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EXECUTIVE SUMMARY

Globally, estimates of the potential destructiveness of hurricanes show a substantial upward trend since the mid-1970s, with a
trend towards longer storm duration and greater storm intensity.

An increase in North Atlantic tropical cyclone activity has been observed since 1995. An increased frequency of very intense
tropical cyclones within the North Atlantic region since the 1990s has also been noted.

It is estimated that from 1901-2010, global mean sea level increased by 0.19 £ 0.02 metres. For the Caribbean sea, levels
have risen at a rate similar to the global rate.

The mean significant wave heights in the Caribbean have increased since 1948 at a rate of 0.024 cm/year.

While global frequency of tropical cyclones is likely to either decrease or remain essentially unchanged, it is more likely than
not that the frequency of the most intense storms will increase substantially in some ocean basins. It is anticipated, though with
low confidence, that North Atlantic tropical cyclone activity will follow the global trend.

Precipitation rates and wind speeds associated with Atlantic tropical cyclones may increase.

There is a possibility of increased storm surge levels for the Caribbean.

The Caribbean annual mean significant wave heights are projected to decrease.

It has been suggested that gravitational and geophysical factors may lead to the Caribbean experiencing a greater rise in sea
levels than most global areas. In fact, sea level rise over the Northern Caribbean may exceed the global average by 25%.

Introduction

socioeconomic activities and everyday life. Table 1 shows few of
the extreme events experienced by Caribbean countries since
2004 and some socioeconomic impacts.

Characteristics of extremes
Tropical cyclones: The Atlantic hurricane season extends from

This review characterizes extreme events in coastal and marine
environments and their observed and anticipated impacts for the
Caribbean Small Island Developing States (SIDS). Gaps in the
current state of knowledge are also highlighted. The report
focuses on tropical cyclones (hurricanes), sea level rise, storm

surge and significant wave heights.

The Caribbean faces a variety of impacts due to climate change.
While the region is very familiar with natural hazards, coping with
the impacts of more intense or frequent disasters is still a major
challenge. Each year, climate extremes come at a substantial
cost to human life, infrastructural damage, and disruptions to
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June 1 to November 30. During this period, conditions favourable
to tropical cyclone development over the Atlantic basin typically
emerge. These include: i) a decrease in vertical wind shear, ii)
a weakening of easterly trade winds, ii) sea surface
temperatures (SSTs) greater than 26°C (Goldenberg et al.,
2001; Webster et al., 2005; Klotzbach, 2007). Tropical cyclone
activity is also dependent on large-scale atmospheric and
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oceanic influences such as the El Nifio Southern Oscillation
(ENSO) and the Atlantic Multidecadal Oscillation (AMO). The
ENSO is a recurring climate pattern across the tropical Pacific
that is characterized by warmer than normal equatorial Pacific
SSTs (warm phase called El Nifio) and cooler than normal
equatorial Pacific SSTS (cool phase called La Nifia). The pattern
varies irregularly between the two phases every two to seven
years. El Nifio events are associated with fewer North Atlantic
tropical cyclones, particularly for the Caribbean (Chu, 2004)
while La Nifia events are characterized by increased cyclone
formation. Another modulator of tropical cyclone activity is the
AMO. The AMO is a natural decadal SST variation over the
North Atlantic. In its warm phase, North Atlantic tropical cyclone
activity increases (Goldenberg et al. (2001)). This is the
prevailing phase since 1995.

Sea Levels: On decadal and longer time scales, global mean
sea level change results from two major processes that are
largely related to recent climate change and that alter the volume
of water in the global ocean: i) thermal expansion, and ii) the
exchange of water between oceans and other reservoirs
(glaciers and ice caps, ice sheets, other land water reservoirs -
including through anthropogenic change in land hydrology, and
the atmosphere. All these processes cause geographically
nonuniform sea level change as well as changes in the global
mean; some oceanographic factors (e.g., changes in ocean
circulation or atmospheric pressure) also affect sea level at the
regional scale, while contributing negligibly to changes in the
global mean. Vertical land movements such as resulting from
glacial isostatic adjustment (GIA), tectonics, subsidence and
sedimentation influence local sea level measurements but do not
alter ocean water volume; nonetheless, they affect global mean
sea level through their alteration of the shape and hence the
volume of the ocean basins containing the water (Bindoff et al.,
2007).

Storm Surge: Storm surge describes an abnormal rise of water
generated by a storm above predicted astronomical tides. Surge
risk varies depending on the strength and structure of a given
hurricane as well as geography and tidal cycles along the coast
it impacts. However, it is useful to note that any low-pressure
system off shore with associated high winds can cause a coastal
flooding event depending on duration and direction of winds.

What is Already Happening?

This section discusses climate change that has already been
observed in the context of extreme events in coastal and marine
environments. In the section, historical trends are examined with
respect to tropical cyclones, sea level rise, storm surge,
significant wave heights and Sargussum outbreaks.

Tropical Cyclones: Globally, estimates of the potential
destructiveness of hurricanes show a substantial upward trend
since the mid-1970s, with a trend towards longer storm duration
and greater storm intensity. These are consistent with findings
that a large increase in numbers and proportion of strong
hurricanes have been evident globally since 1970 even as total

numbers of cyclones and cyclone days decreased slightly in
most basins. Specifically, the number of category 4 and 5

Table 1. Impacts of some extremes events occurring across the
Caribbean region since 2004 in the context of yearly
variability.

Climate Impacts

Change

Variable/

Extreme

Events
Tropical Hurricane Ivan in 2004 made landfall in
Storms and Grenada causing significant damage to St.
Cyclones/ George, St. David, St. John, and St. Andrew.

Estimated cost of damages was USD885
million. The south coast of Jamaica also
experienced significant damage from lvan.
Fourteen percent of the total population
was impacted and damages amounting to
USD595 million were incurred (ECLAC,
2004).

Hurricane Dean in 2007 uprooted 40% of
mangroves in the Portland Bight Area,
Jamaica. The high mortality is due in part to
the young state of mangroves in the area in
recovery from the impact of Hurricane lvan
in 2004 (P10J, 2007).

Tropical Depression 16, though never
making landfall in Belize, resulted in losses
amounting to USD27.1 million (2% of the
GDP) (ECLAC, 2009).

Hurricane Sandy 2012 caused storm surge
events in the north-eastern/eastern coasts
of Jamaica. Flood events affect
approximately 25% of the total population
(P10J, 2013).

Storm Surge

Sea Level
Rise

Alligator Pond in St. Elizabeth, Jamaica
experiences continued beach erosion (The
Observer, 2010).

Coastal erosion of Las Cuevas,
Blanchisseuse, and South Cocos Bays in
Trinidad and Tobago has been observed
(Daily Express, 2014). Signs of a receding
coastline at Manzanilla Beach has also
been noted (CNS, 2015).

