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ABSTRACT

The paper examines environmental monitoring in general, and the memvcrement of beach
changes in particular, within the concept of integrated development planning. 8 database on
beach changes in eleven Eastern Cari bbean Islands, which covers the period 198' - 1995, is
described. In most of the eleven islands, the database is beginning to be applied to issues such
as the design of sea defences, the selection of beaches for mining and in the planning and review
of new coastal developments. In one island, Anguilla, the database has been applied to the
preparation of coastal development setback guidelines which will ensure that new development
does not cause beach erosion, and likewise that the new proj ects are not impacted by beach
erosion. Setbacks have been calculated for individual beaches using the beach change database,
the likely effects of a major hurricane and other geographical, morphological and planning
factors, These setbacks are currently being implemented in Anguilla. It is hoped that these
guidelines can be applied to other islandsi n the region. Environmental monitoring is therefore
perceived to be an important planning tool.

INTROBUCnoN

The natural environment in which we live is undergoing constant change. As trees grow,
the natural succession changes and forests mature; as coral reefs grow towards the surface of the
ocean, shallow lagoons are formed where seagrass and other flora and fauna flourish; new land
is formed as mangroves grow and mature. Many of these changes take place slowly, but with
some systems dramatic changes occur in a matter of hours, for instance a major winter swell event
may result in severe beach erosion over night. Beaches are one of the fastest changing natural
environments.

Man is continually interacting with the natural environment in which he lives and in many
cases he is trying to change it as for instance when forests are cut down or land is reclaimed from
the sea. Sustainable development hinges on this interaction between man and his natural
environment and in order to achieve the goal of sustainability we must know about the natural
changes that are taking place in our environment as well as those changes caused by ourselves.

But it is not enough to know about the manner in which the environment is changing.
This information must then be used within the development planning agenda so as to ensure that
future development is sustainable.



Whilst monitoring of various coastal resources has been ongoing in the Caribbean Islands
for the past decades, much of this monitoring has been of a spasmodic nature and only rarely has
it been applied to and used within the development planning process. It is the purpose of this
paper to describe one monitoring programme relating to beaches and to show how only after a
considerable number of years of data collection has the information been applied to the
development planning process.

accretion as changes in direction, erosion taking place when the beach form moves landwards,
and accretion when the beach form moves seawards. On an undeveloped coastline, where say
a beach is backed by a palm plantation, it is often very dif5cult to determine trends, for erosion
such as may occur during a storm is usually followed by a period of accretion when the beach re-
builds. Thus to a casual observer, there may appear to be no overall change over a period of
months. It is only by careful measurement that changes and trends can be determined.

THE IMPORTANCE OF BEACHES TG THE CARIBBEAN ISLANDS

Beaches:

~ are an essential part of the tourism product;

~ provide an important recreational resource for tourists and [ocal residents;

~ protect coastal lands from wave action, especially during hurricanes;

~ provide habitats for animals and nesting sites for sea turtles;

~ provide fish landing sites and areas for beaching boats;

~ are a source of fine aggregate for construction in some islands;

~ are an aesthetically pleasing part of the environment

As a result of waves, tides and currents, beaches change on an hourly, daily, seasonal and
long-term basis, Human actions, such as the building of seawalls and groynes also influence these
changes, In recent decades beach erosion has become a major problem and concern to the
Caribbean Island nations. This concern is largely due to the fact that most people live near the
coasts so most islands' infrastructure is located near to the beach, in addition, beaches are vital
to the tourism industry.

While some beaches in the Caribbean are accreting, the overall trend on the islands is
towards beach erosion as a response to hurricanes, winter swells, beach sand mining and
pollution. The change in building material from wood to concrete, has contributed to massive
losses of beach sand, as in most islands construction sand has traditionally been obtained as a 'free
resource' from the beach. Pollution � including sedimentation � may cause deterioration and
destruction of the coral reefs. In a healthy condition, reefs protect beaches from wave action and
also represent a major source ofbeach sand. Beach erosion rates vary considerably, rates as high
as 5 metres per year have been recorded on some beaches in the Eastern Caribbean.

Beaches may get smaller  erosion! or larger  accretion!. It is useful to view erosion and

MONITORING OF BEACH CHANGES

A programme entitled "Coast and Beach Stability in the Lesser Antilles  COSALC!", was
started by UNESCO  United Nations Educational Scientific k Cultural Orgaruzation! in 1985,
following a request from the smaller islands of the Eastern Caribbean for assistance with the
serious problems they were facing relating to beach erosion, They were particularly concerned
about the impacts of the erosion on the vital tourist industries. COSALC was initially established
within UNESCO's CO~  COastal MARine! project. Since January 1996, this has been
replaced by UNESCO's Coastal Regions and Small Islands Unit  CSI!. In 1994 a memorandum
of understanding was signed by UNESCO and the University of Puerto Rico Sea Grant College
Program  UPR-SGCP! whereby UPR-SGCP agreed to provide the facilities for a coordination
centre for COSALC.

The overall objective of COSALC is to develop the in-country capability within the islands
of the Caribbean to measure, assess and manage their beach resources within an overall
framework of integrated coastal management.

A network approach has been adopted such that within the overall regional objectives,
specific assistance can be provided to each island depending on their capabilities and needs,

Ten island states/territories belong to COSALC, these are as follows:

Anguilla,
Antigua and Barbuda,
British Virgin Islands,
Dominica,
Grenada,

Montserrat,
St. Kitts-Nevis,
St. Lucia,
St. Vincent k the Grenadines.

Turks k Caicos Islands.

Emphasis has been placed on in-country training of technicians from government agencies
and non government organizations  NGOs! to measure beach changes and coastal processes using
standardized techniques. The techniques developed are simple, easy to use and require minimum



equipment. They can be successfully conducted by a high school graduate, provided the
necessary training is provided. They consist of establishing, and measuring on a regular basis,
beach profiles  or cross sections! at certain key beaches in each island. The beaches selected
consist of control sites as mell as locations heavily developed for tourism, or where activities such
as sand mining have or are taking place. The equipment consists of Abney levels, ranging poles,
tape measure and camera. The data are analysed using specially designed software based on
Lotus 123 spreadsheets. Once minimum databases have been established the monitoring data are
used to develop solutions to specific beach management problems. Education and awareness
activities are also areas of particular emphasis in the COSALC programme.

