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Abstract

Global sea-level rise of up to 0.6 m is predicted in the next 100 years. In areas where coastal structures prevent landwar
gration of beaches, a major impact of sea-level rise will be a loss of beach habitat, with repercussions for beach-dependent o
isms such as sea turtles. Setback regulations, which prohibit construction within a set distance from the sea, have the poten
mitigate loss of beach area by providing a buffer zone which allows for the natural movement of beaches in response to perturb
The potential impact of a rise in sea level on 11 important sea turtle nesting beaches in Barbados under a range of setback
lations was determined. Three sea-level rise scenarios were modelled under five different setback regulations (10, 30, 50, 7
90 m). Beach area was lost from all beaches under all sea-level rise scenarios with a 10 and 30 m setback, from some beache
a 50 m setback and from one beach with a 70 m setback. No beach area was lost with a 90 m setback distance. Sea turtles nest w
a range of beach elevations and there was an overall loss of beach habitat within the preferred nesting elevation range with bot
and 30 m setback under all sea-level rise scenarios. Considerable variation in the extent of beach and nesting area loss was obs
The implementation and enforcement of adequate setback regulations have the potential to maintain the ecological and econ
function of beaches in the face of extensive coastal development and sea-level rise.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

One of the impacts of the changing climate is a projected rise in sea level of between 18 and 59 cm by the
2090e2099 [1]. The consequences of a rise in sea level are likely to include more extensive coastal flooding,
dation of low-lying coastal areas and heightened coastal erosion [2,3]. The extent to which individual coastline
be affected by sea-level rise is strongly determined by local physical, biological and socio-economic condition
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but under natural conditions, beaches are expected to shift landward in response to rising seas [5]. The scope for this
itat is
r [8].
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migration to occur will depend, however, on the land-use behind the beach and whether the inland retreat of hab
restricted [6,7]. Where buildings or other hard structures constrain landward beach recession, erosion can occu
This enhanced erosion will often occur against a background of already altered natural seasonal cycles of erosio
accretion, for example as a result of the interruption of littoral transport by groynes and jetties, reduction of sedi
input, or increased wave energy as a result of reef damage [9]. Loss of beaches as a result of sea-level rise is ther
of particular concern in areas where the coastal zone has been extensively modified by humans. This is the ca
many small island nations, where most of the limited flat land on which to build lies near the coast.

Management responses to beach recession and erosion can be divided into three broad categories: protect, ac
modate, or retreat [4]. The traditional response to localised erosion has been the construction of sea walls or equiv
‘hard’ structures designed to protect buildings, with little consideration of their impact on ecosystem proc
[10,11]. While some structures can promote sand accretion in small areas, local currents and sand transportation
terns are often altered over much larger distances, causing erosion at points further along the coast [12]. The re
tion that these reactive solutions can actually increase erosion has resulted in a shift towards ‘soft’ methods [13],
as beach nourishment, dune building and artificial reefs, which simulate natural structures. An alternative option
commodation, involves the continued use of vulnerable areas and acceptance of the risk to property and beach are
more sustainable approaches to coastal management have evolved, retreat is increasingly being considered as a
istic option. The method of retreat depends largely on the extent of current coastal development. Setback regula
which prohibit construction within a certain distance from the sea, are a pre-emptive retreat strategy. In location
are already extensively developed, coastal realignment may be necessary. In this case, buildings are moved back
tain distance from the sea.

The method implemented in any particular locale is largely determined by local factors [4], but setbacks or co
realignments have several advantages over traditional beach protection structures. Most notably they provide a b
area which can simultaneously accommodate the naturally dynamic nature of beaches [14] and provide protectio
coastal property [15]. The latter is realised simply because beachfront property is located further away from th
mediate impacts of storm waves. In addition, buildings set back from the beach provide privacy for property ow
and better access for beach users.