Sargassum In 2014 Sargassum blanketed marine areas
in Jamaica and across the Caribbean and as
far north as Massachusetts, affecting
fisheries, aquaculture, shorelines and

tourism.
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hurricanes increased by about 75% between 1970 and 2012
(IPCC, 2013). For 1995-2012, 13 of the hurricane seasons in
the North Atlantic have been above normal and include the two
most active seasons on record. Table 2 below shows the number
of storms for above-normal North Atlantic hurricane seasons
recorded between 1995 and 2016. The years 1998, 1999, 2003,
and 2004 also rank among the top 10 most active seasons ever
recorded. The accumulated cyclone energy (ACE) is an
indication of the frequency, intensity and duration of a hurricane
season (NOAA Archived Bulletins).

Table 2. The accumulated cyclone energy (ACE), number of
tropical storms, hurricanes and major hurricanes for above-
normal hurricane seasons in the North Atlantic since 1995 in
order of most active.

Years | ACE | Tropical | Hurricane Major Total
Storm Hurricane
2005 | 250 28 15 7 50
1995 | 228 19 11 5 35
2004 | 225 15 9 6 30
1998 | 182 14 10 3 27
1999 | 177 12 8 5 25
2003 | 175 16 7 3 26
1996 | 166 13 9 6 28
2010 | 165 19 12 5 36
2008 | 144 16 8 5 29
2016 | 138 15 7 4 26
2012 | 133 19 10 2 31
2011 | 126 19 7 4 30
2000 | 116 15 8 3 26

Additionally, studies have noted higher North Atlantic tropical
cyclone activity (+60% °C-1) since 1995 (Goldenberg et al., 2001)
and increased frequency of very intense tropical cyclones
(~+17% °C-1) within the North Atlantic region since the 1990s
(Emanuel, 2007; Holland & Webster, 2007, Bender et al., 2010).
These trends have been observed in association with long term
changes in tropical Atlantic oceanic and atmospheric conditions
important to North Atlantic tropical cyclone development
including increased mean surface temperatures (0.12 + 0.04°C
per decade for 1951-2010), increased tropospheric water vapor
(7%°Ct since 1970s) and fluctuations in vertical wind shear
(within 6 ms-t since 1995) (Goldenberg et al., 2001; IPCC, 2013).

Sea Level Rise: It is estimated that between 1901 and 2010,
global mean sea level increased by 0.19 + 0.02 metres (IPCC,
2013), although rates of sea level rise are not uniform across the
globe and large regional differences exist. From estimates of
observed sea level rise from 1950 to 2000, it is anticipated that
Caribbean sea levels have risen at a rate similar to the global
rate (Church et al., 2004). Table 3 below shows the trend of sea
level rise across the Caribbean region.

Table 3. Mean rate of sea level rise averaged over the
Caribbean basin.

Period Rate Information source
(mm/year)

1950 and 18+0.1 Palanisamy et al. (2012)
2009

1993 and 17+13 Torres & Tsimplis (2013)
2010

1993 and 2513 Torres & Tsimplis (2013), after
2010 correction for Global Isostatic

Adjustment (GIA)*

*GIA describes the slow part of the response of the earth to the redistribution
of mass following the last deglaciation.

Storm Surge: Most analyses on extreme water levels have
focused on specific regions and find that extreme values have
increased since the 1950s, using various statistical measures
such as annual maximum surge, annual maximum surge-at-
high-water, monthly mean high water level, changes in number
of high storm surge events or changes in the 99" percentile
events. Global analysis of tide gauge data that spans 1970s to
the present, also suggests that the magnitude of extreme sea
level events has increased in all regions studied.

Significant wave height (North Atlantic): The mean
significant wave height (SWH) is defined as the average of the
highest one-third of wave heights. Trends in the North Atlantic
show an increase in mean significant wave height. The
Caribbean shows less significant increases since 1948 (Reguero
et al. 2013, IPCC 2013). SWH values can reach up to 2-2.5
metres with great spatial variability as more modest trends are
observed along the eastern Caribbean. Table 4 below shows the
trends of SWH in the Caribbean. The coastal response to this
change in wave climate has not been documented.

Table 4. Trends in significant wave height (in centimetres per
year) for the North Atlantic, Caribbean and Gulf of Mexico
regions. Source: (Reguero etal., 2013).

Region Significant Wave Height
(cmlyr)
North Atlantic 0.134
Caribbean 0.024
Gulf of Mexico 0.018

Sargassum outbreak: Pelagic (floating) sargassum or
seaweed, originating in the adjacent Sargasso Sea, floated into
the Caribbean region. Sargassum provide feeding and spawning
grounds for many marine species and is an essential habitat for
some commercial value fish across the Caribbean region.
However, events in which copious amounts of sargassum have
washed up along the coasts of the Caribbean have intensified in
more recent years. Extreme sargassum events have occurred in
2011, 2012, 2014, 2015, and 2016 (Maréchal et al., 2017).
Sargassum shows substantial spatial and temporal variability as
it is influenced by ocean conditions (such as sea surface
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temperatures, ocean acidification, and wind disturbances) and
even thrives in warmer waters (Huffard et al., 2014).

Impact

Studies of beach attenuation and recession of Dominican
beaches and bays show an overall vulnerability to beach
erosion due to hurricane-associated storm surge between
1987 and 2000 (UNESCO, 2002a). Where there are cases of
continued beach attenuation, other locations experience
beach accretion, as with the cases of Grand Anse Central,
Mount Rodney, Sauteurs, and Grenville in Grenada
(UNSECO, 2002b).

Some other impacts of extremes have been in relation to
mangroves within the Caribbean region. These have shown
adjustments to rising sea levels prior to the year 1950 (McKee et
al., 2007). Mangroves can actively adjust their environments
and have the ability to migrate further inland over time (Krauss
et al., 2014). However, there is evidence that mangroves are
under threat and are in decline (Ellison & Farnsworth, 1996; The
Jamaica Observer, 2011). The OECS Biodiversity of the
Caribbean 2009 report stipulates that climate change is a major
factor encouraging the reduction of mangroves along the coast.
Rising sea levels result in an influx of fresh water in the ocean
altering the ocean’s salinity. This poses a threat to mangroves
that are salt-tolerant plants. The report also indicates that
changing climate and increased frequency of extreme events
could undermine the stability of mangrove ecosystems, a feature
that mangroves rely on for growth and survival. Ellison &
Farnsworth (1996) show that the area occupied by mangrove
swamps decreased from 14, 844 square kilometres in 1980 to
13, 501.3 square kilometres in 1990. The decline is consistent
with trends in individual Caribbean countries and with more
recent observed trends (see Table 5 below).

While Sargassum events have been observed to thrive in
warmer waters, lower diversity is observed in more recent
samples of Sargassum (Schmidt Ocean Institute, 2014). With
less diverse marine life, Sargassum floats have become less
habitable leading to declines in pelagic fish and marine species.
This affects the availability of fish within the Caribbean region,
and also affects attractiveness of coastal beaches, a prime asset
in tourism for many Caribbean countries.

