from
fUS$5—| & per cubic vard/metre. In addition, mobilization :
‘costs for the dredge may range from US$100,000 to
:;US$300,000 depending on the location of a suitable
:fdredge. :
éBeach nourishment should not be viewed as a ‘once only’
Eopera‘tion, since periodic renourishment will be required at
intervals of between two and eight years depending on the ?

%dynamics at a particular beach.




Discharge line

éCase 5

A-frame

Engine Pumf;:

Suction dredge
{adapted from Clark, 1995).

éThe impacts of offshore
édredging are often
édiﬂ'lcult to assess
‘because they go unseen
éexcept by divers.

Figure 22. Beach nourishment
with dredged sand. A sand and
water mixture is pumped from
;:he offshore zone into a settiing
¢ pond on the beach, from which
the water will drain back inte
‘the seq. The sand in the settling
. pond is then spread along the
' beach {adapted from Cambers,
: 1996b).

Cutterhead —

‘Several factors should be considered in determining the
éfeasibility and design of a beach nourishment operation.
;These include the following:

:Sand Source

éOFfshore sand is the main source in the Caribbean islands. !
‘In order to be cost-effective, the dredge site should be as
énear the beach to be replenished as possible. Sand in
'shallow waters close to the beach is part of the natural
éreserve and may eventually replace eroded sand through
natural beach processes. {t should therefore not be :
édlsturbed Sand found at depths of 15-40 m (49-13| ft) |s
égenerally the best source, since it lies beyond the natural
;beach sand replacement systern and is relatively easy to
dredge.

?Disturbance to coral reefs ond seagrass beds

E;Dmedge sites should not be located on or near critical
Eihabi’ta’ts such as coral reefs and seagrass beds. Dredging
Ecauses a great deal of siltation and turbidity, which can
?:damage important marine ecosystems and local fisheries.

Sand retneved from uff-shore

Floating pipeline {slurry: 70% waler, 30% sediment) v

E;:isting beach Settling pond
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Photograph 6. Settling pend,
Peter Island, British Virgin
Islands, |990. Sand has been
pushed up to form the walls of
the sertling pond. There is an
outfall pipe taking water back
to the sea. This pond has been
filled with dredged sand that
will have to be removed by
heavy equibment and placed on
the beach. The pond will then
be ready to receive more
dredged sand.

An environmental
impact assessment
‘should always be
conducted before
permits are issued for
an offshore dredging
operation. The
assessment should
include a detailed
dredge plan and
programme for

mitigation.

Photograph 17. Pre-beach
nourishment conditions, Pinreys
Beach, Nevis, | 995. One week
after Hurricone Luis, the beach

had been severely eroded.

o

Quantity of sand to be used as filf

Durirg the sand replacement process, it is necessary Lo
place about 50 per cent more sand than is actually needed,
since much of the sand will be \ost over time as the waves

form a natural slope over the beach anc offshore zone.

Qudlity of the sand
The size of the sand grains used for replenishment should

be the same as the original beach sand or slightly coarser.

Supply of sand to the beach
Once the sand has been pumnped onlo the beach, several
senlling poras should be constructed Lo receive the slury.

Silt curtans can also be used Lo reduce the amount of

sedirent reluming 1o the sea.

Bcach nourishment has the advantage of prowding a new
beach quickly. However, there 15 the expense to consider
and it requires detailed preliminary studies. In aadrion,
beach nourishment will interfere with normal beach
activitics while the operation 15 actually in progress,
Depending on the size of the projoct, beach rourishment

may take from one Lo six months,




PRrRACTI

C AL

RESPONSES

‘Consult professionals to
‘determine if beach
nourishment is a
suitable solution for the
particular beach erosion

problem,

‘Allow sufficient time for
the completion and
review of the

environmental impact

assessment.

‘paid for by the developer or those wishing to dredge. It wil

Determine if dredging is a suitable option.
At some sites, dredging may not be a suitable option,

perhaps because there are no suitable offshore deposits of

sand available. Offshore dredging and beach nounshment are.

not necessarily options for every beach erosion problem.,

Consult with other property owners.
Beach nourishrnent is a major urdertaking and sheuld

always be dane in consultation with other property owners.

Obtain permits from the necessary cuthorities.

It may be necessary to obtain permits from several different
government agencies. Your planning authority will be able
to adwise you. In most islands a full env ~anmental irpact
assessment must be prepared and evaluated before
permission s given to dredge. The assessment may prove
expensve and lime-consuming; usually, it will have 1o be

“usually be necessary to allow for at least twekse months to
obtain the necessary permits and have the envirenmental

impact assessment completed.

. Obtain information about previous nourishment projects on

your island.
If nourishment projects have previously been undertaken

“on your island or those adjacent, it is well worthwhile

Photograph 8. Post-beach
nourishment conditions, Pinneys
Beach, Nevis, March 1996.
Three months ofter a sand
replenishment project, there
was a wide beach. However, it
should be noted that the
observed sand accretion will
afso have been partly due to
natural recovery following the
hurricane.

Case



Case 5

éﬂnding out details of these projects, such as costs, location
?of suitable dredges and time interval before a further 1
inourishment was necessary. This information may well helpg‘
Egyou to determine the feasibility of your own project and '
Egpmvide a cost-estimate prior to the undertaking of the
E;'ﬁecessary studies and design, which are themselves an
-E_add'rtional expense.

EBe aware of the limitations of dredges.

E_Dr‘edges usually need fairly calm conditions in which to
E;ol:uerate. so sand sources on an exposed or windward
%coast may not be suitable. On ieeward coasts, the best
-étime of year for dredging will usually be in the summer
‘months, provided there is no hurricane activity (the
éhum'cane season runs from | June to 30 November).

%Budget for additional replenishments.

éNourishment s almost never a once-only operaticn.
E;Expenence in Anguilla and other parts of the world has
‘snown that the nounshed beach may disappear in the next
%storm which may very well occur the following year.

g;Make provisions for beach users during dredging.

%The dredging operation will cause considerable disruption
éto the beach, For example, the settling ponds will take up
:];most of the beach area. During dredging, the water may
élook ‘dirty’ because of the heavy silt load. It is necessary to
éadvise heach users in advance and, if necessary, restrict :
f-access 1o the beach for safety reasons.

éConsuh: local biologists about turtle nesting.

élfthe beach you plan to nourish is an important turtie _
E},r\estimg site, schedule the nourishment project outside the
énesting season. Lacal biologists and the fisheries
i;depar'tment will have information about turtles.



Case &

é“’hcn sand has been mined
from the heach

ENVIRONMENTAL
BACKGROUND

EThe removal of sand from beaches has been taking place |n
gmany Caribbean islands for decades. In the past, however,
éthe volumes removed were relatively small. As populations
-and economies have grown in the region and construction
E\materials have changed from wood to concrete, so too hasé:'
évthe demand for sand. There are insufficient accessible,
gin\ancl deposits of sand to satisfy demand. As a result, legal
éand illegal sand mining along beaches and shaorelines, as wellé
gas in rivers, has increased, Remote beaches with road :
: faccess are often targets for illegal mining, :
%Removal of sand, gravel  :River mining removes sediment before it has reached the

‘or stones from the -shoreline. River sand is often regarded as good for
‘beach or dune system ‘construction because it is satt-free, However, its removal

‘will cause the water line  ‘reduces the amount of sand available for transport to the

ito retreat. ibeach.

: :iSand mining directly from a beach removes sand
gpermanently from that system. The sand has a high salt
Econtent, which results in corrosion of the reinforcing bars
éand cracking of the plaster. Beach sand is, therefore, not
éideal for construction unless washed. Washing requires a
‘arge volume of water which, on some of the smaller
éislands, may not be readily available. ;
EOn some of the valcanic islands, gravel and stones are also
ér*emoved from the beach for use in construction. Removal i
éof this material has the same effect as the removal of sand,
Enamely erosion, :
éMining anywhere along a beach ray affect a particular

éBeach processes cross icoastal property. The mining activity does not have to be
éman-made boundaries, élocated immediately in front of the property concerned,
éAn action can affect éMining removes sand from the coastal system and may
gbeaches that are guftimately affect other beaches distant from the mining :
?remote from the actual EHining also affects the nesting activities of endangered sea

%inter\rention. éturtles. Nests may be destroyed during mining.




Caug &

Photograph 19

Pre-mining conditions, Diamaond
Bay, Saint Vincent, 1980, On
this wide beach backed by sand
dunes, some mining hos already
commenced. Note the truck
and the pit in the foreground.

Furlhermore, baty tartles follow the beach slope down 1o
the sea. A mining Dit may totaly disorientate them and
reduce their chances of reaching the sca.

In most of the Carlbbean islands, beach sand mining is
controlled by law, with permits having to be obtained from
{he relevant authorties. Some islands allow sand mining
from certain designated beaches on a permit basis. Mining
may vary from a fow bags of sand to large-scale operations
using heavy equipment. Obviously, the larger the scale. the

greater the erosion,

On some islands, sand is also mined from durcs, 5anc
dunes are part of tne beach system and must be mManaged
as such. Dunes are buillt by wind action and provide
rescrvonrs of sand that feed the beach during Lreprl

storms and hun-canes. They are also important habitats,

On some islands. dunes have oeen destroyed n the
orocess of supplying constrchion sund, leaving beaches
depleted and coastal lands vulnerable 1o flooding.

It is important 1o realize that there are other sources of
sand available for construction. For example, on most of
tre volcanic islands, fine crusner dust from the local quarry
can be substituted for most sand uses, although it 1s usually
necessary to alter lhe relative proportions of sand, water
and cement in the construction mix. In addition, there may
be a cost factor involved, Quarry products may be more

expensive. [ Dreaging sand from the e:fshore zone may be

anathe alternative, but o vircnre-la' rmodacl assessments

and the ke are roquired before such projects may be
undertaken. (See alse Case 5.) On many islands, the
rounded grains of beach sacd make it the preferred

“material for the final finishing or plastering.




Casa b

PRACTICAL
RESPONSTES

The end result of sand Determine where sand mining is occurring.

‘mining is a reduction in It is not difficult Lo see where mining is taking place. Miners
sediment in the beach usually target the pem crest back boac™ or dunes that are
system, regardless of accessible from the road. They create large, uneven pits in the
whether the extraction _beach that could not possibly have a natural onigin. Tyre tracks
is from the dune, the leading to and from the site are other tell-tale signs. Some
back beach area, the ‘lepally designated mining sites may be enclosed with fences.

foreshore, or the seabed

immediately adjacent to  Determine the legality of the mining operation.

the beach. Owing 10 a severe sand shartage in many Carbbean
islands, governments have had 1o take fairly drastic
measures to service the supply, while also preventing
uncentrolled beach miniag. Certain islands have designated
beaches where mining can be conducted. However, even
it these designated sites, permits are usually necessary.
Whether legal or illegal, mining destroys Lhe natural coastal
environment. Beaches and dunes cannot be rebuill by
rature as quickly as we are able to truck them away.
Many Caribbean islands have legislation prohibiting mining
of the foreshore and seabed areas. The public library or
Attormey General's chambers should be able to provide
thus informatian. Mast islands have an agricutture planning
“or public works agency that is responsible for the control

of sand mining,

Photagraph 20.

Post-mining conditions,
Diamond Bay, Saint Vincent,
{995, The dunes have been
removed and the beach has
disappeared. The sea is now
cutting into the land that once
lay behind the dunes.

1
-




Case 6

a6

It is always best to act
in the common good.

‘Do not take sand

‘;from the beach yourself
‘and do not buy beach
isand.

éReporz apparent incidences of illegal sand mining 1o the
‘planning authorities and police.
'Elf you see sand mining taking place, check with your local

‘government authorities as to whether it is legal. Sand
i:mining is a lucrative business and there may be some
épersonal risk involved in approaching the miners directly.
There may even be an element of risk involved in alerting
the relevant authorities, Nonetheless, self-interest is a
éstrong incentive and mining affects everyone who uses the
ibeach.

‘Remember that there is strength in numbers.

?W possible, seek to develop a consensus among your
‘coastal neighbours on the issues, Your problem is also youri
';neighbour‘s problem — or it will be in the near future. The
éauthon'ties may be more inclined to respond to a large
f:group of concerned citizens than to an individual.

.Practise what you preach.

:;Do ot take sand from the beach yourself and do not buy
‘peach sand for the construction of your house. Check out
‘other sand sources available on the island. While other '
fsand sources may be more expensive in the short term,
:i_you will be gaining in the long term, for your building wil
i_require less maintenance and may have a longer life.

ELobby your parliamentary representative.
‘Particularly if you cannot get any satisfaction from your

Yocal authorities, lobly your parliamentary representative

éfor help. Invite him/her to the site to inspect the damage
first-hand.

Take photographs of the mining operation.
‘Remember, a picture is often worth a thousand words.
‘Take photographs of the mining and the damage caused.



éCase 7

When sand dunes have been
destroyed

ENVIRONMENTAL
BACKGROUND

E_Dunes may best be
%regarded as reservoirs
;:of sand. They have even
been likened to sand
Esa.vings accounts {South
éCaroIina Coastal
iCouncil, 1987).

éSand dunes and beaches
must be managed as
%one system. Dunes
édepend on beach sand
ifor their formation and
Ebeaches need the
Ereser'voir of dune sand
‘during storms.

éSand dunres are mounds of sand that often lie behind the
tactive part of a beach. In the Caribbean, they range from
-very low formations 0.3-0.6 m (1-2 ft) high to large hills
éof sand up to 6 m (20 ft) high. There may be several
éparallel rows of dunes which are then usually named
é—primary. secondary and so forth, starting from the most ¢
'seaward line. Dunes form when sand is carried by the wind!
from the beach towards the land. When the wind :
éencounters an obstacle, like a clump of vegetation, the
‘wind slows down and the sand is deposited.

;The rate of sand movement depends on the wind speed,
:sand grain size and the amount of meisture in the sand.
‘Fundamental research on desert dunes (Bagnold, 1954)
éshows that significant sand movement will take place when
éthe wind speed measured at a height of { m above ground
level exceeds 12 knots (6 m per second). in the Caribbeané
éaver'age wind speeds equal or exceed this value, especially 1r1
?the months from June to July and December to March,
élf, during a storm or hurricane, the beach is eroded and theé
fwaves reach the dunes, then the dunes will also suffer :
-erosion. The sand is then carried into the water and
Epossibly to a deposit offshore. (See Figure 23) This sand
deposit then absorbs some of the destructive wave energy '
ithat would otherwise focus on the beach and dunes. i
éFoIIowing the storm, the sand is moved back onto the
ébeach. As the beach accretes, the process of sand dune
Hformation starts over zgain.

E.This process was seen at many sites in the Caribbean
fdun’ng Hurmicane Luis in 1995, Dunes and beaches were
'severely eroded and the sand was deposited in offshore
ésand bars. These sand bars migrated onto the beach in the
‘weeks following the hurricane. 5



Hy

Photograph 2 1. Breach in the
dune line after high seas,
allowing flooding of the land

- hehind the dune, Isabela, Puerto
Rico, 1996. Extensive mining fias
left only a narrow strip of dune.