Maintaining beach area yields clear ecological and economic benefits. Beaches have obvious economic im
tance, specifically for many tropical islands in their capacity as a major tourism resource [16]. In this paper, how
the focus is largely on the ecological function of beaches, in particular as sea turtle nesting habitat; sea turtles de
on sandy beach habitat for nesting. As nesting populations increase owing to successful conservation efforts [17e
there is a growing need to maintain the habitat on which these species depend for reproduction. In many area
quality of nesting beaches has already been compromised by beachside construction, exposing sea turtles to l
activity, noise and altered physical characteristics, all of which can affect nesting success [20]. As sea level
and beaches are squeezed between development and an advancing sea, females are forced to nest in a relatively
rower band, exposing them not only to the impacts of development but also to a greater risk of nest overlap and
water inundation of their nests.

Incorporating ecological requirements of wildlife into coastal planning is an essential part of integrated co
management. On the Caribbean island of Barbados, conservation efforts have resulted in an increase in hawksbil
tle nesting to a current level of approximately 2000 nests annually (J.A. Horrocks, unpublished data). Many o
beaches used for nesting, however, lie on two of the most developed stretches of coastline in the Caribbean
aim of this study was to examine the impacts of projected sea-level rise scenarios on sea turtle nesting beaches in
bados and determine the potential for existing setback regulations to mitigate loss of sea turtle nesting area. U
a Geographic Information System (GIS) to produce beach models of the main Barbadian nesting beaches, b
area loss was examined under a range of sea-level rise and setback regulation scenarios.

2. Study area

Barbados (59�350W, 13�100N) is the easternmost island of the West Indies. The island has an area of 430 km2 a
relatively flat, rising gently to the central highland region. Due to its low elevation and low-lying coastal plain,
bados is classified as vulnerable to sea-level rise [3]. Beaches have considerable economic and environmental im
tance in Barbados. Beach-based tourism is crucial to the economy of the island and accounts for more than half (



of export earnings, with annual visitor numbers exceeding the resident population by approximately two to one [21].
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Use of Barbados’ beaches has been valued at $24 million annually [22]. The beaches also provide nesting habit
one of the Caribbean region’s largest hawksbill (Eretmochelys imbricata) turtle nesting populations [19]. Nestin
tivity has been monitored using standardised effort on high-density nesting beaches since 1997, and the numbers
an upward trend [19]. Currently, approximately 2000 nests per year are laid, mostly on the south-west and west c
of the island. The highest nesting density occurs at Needham’s Point on the south-west coast, where one of the
sites, Drill Hall, was located.

Beaches on the west and south coasts of Barbados are fairly uninterrupted and are composed of coralline par
derived from the reef offshore. Beach characteristics around the island vary seasonally, depending on the preva
wind and sea conditions. Easterly or north-easterly winds exist over the Caribbean Sea in winter, shifting to pre
inantly easterly or south-easterly winds in summer [23]. The more exposed windward beaches in Barbados are t
fore located on the northern and eastern coastline, with the lowest wave energy being found on the west coast
Most of the leeward beaches have been modified from their natural state, primarily by development for tourism
there are consequently very few undeveloped beachfront areas along the west and south coasts [25].

3. Methods

3.1. Data collection and processing

The setback regulations currently in place for islands in the Caribbean were found from recent literature (< 2
old), or through contact with the appropriate government agency responsible for building regulations. Using a m
similar to that of Fish et al. [6], beach profile measurements were used to create digital models of 11 beaches o
west and south-west coasts (Fig. 1). The beach models were then used to simulate a number of different sea-leve
(SLR) scenarios, under a range of setback regulations. Beach profile measurements were taken at the 11 beach
late May 2002, immediately prior to the JuneeSeptember period of peak hawksbill nesting activity in Barbados
The profile of each beach was measured relative to the high water mark at changes in profile or direction, using a
measuring tape and standard surveying techniques [26,27]. For georeferencing purposes, x and y (UTM/UPS WG
coordinates were taken at the landward end of each profile using a hand-held global positioning system unit (Ga
GPS III� Plus, Garmin International Inc., Olathe) with an estimated error of 2.5e3.0 m. The bearing of each p
was also recorded and the coordinates of each point along the profile relative to the initial GPS point were then
culated using this bearing and measurements of horizontal distances between points.