Integrated Coastal Management

Beaches are but one part of the coastal system which extends from the watershed to beyond
the coral reefs. It is first necessary to look at the system in its entirety through a mechanism such
as integrated coastal management  ICM!. Many definitions exist for ICM, the one used in this
paper was developed at an international workshop in Charleston, South Carolina,  CAMPNET,
1989!.

"Integrated coastal management i s a dynanti c process i n which a co-ordinated strategy
is developed and implemented for the allocation of environmental, socio-cultural and
institutional resources to achieve the conservation and sustainable multiple use of the
coastal zone. "

This definition contains many difFerent concepts, but there are four that should be emphasized.

a! ICM involves a dynamic process, in other words it involves a flexible approach that
changes with time;

b! A coordinated strategy is developed, this would include a coordinated programme or
plan involving several different groups and agencies, the key word is coordination;

c! The balancing of natural and human resources is key to the understanding of ICM,

d! The goal of ICM is to conserve and use the resources of the coastal zone, these two
concepts, preservation and use, which are understood in the term management, may
sometimes conflict.

These ideas have been further developed in a series of case studies,  Cambers, 1992!. The
COSALC programme, while concentrating on one part of the coastal system, beaches, attempts
to utilise the principles of ICM. For instance, it attempts to bring together different government
agencies, such as planning, environment and public works, along with non government
organizations  NGOs! and coastal communities and other stakeholders such as the tourism sector,

to measure beach changes and then to use that information in the search for solutions.

One of the most dificult aspects of ICM is referred to in d! above - the use and
conservation of coastal resources, this own results in conflict. For instance, is it possible to build
a beach hotel and still conserve the beach In theory the answer is yes, but so often in practice
we find that beach erosion follows the hotel construction and this is in turn is followed by a
combination of seawalls, groynes and other measures and possibly further erosion. The reason
for this is that oAen when a beach hotel is constructed no allowance is made for the natural

changes that happen to a beach.

The route to full ICM may take decades. ICM is a very complex series of concepts, which
by its very nature necessitates a multi-disciplinary approach. There are times when the whole
series of concepts involved in ICM are "just too big to deal with" either by a developing country
or an aid agency who often prefer a project approach. It is thus important to understand the steps
involved in ICM and to develop flexible programmes which will respond to the individual needs
of the Caribbean countries which are all at different stages along the path to ICM.

In a discussion on the status of ICM in three Caribbean countries, Barbados, British Virgin
Islands and St. Kitts, it was suggested that institutional strengthening  including training! is the
most important component of ICM and the area requiring most assistance at the present time,
 Cambers, 1993!.

A country may develop an ICM programme as a response to a serious coastal problem such
as declining fish stocks or beach erosion. They may not set out to develop an ICM programme,
rather they may aim to solve the particular problem, but in the process of doing so, they develop
an approach to ICM. This was the case with Barbados, who set out to solve a serious beach
erosion problem, but are now developing an ICM programme. Thus, although many countries in
the Eastern Caribbean are beginning to develop ICM programmes, they are not necessarily called
by that name,

RESULTS OF THE BEACH MONITORING PROGRAMME

The main results have been in the areas of institutional strengthening, research, education
and awareness. The specific areas are itemized below:

 a! Persons from government agencies, NGOs, and in some cases high school students, have been
trained in the field measurement of beaches as well as in the theory behind beach changes. This
has been achieved in the main through on-the-job training and small workshops.

 b! Beach change databases are maintained in each island, usually in an environmental agency.
These vary in length from two to eight years. Technical reports are produced annually which
present and interpret the beach changes. A regional database of all the islands' beach changes and



Coastal Deve!opment Setbacks

wave records is maintained at the UI'R-SGCP. The data are providing considerable insight into
the nature of beach changes over the last decade in the islands, there appears to be an overall
background level of erosion in all the islands, around 0.3 m/yr � foot/year!. Extreme events, in
particular Hurricane Hugo in 1989 and Hurricane Luis in 1995, have caused major beach changes
which appear to be irreversible.

 c! The beach change information is beginning to be used in the planning process, particularly
in the review of new coastal development applications, selection of which beaches  if any! should
be mined, in the design of sea defences and environmental impacts assessments  EIAs!. However,
there is still a long way to go before the databases are fully incorporated into the decision making
process in every island.

 d! EfForts are ongoing to ensure that the beach change databases are made user-friendly and as
such available to all coastal stakeholders, such as coastal communities and beachfront hotel
owners, so that key interest groups and the general public will also become more aware of the
importance of their beaches and the changes they are undergoing.

Another way in which the beach change databases are being applied to the islands' coastal
problems is through the development of coastal development setbacks. Coastal setback
provisions ensure that development is prohibited in a protected zone adjacent to the water's edge.
A coastal development setback may be defined as:

a prescribed distance from a coastal feature  such as the li ne of permanent vegetation!
within which all or certai n @pcs of development ar e prohi bited.

Coastal development setbacks have several functions:

they provide buffer zones between the ocean and coastal infrastructure, within which the
beach zone inay expand or contract naturally without the need for seawalls and other
structures, which may imperil an entire beach system. Thus in this sense they may actually
reduce beach erosion;

they reduce damage to beachfront property during high wave events e,g, hurricanes;

they provide improved vistas and access along the beach,

they provide privacy for the occupiers of coastal property and also for persons enjoying
the beach as a recreational resource.

Most Catibbean Islands have one fixed setback for all their beaches, e.g. the setback for
new development in Barbados is 30 m �00 feet! from hi+~ tide mark, in the British Virgin Islands

it is 15 m �0 feet! from high tide mark. These setback distances are rather low, particularly if
there is a major event such as a tropical storm or hurricane. In Nevis the setbacks are more
generous, on the other hand, this has caused some local resistance because a lot of valuable land
is therefore tied up and unavailable for development.

Most Caribbean Islands use high water mark as the baseline for measurement, however,
there are several problems with the use of this criterion The position of the high tide mark varies
fiom day to day, sometimes its position can change by more than 10 m from one day to the next,
particularly if there is a winter swell event. It is also somewhat subjective unless defined by an
accurate vertical height, which is not the case in the Caribbean Islands. Thus developers and
planners may differ in the interpretation of high tide mark as a baseline.

Since there is a need for further development in the coastal zone in the interests of the
islands' economic well-being, setback policies must be designed to ensure that new development
is sustainable. The concept of variable setbacks, which make allowances for differences in the
behaviour, characteristics, erosional history and use of individual beaches, can best fulfill this
function in the Caribbean Islands.