‘Sand dunes are
temporary features,
They are reservoirs of
sand that feed the beach

during storms.

Sand dune formation
is a slow process. It may

take decades.

Before the storm

[Dune crest

During the storm

$and dunc ormation is a slow process when compared to

beach changes. Four months after Hurricane Luis, which
occured in September 1995, measurerments in Anguilla _
chowed thatl boaches had recovered to 75 per cent of their
pre-huricane levels (Cambers, 1996a). However, Lhe
duncs, which showed an average rctreat of 9 m (30 i)
afrer the passage of Hurricane Luis, will Lake vecades 1o
recover 1o pro-hurricane volumes,

Dune vegetation promeotes the larpe-scale trapping of sand.
Dune plarts have to adapl to harsh conditions that include

high temperalures. dryness, occasional inundation by
‘altwater and the accumuation of sand. Generally. rative

beach grasses, such as seashore dropseed (Sporoboius
virginicus} and trailing vines like beach moming-glary

{Ipomoea pes-tofrac) are the most hardy species. often

being found on the seaward face of the dunes.
Unfortunalely, sand duncs are olten seen as prime sites, for
sand mining activities. (Sec also Case 6.) Lke wiellands, sand
dunes have often been perceived as ‘useless’ areas. Their

many functions. which include acling as & sand reservoir fov

‘the beach and protecting land arcas from harmful salt Laden

winds have been little understood. Many dunes in the
Caribhean have disappeared attogether as a result of mining
activities like thase formerty present at josiah's Bay i

Tortola, British Virgin Islands. and at Diamond Bay in Saint

Vincent. At the latter sile, dunes more than 6 m (20 i)

~ Berm Figure 23. Storm wave ottack
on a beach and dune. During
the storm, the beach is eroded
and the waves begin to attack
the dune, resulting in o vertical
dune face. The dune sand is
deposited offshore and will
eventually return te the beach
fadapted from Coastal
Engincering Research Center,
1984).



Photograph 22.

Sand fences help to speed up
the process of dune formation
by increasing the deposition of
wind-blown sand.

Dune vegetation has to
survive harsh natural
conditions. |t cannot
withstand heavy

trampling,

The formation of sand
dunes can be speeded
up with sand fences and
revegetation.

There must be a large
area of dry-sand beach
:over which the wind can
blow in order for dunes

to form.

Photograph 23. Sand fence
made of wooden pallets, Arecibo,
Puerto Rico, 1997. The fence of
palicts resilted in a wide dune
forming over o two-year period.
The dune has a height of 1.2 m

{4 fi). This low-cost type of

fence is fairly easy to construct.

high corsisting entrely of black sand have been completely

mined oul, leaving the sea to cut into the lowlang that once
lay behind the dunes. {See alse Case 6)

At Isabela on the north coast of Puerte Rico, the mining of
an extensive system of dunes has leflt @ narrow strip of
duncs between the fand and the sea, Brosion duning winler
swells results in breaching of the cune line, leavng the land

behind the dune vulrerable 1o flooding,
Dunes are the result of decades of siow acooction The

artificial pushing up of mounds of sand to form instant

dunes does not usually work well. Under normal
conditions, as dunes grow naturally, each ~ew layer of
sard compacts the layers below, so that a firm structure
forms, However, there are ways 1o speed up the process,
such as building sand fences. While they are used in other
parts of the world, sand fences have peen -it}le used in
the Caribbean. Studies in olher parts of the world have
shown that a sand fence with 4 50 per cent porosity (ratio
of open space to “otal area) can result ina 12 m (4 ft)
high dune forming in twelve to twenty-four months
{Clare, 1995).

Obwiously, dunes will not form at cvery beach, One of the
mast important criterion is that there be a large area of
dry-sand beach over which the wind can blow and pick up

the sanc grars. Unless a wide dry-sand beach is present.

dune formation is unlikely to take place.




Case7

E:Do not build on the
;primary dune,

Figure 24. Recornmended
construction on a dune. Here,
u‘le primary dune has been left
intact. The building has been
built on piles to allow for the
uninterrupted flow of
floadwater and positioned
bekind the primary dune
{odapted from the US
Department of Housing and
Urban Development, 1981).

%Conserve existing sand dunes.

'EWhile sand dunes are temporary features, every effort
éshould be made to conserve existing dunes, Proposals to
émine the primary dune or to lower it to provide for
E;improved views should not be entertained.

?However. where several rows of dunes exist, it may be
;possible to alter or use the secondary or tertiary dunes to
build or supply construction sand. Nevertheless, special :
‘care must always be taken in developing such areas, so itis |
iwise to consult your planning agency. Im the case of mining
‘activities, mitigation plans and site restoration activities :
fshou\d play a prominent role in any applications,

?Do not build on the seqward or primary dune. :
This is the first line of defence in a storm and should be left:
E_undeve\oped 5o that it can fulfill that function. Remember
%that dunes are temporary features of the landscape. Always:
Ebuild behind the primary dune (See Figure 24.) and, if at al
ipossible, well behind it. Building on piles is also E
érecommended. This allows for some sand maovement
‘without the risk of building collapse.

éOn some islands, it may not always be feasible to avoid
Ebuiiding on the pr‘imary'dune‘ For instance, there may be
only one dune between the beach and a salt pond or
‘wetland, Where this dune land is privately owned, it will

ob



Photegraph 24. Dune erosion
resulting from Hurricane Luis,
Rendezvous Bay, Anguilia, 1995,
The hurricane waves left the
dune face with o near-vertical

" slope. Recovery can be speeded
up in such cases by regrading

" the sfope to a netural angle and

: replanting the new slope.  probably be zoned for development. In such cases, the
most important guideline is to try to build as far back from
the sea as possible.

Encourage dune planting.

If low dunes are beginning to form on a beach, Lthese can
.often be enhanced by planting grasscs and vines to hold
the sand and encourage further sand accumulation. Consult
‘local horticuhunists to determine which plants will best
survive.

?After a hurricane, regrade the slape and replant the dunes.
If a recent hurricane has left vertical chiffs of sand with no
vegetation, it may be appropriate to regrade the slope and
replant. However, it will be necessary to consult your
planning agency to obtain permission first.

-Consider whether sand fences could be used to speed up the

process of dune recovery.

‘After a hurricane. the best solution for beaches is often to

‘let them recover naturally. (See also Case 2.) However,

-sand fences can be erected to help dune recovery after a

“hurricane or a mining operation. Some guidelines for sand
Source: Crown of Thorns - fences (adapted from Craig, 1984 and Clark, 1995} are as

Newsietter, 1990b. - follows:

Building on piles allows
- sand 1o move and building
to remain stable

Building with sofid
[oundation undergut as
sand moves away

Load-beanng beam Pile

|




Coased

Photegraph 25. Wooden
walkway, Grace Bay,
Providenciales, | 997. Persons
walking from the hotel to the
beach will use this walkway,

since it not only protects the fow
sand dunes, but also provides
the easiest means of access.

» Dune fences should Be well dbove the reach of storm
Waves,

*« The wider the dry-sand beach area, the greater the
like

ihood that sand will accurmulate in front of the fence,

‘» Fence lines should co-incide with the natural vegetation

line or prirmary cune.
+ Fencing should have a porosity (ratio of open space to
total projected area) of about 50 per cent,
» Straight fence algnment is recommended rather than
zig-zag.
* The fence should run parillel to the shoreline, It need
not be perpendicular to the prevailing wind direction,
< AL mo(4 ) fence wall usually fill to capacity within
| -2 years.
+ Fence-built dunes must be stabilized with vegetation, as
the fence will deteriorate over ime and release the sand.
Remember Lo find out if the beach is a sea lurtle nestimg
site. [Pt s, you may need ta schedule the sand fence
construction aulsicde the nesting seascn, since the physical

construction of the fences may disturb the turtle nests.

Avoid walking on sand dunes, Construct wooden walkways.
Dune vegetation cannet withstand the continual pressure
of foot traffic. This can kill the vegetation and result in low
spots in the dune line. [hese depressions then become
the lines of weakness Lhat waves can break through during
a storm. Wooden wilkwiys should be constructed over
the dunes along well-used paths that follow the existing
dune contours. Notices may also be posted to advise
people not o trample the dune vegctation.




Case 8

When vegetation :
has been removed from behind
‘the beaeh "

ENVIRONMENTAL
BACKGROUND

Roots and stems
trap sand and soil

‘E;There is little other
éthan the natural

é_vegeta.tion to anchor

éa beach or provide

stability.

Turtle grass

‘Beaches and dunes are accumulations of loose particles of
sediment. There is no ‘tementing’ matertal to hold the
?particles together, unlike in the case with rocks. Waves,
écurrents and wind are the main processes acting on the
éloose sediments. These factors make beaches one of the
émost dynamic and fast-changing systems in nature. 5
;On the dry part of the beach, above the high water mark,
:and on the coastal sand dunes where they exist, vegetation:z
:stabilizes the sand or other sediment. The roots of plants :
;and trees help to hold the sediment — especially sand — in
éplace. The deeper and more extensive the root system, theé
:greater the degree of stability. :
;Oﬁshore, seagrass beds play a similar role. The roots of
“turtle grass and manatee grass for example stabilize and
:hold the sandy offshore sediments in place, keeping the
:water clear and clean.

;However‘ conditions on the beach and in the dunes are
%har‘sh for plants. Coastal plants must adapt to high
Etemperatures‘ dryness, few nutrients and occasional
éinundation by salt water. Not all can survive in such
conditions.

' The dry beach area above the high water mark is part of -
éthe salt spray zone and is generally colonized by grasses Iike'é
éseashore dropseed (Sporobolus virginicus) and trailing vines
élike beach mormning-glory (fhomoea pes-caprae}. This vine is
zalso known as geat-foot and has pink-purple flowers, Other;
éplants that may be found on the back beach include beach
gbean {Canavalio maritima) and sea purslane (Sesuviurm '
;portufamstrum). Many have fleshy stems or leaves which
Eallow them to store rainwater. High storm waves often
édestr“oy these plants, so they are considered temporary.

03}



Case 8

04

Deep-rooting trees,
such as sea grape, West

‘Indian almond and

manchineel, provide

the land adjacent to
‘beaches with some
'stability. They often

help to slow down
erosion, but ultimately

‘will not stop it.

Caconut palm

ey I
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Photograph 26. Warning notice
on a manchineel tree,
Mustique, |993. These trees
provide the beach with stability
and should not be destroyed,
despite their poisorous nature.
Public awareness-building
campaigns can help tourists
and cther visitors to the beach
to learn to live with them,

Inland from the salt spray zone. there is often a belt of
trees known as the coastal woodlanc, These trees may be
stunted and wind-blown, Consisting of a fow species able
to tolerate the harsh conditions, this coastal woodland
includes: sea grape {Coccolobr wvifera), seaside mahoe
(Thespesiao popiinea), manchineel (Hippomane mancinelia)
and West Indian almond (Terminalia catappa).

Coastal woodland trees are very deep-rooting. During
storms, their «oots may be exposed as the waves erode
the sand, but they also provide a focal point 2round which
sand accretes after the storm. These trees provide lands
adjacent to beaches with a much greater degree of
‘resistance to winler swels and huricane wave attack,
Furthermorc. they provide shade and add aesthetic value
ito the beach, as well as local fruits like sea grapes.
‘Manchineel trees are often fearcd n the Caribbean for
their poisonous fruits and the painful rashes thei sap
causes. However, manchineel trees should not be cut
down, Public awareness-building campaigns, such as the
posting of notices and signs, should be promoted as a
means of assuring the safety of beach users. espedially
tounsts who may not be familiar with these trees.

The coconut palm (Cacos nucifera), while not a native ree
(it was actuatly introduced from the Indo-Pacific region}, s
very common in the islands. Tourists in particular associate
ithe coconut palm with the Caribbean. While it is a useful
tree. since it provides milk, ‘meat, cil and other products, it
is very shallow-rooted and easily undormined by high
waves. It s fine Lo plant coconuts for shade or fruit, but do
be aware that, from a beach corse~ation viewpoint, it is




Frontal zone

Figure 25. Cross-section
showing typical vegetarion
zones in a coastal dune areq.
The frontal zone, which
comprises the back beach and
seaward dune slope, is covered
with grasses and vines. In the
back beach zone, there are
more shrubs and herbaceous
plants. This eventually gives way
te the coastal weodland
{adapted from Craig, | 984).

Photograph 27. Undermined
palm trees, Levera, Grenada,
[986. Palm trees are very
shallow-rooting, as can be seen
here, and are easily undermined
by wave action.

Case §

.Backdune rome . U Forest zone

best 1o vary the planting effort witn other trees. such as sea’
grape and West Indian almend. :
Al some beaches, there are sand duncs between the back
beach and the coastal woodland. The dunes are often
colonized with the same grasses and vines as the back
beach zone afthough there may also be other shrubs such
as sea lavender (Toimefanic gnaphalodes). Since vegetation
on the dunes helps to encourage deposition of wind-blown
sand, every effort should be made to preserve the plants.
See also Case 7 for meore information aboul dunes,

Figure 25 shows a typical cross-section through a
Caribbean beach/dunef/coastal woodland zone,

‘Besides giving the beach stabiity and promoting accret or

coastal shrubs and trees provide shadc and privacy for
beach users and beachfront property owners alike.

The vogelaton s affected nmany different ways by human
activities that include: cutting and clearing for construction
purposes; cutting of vegetation far barbecues and lires;

replacing of native with with foreign specics; walking on
unmiarked routes; and drving vehicles over dunes and on

‘beaches.




