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Abstract

Complementarities between wind and wave energies have many significant advantages that are unavailable with the sole
deployment of either. Using all available wind speed, significant wave height, and wave period buoy observations over a
10-year period (i.e., 2009-2019), colocated wind and wave energy resources are estimated. Although buoy records are imper-
fect, results show that the inner Caribbean Sea (CS) under the influence of the Caribbean low-level jet has the highest wind
energy resource at~ 1500 W/m?, followed by the outer CS at~600 W/m? and Atlantic Ocean (AO) at~550-600 W/m? at a
100 m height. Wave energy was most abundant in the AO at 14 kW/m, followed by the inner CS at 13 kW/m and outer CS
at 5 kW/m. The average and dominant wave energies can reach a maximum of 10 and 14 kW/m, respectively. Asymmetry
between wind and wave energy resources is observed in the AO, where wave energy is higher than the low wind speed/energy
would suggest. Swell is responsible for this discrepancy; thus, it must be considered not only for wave energy extraction but

also for wind turbine fatigue, stability, and power extraction efficiency.
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1 Introduction

For the Caribbean Sea (CS), which is nearly completely
inhabited by small island developing states (SIDS) that
are intrinsically linked to the sea, ocean renewable energy
provides a significant avenue toward transitioning to blue
economy activities that have the potential to restart and revi-
talize economies shattered by the global shutdown of tour-
ism in the COVID-19 era (Ochs et al. 2015; IRENA 2020).
Offshore wind energy is a mature and economically viable
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source of electricity, whereas offshore wave energy is the
subject of intense research and a few commercial ventures.
Alone, wave energy is a natural choice to harness for several
crucial reasons: its forecast accuracy is higher (geographic
dispersal increases this accuracy; Reikard et al. 2015), and
grid integration costs (as measured by quantifying balancing
reserves) are cheaper than either wind or solar energy. More-
over, its energy density and employment potential are higher
than either wind or solar energy (Akar and Akdogan 2016).
However, the compatibility of wind and wave energies is
demonstrated in the colocation of wind and wave generators
to achieve several benefits that include but are not limited
to reducing power output variability (Gideon and Bou-Zeid
2021), energy costs, and environmental impact (Astariz
et al. 2015a; Azzellino et al. 2019), increasing accessibility
to wind turbines and operations and maintenance (O&M)
activities, sharing electrical infrastructure (Astariz and Igle-
sias 2015; Astariz et al. 2015b, 2015c), ensuring efficiency
and reliability (Gao et al. 2021), and quickening the pace
of wave energy development to be on par with wind energy
(Astariz and Iglesias 2015). Research into technologies to
integrate wind and wave farms is rapidly advancing (Homay-
oun et al. 2019; Mazarakos et al. 2019; Pérez-Collazo et al.
2019; Gkaraklova et al. 2020; Wang et al. 2020), with
numerous methodologies available to estimate the feasibility
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of these colocated farms. For example, Astariz and Iglesias
(2017) proposed an index for colocated wind and wave farms
based on the variability and correlation between waves and
winds, in addition to user conflicts, environmental conserva-
tion, and economic development. In a similar vein, Louko-
georgaki et al. (2018) provided a framework for evaluating
marine areas suitable for wind and wave energy systems by
incorporating a variety of environmental, economic, techni-
cal, and sociopolitical aspects.

