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Introduction 

Background 

Antigua and Barbuda, a Small Island Developing State (SIDS), has a fragile economy heavily dependent 
on coastal tourism. In addition, the country ranks high in terms of its vulnerability to tropical storms and 
hurricanes. Between 1995 and 1999, Antigua and Barbuda experienced four major hurricanes, which 
caused severe damage and loss to the natural environment and critical changes in the social and economic 
fabric of the country. The severe weather conditions may be related to climate variations, climate change 
and possible sea level rise. It is therefore critical to analyze the changes which occur around the coastal 
regions of Antigua and Barbuda and where possible to predict future trends in order to determine future 
development policy. 

On 20-22 September 1998, Hurricane Georges, a category 3 storm, struck the Eastern Caribbean islands 
of Antigua and Barbuda and St. Kitts and Nevis causing severe damage to the economic and social 
infrastructure of these islands. In Antigua, the south coast of the island suffered most of the damage, with 
400 homes destroyed, major damage to a number of health facilities, and a disrupted electrical supply. 
The tourism sector, livestock and fisheries also suffered significant losses. 

In response to the damage from Hurricane Georges, the US Agency for International Development- 
JamaicalCaribbean Regional Program (USAID-JICAR), has established a program entitled Humcane 
Georges Reconstruction and Recovery in the Eastern Caribbean specially targeting Antigua and Barbuda 
and St. Kitts and Nevis. The activity entitled Post-Georges Disaster Mitigation (PGDM) is the disaster 
mitigation capacity building component of the program The PGDM is implemented by the Organization 
of American States' Unit for Sustainable Development and Environment (OASAJSDE) for USAID- 
JICAR. 

The goal of the PGDM program is to reduce the vulnerability of people and economic activities in St. 
Kitts and Nevis and Antigua and Barbuda to natural hazards, including tropical storms and related 
flooding, seismic and volcanic hazards, through enhanced capacity for hazard mitigation. 

The Fisheries Division, in 1991, established a beach monitoring program within the regional 'Coast and 
Beach Stability in the Caribbean Islands' (COSALC) Project, sponsored by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO) and the University of Puerto Rico Sea 
Grant College Program (UPR-SGCP). Nineteen beaches in Antigua and six in Barbuda are monitored 
quarterly using standard techniques to measure beach profiles; changes in the profile cross-sectional area 
and profile width are then determined. These data, collected for the selected beaches, along with other 
related physical, social and economic information will be utilized in this project to achieve the required 
objectives. Additionally, it is hoped that this project could become a model for other SLDS experiencing 
similar conditions. 

This project focuses primarily on beach changes and the various causal factors which operate within the 
beach zone. The impact of hurricanes, storms and different human-induced activities will also be 
discussed. 

Project Objectives and Outline 

One of the major objectives of the PGDM project of the Organization of American States, is the 
development of national goals, objectives and actions to reduce the vulnerability of Antigua and Barbuda 
to natural hazards. A prerequisite for appropriate hazard mitigation strategies is a solid understanding of 
the existing hazards and their effects. Under this contract, an assessment of coastal erosion hazards will be 



undertaken for the islands of Antigua and Barbuda. The improved understanding of these hazards will 
inform national coastal development and erosion hazard vulnerability reduction policies and measures for 
Antigua and Barbuda. 

Under this contract, a hazard assessment of coastal erosion in Antigua and Barbuda was undertaken, using 
current coastal erosion hazard assessment methodolofies. The main outputs include the production of a 
technical report and a non-technical summary of the &astal erosion ha&d assessment for Antigua and 
Barbuda. The technical report describes the srmcture and content of the hazard maps, the methodology 
employed in map including data collection, analysis and final prepatahon, map use and-. 
limitations, metadata and information sources and guidance on understanding coastal erosion hazards. 
Recommendations for future work are also included. This report also identifies key contacts in Antigua 
and Barbuda for coastal erosion hazards. 

The non-technical summary of the erosion hazard assessment for Antigua and Barbuda has been prepared 
for the layman and may be distributed independent of the technical report. 

Apart &om the demonstration of current geographical information systems (GIS) and other techniques 
that may be applied in the analyses, major objectives of this project include: 

The determination of which beaches are most vulnerable to erosion. 