Case 8

‘Preserve all coastal vegetation, 5
iAs a general rule, try to preserve all coastal vegetation and
‘especially shrubs and trees. :

éFind out about the laws governing vegetation clearing.
éMany countries have laws to protect vegetation, especially
trees. Establish the ground rules on what isfis not :
éacceptable, before removing vegetation. Check with the
éagr‘iculture department. Local naturalists, foresters and _
Ehorticulturists are often an excellent seurce of information
: éon shoreline vegetation. :
It Is in your own best :
:éinterest to preserve the  Be selective when clearing land. ,:
?natural vegetation, f it is absolutely essential to remove some shrubs and trees.
éwhich may help to slow %for‘ your development to proceed, be selective, Do not '
;Eclown beach erosion. ésimply send heavy in equipment with instructions to clear
: éthe land on the site. Determine which trees, if any, can be
g:preserved. Use a local architect wha can design the building
éto preserve most of the existing trees on site. 5

EBe very explicit in your instructions to contractors. .:
éln some cases, a contractor may prefer to clear a site totallyé
%even though it is not abselutely necessary. Explain at the
iou‘cset that you require the trees 1o be left intact. It may be
énecessary to supervise the clearing yourself. 5

Act quickly if you see heavy equipment on the beach.
?It takes only minutes for heavy equipment to clear decades
éof tree growth. If you see preparations for construction '
Ework about to begin, act immediately. Make a call to the

Eplanning agency and determine whether permission has |
ébeem granted to remove the vegetation. Ask the operators
of the heavy equipment if they have the necessary permits,
Eh‘ all else fails, at least take photographs. Photograshic :
éevidence may stop a similar thing happening in the future at:
;_another‘ site. E




‘Obtain advice from
glocal horticulturists
Eabout what species are
émost appropariate to
plant and where,

Sea grape

Case 8

giPl’ant trees and shrubs in the coastal area. :
éHelp care for the ccast by planting native trees and shrubs
?Iike those described in this section. Preserving the natural :
évegetation may help to slow down beach erosion. If you
Sprefer to plant palm trees for the tropical atmosphere,
‘vary thern with deep-rooting species. Whether you are a
ghome awner or community group desirous of taking care
%ofthe beach, remember that, in order to be successfui, anyi'
étree-planting project should make provision for the :
gfollowing factors:

' The plants need to be a reasonable size. :
' The plants will need fertilizer, especially nitrogen fertilizer.é
‘» Spreading a layer of mulch (dead leaves, seagrass) aroundé

the plant will minimize wind and water erosion and help :
the soil retain moisture. :

- At the early stages of the project, regular watering may

be necessary.

- Fences around the plants will be needed if animals graze

freely in the area.

| Obtain advice from local horticulturists.

;Local horticulturists will know what works and does not
éwork an your island. For instance, some people say they doiE
énot like planting sea grape because it grows as a bushy :
Eshrub and obscures their view. Sea grape will grow as a
ishrub when it is near the back beach cr the seaward face
?of the primary dune. However, farther back in the coastal
éwoodland. it will grow as a mature tree reaching up to 8 m
(26 ) high. (See the cross-section in Figure 25.) :
ESimi\ar‘ly. the casuarina tree, or Australian pine {Casuaring
i:equisetr'foﬁa)‘ is sometimes favoured for coastal planting,
E_since it grows very fast. However, it casts dense shade and
%pr‘oduces a thick carpet of pine needles. Both of these :
-factors may help to reduce the number of low-growing
f;plants nearby. A lack of ground cover under these trees
Emay lead to greater erosion of the beach or dune.

;Use local materials for @ mulch.

fDead seagrass, which is often washed up in thick mats on
?the beach, especially after storms and hurricanes, is
ésometimes unattractive to tourists and hotel managers.
;This material can be collected, dried and used effectively

‘as a mulch,

67



Case B

Photograph 28. Tree planting,
Brandywine Bey, Tortola, 1990
Schaolchildren are planting
some West Indian almond
seedlings. Projects fike these
involve children and other
residents in caring for

the beach. b

Construct walkways from buildings to the beach.

‘As mentioned in Case 7, walking over sand dunes
‘damages the delicate vegetation growing there. Since the

same applies to all coastal vegetation, it pays to construct
wooden walkways along heavily used tracks and along
paths from private buildings to the beach.

Organize community beach-planting projects.

If you are a beach-lover and care about the coaslal
environment, organize a beach-planting project for your
coastal community, the local school or a specific
community group to undertake. Local hotels and the
Toursm association may help sponsor your project.

‘However, remember that any planting project will require
Hollow-up care of the plants. The trees you plant will
benefit all beach users by providing shade while helping to

stabilize the beach,



gCase 2

éSlal)ilizing the river mouth or
tidal inlet

ENVIRONMENTAL
BACKGROUND

E;Any tidal inlet, through a shoreline leading to a port,
‘harbour. lagoon, salt pond, wetland, estuary or river can
‘affect beaches adjacent to the inlet,

;Rivers bring sand ‘Rivers are particularly important to many coastal areas

éand other sediment ?because they transport large volumes of sand and stones
to the beach and coastal E_from farther inland to the sea. Much of this matenal
gsystem. éeventually ends up on the beaches. As was seen in Case 6

‘mining sand from the river removes material before it can
ér“each the shareline. Thus, river mining reduces the supply
of sand to the beach. :
éln the Canbbean islands, many rvers are blocked from
?enten'ng the sea by sand bars, which are formed by wave
?action moving sand onto and along the beach. The river is
éthen only able cut a channel through the beach to the sea
édun’ng a storm or heavy rainfall. After the rain stops, the
:zriver mouth is closed naturally by a sand bar. However, even§
éthen, freshwater may continue o enter the sea by flowing :
“through the sand beach, Sometimes, a concentration of
freshwater forms a large pond behind the sand bar.

‘These sand bars are often favoured places for sand
“extraction. The excuse is often given that a channel is :
?required to improve drainage, but removing sand from the
ibar is the same as removing sand from the beach. :
‘Sometimes, the river mouth is diverted by a spit. (See

ESpits are coastal ;Figure 5, Case 1) Consisting of sand and/or stones and
features formed by ‘formed by wave action, the spit is joined to the shore at
éaccretion. Eone end only. It forms by the process of longshore

éThey may divert river ?transpor-t. Waves approaching from a constant direction
gchannels. _éresult in a longshore current that moves the sand or s‘tonesé

“along the beachface in one direction. (See Figure 16, Case
:4.) The sand spit may grow across the mouth of the river, |
éthereby diverting its path to the sea. :

09



Case 9

N

Photograph 29. Sand spit,
White River, famaica, {988.
The river makes a sharp turn
just before it enters the sea.
The turn is caused by a sand
spit diverting the mouth

of the river te the left-hand side
of the photograph. During
periods of heavy rain, the river
will break o new path straight
through the spit to the seq.
The process of spit formation
will then start oll aver again
(Photograph by {. S. Tyndale-
Biscoe, fjamaica, 1988).

‘Dry river channels,

often known as ghuts

.or guts, may become
roaring torrents of
water during and after

‘heavy rains.

River mouths are areas

of continucus change

because they are shaped
by ocean and river

processes.

Figure 26. Typical deltas
associated with o tidal infet. On

- the rising tide, the flood current
flows into the bay and forms

the flood-tide delfra. On

the falling tide, the ebb current
flows towards the sea and

forms the ebb-tide delta.

O mary of the smaller islands, nvers may be dry for much

of the year. Although the channel remains, there is no

visible water flowing imto it. These streams or rivers are
‘often known locally as guts or ghuts, I-lowever, during

heawvy rains, these dry channels may become the paths of

‘roaring torrents of water. Whether large or small. the river
‘mouth is an area of constant change.

Water from wetlands and swarrps may also break through
the beach during heavy ranfall. Semetimes, such processes
are aided by man cutting channels 1o drain coastal swamps,

While these charnels may provide for improved drainage,

‘they also result in large volumes of sediment-laden water

flowing rto the sea. Secgrass neds and cond reels may be

damaged if large amounts of sedimie | are deposited on
top of them. (See also Case 10)

River mouths are particularly dynamic areas. They are
shaped by waves. lidal currents and ocean processes, and

are dlso acted upon by river processes,
‘Rivers may be influenced by tidal flows. As the tide rises,
‘salt water flows into the river and mixes with the

Treshwater, This brackis water mixture may extend some

BAY

Flopd-tide
delta

Land



Photograph 30. Beach
drainage channel, Cotton
Ground, Nevis, 1983, This
channel was cut to provide for
drainage of the coostal
wetlands after heavy rainfal,

Shorelines bordering
inlets are very dynamic
areas. They may erode
‘or accrete ten times
faster than shorelines
farther away from

‘the inlet.

-Photagraph 3 1. Ebb-tidai delta,
: Leeward-going -through
: Channel, Turks and Cgicos
"Islands, 1997, A large ebb-tidal
- delta (4) has formed seaward
of the tidaf infet. The rate of
coastiine change near the inlet
mouth (B) is several times

: greater than ot the beach
© further along the shoreline (C),

considerable distance upstream. As was seen in Case |,

tidal cunents are particularly significant at nver mouths and :
:1the passages between islands.

.Many of the Carbbean islands arc fess than one kilometre
fapar't, partcularly in the Baharmas and the Turks and
“Caicos Islands. Tidal currents play an important role in the
channels between these islands, moving and depositing
~sand. On the secaward side of the inlet {or channel},

sand may accumulate on the sea-bottom to form an ebb- -

tice delta. {See Figure 26.) Similarly, on the landward side .
of the inlet, sand accurmnulates to form a food tde delta,
At some sites, sand being moved along the coast by

the process of longshore transport becomes trapped in

these deltas, which may extend hundreds of metres out

rto the sea.

“These inlets are extremely dynamic and thewr position
often changes over a few years. The sand deposits
;associated with inlets, particularly the ebb-tide delta, may
:change the wave energy in the local arca. Coastal changes

‘may be several times greater near an inlet than at a beach

‘only ane kilormetre away from the inlet.




Case ¢

PRACTICAL
RESPONSES

Do not be deceived

‘by a dry river channel.

Always remember that
the channel was shaped
by water.

Do not build in
the immediate vicinity
of rivers or inlets. Look

‘for alternative sites.

Do not build near a river mouth or inlet

Rivers and inlets are very dynamic areas. One heavy
ranstorm ray completely change the shape of the river
rnouth, turning what was once land into a river channel.
Rivers and inlets should be left to fluctuate naturally and
no building should be undertaken in their immediate
wicinity.

Use historical aerial photographs 1o determine whether g site
is a ‘safe’ distance from a river mouth or infet.

Therc is no magic distance from a river mouth that can be
used to define the safety of a site. Local conditions result in
variations from island to island and from site 1o site.
Particularly 1 the case of tidal inlets, coastal areas within

| 5 kilometres (3.6-3 miles) of the inlet can be expected
to show high rates of change over a decade. Historical
aerial photographs can be used 10 show how a tidal inlet or:
river mouth has changed its position over the years. These
photographs exist in most Canbbean islands for as far back
as the |960s. They are usually stored at the lands and
surveys departments.

Leave rivers and infets to change naturally.

River meuths and inlets should be lefi Lo change naturally.
Structures like jettes may change the velacity of a river and
in turn the armount of deposited sand. The river mouth i1s
an area where sand from farther infand is depcsited. This
sand then becomes part of the beach. Similarly, when inlets
are stabilized with jetties, adjacent beaches are impacted,

some will accrete, others will show dramatic erosion

Conduct a full environmental impact assessment before any
river or inlet stabilization structures are built.

It is sometimes necessary 1o stabilize a river mouth or inlet
for navigational or other purposes. An environmenta'
immact assessment is a planning tool that assesses the likely



impacts of the stabilizing structures and designs ways and
means of recucng negative impacts like beach ercsion.

Carefully consider the impact of draining coastal swamps.
Mangrove swamps and wetlands serve many purposes.
One of these is to filter sediment and debris from the land
runoff before it reaches the sea, Thus, culling a channel
through the beach to dran the wetland will allow the
sediment and debris to flow out into the sea. This could
result in the nearshore waters becoming a dirty brown
colour for several days. Furthermore, the sediment may
cover adjacent seagrass beds and coral recfs, In extreme
cases, accumulated sediment can result in their death.
Coastal flooding may sometimes make it necessary to drain
_coastal waotlands. However, in each case. the advantages of
draining must be weighed carcfully against the
'disadvantages of darmaging nearby seagrass beds and coral

reefs,

Do not mine sand from river mouth bars.

If it proves necessary to drain a coastal area and cut a
channel through the beach, even after taking into account
the above responses. do not remove the sand from the
beach system. Instead, place it on the beach cowndnf: of
the river mouth.

Lase ¢




Case {0

Conserving reefs

ENVIRONMENTAL
BACKGROUND

Coral polyp

Tenkacles

- Mouth

(Calcarepus
skeleton of

Photograph 3Z.

Healthy coral reef. There are
several different types of hard
and soft corals.
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:Caon eefs are an important component of the Caribbean
‘coastal system. They may lie very close to the sno@ or
rany kilometres rom it. Among the most ecologically
‘diverse systems in nature, coral reefs play an important role
in the protection and formation of many Caribbean :
‘beaches

A living coral reef is a community composed of thousands
of different members living in harmony with each other.

The coral reef is made up of many tiny animals called coral
‘polyps. These animals secrete limestone to surround them

selves with a hard skelelon. The skeletons alh join together

ito lorm tho coral reef

A healthy coral reef is home to many different plants and
‘animals. These include algae. sponges, worms, starfish. sea
urchins, lobsters and fish.

“There are two basic types of coral. Stany or hard corals
-are the main reef bullders and come in many shapes and
ésizes. Examples are elkharn coral (Acropora palmata), brain
Ecoral (Diploniu clivosa) and star coral (Montastrea annuloris). :
Soft corals are flexible with their skeleton being inside the '
:;:mimal‘ The sea fan (Gorgonic flabellur) is an example of a

‘soft coral.




' Case 10

SECTIONS f PLAN VIEWS
‘ FRINGING REEF.

Lagoon  Barrier . BARRIER ‘REEF

Land

: Figure 27. Fringing and barrier éCoraI reefs require warm, clear waters in which to grow.

reefs. The former are situated EReefs may be classified according to their position relative

. dose 1o the shore, while the 1, the shore. The main types of reefs found in the

é"mer mf“w fie several kilometres ECan’bbean are: finging reefs, which border a shoreling;

:. from it {adapted from Bacon, , . .