Islands, particularly SIDS, are ideal locations for the
development of renewable energy (Klock 2016; Kuang et al.
2016; Bundhoo 2017; Chen et al. 2020; Koon et al. 2020;
Sterl et al. 2020; Praene et al. 2021). Although neither is
a baseload power source, winds and waves are attractive
energy sources, leading Rusu and Onea (2019) to inves-
tigate the wind and wave potentials in islands across the
globe, inclusive of the CS nation of Cuba. However, the
literature only documents energy assessments of either
winds or waves, rather than both simultaneously. Because
of scarce instrumentation in the CS, Ortega et al. (2013)
used a numerical wave model to identify optimum wave farm
sites. Appendini et al. (2015) performed a 30-year hindcast
of waves in the CS and determined that the Caribbean low-
level jet (CLLJ), which is an easterly zonal wind reaching
13 m/s, governed the region’s wave climatology, producing
8-14 kW/m of wave energy. Although semi-enclosed, the
windward sides of the Lucayan Archipelago and the Greater
and Lesser Antilles coastlines are affected by waves from
the AO and thus may have a large part of their wave energy
delivered by swell rather than wind sea (de Farias et al. 2012;
Jury 2018; Zheng et al. 2016; Christakos et al., 2020a, b).
Indeed, Garcia and Canals (2015), Jury (2018), and Silander
and Moreno (2019) have shown through buoy observations
and numerical models that swell accounts for a large propor-
tion of wave energy on northern Puerto Rico and US Virgin
Island coastlines. Guillou et al. (2020), using wave hindcast,
determined that, in addition to the CLLJ increasing wave
power in the CS, the Lesser Antilles is an attractive area to
harvest wave energy because of more regular wave condi-
tions. Chadee and Clarke (2014) assessed wind energy using
reanalysis data and estimated that the area means reached a
maximum of 592 W/m?. Rueda-Bayona et al. (2019) used
satellite data to revise an earlier assessment and estimated
that, in the Colombian regions of La Guajira, Barranquilla,
and Santa Marta, the area means ranged from 482 to 658 W/
m? at various atmospheric heights. Arce and Bayne (2020)
analyzed offshore wind energy in Colombia and discussed
in detail the challenges and opportunities of the industry, in
conjunction with the technical and economic perspectives.
Chadee et al. (2017) used the Weather Research and Fore-
casting numerical atmospheric model to map near-surface
wind energy resources in Trinidad and Tobago. In a sub-
sequent economic assessment, Chadee and Clarke (2018)

determined that large wind turbines would be cost-compet-
itive for Caribbean SIDS.

To the best of the author’s knowledge, no studies have
considered the simultaneous evaluation of colocated wind
and wave energy resources in the Caribbean. Because of
the synergy between the maturity of wind energy exploita-
tion and the increasing projections of wind energy availabil-
ity (Costoya et al. 2019), the suggestion that, although the
region has one of the world’s lowest wave energy potentials,
it could still be a practical area for wave energy harvesting
(Lemessy et al. 2019), and the need to accelerate the devel-
opment of regional renewable energy utilization to achieve
Goal 7 of the United Nations Sustainable Development
Goals, the remainder of this paper is structured as follows:
Section. 2 describes the data and methodology. Section 3
presents the results. Sections 4 and 5, respectively, provide
a discussion and conclusion.

2 Data and Methodology

2.1 Observational Data and Measurement
Description

Six buoys deployed throughout the CS (Figure 1) and
maintained by the National Buoy Data Center (NDBC) are
accessed for their observations of surface wind speed, wind
direction, significant wave height, average and dominant

Latitude (°N)

Longitude (°W)

Figure 1 Shading is the bathymetry and topography (units: m) of the
Caribbean Sea with NBDC buoy locations marked. The green, yel-
low, and red triangles denote the inner CS, outer CS, and Atlantic
Ocean buoys, respectively
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wave periods, and mean wave direction (Table 1) to per-
form the analyses. Surface wind speed (m/s) is the wind
speed averaged over an 8-min period and is reported every
10 min or hourly. Where applicable, 10-min wind speed
is resampled to ensure a uniform hourly resolution. Wind
direction (i.e., the direction that the wind is coming from
in degrees clockwise from true north) is measured during
the same period as wind speed. Significant wave height (m)
is calculated as the average of the highest one-third of all
wave heights during a 20-min sampling period. Dominant
wave period (s) is the period with the maximum wave energy
(either wind sea or swell), and average wave period (s) is the
average of all waves during a 20-min period. Mean wave
direction is the direction from which waves at the domi-
nant period are coming. It is measured in degrees from true
north and increases clockwise with north as 0° and east as
90°. For additional information on measurement descrip-
tions and units, the readers are directed to https://www.ndbc.
noaa.gov/wave.shtml. Although the NDBC performs spec-
tral partitioning of its wave data into separate wind wave
and swell wave properties and is of interest in this study,
only real-time data, which do not exist in historical files,
are provided. An alternative for the discrimination of wave
systems is provided in Sect. 2.2.3. Wind speed is converted
from its anemometer height into its 10 and 100 m heights
through the logarithmic law:

In(£)

Uip100 = ”hﬂ (D
n( =
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where u, and u,(,q, (m/s) are the wind speed at the buoy
anemometer height (Table 1), & is the reference height, and
2y 1s the roughness length equal to 0.01, which corresponds
to normal sea conditions. Although the roughness length
under open sea conditions is smaller (i.e., 0.0002), the stud-
ies conducted by Frank et al. (2000) and Barthelmie (2001)
both show that, when wind speed is extrapolated to heights
greater than 10 m above sea level, variability in the sea
surface roughness length is too small to have a noticeable

Table 1 National Buoy Data Center buoy statistics

impact on wind resources at typical hub heights (Barthelmie
et al. 2007). As this value is widely used in other studies
(e.g., Ma et al. 2021), it will also be used here to ensure
consistency.

