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Crabhill Bay, Antigua, September, 1991. Buildings constructed on the beach are extremely vulnerable to
storm and hurricane damage and their positioning so close to the water may lead to the ultimate loss of the
beach.



1. EXECUTIVE SUMMARY

Coastlines, and beaches in particular, are dynamic fast-changing systems which are vitally important
to the tourism-oriented economy of Antigua and Barbuda, as well as to other small Caribbean islands. The
prudent use of coastal development setbacks, which establish a safe distance between the upper limit of wave
action and new development, provides for beach preservation, reduction of erosion, as well as improved
access, vistas and privacy for beach users and property owners.

This report develops coastal setback guidelines for Antigua and Barbuda. These setbacks apply to
all development: houses, hotels, villas, commercial buildings, whether made of wood or cement, airports, roads
and swimming pools. For cliffed coasts, the setback is 50 feet (15 m) from the cliff edge. On low rocky shores,
the setback is 100 feet (30 m) from the natural vegetation line. Setbacks for beaches have been determined for
individual beaches based on historical changes over the last thirty years, measured changes over the past six
years, predicted impacts of a major hurricane (based on the measured impact of Hurricane Luis in 1995),
predicted change due to sea level rise, and other factors including coastal form, man’s activities and planning
considerations. Setbacks are measured from the line of permanent vegetation, the tree line or scrub line.

Based on these setbacks, beaches have been grouped into four categories for ease of implementation:

Category 1 setback is 60 feet (18 m) landward of the line of permanent vegetation;

Category 2 setback is 100 feet (30 m) landward of the line of permanent vegetation;
Category 3 setback is 130 feet (40 m) landward of the line of permanent vegetation;
Category 4 setback is 300 feet (91 m) landward of the line of permanent vegetation.

One exception has been made for beach bars/restaurants, (defined as small individual buildings made
of wood and with no concrete foundations, to be used exclusively as restaurants and/or bars) on the grounds
that their economic viability depends on their proximity to the beach. The setback for these structures is 25
feet (8 m) landward of the vegetation line.

Most of the beaches in Antigua fall into Categories 1 and 2, while three beaches fall into Category
3. The beaches along the south and west coast of Barbuda fall into Categories 3 and 4, with the exception of
the sand bar from Low Bay to the southern end of Codrington Lagoon, where no development should take
place. Beaches along the east coast of Barbuda are in Category 2.

On coasts fringed by mangroves and wetlands, specific setback determination must await completion
of an ongoing mangrove inventory and prioritization project. In the meantime it is recommended that
development in such areas should carefully follow the guidelines in the Development Control Authority
Regulations (1996, No. 20). If development is permitted on small sandy cays, it is recommended that it be
restricted to wooden piled structures. This is because of the vulnerability of these sandy cays to tropical storms
and hurricanes.

Implementation of these setback guidelines will provide the planning authorities in Antigua and
Barbuda with a framework which will facilitate coastal development and reduce beach erosion. Awareness
and education of the public and special interest groups is a vital component of the successful implementation
of these setbacks.



E

2. INTRODUCTION

Beaches are anong themost d/namic systemsin neture, they show vsible changsover hours,
days, months andyears. Thg also represent one of tmeost mportant natural and ecomic
resources ofreall island states such as Antigua and Barbuda where thentoundisty is the
mainstg of the eonony andis still very much beachneentated. The wumarket bcus of he tourism
industy makes it particulayl sensitive to the quajitof these resources.

Yet in Antigua and Barbuda, as has been seen in other Caribbean islands, the growth of the
tourism industy, which depends largglon the beaches, often creates pnoislidor those sae
beahes. All too ofen, developers wish to poson their propertes as close as posible to thewater,
having little regarddr seasoniébeachchanges othe infreqient yet catastphic hurricanes. It is not
only touriam properties which are positionedackent to the beach or coastline, but other infrastructure
as well, such as houses, roads, airports anureocial properties.

The vista of long white sand beashgand dung paim trees and clear blue waters essential
for the tourisn industy and is a part of the natural heritage of the people of Antigua and Barbuda.
Forward planning through the use of coastal development setbacks can assist in ensuring that such
vistas are not replaced ligly rock revetments, gymes and narrow beach strips.

One of the dominant characteristics of beaches is their constant changes in form, shape and
sometima the vey material of which thg are composed. The bestywa conserve beaches is to
allow themthe space to move - amseaward direction when samsduilding up (accretion) and in a
landward direction during erosion phases. The prudent use of coastal d@relgetbacks or
establishing a safe distance between buildings and the detachzonecan ensuretha spae is
providedfor abeach to moveaturally, bothduring namal events anahfrequent huricanes, hereby
ensuring the beach is conserved for all to g@ajod that coastal infrastructure remains intact.

The purpose of this report is to prepare a set of guidelines for coastal development setbacks
in Antigua and Barbuda. This report ismairily addressed to planners and coasiahager. The
project is part of a regional projet®lanning for Coastline Changehd is funded yp UNESCO
through their Ervironmentand Deelopment in Coastal Rggons ard Small Islands ende@ur and by
the Universty of Puerb Rico Sea GranCdlege Prgramthrough their Multi-Program and Reional
Developmenfacility. A generc methodolog has beendeveloped for coastal setbadtermination
(Cambers, 1997and has alreadbeen applied in one Caritdoeterritory, Anguilla (Cambers, 1996
Within the project “Planning for Coastline Change” thisneanethodoloy is being adapted to
Antigua and Barbuda, Nevisral St.Lucia. Antigia and Barbudas the subject of thispresent report.
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3. BACKGROUND
3.1 General Concepts Governing Coastal Development Setlaac

Coastal sétack povisions ersure that development is prohibitedaprotected ane aglacent
to the water's edge.

A coastal development setbacmay be defined as a prescribed distance to a
coastal feature, such as the line of permanent vegetation, within which all or
certain types of development are prohibited.

Coastal development setbacks have several functions:

* They provide buffer zonesbetween the ocean and coastal infrastructure, within which the
beach zonemay expand or contract naturgllwithout the need for seawalls and other
structures, which maimperil an entire beactystem. Thus in this sense yhmay actually
reduce beach erosion.

* They reduce damageo beachfront propertduring high wave events, e.g. hurricanes.
» They provide improved vistas and accesalong the beach.

» They provide privacy for theoccupiers ofcoastal poperty and alsofor persons enjoyinghe
beach as a recreational resource.

Most Caribbeanslands use hgh watermarkas tre baseline for measurementhe planning
standard developé for the countries belonging to the Organization of Eastern Caribbean States
(OECS) Wvason& Nurse, 199%use the high watenark as the baseline fareasurenent. However,
there are several problems with the use of this criterion. For instance the position of the high water
mark varies fron day to dg, sanetimes its position can changg imore than 30 feet (1®) from one
day to the next, particulaylif there is a winter swell event. It is also someigubjective unless
defined ly an accurate vedal height, which is not thesse in tle Caibbean idands. Thus developers
and plannersnay differ in the interpretation of high waterark as a baseline.

3.2 Existing Coastal Development Setbdss in Antigua and Barbuda

In Antigua aml Barbudg the coastasetbacldistance used tde 50 feet (L5 m) from thehigh
wata mark. Howeve, the Land Delopment and ContrbRegulations (19968No. 20)made ly the
Minister under section 23 of theand Develoment and Control Act Cap. 235 prescribe new
conditiors for development close to the shorelinggeTable 1. PartA of theThird Schedule of these
regulations desribes conditionsfor thedevelopment ofthe shoreline ard submerged lands, and Part
B deals with for reclaimed land. Part D prescribes new setback distapeesicallyy no building
shall be closer than 100 feet (1) to the high watemark.

However these Regulatiahave only recenty been enacted in Antigua and Barbuda and are
therefore in the prelimingrstages of implementationylthe Development Control Authoyit
Furthermore, theappeato be arltrarily determined andtherefore difficut to justfy and explairto
developers.


Wason & Nurse 1994
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Coasth developmet setback hawe to be carefulf designed. From a beaclyndmics
perspetive, large setbacks are beneficial, however, fepdeveloper's iewpoirt, these setbacks leave
alot of valualde landtiedup and unaailable for develoment andthey may med with considerable
resistance For instance in Nevisyery generous setbask300 feet 90 m from the high watermark)
have nobeen full implementedmainly becaus peopleconside them unrealistc (Robinson, 1997@

Hurricane Luis, a Categgr 4 hurricane, which passed over Antigua and Barbuda in
Septenber, 1995 helpedto changesame of that thinking. There was danatic shoreline erosion
(Blacket al, 1996 Cambers, 1996)p However, publienemory of such events is often weshort.