; 1978). g:patch reefs, which are isolated clumps of coral sometimes :
‘only measuring a few metres in diameter; and barrier reefs,
éwhich are separated from the shoreline by a deep lagoon :
éor channel, Figure 27 shows sections and plans of fringing
:and barrier reefs, 5
ECora\ reefs are especially important to beaches because
they protect the shoreline from high waves. Fringing reefs
:and barrier reefs often grow very close to the sea surface.
glncoming waves break and expend their energy on the reef;
gthereby sheltering the adjacent coastline. (See Figure 28) :
;There is, nonetheless, some wave action at the beach :
ésheltered by a coral reef, Often the waves reform be‘tweenzé
ﬁ_the reef and the beach. However, the wave energy is much?
less at the beach than if the reef were not present. Thus, m
:many respects, reefs are natural breakwaters and perform
Ethe same functions as those described for offshore :
‘breakwaters in Case 4.
éSince even a dead coral reef may continue to act as a
ébr‘eakwater for adjacent beaches, dead reefs should always
;be left intact. ':




Case IO

Figure 28. Coral reefs and |IVING REEF
beach protection. The living |
reef, with its high refief and
varied topography, couses
the waves to break ond thus
. protects the beach. Once ™0\ £~ -\~ s
the reef is dead and flottened, | Live coral ——— - £} 1N
higher wave energy is
. : Reef
experienced at the beach, | NN
Erosion begins (adapted
from Crown of Thorns
Newsletter, 1990a). | DEAD REEF Mean se3 level

Surf

OLd beach line

‘Coral reefs act as ‘Coral reefs are also important to many beaches because

;;natural breakwaters ‘they act as a sand source. Many fish actively feed on the
‘protecting beaches écoral. For example, the parrot fish (Scarus) can bite off
from high wave energy.  chunks of coral, digesting the living material and excreting

coral sand. Other fish also feed on the coral. The butterfly
fish (Chaetodon) and trigger fish (Bafistes) are two
Eexamples. As a result, sand is forrned which may eventually
:end up on the beach. However, as was seen in Case 3, not.@

‘A dead coral reef may all beaches are made up of coral sand. Many Canbbean
still provide some ébeaches are composed of land-based sand and others
fprotection to adjacent ‘consist of a mixture of coral and land-based sands,
‘beaches. ‘Coral reefs are vulnerable to natural forces and many

‘human activities. Waves generated by storms and
;hur‘r‘icanes can break off large pieces of coral. A beautiful
:elkhorn reef can be transformed overnight into a bare
: ‘rubble reef. Sometimes, this coral rubble is thrown up onto:
‘The coral reefs are a the beach. Rising seawater temperatures occasionally give :
:source of sand for many rise to corel bleaching whereby corals turn white. The Samei
.beaches. ‘phenomenon occurs when fishermen or -women use :
: bleach to stun fish. Large influxes of freshwater may also
?damage the corals. 5
-éHowever' human beings pose probably the greatest threat
éto corals. Silt resulting frem offshore dredging, the remaval
éof mangroves and vegetation clearing can literalty smother a:
‘reef, Ships' anchors cause physical damage and sometimes
;diver‘s may damage or break off pieces of coral simply by
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Figure 29. Beachrock formation.
Stage A. Beachrock forms
within the body of the beach.
Stage B. As the sand covering
the beachrock is lost,

the rock exposure hardens and
is visible on the beach,

Stage C. As the coostline
continues to retreat inland,

the beachrock is left as a rock
exposure out in the sea and
may eventually fiunction as an
offshore breakwater helping to
" protect and stabilize the beach.

‘Wherever coral reefs
exist, their health is of
vital importance to
‘adjacent beaches.

There is often a time lag
of several years before
the effects of coral reef
damage are seen on the
beach.

Photograph 33.

Coral rubble resufting from
Hurricane Luis, Cove Bay,
Anguilla, 1995, Mounds of coral
debris bear testimony to the
underwater damage caused by
the hurricane.

Laze 10

‘touching the delicate corals with their fins. Pollution,

whether large-scale resulting from sewage or small scalc

-from water draining a field treated with pesticides. poses
another threat to corals.

It may take many vears before the damage to a coral reed
is manifest on the beach. If a reef is lowered by one
hurricane, it may not be until the nexc ropica, storm or
hurricane that the reduced breakwater effect is evident
through heightened beach ercsion,

‘Besicles being valuable in ther own right. coral reefs are
‘atso vitally important for many Caribbean beaches,

Therefore, cvery effort should be made to protect and
conserve them,




Case 10°

Photograph 34. Beochrock
ledge, Vieux Fort, Saint Lucia,
1989. Over the years, this

- beach has retreated londwards
- feroded), leaving this beachrock
ledge out in the sea. Now, the
rock ledge is acting as a
breakwater protecting the

beach from high waves.

Ancther rock formation, this ane often found on the

‘beach or just seaward of the shore, is beachrocdk.
Beachrack consists of sand grains cemented together with
calcium carbonate (ime}. It forms within the body of a
beach, beneath the sand surface and near the warer table.
{See Figure 29.) Once the covenng sand has been stripped,
away, the beachrock formation hardens inlo rock. Exposure
of beachrock ledges is indicatve of an eroding shoreline.
Reachrock became exposed on many beaches in the
eastern Caribbean after hurricanes eroded the sand in
1995. As beaches continue to erode and retreal inland,
beachrock ledges may be left out in the sea. These offshare
beachrock ledges may then act as breakwaters reducing the
Incormng wave energy. Sometimes. sea pools behind these
rack ledges form shellered swimming areas.



éCase i0

éPreserve and protect coral reefs. :
iCoraI reefs are important in their own right, besides belng
%so in relation to beaches, They are already expenencing
.Estress from such natural factors as hurricanes and higher
‘seawater temperatures. The need is therefore all the
?greater to preserve and protect them from additional stress
écaused by human activities. t should be everyone's goal to
épreserve and protect coral reefs, be they a private :
individual, developer, fisherman or -woman, diver or .
 government representative, There are several actions that
E ‘individuals can take on their own: :
?;Do not clear the land ‘e Replant cleared land as soon as possible. Whether you

éuntil you are ready to i plan to build near the coast or inland, do not clear your
gbuild and always replant building site then leave the scil bare indefinitely. Rain will
%I:he land as soon as erode the land and move some of the soil to the rivers
Epossible. . and ultimately to the sea or, in the case of coastal

property, directly to the sea. This sail may then be

. deposited on top of the coral reefs and stifle them.

- During dredging and land reclamation, it is important to
reduce the amount of fine silt and clay retuming to the

\ sea by using settling ponds and sitt curtains.

' Carefully dispose of all litter. Whether enjoying

. the beach or the sea, people should dispose of their litteré
in the appropriate containers. If none exist, as is :
. frequently the case in the Caribbean, it is better to take

Surf:;ce

i the litter home or to your hotel and to dispose of it

. properly there. Remember, a plastic six-pack ring can
strangle a sea turtle.

- Leave only bubbles. If you are a diver or snorkeller, do ¢
not touch or stand on the reef — you may damage or kill
© hundreds of coral organisms.
- Use mooring buoys to secure your beat or dinghy. Avond
using an anchor to hald your boat over a coral reef or

. seagrass-covered sea-bottom. If mooring buoys are

avaifable, use them, if not, look for a sandy area in which
Mooring buoy ~ : 10 anchar. '

.................. OO TSP F T SL S TIPS PT PSPPI
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Case 10

au

éReefs should not be
ialtered for development
.Epurposes. Look for
éalternative sites.

éEnvironmental impact
‘assessments are
_érequired before
fdredging can be
zgpermitted.

‘¢ Promote safe fishing practices. If you are a fisherman _
. or -woman, several practices can help preserve the coral
. reef ecosystem. Fish traps with biodegradable panels are
: recommended. That way, if the trap goes missing, it does |
not become a death trap for countless fish and other :
i animals. Similarly, such practices as dynamiting or using

~ bleach to stun fish should be avoided, since these cause

- irreversible damage to the reef.

» Avoid spearfishing on the reef. This practice targets

© animals of certain sizes and disturbs the natural balance of |
. the coral reef ecosystem.

Look for alternative sites if development projects require
‘aiteration to coral reefs.

If a proposed developrment scheme, suich as a marina, requires
major or minor alteration to a coral reef, look for alternative
;'sites for the development, This rule applies whether the coral
ireefis alive ar dead, Even dead reefs protect the shoreline.

Do not undertake offshore dredging activities close to cordl reefs. ‘
If an offshore dredging project is planned, perhaps to
nourish a beach, ensure that there are no coral reefs in the
immediate vicinity of the proposed dredging site or nearby. -
:Currents can carry sand and silt many kilometres away ‘
Efrom the immediate dredging site. Ensure that detailed
éstudies are undertaken before dredging is permitted.

;Retain beachrock ledges.

‘Coastal property owners somatimes wish to remove
beachrock ledges to improve sea bathing conditions. This is
.generally not a good practice. The existence of beachrock
is an indicator of erosion. Furthermare, the beachrock itself ;
iprotects the beach, particularly when it is out in the sea and:
‘detached from the beach,

ERetain dead coral reef structures. :
As with beachrock ledges, the dangers related to removing
édead coral reefs in the nearshore area to improve sea :
i_bathing conditions well outweigh the advanitages. In most
;instances where dead coral has been removed, erosion
?increases dramatically. Even when dead, coral reefs
‘continue to protect the beach and, in some cases, help to
;anchor the shoreline.



‘Case 11

New ways (o reduce beach
erosion

ENVIR(:)NMENTAL
BACKGROUND

ECommonly used measures to protect beaches and reduce
-;beach erosion are usually divided into two groups: hard ¢
fengineering structures {such as groynes, seawalls, :
_ér“evetments and offshore breakwaters); and soft F:ngineerir‘ng;E
“options like beach nourishment., :
f;The hard engineering options have been discussed eariier,
:particularly in Cases | and 4, and Case 5 was devoted to
Ebeach nourishment. There are, however, several newer
?techmques now being used to protect beaches. These are -
‘the subject of this case. :

Figure 30. How beachface EBeachface dewatering promotes drainage of incoming waves.
dewatering works. When the  Beachface dewatering basically consists of continuously
water table under the beach is  : pumping water away from the beachface. The system is

lowered, water from the wave :based on the idea that, when the water table under the
easily drains through the dry

beach, leavi 1 of th :
each, leaving port of the -enhanced. As each wave rushes up the beach, water from
suspended sand lead on the

‘beach. Thus. the beach accretes ;‘the wave easily drains through the dry beach, leaving part of:
: (adapted from Coastal its suspended sand load on the beach, Less water drains
Stobilization Inc, 1989).  -back into the ocean taking less sand with it. (See Figure 30.);

-beach is lower than under the ocean, sand accretion is

; Water table _________ -

SATURATED IONE

it



i)

Discharge pipe (Bur

ied)
}-q'g A

Figure 31. Beachface
dewatering systern. Water is
continuously drained from the

: beachface and discharged
- behind the dune {adapted from
- Coastal Stabilization Inc.,
1989),

éArtiﬁciaI reefs are more
éuseful for providing
‘habitat for fish than for
protecting the beach.
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:A specially designed drainaga system is installed under the
‘beach, with pumps removing groundwater from under the -
%beach. {See Figure 31.) When considering such systems, :
-foperation and mantenance costs must be taken into
éaccount. The pumps should run continuously. 5
éAnother technique that has been tried in the Caribbean, as:
éin other parts of the world, is artificial seaweed. In one pi\otf
iproject tried in Barbados (Atherley, 1989), several hundred
é_units of artificial seaweed were placed in the water, These :
éunits consisted of 1.3 m (4 ft) long fronds attached to an
‘anchor tube filled with sand. (See Photograph 35.) The
‘seaweed units reduce the speed of the current, thereby
f;allowing sand to be deposited around and on top of the
?rseaweed units. The end result is that the seaweed units are
fbum’ed by an offshore sand bar. This offshore sand deposit
Ewil\ then protect the beach from wave action. However,
-?exper‘iments in Barbados with cne type of artificial seaweed:
fshowed that the particular material was not suitable for
{Canbbean waters, since it showed significant deterioration
?;Wlthin eight months of installation. "
%The technique of coastal vares has been tried on a local
?scale, for example in front of one beachfront property.
E_Coa.sta1 vanes are small-scale, flexible structures moored to
the sea-bottom that are designed to change the wave :
direction in front of the property. By slowing down the
élongshore transport rate along a particular section of beach,_é
éthey are supposed to encourage sand accretion. -:
éOne technique that is sometimes mistakenly perceived to
;be a beach protection measure is the construction of an



Case i

Photograph 35. Newly installed
artificial seaweed units,
Barbodos, 1 985. The fronds
floating freely in the water

are designed to slow down the
current and promate the
deposition of sand.

Weighted §
i anchor tube I8

artfic al resl. 1he man purpose of artificial reefs is to
provide additional habital for fish and the organisms on
which they feed. These reefs are canstructed of various
materials, inchading used car tyres. old ships and car wrecks,.
Since they are often placed in farly shallow depths, people
sometimes suppose that they wall work as offs~cre
breseaalers. However, they rarely successfuily perform this.
function because they are not strong enough Lo cause the
waves to break and thus cannat provide the beach with
-sheller from waves. Floating tyre breakwaters are
sometimes used as artificial reefs and may also be used in
‘marinas to provide protection from boats' wakes. (Sce also
-Case 4, Figure 20)

Photograph 36. Artificial
seaweed units eight months
after installation, Barbados,

{986. The fronds have
deteriorated and most of them
are lying on the seg-bottom.
Little sond hos accumulated.




Case |1

PRACTICAL
RESPONSES

éGather information and

éstudy all the alternatives

?before making a

‘decision. Cost is only

‘one factor.

HE|

éObtain as much infermation as possible.

?These measures often seem attractive because they cost
E!ess than more commenly used measures. However, it is
important to cbtain as much information as possible both
‘ffrom the contractor/supplier and from others.

EVisit locations where the techniques have worked.

;-Ask the supplier about locations where the technique has
iworked or use sources like the Internet for information. If
f_ipossible, visit an installaticn to see for yourself and talk to
Ethe people involved at other installations.

éConsuh: with experts in the field of coastal dynamics.
‘These individuals may be able to help you evaluate the
technique or direct you to other sources who can.

éConsult with local planning authorities. :
?tRemember that it is always necessary to obtain permission
from the planning authorities for any coastal construction :
‘and for using the seabed for any purpose. Planning
éauthorities may also be able to provide advice.

éDo not be influenced by low price-tags.

él_ow—cost measures often work very well, but only under
‘Zspeciﬂc conditions, It is up to you to find out whether your
és'rte fits those specific conditions. In most cases, you get '
;what you pay for'. The key is to put a lot of time into
‘evaluating the low-cost alternative. However, for a particular
éindividual in a specific context, the altemative may be worth .
Ethe attempt, even if it is ultimately unsuccessful and fails. :
Some of the measures described here may have high
%operation and maintenance costs, which can outweigh the .
tow installation costs. :

Elnform your neighbours.
‘As with any other technique, inform your neightours and
see if they are interested in joint efforts,



Chapter 2 QWhat to look for when
investing in coastal
land or property

he prospect of owning a coastal property on a
: Caribbean island is a dream for many people. Those
‘who seek to make their dream come true would be well-
éadvised to consider very carefully the potential hazards of

;fBefore investing in %Iiving near the ocean befere selecting and evaluating a par‘ti{
;'coastal property, fcular site, :
‘be aware of natural ‘All residents of Caribbean islands, and especially those in
Ehazards and gcoastal areas, should be aware of and prepared for the
%associated risks. éfollowing natural events:

0 Tropical storms and hurricanes occur each year and the

evidence indicates that we are ertering a twenty-year

i active hurricane cycle. {See Case 2 in Chapter 1)

‘e Coastal erosion may have several causes, including winter

swells, hurricanes and sand mining, (See Cases |, 2 and 6.)

' Sea levels are rising gicbally. As a result, greater beach :

 erosion is likely over the coming decades.

' Heavy rains and flooding have serious conseguences,

. expedially in low-lying areas inland and near the coast.