Distance and slope measurements for each profile were used to calculate the elevation of each profile point, w
were added to the coordinate points. GIS software (ESRI ArcGIS 8.3) was used to develop triangulated irregula
work (TIN) models from the derived x, y and z UTM coordinates for each point, and these models were convert
1 m2 horizontal resolution Digital Elevation Models (DEMs) in the form of raster grids for each beach. Elevation
recorded in centimetres. For each beach model, the average slope, width, elevation and maximum elevation
found.

The IPCC Third Assessment Report projected that global mean sea levels may be expected to rise between 0.0
0.88 m between the years 1990 and 2100 [27]. The Fourth Assessment Report projected rises of between 0.18 and
by 2090e2099, although the upper ranges could increase by 0.1e0.2 m if recently observed increases in ice flow
Greenland and Antarctica were to increase linearly with the global mean temperature change [1]. On the basis of
projections, three scenarios of a 0.1, 0.5 and 0.9 m rise in sea level were used in the analyses.

The response of sandy beaches to a rise in sea level is generally assumed to be a landward and upward shift o
beach [5,28] and the rate of predicted global sea-level rise should allow most beaches to move in response. Alth
unlikely, it is also possible that beach movement could be constrained such that the current beach area is flooded
the purpose of comparison, both these situations were examined, firstly assuming no beach movement and ther
inundation of the current beach area and secondly assuming beach movement in response to sea-level rise.

3.2. Beach and nesting area loss assuming no beach retreat

For the first part of the analyses, beach movement was assumed to be fully constrained such that no landward
could occur and therefore rising sea levels would result in flooding of the current beach area. The surface area of



beach grid below each of the elevations (0.1, 0.5 and 0.9 m) was found in order to identify the present area of beach
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Fig. 1. Location of the study beaches around the island of Barbados.

333M.R. Fish et al. / Ocean & Coastal Management 51 (2008) 330e341
that would be lost to inundation under each scenario.
Hawksbill nests occur at elevations between 0.3 and 1.8 m (mean 1.11 m) above mean sea level in Barbados

These values were used to identify the area of beach currently lying within this elevation range and therefore the
rent nesting area. The nesting surface area inundated under each of the three sea-level rise scenarios was obta
both in absolute and in relative (percentage) terms.



3.3. Beach and nesting area loss assuming beach retreat
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A more likely scenario is that beaches can shift landward in response to sea-level rise. Models predict that as th
level rises, wave energy will redistribute sand and move the beach landwards whilst maintaining the current b
profile; the extent to which the beach moves back depends on the slope of the shoreface. To estimate the exte
beach recession (R, in metres), the basic Bruun model [28] was used, which was reduced to:

R¼ 1

tanq
S

n the
there
where q is the shoreface slope and S is the sea-level rise (in metres). Recession rate calculations were based o
current shoreface slope and assumed that no increase in beach area above the current level would occur (i.e.
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would be no net increase in the available sediment in the future to widen beaches beyond their current size w
given the deterioration of reefs as providers of beach substrate, is not an unreasonable assumption).

New beach models, which accounted for a horizontal shift in beach position, were constructed for each com
tion of sea-level rise and setback distance. A building construction setback regulation of 30 m from the high
mark is currently in place for Barbados, while a survey of setback distances on the other Caribbean islands sh
that they range from 10 to 81 m from the high water mark (HWM) (Fig. 2). To encompass this range, five diff
setback distances: 10, 30, 50, 70 and 90 m from the current HWM, were used in the models.

For each setback distance it was assumed that an immovable structure was located at that distance from the
water mark. As the beach retreats, beach area is maintained until the ‘structure’ is reached, beyond which the bea
lost. For example, if a 30 m setback is in place on a 25-m wide beach and the beach is predicted to shift horizontal
10 m (as estimated by Bruun’s rule), then 5 m of the shifted back-beach area will be lost. Following the method
lined above, new beach DEMs were constructed for each sea-level rise scenario and setback distance. Total b
surface area and the area within the preferred sea turtle nesting elevation range were then measured, and the per
age area lost from the original beach calculated.

Associations between physical features of the beach (total area, beach length, mean and maximum elevation,
width and mean and maximum slope), sea turtle nesting area and the level of beach vulnerability were assessed
Pearson correlation tests. Beach vulnerability was measured as the proportion of the total area of each beach lost
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Fig. 2. Setback distances set out in regulations for 33 islands in the Caribbean region.



an intermediate (0.5 m) scenario of sea-level rise and a 10 m setback. Differences in vulnerability between the coast-
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lines were tested using ManneWhitney U tests.