Some countries utilize variable setbacks which erallowance for natura variatiors in
shaeline tends from one bech toanother. So o beathesthat are erodinghe coatal development
setback will be greater than on stable beaches or on those beaches that are building-up (accreting).
Forexample,in Souh Caroinain theU.S.A, the widh of the setbaclks prescribedas a istance 40
times the annual erosion rateeasured frm the most seaward duné\étional Researcouncil,
199@.@

Since there is a need for further development in the coastalizdhe interess of the
county's econanic well-being which s at least patially dependent on theuriam industry, setback
policiesmust be designed to ensure that new deweéoqt is sustainableThus new developnent
should not threaten the integrivf the coastalmarine enviroment which is the foundatiorf the
tourism industy. The concept of variable setbacks, whigdke allowances for differences in the
behavour, charatteridics, erosiona history and use of aehes can bes fulfil | this fundion in Antigua
and Barbuda as well as in other Caribbean islands.

However, it musbe recognized that is one matter fo plannersto prescribe séiads, kut in
order for then to be successful, groups such as architects, oherftsdevelopers and the general
public, must be shown the rationale and the need for such planning tools. As with other facets of
coastal aremanagenent, the need for education, participation anghimonication is of pan@ount
importance.
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Table 1. Conditions for the Development of Land Adjacent to the Shore and on Submerge
and Reclaimed Lands. (Antigua and Barbuda Land Development and Control Regulations
1996, No. 20).

Part A Shoreline and Submerged Lands

1. Any application for development adjacent to the shoreline or on land which is wholly or partially submergef at
some or all times will require the following additional data and be subject to the following conditions:

0] A written report by a competent professional describing the prevailing environmental conditiops
including the ecology, hydrogeology, and water movements in relation to the land and adjacent
properties.

(ii) A report containing the exact description of the land to which the application refers including maps,

photographs, topographic contours and sub-surface profiles in such detail as is appropriate tp the
scope and complexity of the land and the proposed development.

]

(i) A report containing a complete description of the proposed development defining precisely th
modifications, alterations and construction methods, with details of the procedures proposed|for
supervision and control of the proposed development.

2. No sand shall be removed from any land wholly or partially submerged, or being near to any beach without
specific prior written approval of the Authority.

3. The applicant shall within six months of completion of the development to which this part applies submit tq the
Authority a report which will describe in detail the actual work carried out on the land, the movement of eafth and
the environmental conditions of the land including the properties adjacent to the land.

4. The provisions of Part D in this Schedule (which relates to set-backs) are also applicable to land to which this part
of this Schedule applies.

Part B Reclaimed Land

1. A permit for the development of any reclaimed land shall include a condition that after completion of the development,
the land shall have a minimum elevation of five feet above the high water mark

Part D Setbacks from Boundaries
5. With respect to land between a shoreline and a road:
0] No building shall be permitted unless the lot on which it is intended to stand is at least 150|feet in
distance from the road to the mean shoreline measured from the high water mark at right angles to the
nearest edge of the road right-of-way.

(ii) No building shall be closer than 100 feet (30 m) to the high water mark.

(i) Setbacks at cliffs shall be at the discretion of the Authority.




4. METHODOLOGY

Based on the coastal form of the small Caribbean islands, five major cgpstakan be
identified in Antigua and Barbuda:

cliffs;

low roclky shores;

snall sang offshore cgs;
mangrove coastlines;
sand or stone beaches.

oghrwpdpE

Setback guidelines are developed for each coastlype.t The methodolgg utilizes
geamorpholaical, geological, oceargraphicand ecologicatharacteristisas wellas obsared rates
of change and socio-ecanm factors.

4.1 Setbak Guidelines for Cliffed Coasts

Geological conposition and wave processes angjor factors detemining cliff retreat.
"Hard" rock cliffs composedof volcanic and limestone acks will generally @ode much moralowly
than cliffs composed dfoft" rocks such as ¢ja and sandstones, wher@gpn rates mabe as high
as severayards/metres gear. Ciff retreat rates are genesatligher on windward coasts where wind
and wave action isore intense. Cliff erosion issually not a gradual process, but a sudden one as
large blocks collapse espedih fractured rocks such as limestone.

Geologicaly Antiguamay be divided into three sectiondl(lter et al 1986: E

. the Southwestern Volcanic Group where the Basal Volcanic Suite exists (this covers the
coastline from Ballast Bato Mamora B¥);

. the Centrd Plain Groupwhich consists of sdimentay rocks and someolcanics (his covers
the nothwest coastliafrom St. Johrsto Wetherills Point and the southeasiastlire in the
Willoughby Bay area);

. the NortheasterUplands whib aremade up 6the AntguaFormation, agroup of limestone
rocks (this covers the coastline from Wetherills Pointytodh Point in Willoughip Bay).

The CentralPlain Group of sedientay rocks are softer aneghore vulnerable to erosion.
However, there are wefew coastal cliffs in this geological formation, grat Corbison Point and
WetherillsPoirt on the northwest coast and aroidloughby Bay in the southeast The limestone
cliffs in the northeast and volcanic cliffs in the southwest beconsiderethard” rockcliffs and
have no beendiffereniated forthe purposes ofetbacks Sotherefore a blankeyuideline of50 feet
(15 m) from the cliff edge is recommended for development close to coastal cliffs.

Barbudaconsiss of low Pleistoceneihestons overlapped Yy modern reef and sand deposits.
Most of theland surface is less than 25 feet (8 ighh The Hghlands neathe eascoast ar¢he only
area of gnificant height reehing more than 100eet (30m). Since these are eposed of imestone,
the sane guideline of 50 feet (1) from the cliff edge is reaomended for develapent here.

However it mustbe reanemberedHat cliff collapse is a sudden process with large sextid
cliff falling at one tme. So the above regonendation should be regarded asiaimum.

6
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On cliffs in Antigua and Barbuda, all new developments should be set baa
minimum of 50 feet (15 m) from the cliff edge.

4.2 Setback Guidelines for Low Rocky Shores

In Antigua, these shores are usyaltmposed of limestone or sometimedoavic rock, while
in Barbuda thg are made of Imestone. Genergllthey show low levels of retreat, however,
developnent inthese agas is vulneral@lto seavater inundation during tropitatoms and huiicanes,
thus a setback of 100 feet (89 from the vegetatio line is recanmended On same windward
coaststhere mg be notree of scrub line, in such cases the shrub/grass edge is the starting point for
measurement of the setback distance.

On low rocky shores, all new development should be set haa minimum of
100 feet (30 m) from the natural vegetation line.

4.3 Setbak Guidelines for Small Offshore Cays

There are severah®ll offshore cgs in the North Sound area off the northeastern coast of
Antiguaand in the nothern section of Barbuda Mog of thecays in the North Soundarea are rocky
or at least hava rock base. @ exception is Maidersland in North Sound which was foed wirh
material dredged fra the Airport projet Sang cays in paticular, are vey vulnerable formations,
they may temporariy or permanemyl disappear during a major hurricane. Furthermibrey may
reform after the hurricane in a different location. For these reasons it is recommended that if
developnent is pemitted on these sagdcays, then it should consist ofmall individual buildings
made & woodand with noconaete founditions. Actua setback dstances should be dermined usng
setback values for nearibeaches on the mainland. On rpclys, the same setbacks as described
for low rocky shores on thenainland of Antigua and Barbuda should be applied Ssetion 4.2.

On small sandy offshore cays, if new development is permitted, it should
consist of small individual buildings made of wood and with no concrete
foundations.

4.4 Setbak Guidelines for Mangrove Coastlines

Much of the eastern coast of Antigua, extending from Barnacle Point near the airport to
NonsuchBay congsts of anarngrove caestline. It has been éstated thatmorethan 11% of Antjua's
coastlire consiss of mangroves/wetlandsCambers, 199). These wetlandystems may consist of
narrow band of fringing mangroves or extensgve mangrove foreds extendingseveral hundied yards
inland as at Fitche€reek or tahe east oPaham Similarly in Barbudathere ae extasive wetland
systans on the northern part of Gdatand and at the northern end of Codrindgtagoon.

Development in wetland areas requires special consideratidfetlands, besides being
immensey important ecologicayl and econmically from a fisheries perspective, also ylan
important role in pollution reduction, fimation of new land and the protection coastal areas during
stormsand hurricanes. As with beaches, it is impossible to provide just one blanket setback distance
for all mangroveareas. Each wetland area is differentygitally, ecologicaly and econmically.

7
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Furthermore, the concepf the pemanent tredine as the baselefor measurenent mg haveto be
reconsidered in these coastal forests.

A wetland inventory is beng prepared ty the Environmentd Awareness Groupin Antigua and
Barbudh unde the GEF Small Grants Progma entitled “Infomation Gathering for Wetlands
Conservation.” This inventgmwill list and assess all the wetland areas antalsbprioritize the
wetlands in tans of plysical, ecological and socio-ecanic characteristics This inventory is
scheduled for ampletion ky the end of 1998. Once mmplete, the govement of Antigua and
Barbuda will be in a position to deteine which wetland areas should or should not be developed,
and if development is to be permitted, the width and the nature of appropriate buffer zones and
setbacks.