2.2 Methodology
2.2.1 Wind Power Estimation

Given a sufficiently long time series of wind speed data
for a given region, the wind power density P per unit area
A can be calculated as follows:

P 1 3

oL @)
where v is the wind speed (m/s) and p is the air density
(1.025 kg/m?).

2.2.2 Wave Power Estimation

In deep water, where the wavelength is smaller than twice
the water depth, wave power may be directly calculated
from the wave height (H,) and average (T,,q) or dominant
(T4pq) wave energy period, as follows:

2
P= %HiTapd’dpd 3)
where p is the seawater density (1025 kg/m?), Typd.dpa 18 the
average (apd) or dominant (dpd) energy period, and g is the
gravitational acceleration (9.8 m/s?). Noting that the stand-
ard wave energy equation may cause significant errors in
shallow water (h < L2; Ozkan and Mayo 2019), the shallow
water condition was not met for all buoys.

2.2.3 Quasi-wave Age

Because the NDBC does not archive spectrally partitioned
wave information, discrimination between wind sea and

NDBCID Latitude (°N) Longitude (°W) Anemometer Water depth (m) No. of wind ~ Wind data No. of wave ~ Wave data
height (m) observations  availability observations  availability
(%) (%)
41043 21.030 64.790 3.8 5262 92937 96.4 94569 98.1
41046 23.822 68.384 3.8 5549 93968 97.5 93024 96.5
42056 19.820 84.945 4.1 4554 76114 78.9 84581 87.8
42057 16.906 81.422 3.8 377 75434 78.2 78189 81.1
42058 14.776 74.548 3.8 4158 73286 76 71328 73.9
42059 15.252 67.483 4.1 4784 73442 76.2 65337 67.8
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swell is achieved by computing the quasi-wave age (Glaz-
man and Pilorz 1990) for each buoy, as follows:

0.62
f =324x <g—£’> )
u

where £ is the quasi-wave age, g is the gravitational accel-
eration, & is the significant wave height, and u is the wind
speed at 10 m. Waves are categorized as swell when ' > 4;
otherwise, they are categorized as wind waves.

3 Results
3.1 Wind Energy Estimates

Given its commercial and technological maturity, the annual
average wind power is plotted in Figure 2. In comparison
with all other stations, NDBC buoy 42058 has the highest
average wind power by far, peaking at~ 1800 W/m? in 2015,
primarily because it is situated near the main 15° N axis
of the CLLJ and in the inner CS. NDBC buoy 42059 has
the second-highest average wind power, peaking at approxi-
mately 1000 W/m? in 2018. The outer CS buoys (i.e., 42056
and 42057) have roughly the same level of wind energy as
the AO buoys (i.e., 41043 and 41046), fluctuating between
600 and 800 W/m?. Excluding buoy 42057, all other buoys
are located and installed in deep water (>4000 m; Figure 1),
which would require floating offshore wind turbines to be
installed; although this is a more expensive option, it is
preferable because of visual and noise pollution, in addi-
tion to impacts on wildlife that characterize land-based
and nearshore wind turbines (Wolsink 2010; Jensen et al.
2014; Lee et al. 2020; Dugstad et al., 2020). Moreover,
although the wind power of buoys 41043, 41046, 42056,
and 42057 are lower than that of buoys 42058 and 42059

~NDBC 41043
«10r  ~NDBC41046
200 ~NDBC 42056
NDBC 42057

NDBC 42058

151 - NDBC 42059

Average wind power (W/m?)

0 . . . . . . . . . )
2009 2010 20112012 2013 2014 2015 2016 2017 2018 2019
Year

Figure 2 Annual average wind power (W/m?) at the six NDBC buoy
locations

that lie directly under the CLLJ, its annual fluctuations are
less severe. Although wind energy resources are primary
considerations for extraction, atmospheric stability is of
greater significance for long-term project viability (Ramos
et al. 2017; Corréa Radiinz et al. 2020; Pryor et al. 2020).