4. Results

4.1. Beaches and physical characteristics

The 11 beaches studied represented a total of 8.6 km of the coastline and an area of 168 410 m2. Of the bea
surveyed, only two were wider than 30 m from the high water mark to the widest point of the beach. Beach ch
teristics often vary with aspect, and beaches on the two coasts differed in their physical characteristics (Table 1), w
could affect the vulnerability to sea-level rise (SLR). West coast beaches were significantly narrower (ManneWh
U¼ 0, n¼ 11, p¼ 0.008) and steeper (ManneWhitney U¼ 1.0, n¼ 11, p¼ 0.014) and had a higher maximum
vation (ManneWhitney U¼ 1.0, n¼ 11, p¼ 0.014) than the south coast beaches. Although the mean elevation
on average higher on west coast beaches, the difference was not significant (ManneWhitney U¼ 7, n¼ 11, p¼ 0

4.2. Vulnerability of beach and nesting areas to loss assuming no beach retreat

Under an intermediate rise in sea level (0.5 m), 26% of the total beach area (all beaches combined) would be
with the total losses ranging from 4% to 51% after a rise of 0.1 and 0.9 m, respectively. The average proportion of
potentially lost from any individual beach under a 0.5 m rise was 29% (�12% S.D.; range: 13%e46%). Usin
proportion of total area lost under a mid-range scenario (0.5 m), Drill Hall beach was identified as the least vulne
beach and Heron Bay beach as the most vulnerable.

Eighty percent (133 909 m2) of the total beach area surveyed was in the preferred nesting elevation range (i.e.
1.8 m). For individual beaches, on average, 78% (�11% S.D.; range: 54%e94%) of the beach lay within this elev
range. This proportion did not differ significantly between the two coasts (south: 86.0� 8.16%, west: 72.8� 10
ManneWhitney U¼ 4, n¼ 11, p¼ 0.06).

4.3. Vulnerability of beach and nesting areas assuming beach retreat and variable setback distances

The most common setback distance in a survey of 33 Caribbean islands was 30 m, the same as in Barbados (Fi
A third of the islands surveyed had a setback of 30 or 30.5 m, 15% had no setback regulation currently in plac
15% had a distance of 81 m.

Landward shift of beaches with a rise in sea level was constrained by 10, 30, 50 and 70 m setback distances, bu
by a 90 m setback distance (Fig. 3). All the beaches lost some area with 10 and 30 m setbacks; five beaches were
affected by a 50 m setback and one, Drill Hall, was affected by a 70 m setback. Fig. 3 shows the average proporti
beach habitat lost under each of the setback regulations for each sea-level rise scenario. As expected, a greater
portion of beach area was lost with larger changes in sea level. With a 10 m building setback in place, an avera
41% (�17% S.D.) of the current beach area was lost with a 0.1 m SLR, increasing to an average of 93% (�13%
with a 0.9 m SLR. Six beaches (Alleynes, Godings, Heron, Heywoods, Mullins and Sandy Lane Bay bea

Table 1
Minimum, maximum and mean values� 1 S.D. of physical beach characteristics and vulnerability scores for beaches on the west and south coasts of

Barbados

Physical variable Min. Max. West coast (mean� 1 S.D.) South coast (mean� 1 S.D.) U p

Beach length (m) 363 1152 833� 327 681� 270 10 0.450

Beach mean elevation (cm) 0.5 1.3 0.94� 0.27 0.76� 0.24 7 0.186

Beach maximum elevation (cm) 1.25 3.09 2.20� 0.50 1.47� 0.15 1 0.014

Beach slope (�) 1.8 5.8 4.67� 0.89 2.46� 0.56 1 0.014

Beach width (m) 11 45 16.45� 3.56 29.0� 11.56 0 0.008

Vulnerability to SLR 0.53 0.90 0.75� 0.10 0.64� 0.15 6 0.131

Vulnerability to sea-level rise (SLR) was measured as the proportion of the total area of each beach lost after a 0.5 m SLR in the presence of a 10 m

setback regulation. West coast beaches, n¼ 7; South coast beaches, n¼ 4. ManneWhitney U and p values are given.



disappeared completely under the most extreme sea-level rise scenario with a 10 m setback. A similar pattern was seen
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Fig. 3. Proportion of beach area lost in Barbados under each of the three sea-level rise scenarios with 10, 30, 50, 70 and 90 m setback regulations.