Furthemore, theFisheries Division are reviewing a list of proposearine reserves, these
include the following:

Hanson Bg and theFlashes,

Pinching By,

Yorks Salt Pond,

Johnson’s Point to Old Road BIuff,

Willoughby Bay/Christian Cove,

Area between Green Island and Indian Town Point,
Boon Point tdndian Town

BarbudalLagoon including the Bird Sanctyar

If and when these reserves are designated, then special conditions relating to development in these
areas will prevail.

Since these two projects, the wetlands invenéod themarine reserve designation, are in
progress, further detad recommendens rgarding coatsl developmehin weland areasnust await
the completionof these projects. However, in the meantime it is recommended thaesons
wishing to evelop land in wetland aras $ould beadvised to @refull y follow the guidelines laid out
in Part A of the Third Schedule tife Regulatioafor theLand Development Control Act, seEable
1. Furthemore, it is recoimended that th€isheries Division and the Envirorent Unit should be
fully involved in the review of such applications.

4.5 Setbak Guidelines for Sand and Stone Beaches

Dueto the compleRry of beaches anither charges as wel asthar importance fotourism,
recreation and development, setbacks have been determined individualbeachybeach basis
in Antigua and Barbuda This allows for greater setbacks on eroding beaches which will in turn
provide fa the pesrvaton d beaches, protedion of bechfrort property and the redation of g@oson
causedy certain beach protection structures. Furthermore, such setbacks will reduce the need for
beach protection measures.

The line of'permanenttegetation has been used as the baseline for measurement. This is
thetreeline orsaub line and can be easily defined ard agreed by different observers. Alsoit shows
only slight chage apart fromtte relativey rare tropical storms andulricanes. Featires such as high
water mark var accordig to the tidal gcle and areery subjecive especidy when usedypuntrained
observers.



The line of permanent vegetation is used as the baseline for setback
determination for beaches.

Same beaches ateacked ly sand dunes. Sand dunes are reservoirsxdfwghich suppf the
beach with sand during tropical storms and hurricanes, thysatieetemporar features. New
development shoud aways be placedlandward of the prmary dure, see Figure 1. Samnetimes there
is no“treeline” in sand dune areas, istead the dnes ae covered with grassid vines. In suclkases
the baseline for measurementle the crest (top) of the prary (most seaward) dune. It is essential
to maintain the prnary dune intact and free of developnt.

The setback applies to all permanent development e.g. houses, hotels, villas, commercial
buildings, whether wood or n@nt, swimming pools and roads.

primary dune

Figure 1. Recommended Construction on a Dum

The primary dune has been left intact. The building has been built on piles so as to allow the uninterrupted flow of
floodwater and has beenpositioned behid theprimary dune. (Fgure adaptedfrom theU.S. Department of Hbusing and
Urban Development, 1981).

No development should be permitted seaward of the baseline, that is the
“permanent” vegetation line, with the obvious &ceptions of jetties and
docking facilities.

In Antigua one setback value was calculated for each beldwever, in Barbuda the
coastlire is not divided by rock headlands into separate beactfes.in Barbuda the coastline was
divided into sections.

Setbacks have been developed for individual beaches based on the following formula:
(a+ b+ c)d = setback

a is the projected change in coastline position over the neye&@® based on recorded
changes between 1968 and 1997 in Antigua and 1958 and 1997 in Barbuda;

b is the projected change in coastline position jikelresult from a major hurricane;



cis the predicted coastline retregt2030 resulting from sea level rise;
d represents other factors including ecological, planning and social considerations.

In Antigua, aerial photographs fro1968 and 1991 were opared to detenine historical
coastline changes. In Barbuda the photographs 858 and 1991 were compared Beach
monitoring has been ajoing in Antigua since 1991 and Barbuda since 199%nd isconductedy
the Fisheries Division within the regional Coast and Beach Syabilithe Caribbean Islands
(COSALC) project. Trendsfrom these two data sets were usedto project coastline changs over the
next D yeas (“a”’ in the alwve formula). In mat, but not all, cases he hitorical datafrom the aerial
photographs was used to detere “a” mainly because of the longer time period. However, there
were some exceptions, séppendix land the specific data for each beac”Appendix .

Data from the beach monitogmprogramme were used to determine the gbaimn the land
edge or doe edge that occurred as a result of Hurridauisin 1995. This prowed the basis for the
projededchange fron amajor huricare, “b” in the abee formula. It is amtipated that Angua and
Barbudawill be impaded Ly at leag onemagjor hurricare in the next 30years. (Ths does notmean
that he rurricane cente has tgass directy overthe country but rather that itwill pass close enough
to cause severe damage).

As sea level rises, low sandhorelines retreat inland’he Bruun Rulg1962) was used t
compue this clange, ‘t” in the above guation. Thisfactor is somewhat speculative sinced¢hs no
long tem tide gaug data in Antigua and Barbuda. HoweMer the purposesfdhis report and on
the basis of historical tide gauge data for otheisperthe Caribbean, it blheen assued that the sea
level will risein Antigua andBarbudh by 1 feet (0.3 m) over thenext 100yeas. See dso Appendix
l.

The factor 8" in the above equation represents a combination of the following:

. coastline shape and how sheltered a beach is from incoming waves;
. coastal features such as sand spits and bars;

. offshore features such as coral reefs;

. man'’s activities such as sand mining, offshore dredging;

. planning considerations such as lot size, national park designations.

While the incorporation of these factors involves qualitative decisiong,atteenevertheless too
important to be omitted.

Appendix| contains anore detailed discussion of these paeters and thenethodology.

5. COASTAL DEVELOPMENT SETBACKS IN ANTIGUA AND BARBUDA
Blanket setbacks have been determined for cliffed coasts and lowsioaies, these are:

. on cliffed coasts, the setback is 50 feet (15 m) from the cliff edge;
. on low rocky shores, the setback is 100 feet 30from the natural vegetation line.

For coastlhes fringed bynangroves iad wetlands, setbacks will bdeteminedfor individual
systans based on the ongoingangrove inventgrand the relativamportance of particulanangrove
systems. As with beaches, therdl Wwe different setbacks for indidual mangroveystems. Until the
mangrove inventoris canplete (end of 1998/beginning of 1999), it is neweended that theand
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Development Control Authorig Regulations (1996, No. 20) should be applied to all applications
dealingwith develoment in wetlands, especialParts A and B of thehird Schedule,see alsd able

1. ltis further ecommended that dimg the review proess, applicabns for dedopmert in wetlands
should be referred to tifgsheries Division and the Envirorent Unit.

Specific setbacks have been detieed for individual beaches in Antigua and Barbuda. In
all cases these are measured landwards of the line of permanent vegetation (tree line/scrub line).
Thes setback apply to all types of development - houses, hotels, villas, commercial buildings,
whether wood or concrete, roads andnsming pools.

However, a special provan has beemade for snall individual buildingsmade of wood and
with no concrete foundations te bsedexclusvely for thepurpose obeach restaurants andbmars,
on the grounds hat their ecamomic viability depadson their poximity to the bead. In the past they
have smetimes been penitted on the beach itself, however, these structures should be set back at
least 25 feet (8 m ) landwards of the vegetation line.

Table 2shows the setbacks for specific beaches in Antigua and Barbuda. Setbacks have been
calculated for ththe majorbeachsin Antigua However, there are sorsendler beache where no
specificsetback habeen detenined For these beaches, setbacks shbeldetermined on thbasis
of the value for the nearest adjacent beach providgdnéaee similar characteristicg\ppendix
details how the setback was calculated for each beach.