-» Landslides and rockfalls commanly occur on steep

- volcanic islands and on coastal cliffs. These are often

i triggered by heavy rainfall,

i* Tsunamis are extremely high waves also known as tidal

- waves. They are very rare events caused by underwater

- earthquakes ar huge undersea landslides. Several have

' been experienced in the Caribbean within historic times

. and have caused death, flooding and damage to coastal

i areas. During tsunamis, low-lying coastal areas, in other

words those below the 6 m (20 ft) contour, may be

© flooded. Tsunamis can travel at speeds of 800 km‘hr :
{500 mph), which means that an earthquake off the coast’

of Venezuela could result in a tsunami reaching the ‘-



éUndeveloped beaches
can adjust by changing
:shape and position, but
:jinhabited shorelines will
iprobably be subject to

igreater erosion.

- Caribbean islands within a matter of minutes. At present, :
© there is no tsunami warning system in the Caribbean :
. region, However, there is one piece of information that

. could save a life: if you are at the beach and see the

water suddenly recede a considerable distance, leaving
© parts of the seabed dry, this could be the forerunner of a
. tsunami. Run for higher ground! :
E_Prospective home buyers should also consider the
?consequences of corrasion in salt air, which affects :
?everything from cars and electronic equiprnent to nuts and
bolts. The salt-laden air also influences the type of plants
that can be grown around a beachfront property. Another
ffactor to consider is that 2imest all beaches in the
‘Caribbean are public. On holidays and weekends, a
ésecluded getaway may become a noisy open-air party. t
épays to check out the site very carefully.

éGIobaI climate change and sea level rise: proceed
‘with caution
;-There s evidence that the increased rate of global Warming'é
‘experienced over the past century is the result of human
‘activities, for exarnple the increased use of fossil fuels like
‘coal and oil. There is further concern that warmer air
Etemperatures will accelerate the melting of ice sheets.
éWarming will also resut in the expansion of ocean waters.
?Both effects will result in an increase in ocean velume, :
swhich may in turn be reflected in rising sea levels,

;Sea level varies according to the tidal state and weather
iconditions. $0 accurate measurements have to be r‘ecorded‘é
over a number of years to determine mean sea level, In the;
‘coming decades, there will be considerable variability in the :
éextent of sea level rise at the regional and local level. A fewé
lislands rising tectonically rnay actually experience falling sea -
levels. Sea level is being monitored in the Caribbean r‘egion;;
the highest rate of sea level nse measured historically in thef
‘eastern Caribbean is |—2 mm per year. :

Day-to-day wave and current action at the shoreline and
the availability of sediment in a beach systern are far more

Jdmportart to beach stability than rising sea levels. However, |

over a period of two to three decades, rising sea level will

‘elevate the ocean surface, thereby allowing waves to reach |
farther up the beach. Beaches will adjust to this situation by |
«changing shape. On developed shorelines where beaches



Egl\ntit:ipate the sea level
‘change and build as far
éback from the shore as
épossible.

E_have little space to adjust, there is a possibility of increased °
‘erosion. :
éLand that is at, or close 1o, sea level will be susceptible to
Esubmergence and flooding wherever sea level is rising, _
iOccupants of coastal land should be aware that the water
étable below the ground surface is linked directly with the '
-sea surface. Hence, in the long term, a change in the sea !
zlevei is likely to result in a rising water table, A rising water :
table can lead to ground saturation.
élf building close to the ocean. sea level rise is an important
factor to consider. While the impacts will not be
éimmediate. most houses are expectad to last for more thami—
‘thirty years. The best response is to ensure that there is as
‘much setback as possible between the building and the '
‘beach. Do not settle for the minimum setback, but rather
-allow as much distance as possible.

;On a larger scale, the magnitude of the impact can be .
‘reduced by ensuring that governments are fully committed
‘to Interational conventions designed to control such :
';problems. like the Intemational Convention on Climate
gChange.
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PREPARING
A CHECKLIST

éSites less than 3 m

(10 ft) high are very
?vulnerable to seawater
iinundation during
‘hurricane-generated
storm surges.

It is often useful to prepare a checklist to assess the
‘vulnerability of a particular site to coastal erosion. Use the
‘blank checklist in Appendix | to evaluate the vulnerability of
ithe site you plan to purchase. To guide you in filhing it in, the

various features of the checklist are explained below and a

-completed checklist for a beach site on the north coast of
Tortola in the British Virgin lslands is given in Table 4.

SE!evation of the site

The higher the land, the safer the site from seawater

inundation, especially during storms and hurricanes.
‘Recent hurricanes resulted in seawater extending more
ithan 100 m (328 ft) inland at some low-lying sites only

|—2 m (3—7 ft) above mean sea level.

For the checklist, the following elevation categories may be

used to determine site Vulnerability; -

* less than 3 m (10 ft) above mean sea level = high
vuinerability,

* 3-5m (1016 f) above mean sea level = medium
vulnerability,
f- more than 5 m (16 ft) above mean sea level = low
vulnerability,

éLandforms behind the beach :
;Solid edrock is more resistant to wave energy than sandy
terraces and dunes; thus, rocky shores and cliffs represent
E'safer sites. However, even solid cliffs experience erosion
‘and their vulnerability varies according to their geology.
:gHarder rocks, such as granites, basalts and limestones, are
f:more resistant to erosion than softer rocks, such as clays
‘and sandstones,

éSand dunes are accretionary features formed by wind.
é\/egetated dunes are a sign of stability. However, it is :
éimportant to realize that dunes are temporary features that :
‘can be completely destroyed by a hurricane. (See also
Cases 2 and 7)) For example, in Anguilla during Hurricane
Luis in 1995, low dunes were cut back 30 m (98 fyand



‘Even though vegetated
dunes are indicative of
stable conditions, they
may be seriously eroded
‘during a hurricane, so
.new buildings should be
positioned well behind

the primary dune.

" Photograph 37 Tombolo, Scotts
Head, Dominica, 1 994. This
narrow strip of land made up of
sand and stones has been
formed by waves and joins the
small islet of Scoits Heod

. (foreground) to the main islond
: of Dominica (background).

-dunes maore than 8 m (26 ) high were cul back 10 m
(33 1), Building on tne primary dunc should ahways be

avoided.

‘Bearing this in mind, the following categones may be used

for the checklist:

« where there is an extensive dune system with more than
one row of dunes, the site should be given a low
vulnerability index;

» where there is only one line of dunes present, the site
should be given a medium vulnerability index.

The following list represents the major types of landforms

found behind the beach and their vulnerability index for the

purposes of the checklist:

* low land composed of sail formations = high vulncrability;

* low land composed of a sand terrace = high vulnerability;

‘e single dune line behind the beach = medium vulnerabiity:-
& multiple dune system (more than one line of dunes

behind the beach) = low vulnerability,
« sioping land (sail aver rock) covered with vegetation
= low vanerability,
* low rocky shore (soft rock) = medium vulnerability:
* low racky shore (hard rock) = low valnerability:
= cliff (soft rock} = medum vulnerability,
* cIff {hard rodk) = low vulnerability.

Wave exposure

The ‘cich. or distance, of open water a shoreline faces can
provide an indication of the likely size of potential storm
waves, For instance, many of the eastern shores of the
Carbbean islands face the Atlantic Qcean. with more than -

13,200 kmn (2000 miles) of open sca stretching before them.

an
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Accretionary features,
such as spits and bars,
are temporary
landforms created by
waves and currents.
They are very
vulnerable to change
and should not be

developed.

Photograph 38. Sand dunes,
Rendezvous Bay, Anguilla,
1994, These vegetated dunes,
together with the newly forming
low dunes at their base,
indicate stability. However,
dunes are merely sand
reservoirs and may be
completely eroded in a
hurricane.

Thus, these coasts are likely 1o experience very large waves
during storms and hurricanes, On a local scale, ancther
istand or a small offshore cay might shelter a particular bay
or part of a bay

For the checklist, the following categories may be used:

» fotch greater than 160 km {100 miles) = high yulnerability:
* fetch 16—160 km (1 0—100 miles) = medum vulnerability, -

« fetch less than 16 km (10 miles) = low vuinerability.

Proximity of site te vulnerable accretionary feature

Accretionary features like those shown in Figure 5 (Case |,

‘Chapter 1) indude spils, ars, Lombelos and cuspate

forerands. While those features are formed by the process
of accetion, or sand build-up, they are neverthcless very
vulnerable to sudden change, particularty during tropical
storms and hurmicanes. Spits, bars and tornbolos should be
avoided as building sites. Develenment on coastal lands
within 100 m (328 ft) of these features should Lake into
account the likelihood of possible major coastline changes.
Similarly, cuspate forelands arc vulnerable to sudden, major
changes after extrome weather and, while the land behind

these features may provide suitable sites for development,

caution should be exercised in siting new development
schemes and maximum setback distances should be

‘adopted.

For the checklist, the following categores may be used:

» on a bar, spit or tombolo — extremely high vulnerability,

on no account build here;

» within 100 m (328 ft) of a bar, spit ar tombole = high
vulncrability,

» behind a cuspate foreland — low vulnerability,

* if none of these features exist. record the calegory as not
relevant (NR}.




éProximity to river mouth or tidal inlet

iDun'ng heavy rainfall and floods, coastal nver mouths often
éshiﬁ their positions and there may be considerable erosion
?ofthe beach near these features. It is important to check the
iproximity of the site to both small and large river mouths, Be:
‘aware that, even if the channels are dry for most of the year,
;there is the potential for considerable beach and coastline :
%Changes during heavy rainfall. As a guide for the checklist,
?'pr‘okaity' is defined as 10 times the channel width, eg. iftheé
ichannel width is 2 m (7 ft}, avoid building within 20 m (66 ft}
geither side of the channel mouth.
‘Some beaches saparate ponds from the sea. These ponds
émay be wet or dry; if wet, they usually cortain brackish :
éwater, They fulfill important functions, such as filtering
isedirnent and poliutants from the water before it reaches
‘the sea. They are not recommended sites for any type of
;’construction. :
:Inlets between islands, particularly narrow tidal inlets as exist
in the Turks and Caicos Islands and the Bahamas, are :
:influenced by waves and tidal currents, Beaches near such |
“inlets may experience rapid and significant changes. Rates of
:é_change may be several times greater than at other beaches
“on an island. (See also Case 9.) Prosimity to a tidal inlet may:
;be defined here as being within | km (0.6 miles} of the inlet.’
éFor the checklist, the following categories may be used: :
‘s within a distance of less than 10 times the width of

- the river mouth = extremely high vulnerability, avoid

' building here:

‘» within a distance of | km (0.6 miles} of a tidal inlet

= high vulnerability; :
' if neither of these conditions exist, record the category as
i not relevant (NR}. 5

?Presence of coral reef

- Offshore coral reefs, whether patch, fringing or barrier
‘reefs, often come to within 1-2 m (3-7 ft) of the sea
zsur‘face, They may therefore act as natural breakwaters and
‘cause the incoming waves to break before they reach the :
-shore, Thus, the existence of such features will help to
reduce the size of storm waves. (See also Case |0.) Local
fishermen and -women, the fishenes department, dive
‘operators and bathymetric maps are all good sources of
information on reefs.

"
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‘Always check the
icondition of the beach
‘during both summer
f;and winter. Seasonable
écha.nges may be
considerable.

?For the checklist, the following categories may be used:

:» absence of any reef structure at all = high vulnerability; :
- presence of an offshore coral reef, but the waves are not |
breaking on it = medium vulnerability, :'
. presence of an offshore coral reef, waves are seen
breaking on it = low vulnerability.

éBeach size

A wide beach, which is essentially a flexible barrier, is the
best form of coastal protection. The back beach, which is
‘the section from the high water mark tc the tree line, :
‘building line, dune line or land edge, is an impartant feature.:
/A wide back beach covered with grass and vines indicates
stability. However, always view the site during both
fsummer and winter, since the state of the beach may
‘change dramatically and some coastal vegetation, like vines,
«can grow very quickly. For the checklist, the following :
icategories may be used:

- minmum back beach width less than 5 m (16 1)

= high vulnerability;

‘s minimum back beach width 5-10 m (16-33 fi)

¢ = medium vulnerability;

- minimum back beach width more than 10 m (33 ft)

© = low vulnerability.

;Erosion indicators

‘There are several visual indicators of erosion. Dead trees
fand exposed tree roots indicate where wave action is .
_Econcentra‘ted, particularty during high seas, Buildings in the
‘sea may be picturesque, but with ro protective beach, they
iare extremely vulnerable to high seas and were probably :
.built when there was a wide beach. Sea defences, seawalls,
f.rock revetments, groynes and offshore breakwaters, all :
E_indicate erosicn or the potential for erosion. :
It is important to check both in the immediate vicinity and
?;farther‘ along the beach. Steep bluffs and slopes at the back
fofthe beach separating the land or dunes from the beach
are usually formed by waves. A gentle vegetated slope _
indicates stable conditions. Breaks in the dune line may also |
indicate areas where the waves have eroded and broken
ithrough the dune line in the past. Beachrock forms within

the body of the beach and, wherever expaosed, indicates

erosion. (See also Case 10.)



:On shorelines bordered by cliffs, signs of instability nclude
%wave-cut notches at the base of the ¢liff, landslides and :
‘slumping rock material, and springs issuing from the cliff face.f
{For the checklist, the cumulation of indicators present may
?be used to determine the site's vulnerability to erosion: :
' 3 indicators or more = high vulnerability;

' 2 indicators = medium vulnerability,

- | indicator = low vulnerability;

f- no erosion indicators = not relevant (NR},

‘Mast recent hurricane :
éTropical storms and hurricanes cause major changes to the?
ébeach and coastline that sometimes prove semi—permanent?
lin that they last for decades. (See also Case 2 in '
{Chapter 1) Tropical storms and hurricanes may cause
‘beach instability for several years afterwards as beaches and
‘offshore systems, including coral reefs, slowty recover. |
For the checklist, the site's vulnerability to change as a
‘result of the most recent hurricane may be determined as :
Hollows: :
‘» hurricane occurred within | year = high vulnerability,

- hurricane occurred 1-5 years ago = medium vulnerability;é
' hurricane occurred 610 years ago = low vulnerability, :
» hurricane occurred efeven or more years ago = not

. relevant (NR).

Efnforman’on from neighbours

éWhen preparing a checklist, always try to obtain local :
linfarmation from your prospective neighbours, A space has?
.been left on the checklist for this kind of information, since :
E;this will help in assessing the vulnerability of some of the '
;other features.

Calculating the overall vulnerability index

:Once the nine features described above have been :
f;evaluated in terms of extremely high, high, medium or low
fvulnerability, an overzll vuinerabiity index can be caiculated.?
?Each ‘high’ index is given a score of 3, each 'medium’ index
‘a score of 2 and each ‘low’ index a score of |. Note that if
.any feature has been given an ‘extremely high' index (See :
‘Proximity to an accretionary feature and/or river mouth or
ztidal inlet.), no building at all should be considered on this
site, Any feature recorded as not relevant (NR) should be

93
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Phetograph 39. Beach erosion,

' Josiahs Bay, British Virgin
Istands, 1990. These exposed
tree roots and the fallen tree
“indicate the waves had reached
the fond behind the beach
recently.

given a value of zero. Add together the values for all

features to determine the overall index.