Anguilla was severely impacted by Hurricane Luis in September, 1995. There was
considerable damage to coastal infrastructure due to the high waves and storin surge  Cambers,
1996a!. Following-the hurricane new coastal development setbacks were developed for the
beachfront lands, which utilized the concept of specific setbacks for each beach  Cambers,
1996b!. The following parameters were included in the setback calculation:

Historical changes in the coastline position using the aerial photographs dating back to the
1960's when available;

~ Recent beach changes using the beach monitoring data;

~ Changes in the position of the dune line/coastline, such as those which occurred during
Hurricane Luis, a category 4 hurricane;

~ Changes in coastline position likely to occur as a result of the predicted rise in sea level;

~ OfFshore features and changes;

~ Coastal geomorphological features such as exposed beachrock and anthropogenic factors
such as dune mining;

~ Planning considerations suck as lot size, national park designations.

The vegetation line was used as the baseline for measurement, this is a more stable line
than the high water mark, A map was developed for Anguilla showing the specific setback for



experienced serious coastline retreat, an average of 9 m, this was, however, less than for Barbuda.
While Dominica, which was 180 km from the hurricane centre experienced an average coastline
retreat of 3 m. While this was significantly less than some of the other islands closer to the
hurricane centre, it still represents significant erosion.

Figure 1 shows the data plotted and there appeared to be a threshold around 40 km from
the storm centre: closer than 40 km to the hurricane centre, the erosion rate increased
exponentially.

Figure 1 Relationship Between Coastline Retreat and Proximity to the Hurricane Centre
 Hurricane Luis, 1995!
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In the light of hurricane predictions for the next twenty years, it is likely that each of the
Eastern Caribbean Islands will be impacted by a major hurricane  category 3 or higher! over this
period. This does not mean that a hurricane centre has to pass directly over the island, as can be
seen from the above data, significant erosion occurs when a major hurricane passes within 180
km of an island. Thus it is essential to use the databases to build hurricane vulnerability into
coastal development setbacks in the islands, so that new development will not be a cause of beach
erosion or be impacted by beach erosion,

10

each beach, these new setbacks are presently being implemented, However, it must be recognized
that it is one matter for planners to prescribe setbacks, but in order for them to be successful,
groups such as architects, draftsmen, developers and the general public, must be shown the
rationale and the need for such planning too/s. As with other facets of ICM, the need for
education, participation and coinmunication is of paramount importance.

One of the parameters used in the setback calculation is the change likely to occur in the
dune line/coastline during a major  category 4! hurricane. Using the COSALC beach change
database, it is now possible to make some empirical predictions about such a change.

Since 1985, when monitoring began in some islands, the Eastern Caribbean Islands have
been impacted by two category 4 hurricanes, Hurricane Hugo in 1989 and Hurricane Luis in
1995. Data exists for seven islands, showing the changes that occurred during these hurricanes
and the amount of recovery aAer the event  Cambers, 1996c!. The most serious impact was the
retreat of the dune line or land edge during these hurricanes. Thus although in many cases, the
beaches re-built after the hurricane, their position was further inland. This retreat of the dune
edge or land edge on a lowland coast is regarded as a permanent change.

Table 1 shows the retreat of the land dune edge for six islands aAer Hurricane Luis and
the distance from the island to the centre of the hurricane.

Table 1 Coastline Changes and Proximity to the Centre of Hurricane Luis

As expected, the closer to the hurricane, the greater the land/done  here referred to as
coastline! retreat. The humcane centre passed within 5 km of Barbuda, here the coastline retreat
was greatest, an average of 18 m. Anguilla, which lay 30 km from the hurricane centre, also
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Environmental monitoring is a very time consuming and oAen costly activity. While
monitoring is seen as a project activity within the inevitable three to five year time cycle, its
potential will never be realised. For monitoring to be successful, programmes must be well
designed and ultimately sustainable so they can be continued indefinitely. It is far more costly to
maintain a monitoring programme that it is to establish it in the first place.

This paper has attempted to show that the collection of scientific data, through a well
designed monitoring programme, can provide information vital to sustainable development in the
Eastern Caribbean Islands. Through the revision and application of mechanisms such as coastal
development setbacks as described in this paper, it is possible to replace the fiction' with 'fact' and
to utilize environmental monitoring as a vital tool within the integrated planning process.
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Against a background of an island system approach ~here the land and sea have one
identt~, the spatial limi tations of small islands and the threats of climate change, the need to
evaluate the ability of the environment to accommodate proposed growth must be an important
consideration. This paper discusses several beach orientated problemsin the island of Nevis
and shows how the collecti on of solid data through a beach moni toring programme has helped
to provide some solutions, although not in the area of sand mining, It is suggested that the
presentation of factual data is one of the best ways to influence the polt'ttcal directorate and the
general public.

Nevis, in common with other small Caribbean Islands, is undergoing a period of rapid
physical change. The e6ects of a tourism-driven economy, changing lifestyles of our people and
the increasing infrastructural demands of the island community are combining to place
unprecedented pressure on the environmental resources of our coastal zones.

Decisions regarding the future of our islands require that decision-makers are provided
with the information necessary to arrive at well-formulated plans. No area of planning is more
critical than that of environmental protection and utilization. However, the specialized knowledge
and manpower required to carry out any meaningful level of environmental and cultural
investigation in our islands is for the most part beyond our human resources. One of the primary
issues is how to attract this manpower to our islands and then to train and utilize those few human
resources we have at horne.

We are also in a period when it is critical that government and non government
organizations collaborate and that a relatively new planning agency -the Physical Planning Unit-
be recognized as taking the primary coordinating role in the protection of our ecosystems.

Solving threatening or existing coastal zone problems means being able to evaluate why
the problem exists and to what it can be attributed. Applied to beaches, this means gathering data
over a period of time to establish trends, the eRects of human interference and abnormal weather
patterns in order to establish trreventive heach maintenance rather than corrective maintenance.
This workshop is about trying to isolate the types of data needed to determine realistic answers
for the proper management of our beaches.
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SPECIAL SITUATION OF SMALL ISLAND STATES

As small island states there are certain factors that are unique to our situation. Firstly, all
oceanic islands by definition are surrounded by the sea and have circular coastal and exclusive
economic zones. Most island states have no land frontiers or central terrestrial core distant from
the sea. Therefore coastal resource planning is largely synonymous with natural resource
planning and management. The island and the sea are truly one identity which make up the island
system. There are three coastal zones  marine or offshore, beach and coastal lands! which are
ecologically connected because of the fluctuation that takes place within these boundaries. Thus,
when man-made developmental activity is added to the ecological complexity of these three
zones, the need for eAective coastal management becomes increasingly apparent.