While Table 2 gives gpecific setback valueof each beach, this m@rovide too much detail
andprovedifficult to implement from aplanning perspective The data have thefore beengrouped
into four different categories as follows:

Categoy 1 Setback 60 feet (18) landward of the line of peranent vegetation;

Categoy 2 Setback 100 feet (3@) landward of the line of peranent vegetation;
Categoy 3 Setback 130 feet (4@) landward of the line of peranent vegetation;
Categoy 4 Setback 300 feet (91) landward of the line of peranent vegetation.
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Table 2. Setbak Distances for Beaches in Antigua and Barbuda

Beach/Coastal | Setback Setback Beach/Coastal | Setback Setback
Section distance in feet | distance in Section distance in feet | distance in
metres metres
ANTIGUA Carlisle Bay 79 24
Dickenson Bay | 102 31 Rendexous Bay | 46 14
West
Runawg Bay 105 32 Rendezvous Bay| 75 23
East
Fort James 98 30 Deep Bay 39 12
(Colory Hotel)
Ballast Bay 56 17 Falmouth 36 11
Pillar Rock Bay | 49 15 Pigeon Point 98 30
Deep Bay 79 24 Mamora Bay 49 15
Galley Bay 82 25 Halfmoon Bay 82 25
Landirg Bay 102 31 Excharge Bay 56 17
Hawksbill Bay 62 19 Long Bay 52 16
Yorks Bay 102 31 Dutchman Bay | 43 13
Story Horn Bay | 49 15 Jabberwock 98 30
Mosquito Coe 92 28 Blackrock Bay 56 17
Lignumvitae Bay| 98 30 BARBUDA
Valley Church 121 37 Low Bay 276 84
Bay
Ffryes Bay 102 31 Paimetto Point 374 114
Darkwood 135 41 Dulcina Hotel - | 212 37
Beach Jetty
Crab Hill Bay 75 23 Cocoa Point 315 96
Morris Bay 118 36 Governor Bay 115 35
Curtain Bluff 79 24

In each categgrthe setback is theinimum acceptable, greater setbacks should ydvze
encouraged.Table 3lists the beaches under the various categorie§igndes 2 ad 3 shov maps

with the setback categoriesAmtiguaandBarbuda
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Table 3. Setback Categories for Beaches in Antigua and Barbuda

Category 1 Category 2 Category 3 Category 4 No Development
Setback = 60 Setback = 100 | Setback =130 | Setback =300 | Category

feet (18 m) feet (30 m) feet (40 m) feet (91 m)

ANTIGUA ANTIGUA ANTIGUA BARBUDA BARBUDA
Ballast Bay, Dickenson Bay, | Valley Church Cocoa Point spit,| Sand bar west of
Pillar Rock Bay, | Runaway Bay, Bay, Palmetto Point | the Codrington
Deep Bay, Fort James, Darkwood spit Lagoon between
Hawksbill Bay, | Galley Bay, Beach, (promontory), Low Bay and the
Stony Horn Bay, | Landing Bay, Morris Bay. sand bar west of | southern end of
Crab Hill Bay, Yorks Bay, Codrington the lagoon.
Curtain Bluff Mosquito Cove, | BARBUDA Lagoon and north

Bay, Lignumvitae of Low Bay.

Carlisle Bay, Bay, Dulcina Hotel to

Rendezvous Bay| Ffryes Bay, Airstrip near

West, Pigeon Point, Cocoa Point,

Rendezvous Bay| Halfmoon Bay, | Governor Bay.

East, Jabberwock.

Deep Bay

(Colony Hotel), | BARBUDA

Falmouth,

Mamora Bay, East coast

Exchange Bay, | beaches from

Long Bay, Spanish Point to

Dutchman Bay,
Blackrock Bay.

Hog Point.
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Figure 2. Beach Setback Categories in Antigua.
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Figure 3. Beach Setback Categories in Barbuda.
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In Antigua mosbf the beaches failhto the two lower setbak categories:60 feet(18 m) and
100 feet (30m). Three beaches: VajleChurch Bg, Darkwood Beach and Morris Bdall into
Categoy 3, 130 feet (40m). In all cases the setback distance is taneasured frm the line of
permanent vegetation.

In Barbudathe setbackdistancesare higher This ismainly a function of the lowyling,
exposed nature of Barbuda’s coastline. (In Antigua, the coastlineyi;ndgented andnary of the
beaches lie at the head of shelteregspaFurthemore, along the west coast of Barbuda and at places
on the south coast, the coastline is made up of sand bars and sand spits. These features are very
vulneralbe to changes dumg tropicd storms andhurricanes.Thus in Barbuda, #hsouthcoast, vith
the exception of Cocoa Point and Palmetto PointRgeee 3J falls into the Categgr3 setback group,
130 feet (40m). Cocoa Point anBalmetto Point fd into Categoy 4, 300 et (91m). Again setback
distances are measured from the line of permanent vegetation.

The sand bar separating the Codrindt@agoon fran the sea is vgrnarrow in places (less
than 50m) and tropical storms and hurricanes result in channds being cut through this narrow ba to
the lagoon. While the chaels usually becanefilled with sard and disappear in the months after the
stom event, the bamust nevertheless be regarded asw@teary formation and is not suitablefor
pemanent deelopment. In particular no develapent should be patted betweerow Bay and the
soutlern end d Codiington Lagoon,seeFigure 3. Thesection of theba north d Low Bay is wider
(maximum 2 0 feet, 600m) and lere therecanmendedminimum setback is 300 €et (91 m) from
the lineof pemanent vegetation andadevelopnent should be restricted to woedaled structures
with no concrete foundations.

Setbackdistancefiave been estimatednly for the low lying parts of the easandnorth ast
of Barbuda. Along parts dfie east coashereis a sanderrace, 200 - 300 feet (60 — 80)wide, béow
alimestonecliff. Many of the beache here are protected with coral reefs. It is recommended that
developnent here be locatedrainimum of 100 feet (30m) from theline of pemanentvegetation
(Categoy 2).

These setback categoriedlvailow for ease of implemertian by the Developnert Cortrol
Authority in Antiguaand Barbuda. For specific applications, planners can efer to Table 1 to obtain
the specific setback valder abeach, and tdppendix | for details on thevay in which the setback
was calculated as well as specific data on rdvemicane dange and beach chages durimg the past
Six years.

Once he setback standasdre ncorporatednto Antigua and Bana'’s planning legslation
and the develapent plan, it is reammended that thebe applié on afixed bass with deviations
being allowed omyl in very exceptional kcumstances. |1Bnners maexercise some fleility in cases
where the calculatedsetbackfor aparticularbead/beachsection islessthan the categgmvalue. For
instance Halfroon By falls into Category2, so the séackhere $iould be 10 feet (30m). However,
reference tarable 3and AppendiXl shows that the specific setback calculationHatfrmoon Bay
is 82 feet (25 m). Thus a planner reviewing an application for this begotietide to accommodate
a developer’s wish to build closer to the beaghdlaxing the setback to the 82 feet (25 m) value.
Suchac@mmmadation should only be permittedwhere he calculatedsetbackfor aparticular beachis
lessthan the categgrvalue assigned to that beach. These setbacks, which canyljadtilied and
explained to developers, should facilitate future coastal daveiop

However, it must bemphasized that grsetback plicy mug be combined with aaducation

and awareness @gaign so thatmembers of the public as well as special interest gs@ayzhas
architects, contractors and politicians, yulhderstand the need for such setbacks.
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6. CONCLUDING REMARKS

The proposed setbacks for coastal development provide a framework in which the
Development Control Authority can work to ensure that coastal development in Antigua and Barbuda
is sustainable and that beach erosion is reduced. It is recommended that the government of Antigua
and Barbuda incorporate these setback guidelines into their planning regulations as soon as the
Physical Development Bill, at present under consideration, is passed into law. It is envisaged that the
setbacks can be revised as the beach monitoring programme conducted by the Fisheries Division
continues and as other information becomes available. As Antigua and Barbuda move towards
developing an integrated coastal area management approach, the implementation and further revision

of these setback guidelines will provide an important tool.

17



References

Antigua and Barbuda Statuyoimstrunent. 1996.Land Deelopment am Control Regulations No. 20 of
1996. Goverment Printirg Office Antigua & Barbuda. 32 mes.

Black, D., Camters, G., Farquhar, D, Jeffrey, C, Looby, G., O'Marde, C. 1996. Analysis of Beach Changes
in Antigua and Barbuda between 1992 and 1995. AQSkeportvols. 1 & 2, 36 & 93 pges.

Bruun, P. 1962. Sea Lew Rise asa Causeof Shore Erosbn. Jaurnal of Waterways and Harbours Division,
ASCE 88, pp 11-230.

Cambers, G. 1991. Thenpact and Response to Seavel Rise in théslands of the Eastern Caribbean.
Internationa Seat.evd RiseStudiesproject. Institute of Marine and Coastal Sciencesgétst- The State
University of New Jersg. 30 paes.

Camlers,G. 1996a. Thémpactof HurricaneLuis on theCoastd and Marhe Resources of Arguill a2 Coestal
Development Setback Guidelines. British Development Division in the Caribbearge9 pa

Cambers, G. 1996b. Hurricanmpact on beaches in the Eastern Caribdemds COSALC report. 96
pages.

Cambers, G. 1997. Planmarfor Coastline Chage. Guidelines for Constructio Setback in the Eastern
Caribbearslands. CS5info 4, UNESCO, Paris, viii + 14 pas.

Multer, H.G., Weiss, M.P, Nicholson D.V. 1986 Antigua Reefs, Rcks andHighroads of Hisbry. Leeward
Islands Science Associates, St. John’s,giati No. 1.

National Research Council. 1990. Mgimg Coastal Erosion. National Acadg Press. 182 mes.