Making an assessment
In making your overadl assessment, use the following

‘Zuidelines:

* overall index value of 19 or greater equals high
vulnerability; if at all possible, look for altermative sites Lo
build. However, if this is not feasible, utilize such planning
mechanisms as elevating the building onto piles or
implementing very high setback distances:

» overall index value of |2-18 equals medium vulnerability:
a prospective buyer might wish to take special care at this
site, perhaps by ensuring therc is space for setbacks
between the building and the beach that are above the
minimums recommended by planning autharities;

+ overall index value of || or less equals low vulnerabilty:

this would be a suitable site for development.

Consuft other information sources on beach erosion.
If you wish to take your investigaticn further, you may like

to consult relevant reports that have been done on coastal

erosion, cn the island. These can usually be read at planning
or environmental agencies or at non-govermmenrital
organizations (NGOs) like the National Trust. Planming and
environmental agencies are likely to have information about
the difflerent beaches on an island. They can provide data
from regular beach monitoring programmes or other
studies and thair own professional expertise and

‘experience, Another information source are the historical

aerial photographs of the particular beach, which are usually




TABLE 4

Prospective buyer's checklist for site vulnerability (o erosion
Scrmple checklist for fosighs Bay, Tertola, British Virgin fslands (site shown in Photogmph 39

. FEATURE RECORDING VULNERABILITY INDEX
: Category Value
Elevation of the site:
+<3m 2m high 3
+3-5m
ce>hkm
Landforms behind the ‘beach:
* low land (soil)
* low land (sandy terrace) yes high 3
+ single dune line
+ multiple dune systemn
= sloping land {soil over rock) covered with vegetation
* low rocky shore (soft rock)
* low rocky shore (hard rock)
» cliff (soft rock)
- # cliff (hard rock)

Wave exposure

* fetch > 160 km

s fetch [6—160 km yes medium 2
« fetch = |6 km

Prmumlty of site to vuinerable a.ccr‘etlonary
feature:
-+ on a bar, spit or tombolo
. » within 100 m of a bar, spit or tombolo
* behind a cuspate foreland
+ none of these features exist NR 0

Prommlty of site to river mouth or tidal inlet:
- = within a distance of 10 times the width of the river mouth
© + within a distance of | km of a tidal inler
v neither of these conditions exist NR 0

" Presence of coral reef:
= no reef present yes high 3
» reef present, but waves not breaking on reef

.+ reef present, waves seen breakmg on reef

Beach size:

+« minimum back beach width <5 m yes high 3
« minimum back beach width 5-10m

« minimum back beach width =10 m

) Erosmn indicators: 3 high 3
" = dead treesfexposed roots yes
« waves reach building foundations
» sea defences
+ steep near vertical slope behind beach yes
. » breaks in dune line yes
* beachrock
= wave-cut notches at base of cliff
* landslides/slumping of material
. * springs issuing from cliff face
. other

Most recent hurricane:
* oceurred within | year

"+ oceurred -5 years ago yes medium 2
* oceurred 6-10 years ago

" e occurred |1+ years ago

Informa.tlon from nelghbours There used to be a sand dune system at chis beach that has been mined
) out leaving Iarge pits filled with water behind the beach.

-"Owverall vulnerability index value: |9 T T

Assessment: This site has a hlgh vulnerablllty index and it is recommended that a prospectwe buyer
consider alternative sites.
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Information is critical,
Find out as much as
possible about a
‘particular beach from
as many different
sources as possible.

Be creative and
thorough about
gathering information.

stored at the sovernment agency dealng with land survey.
Local fishermen and -women and regular beachgoers are
sometimes knowledgeable sources of information. A little
time spent in the local bar or rum shop may also produce
uscful informatian.

‘Consult local insurance companies.

Always ask about insurance rates before you buy coastal
property. Since the end of the |980s, insurance premiums
have been rising rapidly. On occasion, insurance has been
difficult to obtain. A primary reason for rising insurance
rates is the damage inflicted by recent hurricanes.

Consult planning and legal authorities about public rights to

‘the beach .

While, in sorme Caribbean islands, private ownership of
land may extend to the high water mark. this is not always
the case. Even when private owrership covers the dry
sandy part of the beach, it does not mean that a private
land owner has the right to restrict public access or use
across this part of the beach. It is wise to consult the local
legal and planning authorities to determine the accepted
practices on a particular island. It is understood in most of

‘the Caribbean islands that beaches are always availzble for

public use. The more detailed your investigation, the

-greater chance you will have to enjoy your coastal property
for many years to come.

Determine the planning guidefines for the site.

Planning guidelines will include setbacks, building density
(the ratio of the built area to the Lnbuilt area on the lot),
height of the building {(number of stories permitted) and
other essential criteria. Based on your own wulnerability

‘assessment using the form in Appendix |, you may wish to

increase the setback from the active wave zone to a
distance farther than that recommended by the planning
authority. Advice from a coastal specialist may influence
your final decision with regard to the siting of structures,

Coastal development setback guidelines

Coastal development setbacks are especially important in
the tourism-orientated islands, They provide buffer zones
enabling beaches to move naturally without the necessity



Every beach has its own
characteristics; setback
requirements should
vary accordingly.

for seawalls and other structures: they reduce damage to

beachfront property during high wave events like

hurncanes; they improve the view and access along the

beach; and they provide privacy for the occupants of

coastal property and for beachpoers,

The use of a fixed setback for all beaches on an island has

proved difficult to implement. Beaches behave differently.

Some are eroding, others are accreting. The nature of the

change may also vary over the short and long term. As a

result of these characteristics, recently proposed guidelines

{Cambers, 1997} develop specific setbacks for individual

beaches based on a combination of different parameters:

* historical changes over the last 30 vears;

* changes over the past five years, as determined from
beach manitoring data;

* changes in the position of the dune line or land edge
likely to result from a major hurricane;

* coastal retreat likely to occur as a result of projected sea
level rise aver the next 30 vears;

» the existence ar absence of offshore features, such as
coral reefs or beachrock ledges. These provide protection
during high wave events;

* factors linked to human activities, among which beach and

dune mining;

* such planning considerations as lot size, manne park
designations and special types of development, for
example beach bars.

The actual setback for a specific beach has been

determined as follows: sctback = {(p + h + <)d

Where pis the change in coastline position (based on

historical and recent changes): h is the change in position of

the dune line/coastline likely to result from a major

-hurricare; s is the change in position of the coastline likely

to result from predicted sea level rise over the next 30
years; d reflects the influence of specific site characteristics
and includes offshore features, human activities and
planning considerations. Using this methodology, specific
setbacks can be determined for each beach.

In all cases, setbacks should be measured from the line of
permarent vegetation or the tree line.

U



"y



Chapter 3

‘Everyone can
‘contribute to
‘maintaining and
improving the beach
:environment.

EIl'rotecting beaches:
how you can help

his chapter describes several ways in which residents
T and wvisitors can improve the quality of beaches. Some
of the actvities can be undertaken by individuals, while
athers are more suitable for group projects. Whether you
are a visitor to an island or a resident, you too can help to
ensure that the beaches will be available fo- future genera-

ticns to enjoy. Here's how.

Adopt a beach

“A local community, schoo, service group or some other

adopts one particutar beach and undertakes vanous activitics
over the years to enhance it. The group takes responsibility
for the beach and becores a custodian of the natural
resources at the beach, These projects are a gocd way of

getting a community or graup invalved in beach management!
“and of improving the environment for all. The activities can be

talored to any particular beach. Examples are:

-» vegetation replanting projects:

-+ beach clean-ups;

* provision of litter bing;

‘s warning notices for manchinecl trees;

* installation of wooden walkways along public accesses;
and

.* demarcation using buoys of swimming-only areas.

Undertake a beach clean-up.
Beach clean-ups are often a popular activity, since the

results are immediately apparent, They can be held 1o ¢o-
incide with events such as World Environment Day (5 June}-
‘and Fisherman's Day in the Caribbean (29 June), or with

other local events. However, subsequent littering can be

-discouraging for volunteers, particularly children. Combining ;

clean-ups with other activities, such as public awareness-

iy
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Clean-up activities
should be combined
with education and
information. Local
authorities should

‘also be involved.

Several Caribbean

islands participate in an
international campaign
to clean up beaches and

reduce pollution.

building campaigns and the provision of litter bins, is a way
of finding a sustainable solution. However, remember that it
is also necessary to co-ordinate such activities with the local
solid-waste disposal agency.

Take part in the Internaticnal Beach Clean-up.
This is a global activity arganized by the Center for Marine
Conservation in Washington. It takes place every

‘Septernber and has four main functions: to remove debris
fram the shorcline: to callect information or the amount

and type of debris; to educate people: and to use the
information to effect positive change.

‘Groups select a beach to clean and gather up the debns.
“They then complete a data card on which they itemize

the numbers and different types of debris. (A sample of the .
data card is shown in Appendix |1} These data cards are
then scnt to the Center for Marne Conservation where
statistics are compiled each year and the information 15 then
used to lobby international bodies like the Intemational
Martime Organisation to take some form of action to
control ocean debris.

Debris on Carbbean beaches originates not only fram
acean-soing ships but also from land sources, so it is also
important to look at local sources of debris like coastal
rubbish dumps.

“The actual clean-ups also serve to heighlen people’s

awareness of the magnitude of the problem, thereby
triggering interest and new ideas for solutions. Several

‘Caribbean islands already take part in this activity.
-For more information about the programme, readers are

invited to contact:

‘Center for Marine Conservation

1725 DeSales Street, NW,

Washington DC 20036, USA
Telephone: 202 429 5609

Conduct a revegetation project on the beach or dunes.

This project is not only satisfying, but also very worthwhile,
It can be carried cut on a small scale using just a few plants
or on a much larger scale. Various factors relating to beach
planting projects are described in Cases 7 and 8. These are

briefly summarized hereafter.



Photograph 40. Revegetation
project, Heywoods, Barbados,
1987. These sea grape and
casuaring seedlings were

planted at the back of what

appears to be a wide beach
in the summer of 1987,
However, they did not survive

because, in winter, the swelf
waves reach the road at

the back of the beach,

Revegetation projects
work best using local
species planted well
above the high water
mark,

Consult a local horticulturist on your island for advice with

your beach planting project.

Use local specics. If you are planting trees in the Caribbean.
here are some suggestions: sea grape (Coccoloba uvifera),
seaside mahoe (Thespesia populned), West Indian almond
{Terminalia catappay, coconut palm (Cocus nucifera) and
casuaring, a'so known as Australian pine {Casuanna
equiselifolid).

If you are planting grasscs, vines o~ smaller plants, here are
some other suggestions: seashore dropseed (Shorobolus
virginicus) panicgrass {Pamicum amarum v, amariium}, beach
marning-glory (fpomoed pes-caprae), beach bean (Canavalio
mantima) and sea purslane (Sesuwviurm pontulacastrsm).
Always plant well above the higr wates ma~. Even if the
winter storm waves only reach the young plants once in
the winter season, it is unlikely thal they wil survive, so this
decision is important. Obtain advice from people familias
with the beach about the highest reach of swe waves and
plant landward of this point,

Remember, the beach or dune is a very harsh erwirgnment

for plants, 50 try 1o get vour new plants off to a good start

by: ensuring they are a reasorable size; by providing
fertilizer, espedially nitrogen fertlizer and oy spreading a
layer of mulch {dead Icaves or seagrass) around the plant

la reduce wind and water erosion and (o promote

maoisture retention.

Fol:ow-up care is the most important element in any
planting project. For the first few montks, the plants will
need watering on a regular basis. especially if planting takes
place in the dry season. Additional fertlizer may ako be
necessary. Fences o~ tree guards are a must if animals roam

freely in the area.
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Sea turtles live in the
ocean, but nest on land.
Due to over-harvesting
and disturbance of their
habitat, they are now an
endangered species.

Green sea turtle

Remember to take 'before’ and ‘zfter’ photographs to
document your project,

Moanitor sea turtle nesting activity.

Sea turtles are reptiles that live in the ocean. The most

cammaon species in the Caribbean are the Leatherback

turtle (Dermochelys coriacea), the Hawksbill turtle

{(Eretmochelys imbncata) and the Green turtle (Chelonia

mydas). These gentle giants are endangered manly because.

of over-harvesting, Hawksbill turtles are harvested for their
shells. Green turtles for their meat and Leatherback turtles -
particularly for their oil, which has medicinal gqualities.

Sea turtles use the Canbbean beaches to nest, usually at
right, Leatherback and Green turtles nest on the back
oeach area, while Hawksbill turtles often make their nests

in the coastal vegetation. A fermale may nest scveral tmes
each season. Aller a few weeks' incubation in the nest, the

‘baby turtles emerge and head for the sea.
-On account of the turtles’ endangered status. many islands -

are seeking to protect themn by banning both their slaughter:
and the removal of their eggs from the nest. The

authorities are also trving to conserve the sea turtles’
habitats, particularly the beaches and offshore feeding areas
(seagrass seds and coral reefs).

Evidence of turtle nests and tracks is sormetimes seen on
Caribbean beaches before being eradicated by the
continuous rise and fall of the tides. In some islands, people

vofunteer to walk the beaches earty in the moming to check

for turtle tracks duning the nesting season. Information on
the number of nests helps biologists ascess the status of
turtle populations and the success of protection and
conservation measures. Check with your local fisheries
department for more information about turtle-monitorrg
programmes in your island. They always need volunteers. In
some istands, non-governmental organizations like the
Naticnat Trust may also be involved in turtle-monitoring
projects. Schoolchildren can becorne involved in this activity
and it is an excellent way of teaching children about the
beach environment and its plants ard animals.

Another way in which beachfront residents can help
endangered sea turtles is by reducing the lights shining
directly on the beach. First of all, find out if the particular
beach is a sea turtle nesting site. If so, you should be aware



Learn about coastal
wildlife and join a

monitoring programme.

Children are especially
receptive tao field trips
that combine hands-on
experience with science
and environmental
education

Your actions can serve
as an example to your
children or to other

beach users.

that shore lights may deter females from coming ashore,
Lights may even disorientate the turtles once they have
nested, so that instead of retuming 1o the sea, they crawl
inland where their bodies dry out and they die. Similarly,
artificial hghting may disorientate the baby turtles and
prevent them from reaching the sea, leaving them easy
prey for crabs and birds. Sodium vapour lights are one
example of lights that emit wavelengths that do not
discrientate sea turtles. Consult your fisheries department
for more information.

Invoive schoolchildren in beach field trips ond conservation
projects.

Field trips to the beach can be highly educational. Primary
schoaolchildren can be given worksheets on which to make
their cbservations and some simple measurements to
make. Table 5 lists some activities for children inthe 7 -1 |
age group.