The development of an index for the beaches which will demonstrate the erosion hazard. 

The logical framework analysis, shown in Table 1.0, gives an overview of the project. The general outline 
of activities and the time schedule are shown in Appendix I. 

The major cons-ts of this project include the following: 

Availability of data: only certain beaches are monitored, and there are many gaps relating to 
unmonitored beaches. Furthermore, r o c b  and cliffed shorelines are not monitored at present 

Limited GIS hardware and software available on island: reducing the amount of analysis that 
could be accomplished. 

Time: the project schedule was very short, especially in view of the time of the year (Chr&mas 
holiday period). 

Technical assistance for the project is located outside of Antigua and Barbuda: and even with 
modem electronic contacts this could cause some delays. 

Figures 1.0 and 2.0 provide maps showing coastal erosion hazards along the beach-monitoring sites of 
Antigua and Barbuda. The rates of coastal change are shown graphically in Figure 3.0. 
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Figure 1.0 Coastal Erosion Hazard: Antigua 
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Figure 2.0 Coastal Erosion Hazard: Barbuda 
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Figure 3.0 Coastal Change Rates: Antigua and Barbuda 
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Methodology 
Several methods and techniques were used in developing this project, including surveying beach profiles, 
analysis of the beach data, and the use and application of various GIS computer hardware and software. 
The following activities are included in this hazard assessment work: 

Assembling of existing beach monitoring data for each island. 

8 Calculation of erosiodaccretion rates for all monitored beaches. 

Assigning of coastal erosion hazard risk categories (very low, low, medium, high or very high) at 
the monitored beaches in each island. 

Production of island-wide geographic information system (GIS) data layers depicting the coastal 
erosion hazard risk zones. For each monitored beach, the layers show the calculated 
erosiodaccretion rate. These data are in Arcview format, georeferenced to the common mapping 
standard for Antigua and Barbuda, and accompanied by the appropriate GIS metadata. The data 
dictionary is shown in Appendix 11 while the metadata are given in Appendix III. 

Production of island-wide coastal erosion hazard maps for Antigua and Barbuda, using the GIS 
data described above. These maps depict the coastal erosion hazard risk along the coastline using 
the following risk categories: high, medium, low and 'not monitored' for Antigua with two 
additional categories 'very high' and 'very low' for Barbuda. Maps include a common set of 
reference features that were provided by the PGDM. 

Data Collection 

Table 2.0 outlines the nature, format and source of data that was used in the project. The basic activities 
include: 

8 The calculation of beach width using primary beach monitoring data. 

8 The sourcing of other data including storm data and maps. 

Beach monitoring was started in Antigua in 1991, thirteen beaches on the west, south and east coasts were 
selected for monitoring (Cambers, 1991). The selection included beaches showing the following 
characteristics: 

Varying beach dynamics between the windward and leeward coasts. 

Sites where sand mining is significant. 

8 Beaches important for recreation and tourism, 

Beaches impacted by development pressures and coastal reconstruction. 

Control sites where only natural changes are likely to take place 



Table 2.0 Base Data for the Project 
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At most beaches, more than one profile site was established. In 1994 six additional beaches were added to 
the list of those monitored. Profiles are measured quarterly !?om fixed reference points located behind the 
beach, using Abney levels, ranging poles and tape measures, and the profiles terminate at the offshore 
step. The data are then plotted and analyzed using a customdesigned computer program; outputs include 
profile width and profile cross sectional area. 

Digital 

X 

Beach monitoring was started in Barbuda in 1995, six beaches were selected for measurement, using 
similar selection characteristics as for Antigua, although in the case of Barbuda, the final selection was 
governed by accessibility to the site. Beach monitoring in Barbuda is undertaken with the assistance of 
the Coastguard, and is usually done between two and four times a year. 

Non-digital 

X 

X 

X 

X 

X 

The Beach Profile Analysis Program was used to calculate average annual profile cross- sectional area 
and profile width. It was decided to use the profile width parameter as an indicator of the erosion hazard 
for this project, mainly because it is relatively easy to understand, e.g. if the profile width decreases over 
time, then the beach is eroding and the erosion hazard is greater than a profile where the width is 
increasing over time. For this analysis, the average profile width at a particular site for the f i s t  year of 
measurement was compared with the same parameter for the last year of measurement, and the difference 
between the two figures was divided by the number of years of measurement to provide a rate of coastal 
change in meterslyear. However, it is recognized that more comprehensive erosion hazard indicators 
could be developed in the future. 