Secondly the realities of climate change and rising sea levels are a real threat to water
inundation of our low-lying areas, an obvious increase in beach erosion and damage to coral reefs,
seagrass beds and mangroves. The consequent reinoval of natural coastal stabilization factors and
vital nurseries for harvestable living resources are further threats.

And thirdly, in regard to the spatial limitations of our smail island nations and the
interrelated nature of coastal and marine ecosystems in these islands, it is not sufhcient for plans
to only accommodate growth demands. In the process we must evaluate the ability of the
environment to accommodate proposed growth. Inventories inust be undertaken to identify and
classify coastal lands and resources. Once this data base is established, coastal lands can then be
used to establish major development sub-zones based on the limitations of their physical and
environmental characteristics. Our economies are heavily dependent on the coastal environments
and rely extensively on this zone to sustain economic growth and development, thus national
physical development plans must begin to reflect this phenomenon.

SELECTED COASTAL PROBLEMS IN NEVIS

This paper is about the collection of database materials. This workshop is about
management issues � our challenge being whether we can determine clear-cut issues and how
should we proceed to solve these issues. The following cases raise some questions:

- A major international hotel in Nevis  with room rates beginning at US$600 per night
without food and which averages close to 65'ro occupancy year round! is threatened
because it must be closed for about a month and a half aAer its beach disappeared and
various buildings are undermined as a result of a hurricane,

- A brand new restaurant is completely destroyed because a hurricane cut away 30 meters
�00 feet! of beach.

- The Physical Planning Unit is asked to advise new and existing businesses and home

owners about proper setbacks and building types.

- A major wetland is threatened by the encroaching sea and we must estimate how much
time we may have before it becomes polluted and destroyed.

- A major hotel wants to keep its existing sand beach and add to it by placing gabion
groynes out into the sea.

- Educational programming that accompanies this beach monitoring project is making the
local population more aware of the sand problem but is it stopping the illegal taking of
sand from the beaches?

All of these scenarios are Nevis orientated but perhaps could just as weil apply to any other
Caribbean island.

The Nevis experience with beach monitoring has been a most uplifting and fun endeavour.
We are now in our eighth consecutive year  the longest consecutive programme within the smaller
Caribbean Islands! of quarterly monitoring and sometimes further monitoring after serious storms.
This has been a cooperative venture of the Nevis Island Government's Agricultural Department,
Division of Fisheries and the Nevis Historical and Conservation Society.

It started when the COSALC programme established beach monitoring in Nevis iii 1988.
On Nevis seventeen sites were initially identified for data collection, Several more sites were
added over the years and several were changed because the basemark disappeared usually because
the tree was toppled by a hurricane. The surveys take about five hours to complete and can be
done in a day.

We have used many volunteers including school students, Peace Corps and British VSO
volunteers, interns and many Society members. The system of measurement is relatively easy to
teach, although use of the Abney level instruinent can be dificult. But it is not hard to teach
someone to do the monitoring. Finding live bodies is something else, however.

Currently we have found that interested retired couples, preferably two sets, work the
best. The couples we currently use look forward to packing a lunch four times a year, wearing
their bathing suits, bringing their snorkels and trying to swim at all seventeen beaches they
monitor. In other words they make a social occasion of the event taking most of the day to do
it. Once the data is collected we ask that they come to the office to input the results, which takes
less than an hour once the programme is set up to accept the data. What I am now finding is
other couples asking if they can do the same which perhaps means adding to the types of data to
be collected,
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We have altered the data forms to include visual sighting of abnorinal conditions such as
tar balls, dead turtles, fish, signs of turtle activity, sand removal, pollution and other detrimental
effects. These are reported to the Fisheries Division whose responsibility it is to monitor these
activities.

The data are then sent the COSALC coordinating centre at the University of Puerto Rico
where it is analysed and interpreted to provide answers for use by our Island Government and
NGO community,

SOLUTIONS TO COASTAL PROBLEMS - THE APPLICATION OF BASELINE DATA

Lately we have been using the data in a number of beneficial ways, To return to my
scenarios:

- The Four Seasons Resort, which employs over 500 Nevisians, lost its beach, part of its
pier and had a pavilion and swimming pool undermined during Hurricane Luis. As a
result the Resort had to close from mid-September to early November 1995. This meant
the loss of considerable amounts of revenue which a hotel of its size and status will not

tolerate very long, They inquired about the possibility of dredging sand ta stockpile it for
present and future use, By using the existing data it was possible to estimate the amount
of sand they could comfortably dredge, The operation took place under the auspices of
the Physical Planning Unit who kept a record of the work performed. As a result the
Four Seasons can now immediately replenish their beach when irregular waves deplete
it,

- A restaurant called the Sandpiper had recently opened just before the hurricanes of
1995. The owner was a board member of the Nevis Historical and Conservation Society
and an avid environmentalist. He was sure that by building some 30 metres from the high
water mark he would have no problems because there never had been a known erosion
rate of that magnitude before. At that particular spot the hurricane for some unknown
reason eroded the sand to the point where it devastated the restaurant totaling it
completely, In this case there were lessons learned and questions asked. Could it have
been prevented?

- The recommended setback for permanent structures is about 90 metres, but most people
felt this was unrealistic until now. The hurricane brought a new awareness to developers
and owners who turned to the Physical Planning Unit for answers. They responded by
establishing tough setback rules for buildings with the actual footage depending on
whether it was a permanent of movable structure, They also recommended some beach
stabilization procedures, This will eventually lead to a study to determine variable
building setbacks at the individual beaches around the island based on eight years of solid
data collected for this and other reasons.

� At issue also are the inethods of collecting sand. There are those who would avoid
dredging as was done at the Four Seasons, because it is robbing from Peter to pay Paul
and will only a8'ect other beaches. The building of gabion groynes to help build beaches
is common in Nevis and it can be successful. But does it not do the same thing by robbing
other beaches of their sand? Both of these methods for obtaining sand have been carried
out in the last year in Nevis and have been documented. We hope to see the results and
follow-up from these projects.