Environmental pollution, particularly marine oil spills, is a primary
cause of the declines in mangrove coverage along some
Caribbean coasts (Imbert et al., 2000). Hurricanes also
contribute substantially to the slow regrowth of mangrove
forests. The effect of hurricanes on the basal area of mangrove
forest in the Dominican Republic were examined by Sherman et
al. (2001). The results indicated that the area occupied by
mangroves dropped drastically for intense storms, and the
recovery time of mangroves further away from the coast took
more than a year to achieve pre-hurricane seedling densities.
However, the effects are not all negative. Hurricanes also result
in rapid sediment input and the transfer of nutrients into
mangrove areas that support the long-term maintenance of
surface elevations necessary for mangrove growth (Ward et al.,
2016).

Table 5. A comparison of area coverage in square kilometres
of mangrove forests for some Caribbean islands over the
ears.

Country Area Area Area
coverage coverage coverage
ca. 1980 ca. 1990 ca. 2000

Antigua and | 13 11.8 -

Barbuda

Bahamas 3086 1419

Barbados <0.07 0.1

Belize 730 657.7

Dominica 2 0.1

Grenada 2 15 -

Guyana - 804 160

Haiti 180 150 -

Jamaica 106 97.3 -

Puerto Rico 80 65 64.1

St. Kitts and | 0.5 0.2 -

Nevis

St. Lucia 3 1.8 2

St.  Vincent | 1 0.6 -

and the

Grenadines

Trinidad and | 40 71.5 50

Tobago

Suriname 981.2 900

Source: Ellison & Farnsworth (1996), FAO (2003), Lewsey &
Kruse (2004).

What Could Happen?

This section discusses future changes that may be anticipated in
relation to tropical cyclones, sea level rise, storm surge and
significant wave heights for the North Atlantic and Caribbean and
some possible impacts to the natural and built environments of
the Caribbean.

Future Climate

Tropical Cyclones: The Fifth Assessment report of the
Intergovernmental Panel on Climate Change (IPCC ARS5)
published in 2013 suggests that while global frequency of
tropical cyclones is likely to either decrease or remain essentially
unchanged, it is more likely than not that the frequency of the
most intense storms will increase substantially in some ocean
basins. It is anticipated, though with low confidence, that North
Atlantic tropical cyclone activity will follow the global trend
(Emanuel et al. 2008; Sugi et al. 2009; Knutson et al. 2010).
Bender et al. (2010) suggested that while the overall frequency
of Atlantic storms may decrease by 28%, the frequency of the
most intense Atlantic storms (Category 4 and 5 on the Saffir-
Simpson scale) may increases by 80% by the end-of-century
under the SRES A1B (medium emissions) scenario. Increased
precipitation rates and higher wind speeds are also likely for
future Atlantic tropical cyclones (IPCC 2013; Knutson et al.,
2010, 2013).

Sea Level Rise (SLR): Global mean sea levels are projected to
continue rising. The Fifth Assessment Report produced in 2013
suggests that we will see changes in the combined range of 0.26
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- 0.82 m by 2100 relative to 1986-2005 levels across all
representative concentration pathways (RCPs). This is a more
rapid rate of increase than once suggested by the IPCC Fourth
Assessment Report produced in 2007. Some of the latest global
and regional projections for four representative concentration
pathways (RCPs) are given in Table 5. It has been suggested
that gravitational and geophysical factors will lead to the region
experiencing a greater rise in sea levels than most global areas.
In fact, sea level rise over the Northern Caribbean may exceed
the global average by 25% (IPCC 2013). Table 6 indicates that
Caribbean countries are projected to exceed the global average
under all RCP scenarios. Under the worst-case scenario
(RCP8.5), it is suggested that most Caribbean SIDS may reach
0.5-m SLR by the mid-century (2046-2065) and 1-m sea level
rise by the end-of-century (2081-2100). Countries located in the
southernmost Caribbean show marginally higher rates of
increase, as in the case of Trinidad.

Table 6. Projected increases in global mean sea level (in
metres) and select Caribbean Small Island States Projections

are taken using the CMIP5 suite of global climate models and
are relative to 1986-2005.

as Katrina 2005) are likely to become more frequent, with shorter
return periods as global temperatures continue to increase.
However, the number of tropical cyclone events in the North
Atlantic region (including the Caribbean) is expected to decline.
It is anticipated therefore that the North Atlantic region will see
fewer but more intense storm surge events, following in the
fashion of projected regional storm events (Mori et al., 2010).

Significant wave heights: Future wave heights in the latitude
range of 30°N-45°N in the North Pacific and the North Atlantic
Ocean will decrease by 7% which corresponds to 0.15 m of
averaged wave height. A figure from the IPCC AR5 suggests
that for the Caribbean annual mean significant wave heights are
projected to decrease by approximately 1-2% by the end of
century.

Some Possible Impacts

Coastal environments are expected to be threatened in the near
to long-term future with the projected and continued rise in sea
levels. Using the IPCC’s most recent suite of global climate
models (GCMSs), the Caribbean SIDS are expected to see 0.5-
0.6 metre (under RCP4.5) or 1-metre sea level rise (under
RCP8.5) by the end of the century. The IPCC 2014 Report

indicates that 1-metre sea level rise will have dire impacts on the
fisheries (particularly aquaculture) with increases in flooding
events and saltwater intrusion, and on tourism through beach
erosion due to elevated rates of SLR, modified coastlines, and

foss of biodiversity due to increases in the pH of marine habitats.
According to the CARIBSAVE assessments, as the majority of
Caribbean population live and work along the coastal regions, a
substantial percentage of coastal infrastructure is likely to be

Severely impacted by rises in sea levels. For Jamaica, airports
are the most vulnerable coastal infrastructures with a projected
20% of airport infrastructure and 22% of wetland areas being
affected by a 1-metre rise in sea levels. For Guyana, sea level

rise poses the greatest threat to major tourism resorts with 50%
of infrastructure anticipated to be impacted by a 1-metre rise in
sea levels. Belize shows a high sensitivity to sea level rise
impacts, with total projected damages of 50% of wetland and

major tourism resorts with just a 1-metre rise in sea levels.

The IPCC 2013 and 2014 reports indicate that the current
declining trend in mangrove areas in the Caribbean region are
very likely to continue towards the end-of-century. This is due to

2046 — 2065 2081- 2100
Variable Scenari Mean Likelyrange Mean Likely range
o
Global RCP2.6 024 0.17-032 040 0.26-0.55
Mean Sea RCP4.5 0.26 0.19-0.33 0.47 0.32-0.63
Level Rise pcpg0 025 0.18-0.32 0.48  0.33-0.63
(m) RCP85 030 022-038 0.63 0.45-0.82
Bahamas RCP2.6 033 0.27-0.40 057 0.51-0.64
RCP45 035 0.28-0.42 065 0.56-0.74
RCP6.0 033 0.25-0.41 066 0.56-0.76
RCP8.5 040 0.30-050 0.86 0.71-1.02
Belize RCP2.6 037 0.29-0.45 0.64 0.58-0.72
RCP45 039 0.31-047 074 0.63-0.83
RCP6.0 038 0.29-0.46 074 0.63-0.86
RCP8.5 0.44 0.34-056 097 0.80-1.15
Guadeloupe RCP2.6 035 0.27-0.41 060 0.53-0.66
RCP45 036 0.28-0.44 068 0.59-0.77
RCP6.0 035 0.27-0.43 069  0.59-0.80
RCP8.5 041 0.32-052 090 0.74-1.07
Jamaica RCP2.6 034 0.27-0.41 059 0.52-0.65
RCP4.5 035 0.28-0.43 067 0.58-0.76
RCP6.0 034 0.27-0.42 068 0.58-0.78
RCP8.5 040 0.31-051 0.88 0.73-1.05
Trinidad RCP2.6 038 0.30-0.45 065 0.58-0.73
RCP45 039 0.31-048 074 0.64-0.84
RCP6.0 038 0.30-0.46 075 0.64-0.87
RCP8.5 045 0.35-057 098 0.81-1.170

projected increases in temperature and rainfall extremes, sea
level rise, and the frequency of intense tropical cyclones. It is
anticipated that an increase in the frequency of extreme events