Older children can be involved in projects to measure
beach changes. Dally measurements over a month of the
distance from the high water mark to a fixed point, such as
a wall or tree, when combined with observations about
wave height, will provide children with a wealth of data to
analyse and interpret. Beach changes are also useful topics
for science fair projects. Beaches change so rapidly that
useful data can be collected in a short period of time.
Similarty, children can be involed in the other activities listed
in this chapter, such as beach clean-ups, planting projects or
turtle monitoring, Inevitably. many Caribbean children take
their beaches for granted. assuming that the beach will

always be there for their use and enjoyment, but as we have
discussed in this manual, this may not necessanly be the case.
Teaching children about the beach and involving them in
beach conservation projects will help to ensure that
Caribbean beaches continue to exist for future generations,

Dispose of litter properly.
Whether a bag of rubbish from a beach picnic or a single

-soda can, place it in the appropriate container. If there is no
rubbish container on the beach, take the litter home with

you or to your hotel and properly dispose of it there.

There is no excuse for leaving litter on the beach or in the
:sea. Play your part and dispose of litter carefully.

143



Avoid waiking on coastal vegetation.

Whether it locks bke a weed or merely a clump of grass,
avoid wallang on coastal vegetation. Wherever possible,
use walkways or marked paths to the beach or alternatively
walk on the bare sand. Vegetation helps 1o stabilize the
beach and anchor beach sand. Da your bit to help the
vegetaticn perform that role by not walking on it,

Be vigilant.

It is up to every individual, whether a visitor or island
resident, to conserve our beaches. If you see something
unusual, such as a backhoe or other heavy equipment
working on the beach, ask a question or make a telephone
call te find out if the activity is permitted. Wardens, police
officers and government officials cannot cover the whole
island environment on their own. They need our help. It is
up to everyone 1o take responsibility for safeguarding our
natural resources,

TABLE 5§

Beach field trip activities for primary
schoolchildren.

This table includes three activities that primary schoolchildren can undertake at a
beach site.

Measuring the width of the beach

Activity: Use a tape measure to determine the width of the beach from the
vegetation Ine 1o the tigh water mark at several points along the beack.
Classroom follow-up: Discuss the variation along the beach, suggest reasons for the
differences.

Skills: mathematics, use of a tape measure, data interpretation.

Observing the compaosition of the beach

Activity: At several places along the beach, ask the children to abserve and record
what the beach is made up of, e.g. white sand, black sand. stones, pieces of coral,
seagrass. Let them also record any litter eg. soda cans

Classroom follow-up: Discuss the different materials and get the children to discuss
the origin of these e.g. black sand came from the river, white sand came from the
coral reef, etc.

Skills: observation, recording, interpretation.

Collecting objects that have washed up from the sea

Activity: Ask the children to collect five objects that have washed up from the sea
and to list them.

Classroon follow-up: ask the children to write a few sentences descrbing one
object they found and where it came from e.g a piece of coral or a sea fan from
the ree?, a stone from the cliff, a blade of seaprass from the seagrass beds, etc,
Sklle: observation. collection. recording, sentence wiiting and nterpretation.
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Appendices

l. Prospective buyer’s checklist for site
vulnerability to erosion, p. 108

KEY

EH  extremely high vulnerability, do not build {DNB)
H high vulnerabilicy, index value is 3.

M medium vulnerability, index value is 2

L low vulnerability, index value Js |

NR  feature not relevant, index value is 0,

‘Il. Beach clean-up data card, p. 109
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APPENDIX |

ELH

sfetch < le km{L, 1)

- Overall vulnerability index value:

Prospective buyer's checklist for site vulnerability to erosion.
' T o " RECORDING VULNERABILITY INDEX
Category Value

FEATURE

Elevation of the site:
s < 3 m(H, 3}

+3-5m (M. 2)

x5 mil, I}

Landforms béhind the beach:

.+ low land {soil} (H. 3)

+ low land (sandy terrace) {H, 3}

_+ single dune line (M. 2}

+ multiple dune systermn (L, 1)

» sloping land (soil over rock) covered with vegetation (L, 1)
» low rocky shore (soft rock) {M, 2)

* low rocky share (hard rock] (L. |}

~ v cliff (soft rock) (M. 2)

+ cliff (hard rock) {L. |}

Wave exposure:
« fetch > 160 km (H, 3}
- ferch 16160 km (M, 2)

Proximity of site to vulnerable aceretionary
feature:
* on a bar, spit or tombolo (EH, DNB)

S within 100 m of a bar, spic or tembelo (H, 3)
“» behind a cuspate foreland (L. 1}

* none of these faatures exist (NR, 0)

Proximity of site to river mouth or tidal inlet:

» within a distance of 10 times the width of tha river mouth
{EH. DNB)

* v within a distance of | km of a tidal inler (H, 3)

* neither of these conditions exist {NR, 0}

Presence of coral reef:

* no reef present (H, 3)

+ reef present, but waves not breaking on reef (M, 2)
» reef present, waves seen breaking on reef {L. i}

Beach size:

+ minimum back beach width <5 m (H, 3)

= minimum back beach width 5-10 m (M. 2)
= minimum back beach width >10m (L, I)

. Erosion indicators :

3 indicators (H, 3), 2 mdicotars (M, 2), | indicotor (L, 1), no indicaigrs (MR, O).
* dead trees/exposed roots

+ waves reach building foundations

+ sea defences

+ steep/near vertical slope behind beach

* breaks in dune line

: « beachrock
« wave-cut notches at base of cliff
= landslides/slumping of material

+ springs issuing from cliff face
* gther

Most recent hurricane:

* occurred within | year (H, 3)

+ occurred |-5 years ago (M, 2)

* occurred 610 years ago (L, 1)

= occurred | |+ years ago {NR, 0}

Information from neighbours:

. Assessment:
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BEACH CLEANUP DATA CARD

- Thank you for completing tris data card. Answer the GuUestions and reeurn Lo yaur area coordinator or to the address at the
bokeom of this card. This informaton will be used in the Center for Manne Consarvaion's National Manne Oebns Dara Base

and Report to halp develop solutions to stopping manine debns,

Mame Affliation

Address Occupation Phone | |

City State Zip M____F____ Age
Taday's Date. Month: Day Vear Mame of Coordinator

Location of beach cieaned Nearest city

Howe did you hear about the cleanup?

SAFETY TIPS
1. Do not go near any Jarge drums.
2. Be careful with sharp objects.
3, Wear gloves.
&. Stay out of the dune areas.
5. Watch out for snakes.
6. Don't lift anything too heavy.

WE WANT ¥YOUu TO BE S5AFE

Estimated destance of beach deaned . Number of bags filed

Number of people working together on this data card

SOLRCES OF DEBRIS Ploase hst all marms with foreign ‘abwls feuch a5 plasg Dleach bottes friom Mexico) or other markings that inckeate rhe iLarms
SN [5uch &5 Crusse ke names, mviitary dentfic Aben of debs with panrtes ard/or addness of shippngiiregniing or fshing companes, or o1/gas
PO AN A TG

SOURCE ITEM FOUND
e A2c . Shipping Lompany plastic s-i'rappinj bidmd.

STRANDED AMOAOR ENTANGLED: AMMALS [Please descrbe fype of animal and type of entanghng debrs, Be s specific #5 you canlt

What was the most pecukar em you collected?

Commerts
Thank you! PLEASE RETURN THIS CARD TO
YOUR AREA COORDINATOR
OR MALL IT TO:
Center for Marine Conservation
1725 DeSades Sireet, NW
Wasington, OC 20036
A Membership Organtzation
WO,
EPA XA
./
Center for A\ Y4 — {‘ .§
Marine {rarenmesie eston ‘q,*h-“a d‘,“'

y Center for | Edueation. Est. 972 @P(inwdmmlwwmr. & 990 Cener for Marine Comervation

f0y



APPENDIX I

ITEMS COLLECTED

You may find ¥ helpful o work with a buddy a5 you clean the brach, one of you picking up teash and the other takmg notes. An easy wdy

10 keep track of the items you find 5 by makng tbick marks. The box 15 for total nems, see sample below

TOTAL 0TAL
Examphe:
PLASTIC
Total Yatal
of Riwd of Keema
foca Bagsiwrapper hard hats | |
trash gt stchs,
salr peces
ather bags ]| peoe theead protector
bortes: rope
beverage, soda sheeoeg
birach, cleanet L longer than 2 fest
i/ water gal s 2 fert or shormer \
o 1L G-pack halkders
oiher botiles srapping barkds
buckets ST
Laps, ks ] Symges
CigAree iMers [AMPON AP0
orgarecie fghiers toys
cups, utensils wegetable sacks |
diapery “wrxe protecnon’” rings
fishirg ling: oeher plastic [specify}
fisharg lures, floats [
STYROFOAM?®
{or har phastc foam)
Duys packaging |
cups piaces :
£pg Cartons plates
fast food contamers other Stytofoam®  {specify}
meat ravs [ ]
FOLD ALONG THIS LINE

GLASS

DO/ s Ruarescent fight tubes

beverape Domes ignl bty

food s preces

Xher DOtHes|ars. other glass {specly] ]

RUBBER
balkoons tres [ ]
T Condoms otiver rutroer [specfy) [ |

grmes

METAL
botde caps ] 55 gakon dus:
cans, sty

ool new
beverage peces
food puk tabs
other Wi
oavfish traps — 1 other megal [specify)

PAPER :
bags NEWEDIDES Magasnes [
candtaard peces.
caHtons plates
cups cther papcr (specfy]

wWOoOoD

fleave dnftwood on e beach)
crabfiolmster raps paflets 1
caes orher wood (specify) -
urnber pieces I _|

Remember to tum the card over and fill cut your name and address and to record sources and entangied wildlife!

1it
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GLOSSARY

Accretion: accumulation of sand or other beach material due to the
natural action of waves, currents and wind; a build-up of sand.

Armaour; structural protection for the shoreline.

Artificial reef: 2 man-made marine habitat constructed for the purpose
of improving fisheries.

Back beach:the section of beach extending landwards from the high
water mark to the point where there is an abrupt change in
slope or material; also referred to as the backshore.

Backfill: material used to build up and consolidate the land behind a
seawall or similar structure.

Backhoe: an excavator in which the bucket faces the operater and is
pulled towards him.

Bar: fully or partially submerged mound of sand, gravel or other
unconsolidated material built on the sea-bottom in shallow
water by waves and currents,

Barrier reef: a coral reef separated from the land by a large lagacn or,
in some cases, by several kilometres of open sea.

Beach downdrift: area of beach towards which material is being moved
by longshere transport.

Beachface: upper surface of the beach.

Beachface dewatering: a technique whereby water is continuously

pumped away from the beachface, thereby lowering the water

table under the beach.

Beach nourishment: artificial process of replenishing a beach with
material from another source that lies either inland or is
dredged offshore.

Beach profile: side view of a beach extending from the top of the dune
ling into the sea.

Beach recovery: process whereby accretion takes place at a beach,
usually after a major storm or hurricane.

Beachrock: ledges of rock formed within the body of the beach
consisting of sand grains cemented by calcium carbonate and
formed by chemical processes. Erosion of the sand leaves the
beachrock exposed.

Berm crest: ridge of sand or gravel deposited by wave action on the
shore just above the normal high water marik.

Bioerosion: process by which animals, through drilling, grazing and
burrowing, erode hard substances, for example rocks and
coral reefs.

Bluff: high, steep bank at the water's edge; often used to refer to a bank
composed primarily of soil. See also Cliff.

Breaker: a wave as it collapses on a shore.

Breaker zone: area in the sea where the waves break,
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Brackish water: freshwater mixed with seawater.

Bulkhead: structure that retains or prevents the sliding of land or
protects [and from water damage.

Bypassing: movement of sand from the accreting updrift side of a
structure, inlet or harbour entrance to the ereding downdrift
side.

Cay: low island or reef of coral, sand, etc.

CIiff: high steep bank at the water's adge; often used to refer to a bank
composed primarily of rock. See alsc Bluff.

Coastal vanes: curved structures moored to the seabed, designed to
change the diraction of part of the wave.

Coastal woodland: area of coastal trees and large shrubs located
behind the beach, also referred to as coastal forest zone.

Conservation: the political/social/economic process by which the
environment is protected and resources are used wisely.

Coral reef: complex tropical marine ecosystemn deminated by soft and
stony (hard) corals, anemones and sea fans. Stony corals are
microscopic animals with an outer skeleton of calcium
carbonate that form ceolonies and are responsible for reef-
building.

Corrosion: wearing away of material especially by chemical action.

Cuspate foreland: an accretionary feature consisting of a trianguiar

accurnulation of sand projecting seawards from the shoreline.

Deep water: area where surface waves are not influenced by the sea-

bottom.

Downdrift: Direction of lengshore movement of beach materials.

Dredging: excavation, digging, scraping, draglining, suction dredging to
remove sand, silt, rock or other underwater sea-bottom
material,

Dune: Accumulations of wind-blown sand in ridges or mounds that lie

landward of the beach and usually parallel to the shoreline.

Ebb-tidal current: flow of water in a given direction that takes place

between high water and low water.

Ebb-tide: the falling tide, part of the tidal cycle between high water and

the next low water.

Ebb-tide delta: an accretionary deposit of sand found on the seaward
side of an inlet and usually formed by tidal currents.

Ecosystem: organization of the biological community and the physical

environment in a specific gecgraphical area.

Environmental impact assessment: detailed studies which predict the
effects of a development project on the environment, They
alse provide plans for mitigation of the adverse impacts.

Equilibrium: state of balance.

Erosion: Wearing away of the land, usually by the action of natural

forces.

Estuary: mouth of a river, where fresh river water mixes with the

seawater.

Fetch: area of water where waves are generated by the wind.

Filter cloth: Synthetic textile with openings for water to escape, but

which prevents passage of soil particles.



Filter material: layer of fine gravel used in slope stabilization structures
that allows water to escape and retains soil particles.

Flank protection: angled section of wall at the end of a shore
protection structure, for example a seawall or revetment.

Flood-tide: rising tide, part of the tidal cycle between low water and the
next high water,

Flood-tide current: flow of water in a given direction that takes place
between low water and high water.

Flood-tide delta: accretionary deposit of sand found on the bay or river
side of an inlet and usually formed by tidal currents.

Foreshore: zone between the high water and low water marks.

Fringing coral reef: coral reef closely associated with the land; it may
be joined directly to the beach or separated from the beach by
a shallow lagoon,

Frond: shoot of a seaweed resembling a leaf in more advanced plants.

Frontal system: weather system where there is a line of separation
berween cold 2nd warm air masses, usually associated with
strong winds.

Gabions: wire mesh rectangular containers filled with stones.

Greenhouse effect: heating of the earth's atmosphere due to an
increase in gases like carbon dioxide.

Groyne: Shore protection structure built perpendicular to the shore;
designed to trap sediment.

Groyne field: Series of groynes acting together to protect a section of
beach.