- Finally the whole sand issue cannot be ignored. For over ten years the Nevis Historical
and Conservation Society has studied, written, lectured, workshopped, brochured etc. etc.
until we are blue in the face and we are still wondering if any of it has rubbed off It is an
area that most politicians will not touch, thus most civil servants charged with monitoring
the situation will not touch it either. The facts show a direct link between sand mining
and our dwindling beaches,

In conclusion I would like to return to my original premise about "Baseline data spelling
relief'. One of the best ways to get the message across to our political leaders and civil servants
on the one hand, and our people who should be our advocates, is through the presentation of
solid factual data. The beach monitoring data has been used in several ways in Nevis as shown
in this paper, but there is certainly much more that can be done. In the first place additional data,
besides beach erosion, needs to be collected on our beaches and nearshore resources. Our
educational programming can be improved and supplemented and we inust keep pounding away
on the same themes until we finally get through. Finally meetings and workshops can alert the
regional and international community to our critical needs. As small islands in a tough
international field, we must make ourselves heard by shouting a bit louder,
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NATURAL AND ANTHROPOGENIC CAUSES OF BEACHFRONT
EROSION IN ST. KITTS

An investtgatron into the problem of coastal erosr'on in St. Kitts revealed that most of the
beaches are experi encing erosion. In this paper three beaches were studied: Conar ee, South
Frigate Bay, and Cockleshell Bay. Measurements for the period l992 � I996 showed that all
the three beaches had experienced severe beach erosion, especially in I995. It was found that
natural forces were mainly responsible for beach changes, Anthropogenic changes do occur,
however, when man ai ds and encourages these destructrve natural forces.

St, Kitts lies in the inner chain of volcanic islands in the northeast Caribbean. It is located
at Latitude 17 15' North and at Longitude 62' 45' West. St. Kitts has an area of 68 sq. miles and
is volcanic in nature.

The island of St, Kitts is set on a submerged bank, oriented northwest/ southeast. The
coast of the island is backed by lower glacis slopes, which are covered in deep sandy volcanic ash,
Much of the coast consists of low cliffs with a variety of particle sizes ranging from silt to
boulders. There are some stretches ofblack sandy beaches found on the southwestern side of the
island. Coralline and shelly beach sands, yellow to brown in colour may be found on some
beaches, e.g. Conaree and the South East Peninsula beaches.

The beaches of St. Kitts experience an average wave height of between 0.3 and 4.0 m and
the tidal range is 0.3 m.

According to Orme �989! coastal erosion in the Eastern Caribbean has been increasing
since 1969. Bearing this situation in mind, the following hypothesis; was suggested: "Natural
beachfront changes usually occur in equilibrium and that only via the action of man do these
changes become permanently destructive." This paper sets out to explain ways in which nature
changes our beaches aided by man's activities.

Three beach were identified for this study: a! South Frigate Bay, b! Conaree Beach, c!
Cockleshell Beach.

This beach is found on the southeastern side of St.Kitts and is washed by the Caribbean
Sea, At South Frigate Bay there is a yellow sandy beach, fringed by sand dunes that enclose a
salt pond. The beach is exposed to localized wind waves and ocean swells. The coastline of the
beach lies in an east to west direction and the angle between the wave fronts and the beach is
about 20'. Beach sediment movement is predominantly east to west because of this wave
direction.

This beach is located on the windward side of the island and is washed by the Atlantic
Ocean. The beach consists of yellow sand bordered by huge sand dunes and ridges. Conaree
Beach experiences waves primartly from the east-northeast with wave heights from 0.8 to 4.0 m.
It is considered to be a high energy beach.

This beach, on the south coast of St. Kitts, lies adjacent to the channel between St, Kitts
and Nevis, and trends east to west. Waves approach the beach from the south-southeast with
an average height of about 0,3 m. The longshore current on Cockleshell Bay is weak, moving in
a westerly direction. This beach, however, is subjected to considerable southerly storm wave
energy associated with the passage of tropical depressions. Cockleshell Bay is characterized by
extensive beds of sea grass growing on a sandy substrate. The backshore is characterized by low
foredunes rising to larger barrier dunes.

The South East Peninsula Board and the Fisheries Division have monitored beach profiles
at the three beaches between 1992 and 1996 using the standard methodology developed by
COSALC  Carnbers, 1992!. Simple surveying techniques using an Abney level, tape measure and
ranging poles are employed, A camera was also used to take photographs of the observed beach
changes.
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This beach has only one profile site near the centre of beach. The profile starts at the wall
behind the dune at the back of the beach. Table 1 shows the changes in beach width at this site.
Between 1992 and 1994 the beach was stable and showed slight accretion. In 1995, this beach
experienced extensive erosion due mainly to the passage of two destructive hurricanes in
September, Hurricanes Luis and Marilyn.  For the first quarter of 1996 accretion of the beach
occurred, while in the second quarter this trend was reversed and erosion of the beach continued
to September 1996!

There is only one profile site on this beach. This site is located nearer the eastern part of
the beach. Table 1 shows that the beach has been eroding steadily from 1992-95 with the most
severe erosion occurring in 1995 as a result of the two hurricanes which occurred in September.
The southwestern part of the beach has been completely eroded.

This is a large beach with profile points at three locations: Cockleshell East, Middle and
West. The average change in beach width for the three sites between 1992 and 1995 is shown
in Table 1. This beach was fairly stable between 1992 and 1994, with erosion in 1995. For the
first quarter of 1996 the erosion rate at this beach slowed, however, erosion continued up to
September 1996.

Table 1 Changes in Beach Width at Conaree Beach, South Frigate Bay and Cockleshell
Bay between 1992 and 1995

Table 2 shows a comparison between the mean beach width for the period 1992 and 1995
and the incan beach width for 1996.

Table 2 Comparison between Mean Beach Width 1992-1995 and the Mean Beach Width
for 1996

Conaree Beach and South Frigate Bay showed a percentage change of -59% and -75%
respectively. CocklesheH Middle and Cockleshell West also showed erosion, with the most
severe erosion at Cockleshell West, Cockleshell East is the only site on the beach that showed
accretion, this is attributed this to the presence of a groin near this profile site.

The results showed that natural changes, primarily resulting from hurricanes, are mainly
responsible for the changes at these three beaches in St. Kitts.