PGDM Project 

PGDM Project 

PGDM Project 

The beach-monitoring program in Antigua and Barbuda concentrates on sandy beaches since these are of 
vital economic importance to the tourism industry. Rates of change on rocky and cliffed shorelines have 



not been measured, but it is likely that they are considerably lower than those pertaining to sandy beaches 
in Antigua and Barbuda. Although in the case of cliffs, erosion is not usually a gradual process, but a 
sudden one, as large blocks collapse especially in fractured rocks such as limestone, see Cambers (1998) 
for a more complete discussion. 

Data Automation 

Using the GIS layers provided by the PGDM project as a base, new layers were created to show 

beaches that are monitored/not monitored. All digitizing was done on screen. Categorization was done to 
show the varied beach erosion hazards throughout Antigua and Barbuda. Based on the information, maps 
were produced at a scale of 1:50,000. 

The equipment utilized during the project include desktop computers, i*et printers and a plotter while 
ArcView 3.1 was the main GIS software. MS Word 97 and MS Access 97 were used for word processing 
and data processing respectively. 

Analysis 

Using the beach monitoring and other data, major operational processes and activities were determined so 
that beaches affected by storms or other factors were identified. A coastal erosion hazard index was 
developed for the various beaches that are monitored around Antigua and Barbuda. The categories for the 
erosion hazard index are derived using the equal intervallclass method. The rates of coastal change in 
Antigua and Barbuda were grouped and the range between the highest and the lowest erosion rate was 
determined. The range was then divided by the number of categories, which had been predetermined as 
five. The limits of each category were then determined as shown below: 

Rate of Coastal Change Hazard category [dyr]  

+3.38 to +5.28 Very low 
+1.48 to +3.37 Low 

- 0.43 to +1.47 Medium or Moderate 
- 2.34 to - 0.44 High 

- 4.25 to - 2.35 Very high 

The maps depict the hazard category for an individual beach or segment of the beach. At some beaches 
where there are several profile sites, it was observed that some segments of a particular beach might 
behave differently to others. For instance, at Runaway Bay, the northern profile site showed erosion, 
while the central and southern profile sites showed accretion. In cases such as this, where the particular 
bay was longer than 500 m, the beach was divided into two segments for the purposes of mapping. 
However, where a particular bay was very short, and a similar differentiation was observed, the map scale 
was too small to show this difference, and in such cases, an average coastal change rate was calculated for 
the bay and mapped. (This was the case for Stony Horn, Yorks Bay and Long Bay). 

Structure and Content of the Hazard Maps 
Together with the reports the hazard maps for Antigua and Barbuda form the main output of this project. 
The maps show erosion hazards for the various monitored beaches around Antigua and Barbuda. The base 
map was produced from overlays provided by the PGDM project. These include contours, roads, 
settlements and critical coastal habitats. The maps are drawn at a scale of 1:50,000. 



The maps are entitled: Coastal Erosion Hazard: Antigua/Barbuda and the hazard categories are shown in 
color for easy reference and contrast. For Antigua the relative hazards are shown as low, moderate or 
high, while for Barbuda, where there is a greater range in the data, there are two additional categories: 
very low and very high, these show relatively extreme conditions. 

Most of the map sheet is covered by the actual map which is accompanied by an illustrated legend. Apart 
from the various established symbols shown on the map the legend seeks to explain the meaning of the 
relative rankings in both quantitative and qualitative terms. 

There is a caption indicating the suggested usage and limitations of the maps. These maps should only be 
used for the purpose of coastal erosion hazard analysis and not for all hazards since there are major 
limitations. The information is based only on changes in beach width. Using the given erosion rates, 
predictions regarding the erosion hazard can be made, although a longer time series would produce more 
accurate results. Without scientific evidence and reliable data, unmonitored beaches have not been ranked 
for erosion hazard, although various qualitative observations exist for some of these unmonitored 
beaches. The maps therefore do not indicate the erosion risk for beaches that are not monitored. 