Storm Surge: Despite the lack of studies on storm surge within
the Caribbean and the wider North Atlantic region, it is
anticipated that with projected sea level rise and increases in
number of the most intense storms, storm surge levels will
increase (Lin et al., 2012; Grinsted et al., 2013). Grinsted et al.
(2013) showed that storm surge heights increase with an
increase in wind speed and SST. The study further asserts that
storm surge events that occur due to more intense storms (such

may have the following negative impacts (Ward et al., 2016):

o Accelerated mangrove mortality: Changes in surface
elevation (important for mangroves to thrive) due to
accelerated sea level rise may have long-term effects
on mangroves.

e Landward mangrove forest migration due to increases
in storm surge and the most intense hurricanes.

e Fresh water wetland displacement due to saltwater
intrusion from sea level rise.
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Confidence Assessment
What is already happening

Level of 4H - ngh -
agreement or M X Medium
consensus L Low

(incl. dataset L M H

agreement and

model Amount of evidence (theory /

confidence) observations / models) modelled)

»

What could happen in the future

A
H I High

Level of .
agreement M Medium
or consensus L X Low
(incl. dataset L M H
agreement . >
and model Amount of evidence (theory /
confidence) observations / models) modelled)

The main knowledge gaps that inhibit a more detailed analysis
of the impact of climate extremes on coastal and marine
environments are as noted below:

1. Significant wave heights need to be examined for the
Caribbean but analyses may be restricted by the
availability of data.

2. There is a need to examine sea level rise specifically
for the Caribbean and to identify what the extreme
scenarios may be. A closer look at storm surge over
the Caribbean is also needed.

3. Future tropical cyclone activity within the Caribbean
Basin should be the subject of future investigations.
Current analyses are concentrated on the Atlantic and
Pacific Oceans but there is value in conducting some
regional evaluations.

4. Unreported impacts. Many assessments acknowledge
that there are substantial gaps in impacts analyses due
to incomplete surveys and damage assessments,
especially in countries with limited resources and local
capacity, for example Haiti (IPCC, 2007; Cohen &
Singh, 2014).

Socio-economic Impacts

Cost of inaction

The cost of not adapting to climate change impacts is expected
to have severe repercussions for Caribbean SIDS. Without

action, the cost of damage is likely to increase substantially
towards the end-of-century, crippling further development of
island states (Bueno et al., 2008). For example, with the annual
North Atlantic hurricane season, the Caribbean SIDS have the
potential to incur damages and losses of up to 15% of the GDP.
Table 7 outlines the impact (expressed as the percentage of the
GDP) of historical tropical cyclones on the economic sector in
Caribbean countries. With more intense storms, the severity of
hurricane impacts is expected to increase.

If the region’s vulnerability to climate change is not addressed,
then the estimated loss due to future climate extremes such as
hurricanes could increase. Table 5 indicates the inherent
vulnerability to climate of Caribbean states. Countries such as
Grenada and Haiti show high vulnerability and severe potential
socio-economic impacts under climate change. The costs (as a
% of GDP) noted in Table 8, further suggest that each Caribbean
country could likely experience a perpetual economic recession,
should projected impacts materialize. For the Caribbean in
general, annual cost of inaction could total US $10.7 billion
annually by 2025, $22 hillion by 2050 and $46 billion by 2100.
These costs represent 5%, 10% and 22% respectively of the
current Caribbean economy (2004 GDP).

Implications for energy

One of the key sectors that will be severely impacted by extreme
events is energy. Many power plants in the Caribbean are
located along the coast. A case in point is Jamaica in which 7 of
its 8 generation stations and all load centres are located on or
near coastal plains (Figure 1). With continued sea level rise,
there is the possibility of having to relocate power utilities further
inland. This may result in higher population densities along the
coast and competition for space. The anticipated increase in
the intensity and precipitation associated with the strongest
hurricanes as well as stronger storms will also affect energy

supply.
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Table 7. Impact of hurricane events on some Caribbean
economies from 1990-2008

Country Tropical Total national
Cyclone Event impact to
economic
sector (% GDP)
The Bahamas Hurricane 0.3%
Frances and
Jeanne (2004)
Belize Hurricane Keith 0.1%
(2000)
Cayman Islands  Hurricane Ivan 4.8%
(2004)
Cayman Islands  Hurricane 0.3%
Paloma (2008)
Dominican Hurricane 0.1%
Republic Frances and
Jeanne (2008)
Grenada Hurricane Ivan 2.1%
(2004)
Haiti Hurricane 7.7%
Jeanne (2004)
Haiti Tropical Storm 15.1%
Fay, Gustav,
Hanna, ke
(2008)
Jamaica Hurricane 1.3%
Michelle (2001)
Jamaica Hurricane Ivan 1.3%
(2004)
Turks and Caicos Hurricane 0.3%
Islands Hanna, Ike
(2008)
Adapted from ECLAC (2010).
o R, All Island Electricity Grid
iy g,\ _
T e, A O )
\ }( - ¥

Table 8. Cost of inaction on climate change in the Caribbean
region by 2025, 2050, 2075 and 2100. The figures are
estimates of the total annual impact of potential climate
change on Caribbean countries for different time horizons.

Country Cost of Inaction: % of 2004 GDP

2025 2050 2075 2100

Anguilla 10.4 20.7 31.1 41.4

Antigua & 12.2 25.8 41.0 58.4

Barbuda

Aruba 5.0 10.1 15.1 20.1

Bahamas 6.6 13.9 22.2 31.7

Barbados 6.9 13.9 20.8 27.7

British Virgin 4.5 9.0 13.5 18.1

Islands

Cayman 8.8 20.1 34.7 53.4

Islands

Cuba 6.1 12.5 19.4 26.8

Dominica 16.3 34.3 54.4 77.3

Dominican 9.7 19.6 29.8 40.3

Republic

Grenada 21.3 46.2 75.8 111.5

Guadeloupe 2.3 4.6 7.0 9.5

Haiti 30.5 61.2 92.1 123.2

Jamaica 13.9 27.9 42.3 56.9

Martinique 1.9 3.8 5.9 8.1

Montserrat 10.2 21.7 34.6 49.5

Netherland 7.7 16.1 25.5 36.0

Antilles

Puerto Rico 1.4 2.8 4.4 6.0

Saint Kitts & 16.0 35,5 59.5 89.3

Nevis

Saint Lucia 12.1 24.3 36.6 49.1

Saint Vincent 11.8 23.6 354 47.2

& the

Grenadines

Trinidad & 4.0 8.0 12.0 16.0

Tobago

Turks & 19.0 37.9 56.9 75.9

Caicos

U.S. Virgin 6.7 14.2 22.6 32.4

Islands

TOTAL 5.0% 10.3% 15.9% 21.7%

CARIBBEAN

Figure 1. Locations of generation stations (orange pentagons)
and load centres (areas circled in red). Medium to high voltage
power lines of Jamaica’s electricity grid are shown as follows:
12 kV power lines (light green), 13.8 kV (red), 24kV (blue),
69KV (yellow), and 138 KV (light blue). Source: Jamaica Public
Service Limited.