Nationd Reseacch Cound. 1991. Responihg to Chames in SaLevel Engineeing Implications. National
Acadamy Press. 148 pes.

Robinson, D. 1997. Baseline Data Spells Relief. In Cambers, G. (Ed.) 1997. Managing Beach Resourcesin
the Smaller Caribbeanislands Papers preserntedat a UNESCO - University of Puerto Rico Workshop 21-25
October,1996, Myaguez, PuertoRico. Coastal rgion and gnall islard papersNo. 1, UPR/SGCP-UNESCO,
Mayaguez, pp 1317.

U.S. Deparnent of Housig and Urban Deelopment and~ederalEmergengy ManagementAgengy. 1981.
Designand Constiuction Manual for Residential Buildings in Coastl High HazardAreas. FIA-7. 189 pages.

Wason, A., Nursd,. 1994. Plannigandinfrastructure Standards. UNCHS and UNDP, 1%#&pa

Weiss, M.P. Multer, G. 1988. Map of Modern Reefsand Sediment of Antigua, West Indies. Department of
Geolay, Northernlllinois University.

Williams, T.H.L. 1990. Aerial Photograph Coverage of Antigua and Barbuda, Westindies Report prepared
for the Antgua and Barbuda Musey St. John’s, Angua. 28 pges.

18



APPENDIX |
DETAILED METHODOLOGY FOR THE CALCULATION OF SETBACKS AT BEACHES
a) Projected change based on historical measurements (“a”)

E Several sets of aerial photographs exist for AntigrhBarbudadatingbackto the 1940s.

Thesehavebeen listedby Williams, 1990. However, very few sets othptogrgohs coveringlte entire
island are stored at the Seys Division in Antigua and some of these wermalged durirg Hurricane
Luis. Basel on the available sets of photographs at the Sig\®ivision, historical changes in
coastlire position were determined for the major beaches in Antigua using the following aerial
photographs:

1968 black and white aerial photographs ftdvy Fairey Survey, UK., at a scalef 1:20,000
for the entire island and at a scale of 1: 12,500 for the area north ofafae¥illage.

1991 colou aerialphotograpk flown for CIDA at a scale of 1:10,000 covering the entire
island.

For changes in Barbuda the following sets of photographs were used:

1958 bbkck and whie agial phaographs flown by the USAF ata scae of 1:24,000covernng
the entire island.

1991 Wack andwhite aeria photogephs fown for CIDA at a €ale of 110,000cowering the
entire island.

Stereoscopic pairs of the photographs were studied and general changes regarding each beach
were ecorded. Then reference poicisseto the beach such as burds and road intersections were
selected, these reference points had to be visible on each set of photographs. nMatswere
made from these reference points to the offshore step, this is the seaward toe of the beach. Itis
marked ly a vertical downwards step near the wave breakpoint and is a distinctive featuneeon so
beaches and caso be distingughed on the photwaphs usuajl as a colour change or shade change.
Thenumber & points per beach dependealthe number of reference points thebuld be identified
on the two setsof photographsin same of the less developed areas there werg oné or two
measurements per beach. These measurements were then canpahemhgs in the positionof
the offshore step were determined and calculated as a distarygapegure (metregéar).

There are mary errors involved in this technique e.g. distortion towards the edge of the
photogephs, dfficulty in identifying fixed locations (reérence points)and dificulty in identifying
the offshore step.

Besides possiblerrors in thaneasurements, there are otteetdrs which must be considered
when usng aera phaographs for assessing coasta change. Two sets of photographs ere wsed,these
represent just tworhe series: March, 1968 af@bruay, 1991 for Antigua and Janyarl93 and
Februay/March, 1991 for Barbuda. Beaches changendt&ally from week to week and also
seasodly. All the phdographs westaken during th&inter months wheh to some extentreduces
the variation resuting from s@sona charges. Howeer, beah profie measuremerts showthat duiing
the winter, measrements mavary dramaticaly fromoneweekto the next gpecially if a mgor winter
swell a "groundsea” event occur Furthemore some ofthe photographs were takduring winter
swell conditons. For instance boththe 1968 and 1991 phot@ghs of the west coast of Antigua were
taken dumgwinter swel condiions which smetimes madet difficult to deternme posiion of the
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the position of the offshorestep Tidal variations also exist, although tidal range in Antigua and
Barbuda is ver low, and in theseneasurenents theoffshorestepwas usedratherthana particular
water line.

Basal on the foregoing, the assessient of shoreline change using aerial photograph
measurements provides gran estimation of the actual change. However, in thig/stustorical
shoreline change representsyoohe of several factors included in the setback calculation.

Bead profiles ae suveyed onaregular basis evegrtthree months at nineteen beaches around
Antigua and along the west, south and east coasts of Barbuda. These data are detailewbaad far
accuratethan the historical changes detgned fran the aerial photographs. However,ttanly
cover a shorttne period, 1991-1997 for Antigua and 1995-1997 for Barbuda, and do not cover all
the beaches.

For each beach a coastline changeygar figure was calculated. Two data sources were
used:the aeriaphotographs and theeachmonitoring data. n most casethe beactmonitoring data
showedhigherrates of change, this is thought to be due to the shonmeg period. So the figure
obtained fron theaerial photographs was usedmostcases to detemine “a.”. However, a few cases
arosein which the twomeasurenents conflicted e.g. historicgll site showed erosion but within
recentyearsthe beach monitorgndata showed accretioin suchcasedocd information was used
to detemine which tme frame should take precedence.sually the higorical data took preedence
becausit covered a much longer time period. Hmer,in cases whera reeent sadefence structure
such as a gsme or breakwater had been constructed, the more recent trend might take precedence.
Alternatively at a few beaches where trends were in the opposite direction, the average of the two
trends wasised Thedata for each beach, sappendk I, shows in detail bw theprojected change
based on historicaheasurenents (‘a”) was detemined.

b) Projected change in coastline position likely to result from a major hurricane (“b”)

Beachs experience seves erosion diring hurricanes, thisvas seemluring HurricaneLuisin
1995. However, iimost cases the beaches recovered in the followiogths either partiall or
totally. However, the major long term change resulting from Hurricane Luis was the retreat of the
coastal land edge or dune ed@#is was vewed as a "p@nanent”change, sice land and sand dunes
take decades to form. At all of the monitored beaches, detadeduremestexid relating to the
retreat of the land or dune edge during Hurricanis in 1995. At normonitored beaches, visual
observationsverecombinedwith measurements from the adjacent monitored beaches. These data
were used to estimate the likglhange from a future major hurricane at each beach in Antigua and
Barbuda.

c) Predicted coastline retreat by 2030 resulting from sea level rise (“c”)

The Bruun Rule shows thatas sea level risesmaterial is eroded fio the upper beach and
deposted onthe neashoe ocean batom (Bruun, 1962. Consequenty the oceanmoves landwards,
or in other words theras shorahe recesson. Theconapt is bagd on anequilibrium beah profile
which is a statistical average profile that maintains its form apart from small fluctuations including
seasonal effects. The following figure illustrates the Bruun Rule.

20


Bruun 1962
Bruun, P.  1962.  Sea Level Rise as a Cause of Shore Erosion.  Journal of Waterways and Harbours Division, ASCE 88, pp 117-130.


E Tha beach ieraded and
r@rzglz inknd 1 m

The eraded maleral =
dapaziad inlhe ol zharg zana.

Schematic Representation of the Bruun Rule

The shoreline recession resulting from predicted sea level rise over the ngedr80s
factored into the setback calculation. This is calculasddlepws: arise of sealevd of y metres
causes a shorebmecession of times 100 m. Based @predcted sea el rise of 0.3 m p theyear
2100 (this is one of the lower estites), this represents Oriby theyear 2030, thus the shoreline
recession is 0.1 x 100 = 10. (Most develoment has an econuc life of 30 years so this time
period has been used for the calculation).

d) Other factors (“d”)
Several other factors are also evaluated in the setback determination. These include:

. Offshore characteristics: Coral reefs and wide shallow offshore shelves often provide
protecionto particular beaches. Bays proteded by nearshorereefs usudly experiencedless
eroson duing the 1995 huitaneghanthose which wermoreexposd. Castline shaje was
another fator, e.g. in Antigua, wich has a verindented coastline where there are smalsba

E within larger bass, the more sheltered bas suffered less danage durng Hurricane_uis (Black
et al, 1996.

. Changes in offshoe ecosystems:Coral reefs provide an important natural breakwater
function. Havever,mary of the® reefs wereeduced to rubbleyHurricaneLuis, this water
depths may haveincreased providing the potential for higher wave action andeacherosion.
However, little quantitative data was available about such changes in Antigua & Barbuda.

E Most of theobservations relating to offshorgssans was derived fnm \Weiss and Multer,
1988 Thismap was poducedbeforeHurricane Hugan 1989 and HurricasLuisin 1995,
both of which probalyl caused extensive changes to the offshoreystanss.