From the study of recorded measurements, however, it was found that the natural changes
do occur in equilibrium, and that most of the beaches that eroded in one year showed accretion
in the following year. The activity of man, however, have been shown to permanently change the
coastline without hope of recovery, e.g, the construction of a groin at Cockleshell East and the
sea wall at Cockleshell West,

The three beach sites are showing an erosion trend. This phenomenori has accelerated
since the end of the 1980's. The beaches studied experienced natural changes resulting from the
passage of hurricanes and their efFects
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Of the beaches studied, South Frigate Bay experienced the most severe erosion, this
erosion was attributed to natural forces. Conaree Beach suffered erosion that accelerated in mid
1995. This beach also suffers from illegal sand mining, Cockleshell Bay also exhibited erosion
that was attributed to natural forces and the construction of a groin and sea wall by man.

Overall the beaches of St. Kitts are eroding mainly because of hurricanes, but man has also
played a role in aiding these destructive natural forces,
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HAZARD IMPACTS ON THE

CARIBBEAN LITTORAL ENVIRONMENTS:
INTERACTIONS OF HUMAN-USE AND NATURAL SYSTEMS

Jeremy Collymore, Caribbean Disaster Emergency Response Agency, Barbados.

The Caribbean Islands are exposed to three types of natural hazards: hurricanes,
volcanic eruptions and earthquates. These resulti n billions of dollars of damage. The damages
resulting from the recent hurricanes in some of the islands are described. Hazard impacts on
coastal environments must be includedin sustainable development agendas. There is an urgent
need for an integrated approach to land use planning and development control. Improved
valuation methods for natural resources are also needed,

"Disasters are accidental or uncontrollable events, actual or threatened, that are
concentrated in time and space, in which a society or relatively self-sufficient sub-division
of society, undergoes severe danger, and incurs such losses to its members and physical
appurtenances that the social structure is disrupted and the fulfillment of all or some of
the essential functions of the society is prevented."  Fritz, 1961!.

"An event, natural or man-made, sudden or progressive, which impacts with such severity
that the affected community has to respond by taking exceptional measures."  Carter,
1982!.

Disaster potential is really a reflection of the interaction of human use and geophysical
systems. It is a strong indicator of our efforts to design development programmes that
incorporate considerations pertinent to the hazard environment in which we exist.

This paper examines the impact of hurricanes on our coastal environments within the
context of our development initiatives,

NATURAL HAZARDS IN THE CARIBBEAN

It has been stated that the Caribbean region is exposed to three of the worst kinds of
natural hazards: hurricanes, volcanic eruptions and earthquakes  Tomblin, 1984!, Loss of life
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resulting from the impacts of hazards runs into the thousands, whilst property losses and other
damages has reached billions of dollars at present day values. Almost every city in the region has
been devastated in the last 300 years.

ln the period 1910 - 1930, North Atlantic hurricanes averaged 3.5 per year which
increased to an average of 6.0 per year between 1944 and 1980. Since 1960 a slight decrease in
fiequency has been observed, but intensities and magnitudes have increased significantly. Some
of the severest hurricanes of the century have been experienced in this period and include David,
Frederick, Gilbert and Andrew. In the 110 years between 1871 and 1980, 119 hurricanes
traversed the eastern Caribbean. In that same period there have been years when as many as four
hurricanes �925! and five storms �916, 1988, 1995! traversed the region  Granger, 1988!.

Earthquakes in Jamaica �692, 1907!, in Antigua and Barbuda �974! and volcanic
eruptions in St. Vincent �812, 1902, 1979! also resulted in loss of life, extensive damage to
property and disruption of key productive sectors. In more recent times the disharmony between
human use systems and natural systems has resulted in repeated flooding in Jamaica �979, 1984,
1985, 1988!, Barbados �970, 1984, 1986, 1988! and Trinidad �988, 1993!, Drought as
evidenced in St, Vincent in the 1970's and Antigua and Barbuda in the 1980's is another indicator
of the need for integration of environmental considerations in our development planning process.

In addition to the "natural" hazards referred to above, the development aspirations of the
region have increased the potential for technological emergencies such as oil spills, aircraft
crashes and chemical spills,

Whilst we are ever conscious of the hurricane hazard, inadequate attention is given to the
seismic and volcanic hazards. The Seismic Unit has advised that there are approximately 25
volcariic centers which are thought to be volcanically active and on whose flanks more than
250,000 people presently live.

Whilst extensive assessments have been made of the impacts of hurricanes and tropical
storms, very little e6ort has been directed at the coastal elements of these impacts. This is in spite
of the extensive economic development activities and national infrastructure exposed to these
hazards. According to Nurse �986!, on three south and west coast stretches in Barbados one
can find:

� 60/0 of the total hotel beds,
- $250 million of buildings within the zone of the hurricane wave uprush,
- total property value attributable to beaches of $46.4 million.

In Jamaica, the importance of coastal environments in economic activity/ investment and

settlement is well described.  Caritech Associates, 1989!. Approximately 500 miles of coastline
ring the island of Jamaica, The coastal zone supports tourism, fishing, commerce, residential and
industrial activities. The main urban centers and key infrastructure installations are located on the
low-lying coast. The oil refinery, power generating plants, cement factory, and major public
administration buildings all occupy vulnerable coastal locations.

The data from the cursory reviews I have undertaken suggests, that in fact coastal related
hurricane damage is usually substantial and oAen warrants quick access to grants or low-cost
development funds, to get the economic engines of the afFected entities restarted. The examples
which follow provide a cross-section of the coastal interests impacted by storms/hurricanes.

The last hurricane to strike the island directly was Hurricane Janet which occurred in
September, 1955. The hurricane occurred at low tide and the eye passed ofF South Point.
Maximum winds were 105 knots and came from the west and south.

Sections of the south coast were severely damaged by storm waves. At Hastings, the
Hotel Royal and a dwelling house were damaged as the waves crossed the road. On a 3 mile
stretch from Worthing towards Hastings, storm waves destroyed seawalls and dumped debris
across the road on the backshore.

Hurricane Allen in 1980, passed within 33 nautical miles of Barbados and had maximum
winds of 111 knots. The eye passed north of the islands, but storm waves associated with the
passage of the southwest quarter of the hurricane inflicted damage to vessels in the Careenage.
Beach erosion was recorded at Holetown Bay, Heron Bay, Cobblers Cove Hotel on the west
coast, and at Crane Hotel Beach on the south coast.

The center of Hurricane Allen came to within 40 km of the north coast of Jamaica during
its passage north of Jamaica on August 5-6, 1980. Major damage along the north and east coast
was a result of wave action  storm surge!, The luxury hotel, Trident, though raised on a coral
platform, was destroyed.