Adapted from Bueno et al. (2008).

Implications for Coastal Infrastructure

Finally, for Latin America and the Caribbean, costs of adaptation
to extreme weather events and fortification of coastal
infrastructure are estimated to be a total of 0.21% (0.22%) of the
GDP for the driest (wettest) scenario, and contributes quite
significantly to the overall cost of adaptation (ECLAC, 2014).
Figure 5 shows the projected annual costs of adaptation as
generated using two models by sector. The National Centre for
Atmospheric Research (NCAR) model provides cost projections
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in a drier climate, while the Commonwealth Scientific and
Industrial Research Organization (CSIRO) model provides costs
of adaptation under a wetter climate.

Al ik G
Hater s iy 0 10

Health | §

Extreme 0.01 g
weather events 0.02
Agriculture p[I[‘EE
Fisharies h 0

0

Coastal areas

Infrastructure ﬂ D.06
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Figure 5. Annual costs of adaptation (as percentages of
regional GDP) for Latin America and the Caribbean. The
National Centre for Atmospheric Research (NCAR) model
provides the wettest scenario; Commonwealth Scientific and
Industrial Research Organization (CSIRO) model provides
estimations under a wettest scenario. Source: (ECLAC, 2014).

Nicholls et al. (2010) further indicates that costs of adaptation for
coastal zones are high particularly because of the continued
increase in population along the coast and the exposure of many
low-lying coastal regions to quite a few climate risks (sea level
rise, storm surge, tropical storms). As such, Latin America and
the Caribbean and East Asia and the Pacific account for two-
thirds of total adaptation costs worldwide.

Another World Bank report also shows that the costs of fortifying
coastal zones are very likely to increase with more intense
climate risks. Table 9 below shows the incremental costs per
year for adaptation of Latin American and Caribbean coasts. The
annual costs for adaptation is projected to rise as climate
hazards become more severe with storms and increases in
population lending much to substantial increases in cost.

As the climate becomes warmer, it is anticipated that the Latin
America and Caribbean region will see more stringent and costly
impacts to coastal regions.
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Table 9. Incremental annual costs of adaptation for coastal regions in Latin America and the Caribbean under a no-rise, low,
medium, high sea level rise scenarios. Costs are given in billions per year at 2005 prices. Adapted from Nicholls et al. (2010).

No-Rise Low Medium High High with | High with
storms no
population

growth

Beach 2010s 0.04 0.39 0.67 0.84 0.84 0.84
Nourishment | 55555 0.05 0.48 0.37 1.17 1.17 1.16
2030s 0.05 0.58 1.14 1.55 1.55 1.55

2040s 0.05 0.70 1.44 2.09 2.09 2.08
Port 2010s 0.00 0.02 0.04 0.05 0.05 0.05
Upgrades | 55505 0.00 0.02 0.04 0.05 0.05 0.05
2030s 0.00 0.02 0.04 0.05 0.05 0.05
2040s 0.00 0.02 0.04 0.05 0.05 0.05
River Dikes | 2010s 0.16 0.12 0.26 0.39 0.39 0.41
2020s 0.15 0.12 0.27 0.42 0.42 0.42
2030s 0.15 0.13 0.30 0.44 0.44 0.45

2040s 0.14 0.13 0.31 0.47 0.47 0.48

SeaDikes | 2010s 2.28 3.33 7.59 11.34 11.74 11.05
2020s 2.21 3.65 8.43 12.59 13.10 12.05

2030s 2.28 3.99 9.24 13.76 14.30 13.55

2040s 2.41 4.32 9.98 14.83 15.45 14.66

18



Citation

Please cite this document as:

Stephenson, T.S., Jones, J.J. (2017) Impacts of Climate
Change on Extreme Events in the Coastal and Marine
Environments of Caribbean Small Island Developing States
(SIDS), Caribbean Marine Climate Change Report Card:
Science Review 2017, pp 10-22.

The views expressed in this review paper do not
represent the Commonwealth Marine Economies
Programme, individual partner organisations or the
Foreign and Commonwealth Office.

References

Bender, M. A., Knutson, T. R., & Tuleya, R. E. (2010) Modeled
impact of anthropogenic warming on the frequency of intense
Atlantic hurricanes. Science, 327(5964); 454-458, doi:
10.1126/science.1180568.

Bindoff, N.L., J. Willebrand, V. Artale, A, Cazenave, J. Gregory,
S. Gulev, K. Hanawa, C. Le Quéré, S. Levitus, Y. Nojiri, C.K.
Shum, L.D. Talley and A. Unnikrishnan (2007) Observations:
Oceanic Climate Change and Sea Level. In: Climate Change
2007: The Physical Science Basis. Contribution of Working
Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D.
Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor
and H.L. Miler (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

Bueno, R., Herzfeld, C., Stanton, E. A., and Ackerman, F. (2008)
The Caribbean and climate change: The Costs of Inaction.
Medford, MA, Tufts University Global Development and
Environment Institute and Stockholm Environment Institute—
US Center.

Caribbean Disaster Emergency Management Agency (CDEMA)
(2013) Deadly low-level trough system impacts Dominica,
Saint. Lucia, and Saint Vincent and the Grenadines.
http://www.cdema.org/
index.php?option=com_content&view=article&id=1304:situati
on-report-5-deadly-low-level-trough-system-impacts-
dominica-saint-lucia-and-saint-vincent-a-the-
grenadinesé&catid=39:situation-reports&ltemid=347 : Date of
Access: October 16, 2016.

Caribbean Disaster Emergency Management Agency (CDEMA)
(2014) Saint Lucia: Country Document for Disaster Risk
Reduction, 2014, http://dipecholac.net/docs/files/869-
documento-pais-saint-lucia-para-la-web.pdf. Date of Access:
October 16, 2016.

Caribbean News Service (CNS) (2015) Sinking into Paradise:
Climate Change and Coastal Erosion in Trinidad
http://caribbeannewsservice.com/now/?s=coastal+erosion
Date of Access, 17 October 2016.

Chu, P.-S. (2004) ENSO and tropical cyclone activity in
Hurricanes and Typhoons: Past, Present, and Potential, edited
by R. J. Murnane and K.-B. Liu, Columbia University Press,
297-332pp.