For up to date information on the state of the coastal areas of Antigua and Barbuda contact: 

Fisheries Division 
Ministry of Agriculture, Lands, Fisheries 
Perry Bay 
St. John's 
Antigua W.I. 
Tel./Fax: 1-268-462-1372 
Email: fisheries(a.candw.ag 

The logos of the sponsors or implementing agencies (USAID and OAS) are also placed on the maps. For additional info--on 
the PGDM website is given as the main contact for the project. This is shown as httu://ww.oas.ord~edm 



Results and Discussion 
Available data show that the number and intensity of tropical storms is on the increase. Table 3.0 clearly shows that the number 
of named storms has increased over the last five vear oeriod (55 %) as com~ared with the orevious five vear oeriod (1990-1 994). . . 
and the number of humcanes per year has increased by 78 %. For ;he sakpenod  the n&ber of humcane days periear treblg . .  . 
while the number of category3, 4-01 5 hurricanes quadrupled. Antigua and Barbuda experienced four major tropical systems 
during the past five years. Several beaches have changed their shape and character as a result. 

Table 3.0 Hurricane Frequency Between 1990 and 1999 in the Atlantic Basin 

Source: h t t ~ : l I t ~ h o o n . a t m o s . c o l o s t a t e . e d u ~ f o ~  

Table 4.0 shows the major tropical systems that affected Antigua and Barbuda between 1995 and 1999. Four of the systems made 
landfall. Apart from the direct effects of hurricane winds, storm surges also impacted the coastline. At the monitored beaches, the 
changes in beach area and width result from a combination of factors including hurricane impacts. 

Table 4.0 Tropical Systems which affected Antigua and Barbuda between 1995 and 1999 

Note: Wind speeds are for the direct time of passage over Antigua and Barbuda 

Analysis of the coastal change rates along the monitored beaches of Antigua (see Table 5.0) indicates that erosion is the dominant 
process on nine beaches while the other nine show accretion. Six of these beaches show marked variations along their length, in 
that erosion and accretion dominate on different segments of the beach. (As discussed in the Methodology section, a similar 



variation was seen in three very short beaches: Stony Horn, Yorks Bay and Long Bay, but this variation could not be mppd 
because of scale limitations). Where there is variation between the different beach seemmts. emsion tends to dominate alone the - - 
northern end of the beach, &d accretion at the southem end. 

As shown in Table 5.0, most of the monitored beaches on Antigua (16) fall between the medium ro high hazard caregory wim one 
in the medium to low Ffryes) and two that are fully low (Crab Hill Bay and Lignumvitae Bay). 

Table 5.0Antiguo - Mean A m 0 1  Rates of Coastal Change 1992 - 1999 

change rate (mw) 



There was no clear panem between the rate of beach change and the coastline onent3tton TIe bcachcs on the northeastern s~de 
of the tsland tend to show overall accrcnon Th~s  IS nottceable for Jabbcrwock and Dutchman Bay. Although these beaches are 
open to winds directly off the Atlantic Ocean the effects are minimized by the presence of offshore reef systems. Furthermore at 
Dutchman Bav. an offshore breakwater ~rovides additional orotection. Similar reef oroteetion exists at Halhoon Bav and ~~ ~~~~ ~~ ~~ ~~ , 
Mamora ~av,iowever, these beaches show overall accretion. On the south coast, pigeon Point and Falmouth Beach show some 
accretion, this may be due to their sheltered nature within Falmouth Harbour. ~ o m ; ~ a ~  falls within the high hazard category, 
Dossiblva result of the own nature of the bay combined with the narrow shelf providing deep water conditions close inshore. - .  
khich $11 increase expisure during storm events. 

Along westem Antigua, accretion dominates at Crab Hill Bay, Ffiyes Bay, Lignumvitae Bay, Stony Hom and Yorks Bay. Most 
of these beaches are relatively open, although in the case of Lignumvitae Bay, T-shaped groynes may be playing a role in the 
accretion process. The more sheltered Mosquito Cove differs markedly in that like Darkwood Beach erosion tends to dominate. 
At Darkwood this may be due to the long-term effect of sand mining, while at Mosquito Cove it could be the combined impact of 
sand mining and harbour dredging. 