Storm surges were generated up to 40 ft. between Galina and Port Maria on the north
coast and Manchioneal on the east coast. Surges in these two localities extended some 200 and
400 yards inland respectively, causing major destruction to houses in Manchioneal. Extensive
road damage was also reported along the east coasts and in some areas sand deposition had
occurred up to 90 meters inland  Oliver and Troflogee, I 981!.
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Data on the effects of Hurricane Allen are presented in Table 1.

Table I Damage Done by Hurricane Allen, August 5-6th, Manchioneal to Oracabessa

Hurricane Gilbert struck Jamaica on September 12, 1988, causing loss of life and
considerable property damage. To compleinent the efForts of the Government to rapidly establish
working groups to assess the impacts, the Caribbean Environment Programme of the United
Nations Environment Prograinme  UNEP! hired a team of regional scientists to focus on the
impact of the hurricane on the marine and coastal resources,

Of the fifty beaches reviewed in the survey, 57'/o were reported to be heavily eroded.
Coral reefs in the Discovery Bay area were extensively damaged as reported by the Discovery
Bay Marine Laboratory, which had been monitoring the area since Hurricane Allen in 1980.

Bacon �989! noted the difficulty in applying values to the beach resources. However,
he suggested that given the sand, sun and sea component of the tourism product, a value of one
third of the tourism earnings may be reasonable. Based on estimated tourism earnings of US
$595 million, he suggested a dollar value of US $200 million in losses.

Table 2 presents the losses to a range of coastal and marine resources based on
estimations provided by a number of experts. Though only indicative, it suggests the need for
refining impact evaluation methodologies and for more focus on resource valuations.

ODPERC �989! reported that damage to hotels and villas was in the order of US$80

million. An additional US$5 million was estimated for the rehabilitation of coastal mfrastructure.

Table 2 Kstimates of Economic Impact of Hurricane Gilbert on Coastal and Marine
Resources in Jamaica

On August 29, 1979, Hurricane David attacked Dominica with winds of sustained speeds
of 160 mph and with gusts of 200 mph. The main port in Woodbridge was badly damaged and
required major reconstruction costing about $ 10.8 million. Damage resulted from the
destruction of the main retaining walls and collapse of part of the fill area  Wason, 1984!. The
old Lighterage Pier at Roseau was also destroyed. Failures of the marine structure were mainly
due to high seas which attacked the Woodbridge Bay Port and destroyed the supporting rock
protection.

Hurricane Luis passed close to Dominica in September, 1995. Damage to housing was
minimal but coastal defences received a severe battering, Approximately 18 breaches, accounting
for 8.85 km of coastal defences, were reported, see Table 3. The result was widespread damage
to the coastal roads along the west and northeast coasts of the island.

Gabion baskets were the principal structures that failed. Damage was estimated at EC
$64.0 million  US $23.7 million!. An additional EC $1.2 million  US$0.44 million! in damage
to port structure was also reported,  Government of Dominica, 1995!,
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Nature of Damage Extent of Impact  km!Location

Damaged gab ion coastal
protection works

0,6Pagua Bay

Damaged gabion coastal
protection works

0.2Mango Hole to Melville Hall

Damaged gabion coastal
protection works

0,2Melville Hall River to

Londonderry Bay

Coastal protection failed, road 0.1Woodford Hill Bay

Damaged sea defenses 0.1Calibishie

Damaged sea defense

Damaged sea defenses

Damaged sea defenses

Capuchin Bay

Toucarie

Tantane

0.05

0.3

Damaged sea defensesCabritts Berth Access Road and

Car Park

0.1

Damaged coastal protection
structures

Colihaut School to Anse Cola 0.5
British Virgin Islands

Damaged coastal protection
structures

Coulibistrie Village to Batalie
River

Damaged coastal protection
structures

Tarou Cliffs to Leper Home 1.0

Damaged coastal protection
structures

Massacre Bypass 0.2

Damaged coastal protection
structures

Rockaway to Ravine Cocque

Damaged coastal protection
structures

Public Works Garage to
Pottersville

0.6

Damaged coastal protection
structures

Loubiere Junction to Pte Michel 0.8

Damaged coastal protection
structures

Soufriere Village to Scotts Head 1,7

Damaged coastal protection
structures

Dubic to Stowe 0.1

Total

29

Table 3 Schedule of Damaged Coastal Defences in Dominica

Hurricane Luis struck the Federation of St. Kitts Nevis on September 5th, 1995 resulting
in extensive damage to the port and surrounding facilities. Beach impact was also quite
significant. A rapid reconnaissance indicated that generally, all around the island, the coastline
exhibited signs of battering from Hurricanes Luis and Marilyn, The most dramatic signs were
noted at Belle Tete, northwest of Sandy Point, formerly an actively accreting beach which was
severely eroded. The extent of that erosion encroached inland to the treeline where inature trees
with girths in excess of 50 cm �0 inches! were completely uprooted. The volume of sand that
was removed was not calculated, but it was suspected that such a figure would have seven digits
given the extent of the area affected �.5 - 3 metres in height and about 5 hectares in surface
area!.

One immediate implication for the island was that its primary source of 'fine' plastering
aggregate had been severely reduced at a time of potentially increased demands. Another was
the site's impairment as a recreational area,

The least afFected sandy coastal strip on mainland St. Kitts was the Dieppe Bay area
where the offshore barrier reef system provided vital protection.

Hurricane Donna was reported to have been accoinpanied by swells estimated to be at
least 20 A. high, which approached Anegada from the south and swept moored boats over the
fringing mangrove. A similar occurrence in 1916 was reported to be just as high. During
Hurricane David, the height of the surge was estimated at Prospect Reef Hotel to be about 2 5
to 3 feet above mean sea level. The passage of Hurricane Klaus resulted in damage estimated at
about US$200,000 to the hotel's breakwater and also caused considerable loss through the
destruction of boats which slipped their moorings from the CSY Marina  Lampart, 1986!,

THE CONTRIBUTION GF HUMAN USE SYSTEMS TO COASTAL VULNERABILITY

The brief scenarios presented above are not intended to cause any despondency. Rather,
the intention is to highlight the substantial social and economic costs which the society is forced
to undergo because of indifference, in decision making fora, to environmental considerations and
the lack of any clearly formulated environmental management programmes. Several development
activities in the region, aimed at meeting the socio-economic aspirations of our people, are
placing them at greater risk.