Church, J.A., White, N.J., Coleman, R., Lambeck, K. and
Mitrovica, J.X. (2004) Estimates of the regional distribution of
sea level rise over the 1950-2000 period, Journal of Climate,
17, 2609-2625, doi: 10.1175/1520-
0442(2004)017<2609:EOTRD0O>2.0.CO;2.

Cohen, M. and Singh, B. (2014) Climate Change Resilience: The
case of Haiti. www.alnap.org/poolffiles/rr-climate-change-
resilience-haiti-260314-en.pdf. Date of Access: October 18,
2016.

Daily Express (2014) Coastal Erosion: A challenge for small
island developing states
http://www.trinidadexpress.com/featured-news/Coastal-
erosion-273867871.html. Date of Accessed: October 17, 2016.

Economic Commission for Latin America and the Caribbean
(ECLAC) (2004) Comparison of the Socio-Economic Impacts
of Natural Disasters on Caribbean Societies in 2004,

Economic Commission for Latin America and the Caribbean
(ECLAC) (2005) Guyana: Socio-economic Assessment of the
damages and losses caused by the January-February 2005
Flooding.

Economic Commission for Latin America and the Caribbean
(ECLAC) (2009) Belize: Macro Socio-Economic Assessment
of the Damage and Losses caused by Tropical depression 16.

Economic Commission for Latin America and the Caribbean
(ECLAC) (2010) Analysis of Extreme Events in the Caribbean.

Economic Commission for Latin America and the Caribbean
(ECLAC) (2014) The Economics of Climate Change in Latin
America and the Caribbean: Paradoxes and Challenges.
Overview for 2014,

Ellison, A. M., and Farnsworth, E. J. (1996) Anthropogenic
disturbance of Caribbean mangrove ecosystems: past
impacts, present trends, and future predictions, Biotropica, 28,
549-565, doi: 10.2307/2389096.

Emanuel, K. (2007) Environmental factors affecting tropical
cyclone power dissipation, Journal of Climate, 20(22), 5497-
5509, doi: 10.1175/2007JCLI1571.1.

Emanuel, K. A., Sundararajan, R., and Williams, J. (2008)
Hurricanes and global warming: Results from downscaling
IPCC AR4 simulations, Bulletin of the American Meteorological
Society, 89, 347-367, doi: 10.1175/BAMS-89-3-347.

Frank, K. T., Perry, R. |. and Drinkwater, K. F. (1990) Predicted
response of Northwest Atlantic invertebrate and fish stocks to
COy-induced climate change. Transaction of the American
Fisheries Society, 119(2): 353-365. doi: 10.1577/1548-
8659(1990)119<0353%3APRONAI>2.3.CO%3B2.

19


http://www.cdema.org/%20index.php?option=com_content&view=article&id=1304:situation-report-5-deadly-low-level-trough-system-impacts-dominica-saint-lucia-and-saint-vincent-a-the-grenadines&catid=39:situation-reports&Itemid=347
http://www.cdema.org/%20index.php?option=com_content&view=article&id=1304:situation-report-5-deadly-low-level-trough-system-impacts-dominica-saint-lucia-and-saint-vincent-a-the-grenadines&catid=39:situation-reports&Itemid=347
http://www.cdema.org/%20index.php?option=com_content&view=article&id=1304:situation-report-5-deadly-low-level-trough-system-impacts-dominica-saint-lucia-and-saint-vincent-a-the-grenadines&catid=39:situation-reports&Itemid=347
http://www.cdema.org/%20index.php?option=com_content&view=article&id=1304:situation-report-5-deadly-low-level-trough-system-impacts-dominica-saint-lucia-and-saint-vincent-a-the-grenadines&catid=39:situation-reports&Itemid=347
http://www.cdema.org/%20index.php?option=com_content&view=article&id=1304:situation-report-5-deadly-low-level-trough-system-impacts-dominica-saint-lucia-and-saint-vincent-a-the-grenadines&catid=39:situation-reports&Itemid=347
http://dipecholac.net/docs/files/869-documento-pais-saint-lucia-para-la-web.pdf
http://dipecholac.net/docs/files/869-documento-pais-saint-lucia-para-la-web.pdf
http://caribbeannewsservice.com/now/?s=coastal+erosion
http://www.alnap.org/pool/files/rr-climate-change-resilience-haiti-260314-en.pdf
http://www.alnap.org/pool/files/rr-climate-change-resilience-haiti-260314-en.pdf
http://www.trinidadexpress.com/featured-news/Coastal-erosion-273867871.html
http://www.trinidadexpress.com/featured-news/Coastal-erosion-273867871.html
http://onlinelibrary.wiley.com/journal/10.1111/%28ISSN%291744-7429

Food and Agriculture Organization (FAO) of the United Nations
(2003) Status and trends in mangrove area extent worldwide.
By Wilkie, M.L. and Fortuna, S. Forest Resources Assessment
Working Paper No. 63. Forest Resources Division. FAQ,
Rome. (Unpublished)
http://www.fao.org/docrep/007/j1533e/J1533E00.htm.

Goldenberg, S. B., Landsea, C. W., Mestas-Nufiez, A. M., and
Gray, W. M. (2001). The recent increase in Atlantic hurricane
activity: Causes and implications, Science, 293, 474-479, doi:
10.1126/science.293.5537.1997.

Government of the Commonwealth of Dominica (2015) Rapid
damage and impact assessment: Tropical Storm Erika —
August 27, 2015.
http://www.drrinacp.org/sites/drrinacp.org/files/publication/
Commonwealth%200f%20Dominica%?20-
%20Rapid%20Damage%20and%20Needs%20Assessment%
20 Final%20Report%20.pdf : Date of access, October 18,
2016.

Grinsted, A., Moore, J.C. and Jevrejeva, S. (2013) Projected
Atlantic hurricane surge threat from rising temperatures,
Proceedings of the National Academy of Sciences, 110(14):
5369-5373. doi: 10.1073/pnas.1209980110.

Holland, G. J., and Webster, P. J. (2007) Heightened tropical
cyclone activity in the North Atlantic: natural variability or
climate trend? Philosophical Transactions: Series A,
Mathematical, Physical, and Engineering Sciences, 365,
2695-2716, doi: 10.1098/rsta.2007.2083.

Huffard, C.L., Von Thun, S., Sherman, A.D., Sealey, K. and
Smith, K.L. (2014) Pelagic Sargassum community change over
a 40-year period: temporal and spatial variability, Marine
Biology, 161(12), 2735-2751. doi: 10.1007/s00227-014-2539-
y.

Imbert, D., Rousteau, A. and Scherrer, P. (2000) Ecology of
mangrove growth and recovery in the Lesser Antilles: State of
knowledge and basis for restoration projects, Restoration
Ecology, 8(3): 230-236. doi: 10.1046/).1526-
100x.2000.80034.x.

Intergovernmental Panel on Climate Change (IPCC) (2007)
Climate Change 2007: The Physical Science Basis.
Contribution of Working Group | to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change,
edited by S. Solomon, D. Qin, M. Manning, Z. Chen, M.
Marquis, K.B. Averyt, M. Tignor and H.L. Miller. Cambridge, UK
and New York: Cambridge University Press.