. Coastalfeatures ard formations: Features sth asexposed beachrock prowedndicators
of long term erosion. Similarlaccretionay features such as sand spits and bars are very
vulnerable to stan waves ananay show dranatic and penanent changes during and after
a major hurricane.

. Man'’s activities: Practices wch as miningsand from the beachra dunes renove protective
barriers which can daage the beach/dungstens. Dunes are natural sard reservoirs
which suppy beaches with sand during stw and hurricanes. Theirmeval for the
construction indusyrinterrupts this process and results in increased erosion.
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. Planning factors such as lot size, existence of marine parks and designations such as
pristine coastal areas: Some coastal lots may be very narrow, less than 100 feet (30 m)
in depth. Setbacks may cause some of these lots to become unsuitable for development.
Government acquisition may be a solution in some of these cases, but for economic
reasons, it is rarely a feasible option in small developing countries such as Antigua and
Barbuda. Thus setback guidelines must take such limitations into account.

If any of these factors apply to a particular beach they are grouped and represented as a
multiple with a value of 1 to 2. A value of 1 means that none of the factors are especially
significant, while a value of 2 represents the maximum value. The assignment of the particular
value for ‘0" is based on local knowledge. The following scale has been used:

1 no particular factors especially significant;
1.2-1.3 one or more factors result in moderate vulnerability to coastline change;
2 one or more factors result in high vulnerability to coastline change.
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APPENDIX Il

SETBACK CALCULATIONS FOR INDIVIDUAL BEACHES IN AN TIGUA AND
BARBUDA

(Note hat in the calawlation d “a” Projected chage in coastine position bsed onrecoded
charges 1968-1997, thealue has beebased in most cases dmetaerial pbtograph @mpaison
only. In casswhere other data have be@ used, suic as therecentbeach banges 1991-1997, this
is explained in the textfdhe tdle dealing with eachbeach).

ANTIGUA

DickensonBay
Runawg Bay

Fort James
Ballast Bay

Pillar Rock Bay
Deep Bay

Galley Bay
Landing By
Hawksbill Bay
Yorks Bay

Story Horn Beach
Mosquito Cove
Lignunvitae Ba (Jolly Beach)
Valley Church Bay
Ffryes Bay
Darkwood Beach

BARBUDA

Low Bay

Palmetto Point

Crab Hill Bay

Morris Bay

Curtain BIUf

Carlisle Bay
Rendezvous & West
Rendexous Bay East

Deep By (Colory Beach Hotel)

Falmouth
Pigeon Point
MamoraBay
Halfmoon Bay
Excharge Bay
Long Bay
Dutchman Bay
Jatberwock

Blackrock Bay (Boons Bg)

Cocoa Pait

Governor By

Dulcina Hotel (dandoed) to the

Sity
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Dickenson Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 102 feet (31
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
31m

(a+b+c)d
(15 + 6 +10)1

a projected change in coastline position over the next 30 years based on recorded chg
between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.50 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -1.08 m
Projected retreat over the next 30 years = 0.5x 30

= 15m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 6m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

nges

on

d) Other factors:

Offshore, the bottom consists of seagrass beds and some scattered patch reefs. Th
photographs for 1968 show a channel connecting Mc Kinnons Pond to the sea at the southg
of Dickenson Bay. By 1991, the pond had no seaward exit due to road construction. Many
buildings on this beach are protected with walls and rock revetments. There is a boulder gr
near the centre of the bay in front of Antigua Village Hotel. The bay is exposed to wave acti
winter swells. Most of the beach frontage is already developed. The factor ‘d’ remains 1.0.

e aerial
ern end
bf the
byne
on and
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Runaway Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 105 feet (32
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(7 +10+10)1.2

setback
32m

a projected change in coastline position over the next 30 years based on recorded chg
between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

nges

on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.22 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.58 m
Projected retreat over the next 30 years = 0.22x 30

= 7m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 10 m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore, the bottom consists of bare sand and further out there is seagrass. Parallel to the

southern part of the bay there are some small patches and banks of corals. At Corbison Pog

int and

south of Sunset Cove Hotel there are some rock outcrops offshore. There are several hotels on this

beach although the development is not as dense as Dickenson Bay. The bay is exposed to
action and winter swells. Since 1996 the northern section of the bay has experienced sevel
erosion and several property walls have collapsed and been replaced with sheet piling and
revetments. In view of the severe recent erosion the factor ‘d’ is 1.2.

wave
e

rock
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Fort James, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 98 feet (30
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(10 + 10 +10)1 = 30m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.33 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.62 m
Projected retreat over the next 30 years = 0.33x 30

= 10m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 10 m*

* This figure is based on observations of the loss of the coastal road and the measured dani
adjacent beach (Runaway Bay).

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

bottom which gave way to a bank of coral. However, the area has been extensively dredge
altered. In addition is has experienced sand mining and vegetation removal. The beach is
to wave action and winter swells. There is some development behind the beach. The facto
remains 1.0.
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b projected changes in coastline position likely to result from a major hurricane (based on

age at an

This beach formed the seaward face of a sandy spit. Offshore, there used to be a spndy

d and
exposed
rd’



Ballast Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 56 feet (17
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
17 m

(a+b+c)d
1+6+10)1

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.04 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.04 x 30

= 12m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 6 m*

* This figure is based on measurements from nearby beaches, Runaway Bay and Deep Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there are seagrass beds. Atthe eastern end of the beach, undermined ang fallen
trees indicated erosion. There is very little development behind this beach. The beach has|some
degree of shelter but is still exposed to winter swells. The factor ‘d’ remains 1.0.
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Pillar Rock Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 49 feet (15
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
15m

(a+b+c)d
(+1+-6 +-10)1

a projected change in coastline position over the next 30 years based on recorded chg
between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = +0.04 m

Recent changes 1991-1997

(without the effects of Hurricane Luis 1995) = No data

Projected change over the next 30 years = 0.04 x 30
= +1.2m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 6 m*

* This figure is based on measurements from nearby beaches, Runaway Bay and Deep Bay.

nges

on

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there are fringing and bank reefs. There is some beachfront development 4
bay. The bay is exposed to wave action but receives some protection from nearby reefs. T

it this
he factor

‘d’ remains 1.0.
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Deep Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 79 feet (24
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(12 +2+10)1 = 24 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.39 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.86 m
Projected retreat over the next 30 years = 0.39 x 30

= 12.0m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 2m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This bay is very sheltered, protected by two prominent headlands. Offshore there a
seagrass beds and scattered coral reefs at the two headlands. The beach encloses a saltp
is a major hotel development at this beach. The factor ‘d’ remains 1.0.

e
bnd. There
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Galley Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 82 feet (25
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(5+10+10)1 = 25m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.17m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.17 x 30

= 5.0m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 10 m*

* This is based on reports of extensive damage to the beach and hotel by Hurricane Luis in
and the measured change at a nearby beach with a similar aspect - Runaway Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

b projected changes in coastline position likely to result from a major hurricane (based on

1995

d) Other factors:

Offshore there is sand with scattered coral heads, which then gives way to seagrass
The bay is exposed to wave action. The beach encloses a saltpond. There is a major hote

beds.

development at this beach. The factor ‘d’ remains 1.0.
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Landing Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 102 feet (31
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(15+6 +10)1 = 31m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.50 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.50 x 30

= 15.0 m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 6 m*

* This is based on measurements at Runaway Bay, a beach with a similar aspect, and a nej
beach, Deep Bay.

arby

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there are seagrass beds and reefs at the southern headland. The bay is e
wave action. There is a hotel development at the southern end of the beach. The factor ‘d

xposed to

remains 1.0.
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Hawksbill Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 62 feet (19
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
19 m

(a+b+c)d
(3+6+10)1

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.11m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.11x 30

= 3.3m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 6 m*

* This is based on measurements at Runaway Bay, a beach with a similar aspect, and a nej
beach, Deep Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

b projected changes in coastline position likely to result from a major hurricane (based on

arby

d) Other factors:

Offshore there are scattered coral reefs which give way to seagrass beds. The bay
exposed to wave action. There is a hotel development along the length of the bay and a se

S
awall at

the southern section. The factor ‘d’ remains 1.0.
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Yorks Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 102 feet (31
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(20+1+10)1 = 31m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.65 m
Recent changes 1996-1997 = -0.29 m
Projected retreat over the next 30 years = 0.65 x 30

= 20m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 1.3m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there is a sandy bottom with some coral species, beyond this there are seg
beds. The bay, while exposed to wave action, receives some protection from the Five Islan
Peninsula to the north. There is no development behind this beach. However, the beach K

grass
ds
as been

extensively mined for sand in the past. The factor ‘d’ remains 1.0.
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Stony Horn Beach, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 49 feet (15
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
15m