The northwestem shore of Antirma has one of the hiehest levels of coastal tourism develo~ment. Beaches here show relativelv 
high rates of erosion particularl; along Dickenson B;~, which together with Deep Bay and Fort James show high erosion ha&d. 
Runawav Bav falls within the moderate erosion hazard cateeon. although it should be noted that the northem end of this beach , , ~~~ ~~ ~~~~~~ ~ ~ ~ ~~~~- . 
showed very severe erosion, which started the year after ~ u k c & e  ~uiGl996).  

Although storm impacts are emphasized in this report, other factors play major roles in determining the erosion/accretion rates 
along the beaches around Antigua. The role of development too close to the coastline, sand-mining, dredging, coastal protection 
smcfures, beach orientation, and relief of nearby landscape should never be underestimated. The average annual width of 
monitored beaches over the period 1992-1999 on Antigua is shown in Appendix IV, and for Barbuda over the period 1995-1999 
in Appendix 111. An increase in the number of sites as well as the number of beaches monitored, in Antigua and Barbuda, would 
increase the database and the accuracy of the analysis. 

In the case of Barbuda with its flat, low-lying landscape there is an even greater contrast in the rates. Of the six beaches 
monitored on Barbuda two (Two-Foot Bay and Dulcina) clearly show accretion as the dominant process while erosion is more 
significant for two others (Palm Beach and Palmetto Point). The different sectors of Coco Point, a long spit, tend to vary, with 
accretion dominant in the north whereas the peninsular in the south is eroding. 

As depicted in Table 6.0, the hazard categories for Barbuda range from the extreme of very low (Dulcina) to very high (Palmetto 
Point). Palmetto Point is a large sandy promontory with an extensive array of sand dunes. Such promontories, like spits, are 
unstable and tend to move, sometimes dramatically. On the other hand the presence of an extended jetty at the River (near to 
Dulcina) could cause a build-up of sediments along the adjoining coastline. Palm Beach is located on a narrow sand bar enclosing 
the Codrington Lagoon, storms and hurricanes frequently 



Table 6.0 Barbuda - Mean Anmal Rates of C m I d  Chnnge 1995 - 1999 

cut through this bar. In spite of surrounding wral reefs, Coco Point is changing rapidly, the southern end of the spit is eroding, 
and accretion is occumne at the northem end. In the northeast. Two Foot Bav. which is exvosed to the Atlantic Ocean. shorn 
accretion and a low erosion hazard rate. This may be partly due to the fringing reefs along'the northeastern coaa of ~ a r b u d a  

In reference to the effects of uopical system on the coastal areas of Antigua and Barbuda, various repom have shown that with 
the passage of a tropical storm or humcane the rate at whlch coastal activity occurs tend to in- (alack et. Al, 19964 1996b. 
Cambers 1993. 19964 1996b3. Beaches therefore rnav show both seasonal and lone-term chances as wlnds interact with uavcs. 
tides and currents. ~ k s i o n  and deposition are the b g c  manifestarions of beach change. The i* of hlmicanes on beaches i; 
significant since wind speed and direction are critical controlling variables of wave action. 

While the relationshio between the oroximitv of a hurricane center and the amount of beach erosion is essential. other factors that ~ ~ - 

influence the severit; of erosion mist be aniyzed. These include the characteristics of the panicular humcane,'coastlint sh- 
wdth of the offshore shelf and the presence of local features such as coral reefs A more broad-based study m y  be needed to 
show a companson between the effects of these factors and that of trop~cal system on the coastline of Ann* and BHbuda 

Recommendations and Conclusions 
Based on the nature and importance of the coastal landscape of Antigua and Barbuda. especially the beaches, there is a need to 
develop strategies to cope with the erosion hazard vulnerability. ?lie following measures should be considered for the fume: 

lnneasine the number of monitored sites on individual beaches that are alreadv monitored. This will imwove the 
accuracyof analysis and interpretation. The frequency of monitoring could also be increased fmm c,uar&rly to once 
every two months. Additional technical monitoring staff would be required. 

increasing the number of monitored beaches: The beaches monitored should not only include beaches direaly under 
threat because of misuse or overuse, but also more beaches which are close to their ' n a n d  me ' .  This should give an 
indication of the relative effects of human related impacts on the coastal landscape. 