3.2 Wave Energy Estimates

Colocated annual estimates of average and dominant wave
energies for each buoy are shown in Figure 3. As expected,
when the dominant wave period is used to calculate wave
energy, its value in each case is a minimum of ~2 kW/m
higher than the average wave energy. Wave energy convert-
ers (WECs) that are tuned to the dominant wave period,
rather than the average wave period, have two main ben-
efits. Primarily, for wave climates with low wave energy
potential, selecting locations with even moderately higher
values of energy increases the commercial viability of such
projects as tuning the natural frequency of a WEC to incom-
ing waves enables resonant mode operation and amplifies its
velocity, which is quadratically proportional to the extracted
energy (Maria-Arenas et al. 2019). Secondarily, WEC power
absorption bandwidths are maximized during optimization
processes when devices are tuned to the predominant wave
period of a given site (Shadman et al. 2018). In the AO, for
buoys 41,043 and 41,046, dominant wave energy can reach
values greater than 12 kW/m and decrease to approximately
8 kW/m when the average is considered.

This result is incongruent with prior estimates of wind
energy and will be discussed in the subsequent section. Nota-
bly, the annual fluctuations at buoy 41,046 are less severe
than further south at buoy 41043 with similar levels of wave
energy, indicating that wave energy there would be more sta-
ble. However, for buoys 42056 and 42057 in the outer CS,
dominant wave energy is less abundant, reaching approxi-
mately 6 kW/m before decreasing to > 4 kW/m over the
10-year period. Under the direct influence of the CLLJ, this
trend is reversed for buoy 42058 where dominant wave energy
exceeds 16 kW/m and the average peaks at approximately
12 kW/m. Although the resources here are abundant, it is
influenced by the waxing and waning of the CLLJ (Appendini
et al. 2015) and thus is not as stable as the resources in the
outer CS. At some distance from buoy 42058, buoy 42059 has
higher dominant and average wave energy values and higher
annual stability than either buoy 42056 or 42057.

In Figure 4, when wind and wave energies for each buoy
location are compared, it is largely true that where wind
energy is high (buoys 42,058 and 42059), wave energy
is also high, which is expected because of the close rela-
tionship between wind speed and wave growth. However,
another more interesting pattern emerges. Based on the
observations that the wind energies for buoys 41043 and
41046 at approximately 500 W/m? are low and the two

@ Springer
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Figure 3 Annual average (blue) and dominant (red) wave power (kW/m) at the six NDBC buoy locations

lowest among the six buoys (Figure 4a), they neverthe-
less have similar wave energies to buoy 42,058 that has the
highest wind energy at~ 1500 W/m?. This is true for either
average wave energy (Figure 4b) or dominant wave energy
(Figure 4c). Given that wind energy is directly proportional
to the cube of the wind speed, the wave energy shown in
either Figure 4b or ¢ could not be due solely to the input
of energy from the wind. If wind input did not translate
directly into wave growth, then another energy source is
required to explain the discrepancy between wind and wave
energies. As both buoys 41043 and 41046 lie within the AO,
swell could contribute to total wave energy, which will be
discussed in the subsequent section.

@ Springer

3.3 Quasi-wave Age and Wind/Wave (Mis)alignment

To confirm the hypothesis that the large discrepancy between
wind and wave energies in the AO was due to swell, two rep-
resentative buoys for the AO (NDBC buoy 41043) and CS
(NDBC buoy 42059) were selected and the quasi-wave age
(Eq. (4)) for 2019 was calculated. As is already well under-
stood, wind sea is generated directly by wind input and thus
is highly correlated and sensitive to the wind speed and direc-
tion among other variables, which leads to a host of studies
of the optimum wind forcing configurations for numerical
wave models (Wang et al. 2018; Christakos et al., 2020a, b;
Optis et al. 2021; Liu et al. 2021) and investigations into how
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Figure 4 Comparison of average wind, average wave, and dominant wave energies for each buoy over a 10-year period (i.e., 2009-2019)