(a+b+c)d
(5+0+10)1

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.17m
Recent changes 1996-1997 = +1.0m
Projected retreat over the next 30 years = 0.17 x 30

= 51m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = Om

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there is a sandy bottom which gives way to seagrass beds. The bay, while
exposed to wave action, receives some protection from two prominent headlands and the Fjve
Islands Peninsula to the north. There is no development behind this beach. However, the beach
has been extensively mined for sand in the past. The factor ‘d’ remains 1.0.
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Mosquito Cove, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 92 feet (28
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(18+0+10)1 = 28 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.61m
Recent changes 1996-1997 = +0.27 m
Projected retreat over the next 30 years = 0.61 x 30

= 18.3m

sed on

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = Om

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there used to be extensive seagrass beds. However, after the dredging fo
Jolly Harbour Marina, an entrance to the marina was created and sand was dumped offshol
Mosquito Bay. The bay, is exposed to wave action. There is no development behind this O

r the
e at
eac

The factor ‘d’ remains 1.0.
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Lignumvitae Bay (Jolly Beach), Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 98 feet (30
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(10 +3+10)1.3 = 30m
a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;
b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = No data*
Recent changes 1993-1997
(without the effects of Hurricane Luis 1995) = -0.32m
Projected retreat over the next 30 years = 0.32x 30

= 9.6 m

*It was impossible to determine historical changes at this beach due to extensive changes re¢sulting

from development and the dredging of the salt pond to create a marina. The recent change

S are

therefore used in the calculation, however again it must be noted that extensive sea defence works

built in 1995/6 have influenced recent beach changes.

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 3m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This alteration of the coastal area through dredging and the construction of a series
defences (breakwaters and groynes) have significantly altered the beach dynamics in this b
bay is exposed to wave action and winter swells. There is a major hotel and marina develoj
this beach. In view of the changes to the coastal system, the factor ‘d’ is 1.3. The setback
this beach should be reviewed in the short term (2-5 years) as information from the beach

of sea

ay. The
bment at
alue for

monitoring will show the effects of the sea defence works.
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Valley Church Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 121 feet (37
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(13+ 14 +10)1.0

= setback

= 37 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.43 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.43 x 30

= 129 m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 14 m*

* This was based on measurements at an adjacent beach, Ffryes Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there are seagrass beds and behind the beach there is a salt pond. There
development behind this beach. The beach is exposed to wave action and winter swells. T
factor ‘d’ remains 1.0.

iS no
he
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Ffryes Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 102 feet (31
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(7 + 14 + 10)1.0

= setback

= 31m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.22 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.39m
Projected retreat over the next 30 years = 0.22x 30

= 6.6 m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 14 m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there is a sand bottom which then gives way to seagrass beds. The beach
exposed to wave action and winter swells. There is no development behind this beach. Th

is
e factor

‘d’ remains 1.0.
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Darkwood Beach, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 135 feet (41
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(9+15+10)1.2

= setback

= 41 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.29 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = +1.06 m
Projected retreat over the next 30 years = 0.29 x 30*

= 8.7m

*Despite recent accretion, the historical trend is used in the calculation, mainly because of t
history and vulnerability of this beach, see d) below.

he

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 15m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there is a sand bottom which then gives way to seagrass beds. The pond
the beach has been extensively mined for sand and the beach has also been mined at time

pbehind
5. The

coastal highway runs parallel to the sea and is located on a sand bar between the sea and the pond.
Beachrock ledges are exposed along this beach. There are some beach bars at the southegrn end of

the beach. The beach is exposed to wave action and winter swells. The factor ‘d’ is 1.2 be
the vulnerability and past history of mining at this beach.

cause of
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Crab Hill Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 75 feet (23
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(7+6+10)1.0 = 23 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.22 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = +1.34 m
Projected retreat over the next 30 years = 0.22 x 30*

= 6.6 m

*Despite recent accretion, the historical trend is used in the calculation.

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 6m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there is a fringing reef system extending south to Johnsons Point. The beach is
exposed to wave action and winter swells. There is some residential and hotel development behind
this beach. The factor ‘d’ remains 1.0.

40



Morris Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 118 feet (36
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(17+9+10)1.0 = 36 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.57 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.12 m
Projected retreat over the next 30 years = 0.57 x 30

= 17.1m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 9m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast. Offshore there are seagrass beds and regq
two headlands. There is a major reef system, Cades Reef off this coast. There is some
development near this beach. There are extensive beachrock ledges on this beach, some ¢
were only exposed after Hurricane Luis. The beach is exposed to wave action and winter s
The factor ‘d’ remains 1.0.

fs at the

bf which
wells.
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Curtain Bluff, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 79 feet (24
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(5+9+10)1.0 = 24 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.17m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.17 x 30

= 51m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 9 m*

*This was based on measurements at an adjacent bay, Morris Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast. Offshore there is sand and seagrass beds
at the two headlands. There is a major reef system, Cades Reef off this coast. There is so
development near this beach. The beach is exposed to wave action and winter swells. Th

5 and reefs
me hotel
e factor

‘d’ remains 1.0.
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Carlisle Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 79 feet (24
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(9+5+10)1.0 = 24 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.30 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0.30 x 30

= 9.0m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 5 m*

*This was based on measurements at an adjacent bay, Falmouth, which has a similar degrg
exposure to Carlisle Bay.

b projected changes in coastline position likely to result from a major hurricane (based on

e of

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast. Offshore there are seagrass beds and sc3
corals at the two headlands. There is some hotel development near this beach. The beacl

attered
nis very

sheltered. The factor ‘d’ remains 1.0.
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Rendezvous Bay West, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 46 feet (14
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
14 m

(a+b+c)d
(+7+-9+-10)1.2

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = +0.24 m

Recent changes 1991-1997

(without the effects of Hurricane Luis 1995) = No data

Projected change over the next 30 years = +0.24 x 30
= +7.2m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 9 m*

*This was based on measurements at an adjacent bay, Morris Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast. Offshore there is a sandy bottom with son
reefs. While the bay is somewhat sheltered by the headland at Tucks Point, there is deep W
close inshore. There is no development at this beach. The beach is exposed to wave actio
winter swells. The factor ‘d’ is 1.2 mainly because of the deep water close inshore and ther
the bay’s exposure during high wave events.
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Rendezvous Bay East, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 75 feet (23
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(0+9+10)1.2 = 23 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = Om
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0x30

= Om

b projected changes in coastline position likely to result from a major hurricane (based on

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 9 m*

*This was based on measurements at an adjacent bay, Morris Bay.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast. Offshore there is a sandy bottom with son
reefs. While the bay is somewhat sheltered by the headland at Tucks Point, there is deep W
close inshore. There is no development at this beach. The beach is exposed to wave actio
winter swells. The factor ‘d’ is 1.2 mainly because of the deep water close inshore and ther
the bay’s exposure during high wave events.
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Deep Bay (Colony Beach Hotel), Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 39 feet (12
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(0+2+10)1.0 = 12 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = Om
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = 0x30

= Om

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 2 m*

*This was based on measurements at a nearby beach in Falmouth Harbour, Pigeon Point.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast in a fairly sheltered bay, Falmouth Harbour
Offshore there are seagrass beds and coral reefs around the southern headland at Proctors

There is an abandoned hotel behind this beach. The factor ‘d’ remains 1.0.
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Falmouth, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 36 feet (11
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
11m

(a+b+c)d
(+4 + -5+ -10)1.0

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = +0.14 m

Recent changes 1991-1997

(without the effects of Hurricane Luis 1995) = +1.95

Projected change over the next 30 years = 0.14 x 30
= +4.2m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 5m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

Offshore there are seagrass beds and scattered patch reefs. There is some residential development
behind this beach. The factor ‘d’ remains 1.0.

This beach is located on the south coast at the head of a sheltered bay, Falmouth HFrbour.
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Pigeon Point, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 98 feet (30
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(18 +2+10)1.0 = 30m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.61m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = +0.44 m
Projected retreat over the next 30 years = 0.61x 30

= 18.3m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 2m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach is located on the south coast in a fairly sheltered bay, Falmouth Harbour
Offshore there are seagrass beds and a large reef system off the southern headland. Therq

is some

residential development behind this beach. The factor ‘d’ remains 1.0.
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Mamora Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 49 feet (15
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(5+0+10)1.0 = 15m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = +0.48 m
Recent changes 1993-1997
(without the effects of Hurricane Luis 1995) = -0.83 m
Projected retreat over the next 30 years = -0.18* x 30

= 54 m

* The historical change data reflects the effects of sea defence structures and the adding of
the beach. So the mean of the historical and the recent changes has been used to determif
projected change over the next 30 years.

sed on
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b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = Om

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies at the head of a very sheltered bay. Offshore there are seagrass beq
large reef system, the Mamora Reef, at the mouth of the bay. There is a large hotel at the €
end of the bay, in front of which there are several sea defence structures - groynes and breg

rds and a
astern
hkwaters.