A team !?om Barbuda should be trained so as to ensure more frequent monitoring of beaches on the island. 

An inventory of coastal resources and uses needs to be prepared and regularly updated for Antigua and Barbuda. This 
would ~rovide valuable information for future analrjes of coastal hazards. To some extent this orocen has alreadv 
been in'itiated through the Caribbean Planning for idaptation to Climate Change project (~PAC'Q. 

. 



With more time and resources, a broad-based approach should be developed to analyze coastal erosion hazards, 
incorporating additional parameters besides beach width. 

Following the completion of this project, some useful suggestions were received from Dr. Cassandra Rogers of the University of 
the West Indies, relating to ways to enhance the coastal hazard mapping in St. Kins and Nevis, and in Antigua and Barbuda as .. - 
well as in other such studies indifferent islands in the future. It was pointed out that the maps show the beach erosion hazard 
onlv. not the coastal erosion hazard. which would include other factors such as cliff erosion and chanees in low rockv shores , ~~   ow ever, quantitative data are not available for these sections of coastline. While additional informazon relating to the nature of 
the un-monitored coast, e.g. whether it consist of cliffs, beaches or other coastal forms, would be useful to the map user, this 
should be produced as an additional map, since it would complicate the beach erosion hazard maps. It was recommended that in 
future studies in other islands, alternatives to the equal interval method for determining the hazard categories should be 
considered. The beach change data sets are verv small (25 beaches measured over 7 vears in Antieua and 8 beaches measured - ~~~~~ 

over4 years in Barbuda), an;] not sufficiently rbbust fo; this method, since adding one new beach with an extreme 
erosionlaccretion rate would change the hazard rating dramatically. Furthermore, the beach erosion hazard categories of high, 
medium, low etc. determined by the equal interval method, have different ranges in each island thereby reducing the opportunity 
for inter-island comparison. 

However, despite its obvious limitations, this present analysis can be used to inform the development of national coastal 
development policies and measures to reduce the vulnerability to coastal erosion hazards. 
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APPENDICES 
Appendix I: The Activity Timetable: November 2000 -January 2001 

[The activity timetable is not included in this version of the report] 

Appendix 11: Data Dictionary 

I FileNarne l Type I Content IAmibute Feamre Type 



Most of the information were received as secondary data. However, the following information refers to the original Source Map: 

Scale 1 :25,000 
Number of sheets 2 
Contour interval 25ft and lOOA 
Grid British West Indies 
Projection Transverse Mercator 
Spheroid Clarke 1880 (Modified) 
Unit of Measurement Metre 
Meridian of Origin 62 West of Greenwich 
Latitude of Origin Equator 
Scale factor at Origin 0.9995 
False Coordinates of Origin 400,000 m Easting; Nil m Northing 
Year published 1962 



Appendi III: Metadata for Maps 
Metadata for Coastal Erosion Hazard Data is available on the PGDM web site at http://www.oas.orglpgdm 

Appendix W :  Barbuda Mean Annual Beach Width 1995-1999 

Hazard Categories: 

Palmetto Point 

Palm Bay 

Two Foot Bay 

Rate ofHazard category Coonal Change (nrtjr) 

+3.38 to +5.28 Very low 
+1.48 to +3.37 Low 

- 0.43 to +1.47 MediumlModerate 
- 2.34 to - 0.44 High 

- 4.25 to - 2.35 Very high 

34.372 

39.415 

52.011 

28.294 

109.302 

25.814 

42.799 

114.235 

26.052 

45.947 

61.31 

39.261 

27.107 

62.845 

-4.25 

-1.816 

2.689 



Appendix V: Antigua Mean Annual Beach Width 1992-1999 

* Some estimation involved at this site because the reference point was lost several times in 1996 due to erosion. 





Jabbenvock A 

Hazard Categories: 

Rate ofHazard category Coastal Change (miyr) 

+1.48 to +3.37 Low 
- 0.43 to +1.47 MediunVModerate 

- 2.34 to - 0.44 High 