Means are shown� 1 S.E. N¼ 11 beaches in all cases.
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with 30 and 50 m setbacks, although less beach area was lost (Fig. 3). The proportion of beach lost decreased s
icantly as setback distance increased (r¼�0.86, n¼ 11, p< 0.001) and varied considerably between beaches.
a 10 m setback and a 0.5 m SLR, the loss ranged from 53% (Rockley) to 90% (Sandy Lane) of the original beach
With a 30 m setback the range was 0% (Dover) to 50% (Drill Hall). Only one beach, Drill Hall, exhibited any loss
setback distances greater than 50 m. With a 70 m setback, this beach lost 17% of its area under a 0.9 m SLR.

Vulnerability, taken as the proportion of beach lost under a 0.5 m SLR with a 10 m setback, was on average 75
the west coast and 64% for the south-west coast (ManneWhitney U¼ 6, n¼ 11, p¼ 0.13). Beach vulnerability
not significantly related to any of the measured beach physical characteristics: total area, beach length, mean and
imum elevation, mean width and mean and maximum slope (all r< 0.56, p> 0.07).

The amount of hawksbill nesting area remaining after beach movement varied with both setback distance and
level rise level (Fig. 4). With 10 and 30 m setbacks, there was an overall decrease in nesting area with rising sea
although the loss was significantly less severe with a 30 m than a 10 m setback for all sea-level rise scenarios
coxon signed rank tests: 0.1 m SLR: T¼ 0, n¼ 11, p¼ 0.004; 0.5 m SLR: T¼ 0, p¼ 0.003; 0.9 m SLR: T
p¼ 0.003). Beaches varied in the extent of nesting habitat loss. Under a 10 m setback and a 0.5 m SLR all be
lost nesting area, and the percentage of the original nesting area lost ranged from 62% to 100%. With a 30 m set
the loss ranged from 0.5% to 50% of the original nesting area.
5. Discussion
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The variable implementation of setback regulations on many Caribbean islands motivated this study of the pot
effects of these restrictions on beach area, and specifically on sea turtle nesting habitat, in the face of rising sea
The majority of islands examined, including Barbados, currently have a 30e30.5 m setback distance. If beache
not shift at all in response to sea-level changes, an average 26% of the beach area would be lost under an interme
sea-level rise scenario. Based on the more realistic assumption that beaches will retreat in response to a rise i
level, the 10, 30, 50 and 70 m setbacks all resulted in some loss of beach habitat on Barbados under various sea-
rise scenarios. As would be expected, the beach area lost increased with increasing sea-level rise, and loss of are
significantly higher with a 10 m setback regulation than with a 30 m setback. Sea turtle nesting area would also b
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Fig. 4. Percentage change in hawksbill turtle nesting area under each of the three sea-level rise scenarios with 10, 30, 50 and 70 m setback

regulations in Barbados. Negative change indicates a loss in area. Means are shown� 1 S.E. N¼ 11 beaches in all cases.
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variation was seen between beaches in the extent of loss to inundation (i.e. if beaches do not retreat) and total lo
beach area and nesting habitat after beach retreat.

The beach at Drill Hall, on the south coast of Barbados, stands out as the least vulnerable to beach loss thr
inundation if no beach migration occurred, but was one of the most vulnerable in terms of the proportion of
lost to development built at all setback distances. The area loss predicted for this beach, even with the longest se
distances, was due primarily to its shallow slope and exceptional width among the beaches studied. A higher pr
tion of beach area would therefore be lost if the beach was subsequently developed up to any of the setback dista
It is, however, unlikely that Drill Hall will be fully developed along its length up to the shortest setback distanc
assumed by the model, as this would mean building directly on the beach. The width of this beach (av
width¼ 46 m), as compared to the others on the west and south coasts, is likely a result of its more natural
It is notable that this area is also the most intensely used hawksbill nesting habitat on the island, which is also prob
an outcome of its more natural condition and stability over long periods of time.