long-term changes in either variable may affect coastal com-
munities, offshore operations, and shipping routes (Rusu et al.
2018). By contrast, swell is inert to the overlying wind field,
can propagate across ocean basins with minor attenuation,
and has been shown to dominate the north AO, particularly
in the summer (Semedo et al. 2008, 2011). Figure 5 shows a
histogram of the quasi-wave age for either buoy, with the wind
sea/swell determinant (wave age=4) plotted. Waves with
ages larger than 35, which are ignored here but do exist in
the record, are due to storm/hurricane activity. The frequency
occurrence is measured from O to 1. Notably, the CS (blue) is
overwhelmingly governed by extremely young waves (0-2),
i.e., wind sea, that occur nearly all of the time. For less than
10% of the time, older waves (~3—4) also occur, with any even
older waves occurring for less time. This is strongly contrasted
by waves in the AO at buoy 41043 (red), where older waves
(4-6), thus indicating swell, occur for a little over 50% of the
time. Although their occurrence is significantly less frequent
than this, even older waves (> 5) exist. A significantly stronger
correlation between wind speed and wave height is observed

for NDBC buoy 42059 (CORR =0.67) than for NDBC buoy
41043 (CORR =0.37), which enables the discrimination
between wind sea and swell.

_ 0 . = NDBC 42058
08 o] oo = NDBC 41043
g 0.7
95) 0.6 Sea={=Swell
g 05
7 04
503
02
E 01 W’!nd\p\'td(m‘\)

0

10 15 20 25 30 35

Quasi-wave age

Figure 5 Histograms of quasi-wave age for NDBC buoys 42058 and
41043 (blue and red, respectively); in the insets, scatter plots of sig-
nificant wave height and wind speed are given (NDBC buoy 42058,
blue; NDBC buoy 41043, red)
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As swell is relatively insensitive to wind speed, it is also
often misaligned with wind direction. Crucially, offshore
platforms and wind turbines installed in seas where there is
misalignment between winds and waves cause increases in
fatigue damage, construction time, and costs (Hildebrandt
and Cossu 2018; Hildebrandt et al. 2019; Kang and Yang
2019; Porchetta et al. 2019; Sgrum et al. 2019; Verma et al.
2020; Wei et al. 2021). In Figure 6, the difference between
wave and wind directions (A#) was calculated for NDBC
buoys 42058 and 41043 for the year 2019. For buoy 42058
(blue) installed in the CS under direct CLLJ forcing with
A@ that can reach up to~60°, the bulk of measurements lies
between approximately 30 and 60°. By contrast, for buoy
41043 (red), although the wind and wave directions were
nearly frequently aligned (<=+30°), A@ for buoy 41043
extended beyond the maximum of buoy 42059 to over +
180°. These results indicate that, although a large proportion
of wind sea was observed at buoy 41,043 in the AO, swell
that was misaligned with the local wind was also observed.
Thus, if offshore wind platforms are placed in the AO in a
colocated configuration with WECs, then the effects of the
large deviation between wind and wave directions must be
considered. Although swell accounts for a large proportion
of wave energy in the AO and offsets the disadvantage from
overlying lower wind speeds compared with that in the CS,
Al Sam et al. (2017) demonstrated that swell moving faster
than the wind and aligned with the local wind direction may
increase wind turbine power extraction rates, thus providing
an additional benefit. However, this must be tempered by
the effects that swell would have on the motion of a floating
structure.

4 Discussions
Wind energy resources in the CS have a similar magnitude
to those in other high-potential, low-latitude sites, such

as south of the Hawaiian Islands, the Somalian coast, and

0.207

i> mNDBC 42058
X mNDBC 41043

o o
S <

.o
S
S

Frequency of occurence (%)