Intergovernmental Panel on Climate Change (IPCC) (2013)
Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change,
edited by T.F. Stocker, D. Qin, G. K. Plattner, M. Tignor, S. K.
Allen, J. Boschung, A. Nauels, Y. Xia, B. Bex, and B. M.
Midgley. Cambridge University Press, Cambridge, United
Kingdom and New York, 1535 pp,
00i:10.1017/CB09781107415324.

Intergovernmental Panel on Climate Change (IPCC) (2014)
Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects. Contribution of Working
Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by C.B
Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova,
B. Girma, E.S. Kissel, AN. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L. White. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 1132

Pp.

Klotzbach, P. J. (2007) Revised Prediction of Seasonal Atlantic
Basin Tropical Cyclone Activity from 1 August, Weather and
Forecasting, 22(5): 937-949, doi: 10.1175/WAF1045.1.

Knutson, T.R., McBride, J.L., Chan, J., Emanuel, K., Holland, G.,
Landsea, C., Held, I., Kossin, J.P., Srivastava, A.K. and Sugi,
M., (2010) Tropical cyclones and climate change, Nature
Geoscience, 3(3): 157-163. doi: 10.1038/ngeo779.

Knutson, T.R., Sirutis, J.J., Vecchi, G.A., Garner, S., Zhao, M.,
Kim, H.S., Bender, M., Tuleya, R.E., Held, I.M. and Villarini, G.
(2013) Dynamical downscaling projections of twenty-first-
century Atlantic hurricane activity; CMIP3 and CMIP5 model-
based scenarios, Journal of Climate, 26(17): 6591-6617. doi:
10.1175/JCLI-D-12-00539.1.

Krauss, K. W., McKee, K. L., Lovelock, C. E., Cahoon, D. R.,
Saintilan, N., Reef, R., and Chen, L. (2014) How mangrove
forests adjust to rising sea level, New Phytologist, 202(1), 19-
34. doi: 10.1111/nph.12605.

Lau, W.K., Shi, J.J., Tao, W.K. and Kim, K.M. (2016) What would
happen to Superstorm Sandy under the influence of a
substantially warmer Atlantic Ocean? Geophysical Research
Letters, 43(2): 802-811. doi: 10.1002/2015GL067050.

Lewsey, C., Cid, G. and Kruse, E. (2004) Assessing climate
change impacts on coastal infrastructure in the Eastern
Caribbean, Marine  Policy, 28(5): 393-409. Doi:
10.1016/j.marpol.2003.10.016.

Lin, N., Emanuel, K., Oppenheimer, M. and Vanmarcke, E.
(2012) Physically based assessment of hurricane surge threat
under climate change, Nature Climate Change, 2(6): 462-467.
doi: 10.1038/nclimate1389.

Maréchal, J.P., Hellio, C. and Hu, C. (2017) A simple, fast, and
reliable method to predict Sargassum washing ashore in the
Lesser Antilles, Remote Sensing Applications: Society and
Environment, 5, 54-63, doi: 10.1016/j.rsase.2017.01.001.

Murawski, S. (1993) Climate change and marine fish
distributions: forecasting from historical analogy, Transactions
of the American Fisheries Society, 122, 647-658. doi:
10.1577/1548-8659(1993)122<0647:CCAMFD>2.3.CO;2.

National Oceanic and Atmospheric Administration (NOAA)
Archived Bulletins. http://www.nhc.noaa.gov/data/.

20


http://www.fao.org/docrep/007/j1533e/J1533E00.htm
http://www.drrinacp.org/sites/drrinacp.org/files/publication/%20Commonwealth%20of%20Dominica%20-%20Rapid%20Damage%20and%20Needs%20Assessment%20%20Final%20Report%20.pdf
http://www.drrinacp.org/sites/drrinacp.org/files/publication/%20Commonwealth%20of%20Dominica%20-%20Rapid%20Damage%20and%20Needs%20Assessment%20%20Final%20Report%20.pdf
http://www.drrinacp.org/sites/drrinacp.org/files/publication/%20Commonwealth%20of%20Dominica%20-%20Rapid%20Damage%20and%20Needs%20Assessment%20%20Final%20Report%20.pdf
http://www.drrinacp.org/sites/drrinacp.org/files/publication/%20Commonwealth%20of%20Dominica%20-%20Rapid%20Damage%20and%20Needs%20Assessment%20%20Final%20Report%20.pdf
http://dx.doi.org/10.1016/j.marpol.2003.10.016
http://www.nhc.noaa.gov/data/

Nicholls, R., Brown, S., Hanson, S., and Hinkel, J. (2010)
Economics of coastal zone: Adaptation to climate change.
Development and climate change Discussion Paper no. 10,
The World Bank, Washington D.C.
http://documents.worldbank.org/curated/en/22979146815960
7825/Economics-of-coastal-zone-adaptation-to-climate-

change.

Palanisamy, H., Becker, M., Meyssignac, B., Henry, O., &
Cazenave, A. (2012) Regional sea level change and variability
in the Caribbean Sea since 1950, Journal of Geodetic Science,
2(2): 125-133. doi: 10.2478/v10156-011-0029-4.

McKee, K. L., Cahoon, D. R., & Feller, I. C. (2007) Caribbean
mangroves adjust to rising sea level through biotic controls on
change in soil elevation, Global Ecology and Biogeography,
16(5), 545-556. Doi: 10.1111/.1466-8238.2007.00317.x.

Mori, N., Yasuda, T., Mase, H., Tom, T. and Oku, Y. (2010)
Projection of extreme wave climate change under global
warming, Hydrological Research Letters, 4, 15-19, doi:
10.3178/HRL.4.15.

Nurse, L. A. (2009) Incorporating climate change projections into
Caribbean fisheries management in Impacts of Climate
Change on Small-scale Fisheries in the Eastern Caribbean: A
Final Report to IUCN. McConney, P., Nurse, L. and James,
P., editors. CERMES Technical Report No. 18. Centre for
Resource Management and Environmental — Studies
(CERMES), University of the West Indies, Cave Hill Campus,
Barbados, 12-21 pp.

Organization of Eastern Caribbean States (OECS) (2005)
Grenada: Macro-socio-economic assessment of the damage
caused by Hurricane Emily.
http://reliefweb.int/sites/reliefweb.int/files/resources/F5483A10
B5BBCD2AC125707D003B7108-0ecs-qrd-7sep.pdf. Date of
Access: October 18, 2016.

Organisation of Eastern Caribbean States (OECS) (2009)
Biodiversity of the Caribbean.
http://www.oecs.org/perb_docs/bc _part2d mangroves.pdf.
Date of Access: October 18, 2016.

Planning Institute of Jamaica (PIOJ) (2007) Assessment of the
socio-economic and environmental impact of Hurricane Dean
on Jamaica. Kingston, Jamaica: PIOJ.

Planning Institute of Jamaica (PIOJ) (2013) Jamaica: Macro-
Economic and Environmental Assessment of the Damage and
Loss caused by Hurricane Sandy. Kingston, Jamaica: PIOJ.