The factor ‘d’ remains 1.0.
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Halfmoon Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 82 feet (25
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(11 +0+10)1.2 = 25m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.38 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -1.01'm
Projected retreat over the next 30 years = -0.38 x 30

= 11.4m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = Om

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the east coast of Antigua and is exposed to high wave energy. Q
there are seagrass beds at the southern part of the bay. There is a large reef system exten
the southern headland, Soldier Point, northwards to York Island. There is a hotel at the sol
end of the bay. The factor ‘d’ is 1.2 mainly because of the wave exposure.

ffshore
ding from
thern
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Exchange Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 56 feet (17
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
4+0+10)1.2 = 17m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.15m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = -0.15 x 30

= 4.2 m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = Om

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the east coast of Antigua and is exposed to high wave energy. Q
there is sand and beyond this a large reef system which extends from Half Moon Bay to the
to York Island in the north. There is a hotel at the southern end of the bay. The factor ‘d’ is
mainly because of the wave exposure.
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Long Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 52 feet (16
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(3+3+10)1.0 = 16 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.09 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = -0.32m
Projected retreat over the next 30 years = -0.09 x 30

= 2.7m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 3m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the north coast of The Willikies Peninsula. Offshore there are se
beds and beyond that a large reef system which extends westward to Pelican Island. Ther¢g
hotel at the western end of the bay. The reefs provide considerable protection to this beach
wave energy is usually low. The factor ‘d’ remains 1.0.

agrass
is a
and
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Dutchman Bay, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 43 feet (13
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:
(a+b+c)d
(+7 +-10 + -10)1.0

= setback

= 13 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.52 m

Recent changes 1991-1997

(without the effects of Hurricane Luis 1995) = +1.0m

Projected change over the next 30 years = +0.24* x 30
= +7.2m

* An offshore breakwater at the southern part of this beach has provided protection and rev

prsed

the erosion trend. Since the breakwater only protects the southern part of the beach the mean of the

historical and recent changes has been used to project the retreat over the next 30 years.

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 10 m*
* This was based on measurements at the southern end of the bay and estimations at the n
end of the bay.

orthern

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the northeast coast and is exposed to high wave energy although Long

Island provides some protection. Offshore there is a sandy bottom which then gives way to
seagrass beds. There is a reef at the northern headland. The factor ‘d’ remains 1.0, the w
exposure is offset by the protection afforded by the breakwater.

ave
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Jabberwock, Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 98 feet (30
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
30m

(a+b+c)d =

(7 +13 +10)1.0 =

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.24 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = +0.18 m
Projected retreat over the next 30 years = -0.24 x 30

= 7.2m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 13 m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the northeast coast and is exposed to high wave energy although
Island and the reefs of North Sound provide some protection. Offshore there are seagrass
which then give way to a sandy bottom. There is a reef at the northern headland and some
reefs off the southern part of the bay. Coral reef debris forms a natural breakwater protectir

Long
beds
patch
g the

southern part of the bay where beach accretion is taking place. The factor ‘d’ remains 1.0.
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Blackrock Bay (Boons Bay), Antigua

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 56 feet (17
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(1+6+10)1.0 = 17m

a projected change in coastline position over the next 30 years based on recorded
changes between 1968 and 1997;

data from Hurricane Luis);
c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1968-1991 = -0.04 m
Recent changes 1991-1997
(without the effects of Hurricane Luis 1995) = No data
Projected retreat over the next 30 years = -0.04 x 30

= 12m

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 6 m*

* This was based on measured changes at Dickenson Bay and reports of severe damage d
Hurricane Luis at nearby Blue Waters Bay.

b projected changes in coastline position likely to result from a major hurricane (based on

Lring

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:
This beach lies on the north coast and has a fairly sheltered wave environment. Th¢

several groynes on this north coast and sand has accreted on the updrift (east) side. The b
widest at the western end of the bay in front of the Sandpiper Hotel. The factor ‘d’ remains

coast of Antigua from Boon Point to Beggars Point is protected with a fringing reef. There are

b north

each is
1.0.
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Low Bay, Barbuda

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 276 feet (84
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d = setback
(17 + 15 + 10)2.0 = 84 m

a projected change in coastline position over the next 30 years based on recorded

changes between 1958 and 1997;

b projected changes in coastline position likely to result from a major hurricane (b
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

ased on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1958-1991 = -0.55 m
Recent changes 1996-1997 = -1.07
Projected retreat over the next 30 years = 0.55x 30

= 16.5m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 15m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the west coast of Barbuda. It is located on a narrow sand bar whiich

separates Codrington Lagoon from the sea. During tropical storms and hurricanes, wave
breach the bar and cut channels through to the lagoon. Offshore there are fringing reefs p
the northern section of the bar. Wave exposure is moderate. The factor ‘d’ is 2.0 mainly b
of the vulnerability of the sand bar.

s|often
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Palmetto Point, Barbuda

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 374 feet
(114 m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(30 +17 + 10)2.0

= setback

= 114 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1958 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1958-1991 = -9.45* m
Recent changes 1996-1997 = No data
Projected retreat over the next 30 years = 1.0*x 30

= 30 m

* This figure was based on the loss of sand at the end of the spit, a recurved promontory 30
length disappeared between 1958 and 1991. A more realistic projected change for the entit
Palmetto Point promontory (spit) is -1 m per year, although near the point itself more drama
changes are likely.

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 17* m

* This was based on changes at Low Bay and Dulcina Hotel.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This sand spit lies on the southwest coast of Barbuda. Wave exposure is moderate

sed on
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wave pattern is complex. The factor ‘d’ is 2.0 mainly because of the vulnerability of such sand

spits.
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Dulcina Hotel (abandoned) to the Jetty, Barbuda

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 121 feet (37
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

setback
37m

(a+b+c)d =

(9+18 +10)1.0 =

a projected change in coastline position over the next 30 years based on recorded
changes between 1958 and 1997;

b projected changes in coastline position likely to result from a major hurricane (ba
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

sed on

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1958-1991 = -0.30 m
Recent changes 1996-1997 = -0.47 m
Projected retreat over the next 30 years = 0.3x30

= 9m

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 18 m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This beach lies on the south coast of Barbuda. Wave exposure is moderate. There
several fringing reefs along the south coast of Barbuda. The factor ‘d’ remains 1.0.

are
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Cocoa Point, Barbuda

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 315 feet (96
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

(a+b+c)d
(18 + 20 + 10)2.0

= setback

= 96 m

a projected change in coastline position over the next 30 years based on recorded
changes between 1958 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on

data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;
d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1958-1991 = -0.61m
Recent changes 1996-1997 = +1.33m
Projected retreat over the next 30 years = 0.61 x 30

= 18.3 m*

* The historical change is used in this calculation, the recent accretion in 1996-1997 is most]likely

a recovery phase following Hurricane Luis.

b) Projected changes in coastline position resulting from a major hurricane:

Land/dune retreat resulting from H. Luis in 1995 = 20m

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This sand spit lies on the south coast of Barbuda and is anchored by coral reefs. W,

ave

exposure is moderate and is complex near the spit. Such accretionary features as sand spits are

intensely vulnerable to change. The factor ‘d’ is therefore 2.0.
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Governor Bay, Barbuda

THE RECOMMENDED SETBACK FOR NEW BUILDINGS AT THIS BEACH IS 115 feet (35
m) LANDWARD OF THE PERMANENT VEGETATION LINE.

Setback calculation:

a+p+cC = setbac
(a+b +c)d back
(5 + 20 + 10)1.0 = 35m

a projected change in coastline position over the next 30 years based on recorded
changes between 1958 and 1997;

b projected changes in coastline position likely to result from a major hurricane (based on
data from Hurricane Luis);

c predicted coastline retreat by 2030 resulting from sea level rise;

d other factors.

a) Projected change in coastline position based on recorded changes 1968-1997:

Historical change 1958-1991 = -0.15m
Recent changes 1996-1997 = +2.36 m
Projected retreat over the next 30 years = 0.15x 30

= 4.5 m*

* The historical change is used in this calculation, the recent accretion in 1996-1997 is most]likely
a recovery phase following Hurricane Luis.

b) Projected changes in coastline position resulting from a major hurricane:
Land/dune retreat resulting from H. Luis in 1995 = 20 m*

* This is based on measured changes at Cocoa Point.

c) Predicted coastline retreat resulting from likely sea level rise:

Coastline retreat by 2030 due to sea level rise = 10 m

d) Other factors:

This bay lies between Cocoa Point and Spanish Point on the south coast of Barbuda. There
are extensive coral reefs offshore. Wave exposure is moderate. The factor ‘d’ remains 1.0.
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