The various accounts of coastal damage resulting from hurricanes have quite clearly been
associated with the interaction of natural and human-use systems,
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In our small island environment one may say that living is "coastlised". Structures have
been created to accommodate tourism facilities and fisheries infrastructure. In many instances,
as a result of topographic constraints or historical inertia, infrastructural lifelines are located
within the high tide zone of our islands. As these facilities provide a nucleus for productive
enterprises and other development initiatives, very high proportions of island resources are
vulnerable to storm surges and coastal flooding.

In Barbados, extensive studies of sewerage fall-out froin coastal tourism facilities have
been linked to extensive modification of marine ecology with consequential modifications of wave
action. The unilateral construction of coastal defences such as seawalls, groynes and jetties have
resulted in significant modification of wave dynamics in many tourism environments in the region
 Cambers, 1985; Caritech, 1986; Nurse, 1989!. Destruction of coastal mangroves for charcoal
has also resulted in significant modification of the littoral systems in St. Lucia.

Nurse �986! in examining the impacts of hurricanes on the littoral environment of
Barbados outlined the following as contributing to the inajor coastal erosion problems on the
west, south and southeast coasts:

Improperly located buildings;

Imperfectly designed structures;

Improper use of coastal structures;

Lack of enforcement of present setback requirements;

Deterioration coastal water quality due to sewage outfalls, increased storm water drainage
and refinery outfall, all of which contribute to the deterioration of the reef community;

Inadequate setback requirements and some disruption of littoral drift;

Tourism facilities and other structures that extend to and over the high water line;

The location of the major port and oil refinery in Carlisle Bay which has had a history of
storm wave attacks;

Overdevelopment of land in the coastal strip below 3 m above sea level and resulting in
substantial exposure of property to damage;

Inadequate setback to accommodate erosion rates. Therefore property owners have
erected poor structures to protect land when erosion starts;

Destruction of seagrass and coral communities by pollution and by storm waves. This has

removed protection against storm waves, swell and surges.

In Jamaica, there is also much evidence of man-made coastal change augmenting
conditions of vulnerability in the littoral environment  Caritech, 1989!. The Montego Freeport
Development has incorporated shoals and cays. New beaches and land for waterfront upgrading
have been created in the Montego Bay area. Ocho Rios and Falmouth have schemes for
development ofbeaches and expansion of tourist facilities and Oracabessa has had an aborted port
development project,

On the south coast, in Kingston Harbour, and the adjacent Portinore � Hellshire, areas
have been developed for port and commercial use, and for housing respectively. The Portmore
project involved in filling the delta of the Rio Cobre and resulted in the destruction of coastal
vegetation communities which absorbed the energy of storm waves.

It is evident that given the size of Caribbean Island states and the concentration of
economic activity in coastal zones in both island and low-lying states, that hazard impacts on
coastal environments must be a rnatter of central focus in our sustainable development agenda.

Coastal considerations of hazard impact, more than any other focus, brings home the need
for an integrated approach to land use planning and development control. It provides an ideal
opportunity for refining our approach to integrated watershed management and also provides a
demonstration of the need to link disaster loss reduction to the development process.

The general recommendations for reducing coastal vulnerability, see Figure 1, emphasize
the need for a review of the mechanisms for inter-agency coordination at the national and regional
levels.

We nevi to expeditiously accommodate a planning framework that embraces consultation
and feedback among the stakeholders in sustainable development. Our public sector reform
initiatives and institutional capacity building agendas must involve disaster programme managers
fully. The planning framework outlined in Figure 2 can represent a point of departure for our
discussions on establishing the process necessary to achieve inter-agency consultation and policy
feedback.

One must recognize from the outset that what is being proposed will call for significant
adjustments and in some instances major reform, of our policy development procedures, public
sector decision making and intra-country horizontal cooperation.



Figure 1 Typical Recommendations for Reducing Coastal Vulnerability
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Tf PICAL RECOMMENDATIONS FOR
REDUCING COASTAL VULNERABILITY

Support wave monitoring programme to improve the database for '
storm surge prediction and monitoring coastal processes.

I

implement measures which will lead to reestablishment of coral
communities which are the best storm wave protection.

Design crenelated shoreline to improve sediment and current
circulation and to discourage reflection of energy on to adjacent
shores.

Enforce present set-back requirements and revise distance.

Prioritize Beach Protection through

5.1 Prohibiting further destruction of mangrove in vulnerable
areas.

5.2 Revegetating areas which have been destroyed.

5.3 Creating artificial beaches on eroding shorelines.

5.4 Prohibiting blasting of reefs.

5.5 Structurally reinforcing natural beach anchors.

5.6 Control dumping of industrial and domestic effluent on to
the coast.

Hurricane resistant bui'lding codes must be enforced in the
coastal zone. These must incorporate horizontal and vertical
impacts of storm surge, wave uprush an scour.

A coastal zone management policy needs to be developed and
incorporated into land use planning.

Figure 2 Mitigation Planning and Implementation Framework
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Given the number and diversity of stakeholders in this agenda the rates of consultation and
collaboration must be shared and accepted. Whilst advocacy will be central to the development
of a constituency for supporting these surgical initiatives, every effort should be taken to ensure
that this is not perceived to be domination by any one shareholder,

The environmental agenda has suffered extensively from territoralism. Too many of our
scarce resources are spent on trying to establish individual or agency supremacy, as opposed to
mobilizing resources for commitment to the larger goal of a safe and sustainable habitat.

I raise the issue, because sustainable development initiatives must of necessity broaden
the shareholders' base. In the Caribbean context this must include disaster management
professionals. We  scientists and technocrats! have under-achieved in our attempts to have our
environmental policy and strategies accommodated because of two reasons:

1. Preoccupation with professional superiority; and
2. Unwillingness to lead advocacy campaigns.

The issue of professional superiority has contributed to weak inter-disciplinary linkages
and initiatives which must be part of the sustainable development effort. In addition, a critical
base of information sources has been marginalised because of our attitude towards traditional
wisdom. Participatory approaches to problem formulation and policy implementation will be
meaningless, unless we explicitly address the current bias in knowledge sources centred around
preoccupation with the superiority of certain disciplines.

In the area of impact assessment, it is quite evident that we need to work more
assiduously at establishing better benchmark data on our existing resources. Of equal importance
is the need to devise resource valuation methods that better allow us to place dollar losses to our
natural resources. The initiatives of the University of the West Indies Center of Environment and
Development  UWICED! in this regard are promising, but to attain meaningful and acceptable
tools, interdisciplinary consultation and consensus will be critical.
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