Reguero, B.G., Méndez, F.J. and Losada, 1.J. (2013) Variability
of multivariate wave climate in Latin America and the
Caribbean, Global and Planetary Change, 100, 70-84, doi:
10.1016/j.glogplacha.2012.09.005.

Schmidt Ocean Institute (2014) Big changes in the Sargasso
Sea (video).
https://www.youtube.com/watch?v=y8K7wSbn0X8.

Sherman, R. E., Fahey, T. J., & Martinez, P. (2001) Hurricane
Impacts on a Mangrove Forest in the Dominican Republic:
Damage Patterns and Early Recoveryl, Biotropica, 33(3): 393-
408. doi: 10.1646/0006-
3606(2001)033[0393:HIOAMF]2.0.CO;2.

Simpson, M.C., Scott, D., New, M., Sim, R., Smith, D., Harrison,
M., Eakin, C.M., Warrick, R., Strong, A.E., Kouwenhoven, P.,
Harrison, S., Wilson, M., Nelson, G.C., Donner, S., Kay, R.,
Geldhill, D.K., Liu, G., Morgan, J.A., Kleypas, J.A., Mumby,
P.J., Christensen, T.R.L., Baskett, M.L., Skirving, W.J., Elrick,
C., Taylor, M., Bell, J., Rutty, M., Burnett, J.B., Overmas, M.,
Robertson, R. and Stager, H. (2009) An Overview of Modeling
Climate Change Impacts in the Caribbean Region with
contribution from the Pacific Islands, United Nations
Development Programme (UNDP), Barbados, West Indies.

Sugi, M., Murakami, H., and Yoshimura, J. (2009) A reduction in
global tropical cyclone frequency due to global warming, Sola,

5, 164-167, doi: 10.2151/s0la.2009—-042.

Taylor, M. A,, Centella, A., Charlery, J., Bezanilla, A., Campbell,
J., Borrajero, 1., Stephenson, T., and Nurmohamed, R. (2013)
The precis Caribbean story: lessons and legacies, Bulletin of
the American Meteorological Society, 94(7): 1065-1073. doi:
10.1175/BAMS-D-11-00235.1.

The Guardian (2015) Caribbean swelters under worst drought in
five years https://www.theguardian.com/
environment/2015/jun/24/caribbean-swelters-drought-in-five-
years: Date of Access: October 17, 2016.

The Jamaica Observer (2010) Alarming beach erosion at
Alligator Pond. http://www.jamaicaobserver.com/
news/Alarming-beach-erosion-at-Alligator-Pond 7789235.
Date of Access: October 18, 2016.

The Jamaica Observer (2011) Mangroves replanted in
vulnerable area of Jamaica.
http://lwww.jamaicaobserver.com/environment/Mangroves-
replanted-in-vulnerable-area-of-Jamaica_8415918. Date of
Access: October 18, 2016.

Torres, R. R., and Tsimplis, M. N. (2013) Sea-level trends and
interannual variability in the Caribbean Sea, Journal of
Geophysical Research: Oceans, 118(6), 2934-2947. doi:
10.1002/jgrc.20229.

United Nations Educational, Scientific and Cultural Organization
(UNESCO) (2002a) Wise Practices for Coping with Beach
Erosion: Dominica.
http://www.unesco.org/csi/act/cosalc/brochdom.htm. Date of
Access: October 18, 2016.

United Nations Educational, Scientific and Cultural Organization
Environment and Development in Coastal Regions and in
Small Islands (UNESCO) (2002b) Wise Practices for Coping
with Beach Erosion: Grenada.
http://www.unesco.org/csi/act/cosalc/brochgre.htm. Date of
Access: October 18, 2016.

21


http://documents.worldbank.org/curated/en/229791468159607825/Economics-of-coastal-zone-adaptation-to-climate-change
http://documents.worldbank.org/curated/en/229791468159607825/Economics-of-coastal-zone-adaptation-to-climate-change
http://documents.worldbank.org/curated/en/229791468159607825/Economics-of-coastal-zone-adaptation-to-climate-change
http://reliefweb.int/sites/reliefweb.int/files/resources/F5483A10B5BBCD2AC125707D003B7108-oecs-grd-7sep.pdf
http://reliefweb.int/sites/reliefweb.int/files/resources/F5483A10B5BBCD2AC125707D003B7108-oecs-grd-7sep.pdf
http://www.oecs.org/perb_docs/bc_part2d_mangroves.pdf
https://www.youtube.com/watch?v=y8K7wSbn0X8
https://www.theguardian.com/%20environment/2015/jun/24/caribbean-swelters-drought-in-five-years
https://www.theguardian.com/%20environment/2015/jun/24/caribbean-swelters-drought-in-five-years
https://www.theguardian.com/%20environment/2015/jun/24/caribbean-swelters-drought-in-five-years
http://www.jamaicaobserver.com/%20news/Alarming-beach-erosion-at-Alligator-Pond_7789235
http://www.jamaicaobserver.com/%20news/Alarming-beach-erosion-at-Alligator-Pond_7789235
http://www.jamaicaobserver.com/environment/Mangroves-replanted-in-vulnerable-area-of-Jamaica_8415918
http://www.jamaicaobserver.com/environment/Mangroves-replanted-in-vulnerable-area-of-Jamaica_8415918
http://www.unesco.org/csi/act/cosalc/brochdom.htm
http://www.unesco.org/csi/act/cosalc/brochgre.htm

United Nations Environment Programme — World Conservation
Monitoring Centre (UNEP-WCMC) (2016) Ocean Data Viewer-
World Atlas of Mangroves http://data.unep-
wcmc.org/datasets/5: Date of Access: October 17, 2016.

Ward, R. D., Friess, D. A, Day, R. H., and MacKenzie, R. A.
(2016) Impacts of climate change on mangrove ecosystems: a
region by region overview, Ecosystem Health and
Sustainability, 2(4): e01211, doi: 10.1002/ehs2.1211.

Webster, P. J., Holland, G. J., Curry, J. A., and Chang, H.-R.
(2005) Changes in tropical cyclone number, duration,
and intensity in a warming environment, Science, 309,
1844-6, doi: 10.1126/science.1116448.

World Bank (2010) Economics of Adaptation to Climate

Change: Synthesis Report. The World Bank, Washington,

D.C.

http://documents.worldbank.org/curated/en/64629146

8171244256/pdf/702670ESWOP10800EACCSynthesisRe

port.pdf.

© Crown Copyright (2017)

22


http://data.unep-wcmc.org/datasets/5
http://data.unep-wcmc.org/datasets/5
http://documents.worldbank.org/curated/en/646291468171244256/pdf/702670ESW0P10800EACCSynthesisReport.pdf
http://documents.worldbank.org/curated/en/646291468171244256/pdf/702670ESW0P10800EACCSynthesisReport.pdf
http://documents.worldbank.org/curated/en/646291468171244256/pdf/702670ESW0P10800EACCSynthesisReport.pdf

	Introduction
	What is Already Happening?
	What Could Happen?
	Confidence Assessment
	What is already happening
	What could happen in the future

	Knowledge Gaps
	Socio-economic Impacts
	Citation
	References