Studies examining the impacts of sea-level rise on a similar scale to this study have found comparable levels o
loss and variability among beaches. Fish et al. [6], for example, found a similar proportion of beach loss to inund
predicted for the southern Caribbean island of Bonaire, with an average of 38% of the original beach area lost
a 0.5 m rise in sea level. The percentage loss also ranged widely, from 11% to 83%, between beaches on Bonaire
the north-western Hawaiian islands, losses ranging from 3% to 65% of the terrestrial habitat were predicted
0.48 m rise in sea level, with potential impacts on seabird, green sea turtle (Chelonia mydas) and Hawaiian m
seal (Monachus schauinslandi) populations which rely on the coastal habitat to breed [29]. Similar results were f
by Galbraith et al. [30] for intertidal shorebird habitat in the United States where the loss ranged from 20% to 70
the current area.

Any attempt to predict the response of beaches to sea-level rise is subject to uncertainty [31], which can
from the uncertainty in sea-level rise predictions themselves as well as how beaches will respond to these cha
in sea level. To minimise potential error arising from uncertainty in the predictions of sea-level rise, a range
sistent with IPCC sea-level rise projections [1,27] was used which enabled us to simulate a wide range of pos
future beach conditions [5]. Uncertainty arising from estimating how beaches will respond to sea-level rise is h
to address. As with previous studies [32,33], estimates of future beach recession were based on the Bruun m
[28]. This model has been criticised [34], largely because it has been applied to situations that violate its assum
that the system is essentially ‘closed’ with no loss of sediment landward, offshore or alongshore. Whil
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model was deemed to be the most appropriate existing model for estimating future beach loss in Barb
Sand movement landward is constrained by buildings on most beaches and offshore movement is limite
a bank reef offshore. Alongshore sediment transport does occur but at low levels; many of the beaches are sepa
by headlands with associated fringing reefs which limit sand transport between bays. Barbadian beaches d
proach the conditions assumed by the Bruun model [35] and therefore the calculated recession rates are l
to be a reasonable representation of future beach shifts. The model assumes that long-term profiles are maint
and it is worth considering circumstances which might alter the current conditions. Loss of reef structure due to
degradation at the ends of bays and offshore could enable more sediment to flow out of the system. In add
construction of jetties, groynes or offshore breakwaters designed to enhance beach area will clearly disrupt cu
sediment transport and alter beach profiles. The model also assumes that long-term profiles are maintained irre
tive of seasonal fluctuations due to storms or hurricanes. Although the frequency of severe storms is not project
increase in the future, there is some evidence of an increase in storm intensity [36]. More intense storms pro
larger storm surge and could therefore be expected to alter future beach profile. As sea levels are currently r
and ensuing consequences are imminent, it can be argued that it is not an option to defer estimates of beach
because of a lack of a more realistic model. Instead, beach-loss estimations should be performed using ex
models, acknowledging that uncertainty surrounding these forecasts exists, and therefore using an appropriate
of caution in interpreting simulation outputs [31].

6. Management considerations

The results of this study suggest that the loss of sea turtle nesting habitat that may occur with predicted sea-
rise could be exacerbated by inadequate setback regulations. Clearly, on Barbados, a 10 m setback would be in
cient if preservation of turtle nesting habitat is a consideration in coastal management, since up to 100% of the ne
area on some beaches would be lost with an intermediate rise in sea level; there would also clearly be severe i
cations for beach tourism. While loss with a 30 m setback was less severe, there was still an average decrease of
In addition, the potential loss of 26% of the nesting habitat on the island’s most important hawksbill nesting b
(Drill Hall), even with a 30 m setback, is of concern.