High water mark: the highest reach of the water at high tide. It is
sometimes marked by a line of debris, e.g. seagrass, pieces of
wood.

Hurricane: intense, low-pressure weather system with maximum
surface wind speeds that exceed | 18 km/hr (74 mph).

Jetty: structure projecting into the sea for the purpese of mooring boats;
also solid structure projecting into the sea for the purpose of
protecting a navigational channel.

Land reclamation: process of creating new, dry land on the seabed.

Lee: sheltered.

Leeward: the lee side.

Leeward coast: coast sheltered from the waves.

Longshore current: a movement of water parallel to the shore, caused
by waves.,

Langshore transport: movement of material parallel to the shore, also
referred to as longshore drift.

Low water mark: the highest reach of the water at low tide,

Mean sea level: average height of the sea surface over a 19-year pericd.

Manitoring: systematic recording over time.

Northeast Trade Winds: dominant wind regime in the Caribbean
regicn; the winds blow from directions between north and
southeast.

Ocean current: flow of water in a given direction In the ocean.

Offshore breakwater: structure parallel to the shore, usually
positioned in the sea, that protects the shore from waves.
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Offshore step: break in the offshore slope; the point where, upen
walking into the water, one suddenly steps into deeper water.
Usually located at about the same place as the wave
breakpoint.

Offshore zone: extends from the low water mark to a water depth of
about 15 m (49 ft} and is permanently covered with water,

Patch reef: small colonies of corals, sometimes less than 10 m (33 ft} in

diameter.

Pile: long heavy section of timber, concrete or metal, driven into the
earth or seabed as support for another structure.

Retaining wall: wall built to heid back the earth.

Retreat: movement backwards towards the land.

Revetment: shore protection structure made with stones laid on a
sloping face.

Sand bar: accretionary deposit of sand foermed acress a river mouth or
bay by wave acticn and joined to the shore at both ends.

Scour: removal of underwater material by waves or currents, especially
at the toe of a shore protection structure.

Seagrass bed: area of the offshore sea-bottom colonized by seagrasses. -

Seasonal deposition: accumulation of sand or other beach material,
usually layered, resulting from winter/summer variations in
coastal processes.

Seasonal erosion: loss of sand or other beach material resulting from
winter/summer variations in coastal processes.

Seawall: massive structure buile along the shore to prevent erasion and
damage by wave action.

Sediment: particles of rock covering a size range from clay to boulders.

Setback: prescribed distance landward of & coastal feature {e.g. the line
of permanent vegetation), within which all or certain types of
development are prohibited.

Settling pond: man-made depression created to receive water and sand

mixture directly from a dredging operation.

Shaore: narrow strip of land in immediate contact with the sea,

Shareline: intersection of a specific water height with the shore or
beach, e.g. the high water shoreline is the intersection of the
high water mark with the shore or beach,

Silt curtain: fine, meshed material suspended in the water to prevent silt
escaping from a construction site.

Siltation: deposition of silt-sized particles.

Slurry: mixture of 70 per cent water and 30 per cent sand/silt/clay size
particles; term used in dredging.

Spit: accretionary deposit of sand or stones located where a shoreline
changes direction, formed by wave action and joined to the
shore at one end only.

Storm surge: a rise in the sea surface on an open coast, often resulting
from a hurricane.

Swamp: low-lying areas that are frequently flooded and support
vegetation adapted to saturated soils e.g. mangrove swamps.
See also Wetlands.



Swell: waves that have travelled out of the area in which they were
generated.

Tectonic: processes that build up the earth's crust.

Tidal current: movement of water in a constant direction caused by the
periodic rising and falling of the tide. As the tide rises, a flood-
tidal current moves in one direction and as the tide falls, the
ebb-tidal current moves in the opposite direction.

Tidal inlet: a river mouth or narrow gap between islands, within which
salt water maves landwards during a rising tide.

Tide: periodic rising and falling of large bodies of water resulting from
the gravitational attraction of the moon and sun acting on the
rotating earth.

Toe protection: material, usually large boulders, placed at the base of a
sea defence structure like a seawall to prevent wave scour.

Tombolo: accretionary deposit of sand or gravel joining a small islet ar
rock to a larger istand or landmass. Formed by wave action.

Topography: configuration of a surface including its relief and the

positicn of its natural and man-made features.

Trepical depression: organized low-pressure system forming in tropical
latitudes with wind speeds of between 37 km/h and 60 km/h
{23 mph and 37 mph).

Tropical storm: low-pressure weather systermn with maximum surface
wind speeds between 61 km/h and |18 km/hr {38 mph and
73 mph).

Tropical wave: low-pressure system forming in tropical latitudes with
wind speeds of up to 36 km/h (22 mph).

Tsunami: wave caused by an underwater earthquake or landslide;
can rise to greart heights and cause catastrophic damage to
the coast.

Turbidity:reduced water clarity resulting from the presence of
suspended material in the water.

Updrift: direction opposite te the predeminant movement of longshore
transport.

VYegetation edge: place where the vegetation (a.g. grasses, vines) meets
the bare sand area of the back beach.

Water table: the upper surface of groundwater; below this level, the
soil is saturated with water.

Wave breakpoint: the point where the waves break.

Wave direction: direction from which a wave approaches.

Wave refraction: process by which the direction of approach of a wave
changes as it moves into shallow water.

Weep hole: hole through a solid revetment, bulkhead or seawall for
relieving water pressure.

Wetlands: low-lying areas that are frequently flooded and which support
vegetation adapted to saturated soils e.g. mangrove swamps.
See also Swamps.

Wind waves: waves formed in the area in which the wind is blowing.

Windward: side facing the wind.

Windward coast: coast exposed to wave action.
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* renourishment, 48, 51, 52. ¢
Beach ownership, 37, 41, 45,
86, 96,

Beach recovery, 29, 31, 51, :'
57, 64.

*in Anguilla, 58.

* in Dominica, 29.

= in Nevis, 51.

* in Saint Lucia, 31.

* post-hurricane, 29, 31, 32,
36, 57, 93.

Beach size, 18-20, 27, 30, 59,

162,92, 95.
‘Beach use, 9, |1, 52, 62, 65,

68, 86, 96, 97, 99-104.
Beach vegetation, 28, 29, 57,

.58, 62-68, 89, 92, 95, 102,
104,

« in Grenada, 65.
* revegetation, 61, 62, 100-
103,

in Barbadaos, 101,

in British Virgin [slands, 68.
Beachfront property, |1, I8,
25, 27, 28, 30-32, 36, 3841, .
45, 46, 51, 65, 85-97, 102,
|03,
Beachrock, 27, 77, 78, 80,

92,93, 95.

* in Saint Lucia, 78,

 Breakwater, 43, 44,

* floating, 44.

" offshore, 23, 43, 44,75, 77,

78, 8083, 91, 92.
Bulkhead, 20-22, 38-41.

Channel stabilization, 22,
23,72

e in Barbados, 23.

Cliffs, 32-34, 61, 85, 88, 89, 95,
Climate change, 86, 87.
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Coasral development
setback, see Setbacks.
Coastal vanes, B2
Coastline changes, see
Shoreline changes.

Common law, 41,

Community approach , 40, 41.

Community projects, 11, 67,
68, 99-104.

Construction sand, 53, 54,
56, 60.

Co-operative approach, 23,

40, 41, 46, 47, 51, 56.

Coral reefs, 33, 74-80, 104,

‘« anchoring, 76, 79.

« barriar reefs, 75, 91.
+ bleaching, 76.
» dredging impact, 49, 76, 79,

‘80.
'+ ecosystem, 49, BO.

= fringing reefs, 75, 91.
* hurricane damage, 27, 29,
32,77,

in Anguilla, 77.

= interaction with beaches, 17,

'29,32,33,75,77,91,92, 95.

* interaction with wetlands,
70,73, 76.
*» patch reefs, 75, 91.

- poilution, 77.

Coral sand, 33, 76.

* in Turks and Caicos Islands,

34
Currents, see Ocean
currents, Tidal currents,
Cuspate forelands, 17, 90, 95.

Deposhtion, 22, 28, 34, 35,
57-5%, 70-72, 82.

Divers, 76, 79,

Drainage, 69-17, 73, 81, 82.
* in Nevis, 71.

Dredging, see Offshore
dredging.

Dunes, 13, 57-63, 80-89, 95.

-+ definition, 57,

* development on, 60, 61, 8%.
* driving on, 65.
* arosian, 16, 92, 95.
» erosion during hurricanes,
25, 26, 28, 29, 57, 58, 88, 89.
in Anguila, 58, 81.
* mining, 54, 58, 60.
in British Virgin Islands, 58,
95.
in Puerto Rico, 58, 59.
in Saint Yincent, 54, 55, 58.
« post-hurricane recovery,
57, 6l.
* primary, &0,
* recovery, 57.
* rehabilitation, 31, 59, é1, 62.
* revegetation, 32, &61.

'+ vegetation, 28, 58, 63-68.

in Anguilla, 89.

. walleways, 62, 68,

in Turks and Caicos
Islands, 62.

Ebb-tide delta, 71.

*in Turks and Caicos Islands,
71.

Education, 100, 102-104.
Environmental impacts, 37, 47.
Environmental impact
assessment, 37, 50, 51, 54,
72, 80.

Erosion, see Beach changes.

Fiiter cloth, 21, 39.
Filcer material, 23.
Fisheries, 49.

Fishing practices, 80.
Flank protection, 39, 4C.
Floating breakwater, see
Breakwater.

Floods, 25, 26, 59, 73, 85, 87,
88, 91.

Flood-tide delta, 71.
Foreshore, |3, 55.
Fossil fuels, 86.

Frontal systems, |6.

Gabion, 22, 23, 34.

* in Barbados, 22, 23.
* mattresse, 22,
Geology, 33, B8, 89, 95.
Global warming, 86.
Groyne, 20, 22, 37-39,
4|-44, 46, 81, 92.

» groyne field, 42.

*+ in Barbadaos, 22,

*in Nevis, 4|,

= in Turks and Caicos
Islands, 39.

Hur‘ricanes. 10, 24-32, 35,
47, 54, 57, al, 64, B5.

- categories, 24.

+ centre, 26,

« circulation, 26.

« cycles, 10, 25, 85.

= erosion, 10, 24, 25, 27-29,

31, 32, 54, 57, 58, 76, 77,

‘93, 95.

* eye, 26,
* infrastructure damage, 25,
26. 32.

-» predictions, 24, 25,
_* season, 24.

= swells, 16, 25.

‘= tracks, 25, 27.

* waves, 24, 25, 27, 28, 76.
* winds, 24, 26.

Iguanas, 27.
knsurance, 30, 31, 96.

International Convention on

‘Climate Change, 87.

International Maritime

Organisaticn, 100,
Jetties, 43, 72,

Land clearing, 65, 66, 76, 79.
Land elevation, 88, 95.

Land ownership, 37, 41, 86, 96.
Land reclamation, 79.
La_ndslid_es. 8s, 93.



Leeward coasts, 14-16, 52.
Legislation, 41, 54, 55, 66.
Lights, 102, 103,

Litter, 79, 99, 100, 103,
Longshore currents, 41, 69.
Longshore transport, 17,
41-44, 69, 71.

:Mining. see Beach mining,
‘Dune mining.

‘Mooring buoys, 79.

Natural hazards, 85, 86.
North Equatorial Current,
14,

Northeast Trade Winds, 14,
16, 43.

Ocean currents, 14, 33, 80.
‘Offshore breakwater, see
Breakwater.

Offshore dredging, 31, 37,
48-52, 76, 79, 80.

Offshore sand bar, see Bar.
Offshore step, |3

'Rers, 43.

Planning permits, 20, 37, 41,
45, 47, 51, 54, 55, 66, 84,
Pollution, 77, 79.

Property owners’ rights, 41,
45,

Quarrying, 34, 54.

Retaining walls, 38, 39.
Return walls, 40.
Revetments, rock, 20-22, 38,
39, 44, 81, 92.

‘Revegetation, of land, 79.
Rivers, 27, 33, 53, 69, 70, 72,
91, 95.

San spray zone, 63, 86.
Sand bar, see Bar.
Sand bypassing, 46.

Sand fences, 32, 59, 61, 62.
= in Maui, 59.

-+ in Puerto Rice, 59.

Sand spit, see Spit.
Sea defence measures,
* costs, 44, 48, 84,

-* timing, 20, 31, 47, 52.

« types, 20-23, 34, 36-52, 81-

‘84, 92, 95.

Sea level rise, 10, 11, 85.87,
97.

Sea turtles, 52-54, 62, 102,
103,

‘Seagrass, 27,29, 33, 49, é3,

67,70, 73, 101.

‘Seawalls, 20-22, 31, 38-40,

81, 92
= in Turks and Caicos Islands,

39.
‘Setbacks, 20, 30, 87, 96, 97.

Settling ponds, 50, 52, 79.
* in British Virgin Islands, 50.
Shoreline changes (0, {1,

17,29, 32,40, 69,71, 72, 86,

87, 97.

* in Turks and Caicos
Islands, 10.

Silt curtains, 50, 79.
Small Islands Developing
States Conference, |0
Spearfishing, 80.

Spit, 17. 29, 69, 90, 95.
* in Jamaica, 70.

* in Saint Kitts, 29.
Storm surge, 25, 28.
Submergence, 87.

Swimming-only areas, 99.

Tidal currents, 14, 70, 71,
2i.

Tidal inlets, 14, 69-73, 91, 95.

Tides, [ 4.

Toe protection, 21, 39.
Tombolo, |7, 29, 90, 95.
« in Dominica, 29, 90.
Tourism, 9, 31, 36, 64.

Trees, near coasts, 64-68,
92,95, 99, 100-102.
Tropical depression, 24.
Tropical storm, 24, 85.

* in Saint Lucia, 24.

Tropical wave, 24.

“Tsunamis., 85, 86.

United Nations Conference
on Environment and

.Development, | 0.

“Wolcanic sand, 33-35, 58, 59.
-+ in Dominica, 35.
* in Montserrat, 35.

* in Saint Vincent , 34, 58, 59,

“Vulnerability, B8-97.

Walloway, 62, 68, 99.
» in Turks and Caicos Islands,

‘62.

Warning notice, 64, 99.

* in Mustique, 64,

Water table, 78, 81, 92, 97.
Waves, 14-17, 33, 39, 41,

44, 57 58, 76.

« direction, 14, 16, 24, 42, 43.
« energy, |4, 35, 39, 40, 43,
75, 83.

* exposure, 43, 52, 89, 90, 95.
* hurricane-generated, 24,

25, 27,28, 76.

* refraction, 15,

» scour, 22,

* seasonal variation, 14, 36,

» swell, 15-17, 25, 35, 36, 59,

“b4.

= wind-generated, | 5.
Watlands, 58, 70, 73.
+ in Nevis, 70.

:Wind speeds, 14-16, 24,57,
‘Windward coasts, 14, 52.
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