-300 -200 -100 0 100 200 300
AO

Figure 6 Histograms of the difference between wind and wave direc-
tions (A@) for NDBC buoys 42058 (blue) and 41043 (red) for the year
2019
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the Peruvian western offshore, because of the presence of
coastal low-level jets. This results in an International Elec-
trotechnical Commission (IEC) Class I classification as the
annual average wind speed in these areas meet and exceed
10 m/s. However, in the northern CS and AO, the annual
average wind speed decreases to approximately 6.5 m/s,
resulting in an IEC Class III classification and thus neces-
sitating the use of different types of turbines throughout
the region. Wave energy resources in semi-enclosed seas,
such as the Mediterranean, Red, Black, and Baltic Seas, are
low (e.g., > 4.5 kW/m in the Red Sea) because of minimal
fetches for wave growth and/or the absence of low-level jets.
However, the results indicate that wave energy is signifi-
cantly higher in the CS and AO. Thus, compared with other
sites with low (< 20kW /m) wave energy potential sites, the
CS and AO have many times the energy potential and thus
are attractive areas to harvest wave energy. As a site with
less hostile offshore wave conditions compared with highly
energetic locations, the region can utilize WECs that are
not as robustly designed and thus should be cheaper while
converting commercially adequate volumes of wave energy
into electricity. By harnessing wind and wave renewable
energy resources, Goal 7 of the United Nations Sustainable
Development Goals can be partially achieved, yet exploita-
tion must be balanced against regional realities. Caribbean
nations rely primarily on their unspoiled natural environ-
ments to attract tourists to support their economies and
install wind turbines/WECs nearshore to minimize electric-
ity transmission, and O&M costs may be politically polar-
izing and serve as an additional factor that retards industry
growth. As a result, colocated wind and wave farms should
have layout algorithms to take tourism-related user conflicts
into higher consideration than may be allocated for other
regions. Although not discussed in this study, device sur-
vivability is also a pressing issue as hurricane activity is
frequent and consequently, whether directly through intense
wind speed or indirectly through hurricane-induced waves,
influences platform design. Taking these and other issues
into account, subsequent studies should aim at quantifying
electricity production using state-of-the-art wind turbines
and WECs considering resource availability, stability, sur-
vivability, and sea space user conflicts.

5 Conclusions

For an extremely mature source of renewable energy, wind
energy development is, quite paradoxically, rather limited
in its application throughout the CS. Wave energy develop-
ment is also nearly nonexistent. For coastal communities
and SIDS throughout the region, harnessing these and other
forms of renewable energy provides pathways to revitalize
economies overly dependent on tourism that stalled in the
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wake of the COVD-19 pandemic by blue economy activities
that usher in blue recovery and growth. This study conducted
a preliminary resource assessment of offshore winds and
waves, considering the symbiotic relationship that exists
between energy extraction technologies. The results showed
that wind energy was most abundant at buoy 42058 under
the direct influence of the CLLJ, reaching ~ 1500 W/m?2. As
expected, dominant wave energy was also most abundant at
this location, exceeding 16 kW/m with a mean of 13 kW/m.
However, variability and distance from the coastline are
issues that must be considered for either wind turbine or
WEC installations. Further away but still relatively under
forcing by the CLLJ, buoy 42059 had, in comparison with
buoy 42058, lower wind and wave energy resources (meas-
ured at~ 1000 W/m? and < 10 kW/m, respectively) but still
exceeded the remaining CS locations as both buoys 42056
and 42057 lie far outside the influence of the CLLJ and are
located near Cuba. In either buoy 42056 or 42057, wind and
wave energies were the least abundant of any buoy and were
measured at < 600 W/m? and < 5 kW/m, respectively. In
the AO, an unexpected discrepancy between wind and wave
energy resources was observed. Wind energies for buoys
41043 and 42046 were measured at approximately 500 W/
m?, and the average and dominant wave energies reached
approximately 10—-15 kW/m. In the AO, wind energy had
roughly the same magnitude as that observed in the outer
CS (buoys 42056 and 42057) yet had double to triple the
wave energy resource. This discrepancy was attributed to
the existence of swell in the AO that could transport energy
to the windward sides of the Lucayan Archipelago and the
Greater and Lesser Antilles coastlines. Thus, two roughly
discrete wave regimes characterized by wind sea inside the
CS and swell on the eastern island boundaries are respon-
sible for the differences in wave energy. This has important
implications for offshore wind turbine stability and energy
extraction and dictates the WEC operating parameters. To
foster continued research into renewable energy resource
exploitation along with other blue economy activities, Carib-
bean governments should follow the example of Antigua and
Barbuda in establishing a Centre for Excellence for Ocean-
ography and the Blue Economy at The University of the
West Indies Five Islands Campus and make strong invest-
ments in broadening ocean literacy, ocean in situ and remote
sensing observation platforms, and computational resources.
At the onset of the United Nations Decade of Ocean Sci-
ence for Sustainable Development (2021-2030), Caribbean
governments should take advantage of financial, technical,
and technological support made available by global partners
to other coastal communities and SIDS across the planet.
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