Loss of nesting area has implications for the reproductive success not only of the island’s hawksbill nesting
ulation, but also regionally as Barbados has one of the largest hawksbill nesting populations in the Caribbean. I
dition to density-dependent effects such as nest destruction by conspecifics and elevated levels of nest disea
predation [29,37], nesting success may also be detrimentally affected by the necessity of nesting closer to the
on smaller beaches. Hawksbill nests laid closest to a mean elevation of 1.11 m above the mean water show the hi
nest success on Barbados, while those laid higher or lower fare more poorly [24]. Whilst a number of manage
options can preserve beach area, another advantage of setbacks is that beaches remain in a natural state, mainta
vegetation, sand characteristics and morphology. The preference of hawksbills for Drill Hall, one of the few la
unmodified beaches in Barbados, highlights the importance of beach condition for turtle nesting. For islands th
devoting resources to regulating the harvest of endangered sea turtle populations and into boosting current ne
populations, there is a need to adequately protect critical habitat if long-term recovery is to be achieved. To
in the sustainability of conservation efforts for sea turtles, the setback regulations in place must be sufficie
take into account future changes to the ecosystem.

The observed variation in the responses of individual beaches to sea-level rise provides support for the imple
tation of variable setback distances within an island. Drill Hall, for example, would benefit more from a larger se
distance than other beaches, in order to maintain its extreme width. Currently, half of the beach front is devel
while the other half is separated from an old oil refinery site and military cemetery behind by a thin, but signifi
strip of land. These areas are under pressure from development and a hotel is currently being built on the oil refi
site. In this case, different setbacks could be put in place for the developed and undeveloped sections of the beach
undeveloped land immediately adjacent would facilitate natural beach movement and would ensure that this b
continues to provide sufficient hawksbill nesting habitat in the future, as well as recreational space for the high de
of tourists from adjacent hotels. Variable setbacks have been implemented on a small number of Caribbean isl
where the distances are based on the elevation normally reached by high seas [38,39] or beach slope [40]. If setb
are to protect habitat in the long-term then it can be argued that they should take the most conservative approach w
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have been suggested by Cambers [38] and Gibbs (1995) in [41], based on the cumulative change in coastline pos
predicted from historical and recent erosion data, from a major hurricane, coastal recession as a result of projected
level rise and dune stability. Efforts such as the ‘Coast and Beach Stability in the Caribbean’ program [42], w
initiated the regular monitoring of beach profiles on 13 islands or island groups in the Caribbean region, can pro
the data for these more comprehensive setback calculations.

While the benefits, in terms of long-term beach maintenance, to be accrued from adequate setback regulation
clear, consideration must also be given to issues which can hinder the implementation or effectiveness of setbacks
majority of islands surveyed have setback regulations; however, most of these have been implemented fairly rec
and, depending on the stage of development of the tourism industry, much of the coastline had already been devel
before the regulations were put into practice [43]. The aggregation of hotels in coastal areas has been a delib
policy adopted by many governments in the past [44] and conflict now arises between coastal managers attem
to secure the safety and structure of beaches and coastal developers wishing to take advantage of the commerci
ability of beachside property. In areas that are already extensively developed, coastal realignment is an alternativ
complementary, approach to the enforcement of setbacks. Hotels have an economic life of ca. 25e30 years before
need to be extensively renovated, converted or demolished [43]. At the end of this life span there is scope for reb
ing further back from the water. This option may be more difficult on islands where there is limited flat land sui
for development. While coastal realignment is an expensive option, moving buildings back could minimise the l
hood of paying out considerable amounts in the future. For example, of the 6100 hotel rooms in Barbados, over 50
the rooms are estimated to be at risk from a category 3 hurricane owing to their proximity to the mean sea level
placement costs range from US$60,000 to $100,000 per room, representing total replacement costs of US$330e
million for damages inflicted by a single hurricane [44].

The goals of coastal management in response to sea-level rise should ideally be to ensure that development doe
occur in areas vulnerable to flooding, that ecological systems can function naturally and that economic activitie
protected [4]. Implementation, and enforcement, of setback regulations and coastal realignment have the potent
help fulfil these aims by preserving sufficient beach habitat to perform those ecological and economic roles.
versely, islands without adequate setback regulations could suffer a considerable loss of beach habitat in the fu
While social and economic pressures may hinder the implementation of setbacks, they represent a valuable tool fo
long-term maintenance of beaches, and sea turtle nesting areas, in the Caribbean.
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