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Section 1: Executive Summary 
 

This report focuses on the first part (Output A) of a larger Grenada pilot project, that in turn forms part 
of a broader global programme called Building Capacity for Coastal Ecosystem-Based Adaptation in 
Small Island Developing States (SIDS). The programme is a United Nations Environment Programme 
(UNEP) - DEVCO Strategic Cooperation Agreement, funded by the European Commission.  The overall 
goal is to strengthen the climate change resilience and adaptive capacity of SIDS, which have high 
dependence on coastal ecosystems. The aim of this report is to examine the social and ecological 
vulnerability of Grenada, and to assess the benefits of various adaptation options, focusing of 
opportunities for coastal ecosystem-based adaptation (EbA).  

Located at the southern extremity of the Windward Islands in the Eastern Caribbean, Grenada like other 
SIDS is particularly vulnerable to the impacts of climate change due to high population density, limited 
land, scarce freshwater supplies and significant dependence on tourism and coastal resources. 
Grenada’s coastal communities are particularly at risk from the combined hazards of Sea Level Rise (SLR) 
and intensifying storms, which present real and increasing threats to human life and infrastructure in 
low-lying areas. These hazards are greatly exacerbated by the degraded condition of many of Grenada’s 
coastal ecosystems, particularly mangroves and coral reefs, which, in a healthy state, can provide 
effective barriers for coastal protection and disaster risk reduction.  These ecosystems have been 
exposed to a combination of stressors from anthropogenic activities that have reduced their natural 
ability to recover and adapt to climate change.  

The removal of mangroves in some areas of Grenada, either for coastal development or to provide fuel 
or building materials, has significantly increased the vulnerability of coastal communities, and thus their 
exposure to coastal hazards.  Increasing levels of land-based pollution, sedimentation and over-fishing 
have shifted many of Grenada’s fringing coral reefs towards an algae-dominated state. As a result they 
have lost much of their value for coastal protection, tourism and fisheries. In a healthy coral-dominated 
state, fringing reefs can absorb over 80% of wave energy, and provide services worth an estimated 
US$350K per hectare per year (value based on 94 studies – median value is US$198K per ha per year). 

This report assessed in more detail the vulnerability of three sites, Lauriston Beach and Windward in 
Carriacou, and Grande Anse, which are all affected by significant coastal erosion.  At all three sites, it is 
recommended that the initial focus should be on the preservation and enhancement of existing 
ecosystems (e.g. coastal vegetation, dune, mangrove, and coral) and to reduce/remove local stressors. 
Community-based mangrove and coral restoration is also recommended as an EbA strategy, particularly 
for the branching Staghorn and Elkhorn corals, which were once dominant in the shallow reefs (<6m) 
around Carriacou and Grenada.  Recent progress with coral restoration methods is yielding high survival 
(>90%) and rapid growth (>20cm per year) in trials in Belize, Jamaica, Florida and other countries.  Both 
coral and mangrove restoration would reduce the vulnerability of these sites by reducing the exposure 
and sensitivity of the shoreline to wave energy.  
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This report also recommends that Grenada’s Marine Protected Areas (MPAs) be re-aligned to optimize 
their value for EbA. Protecting and restoring populations of herbivorous fish has been found to be 
particularly important for the ecological resilience of coral reefs and their ability to recover after 
bleaching events, storms or sedimentation.  The proposed Grande Anse MPA should be designed to 
protect herbivores and reduce nutrient pollution, while optimizing benefits for, and compliance from, 
local stakeholders.  

When developing potential adaptation options the following factors were considered: existing status of 
ecosystems; how intervention would affect ecosystem services; influence of intervention on ecosystem 
resilience; how intervention reduces local stressors; whether the local planning context is supportive; 
whether the intervention will address climate change hazard; willingness of community to participate; 
and the ability to overcome cultural and social barriers. 

EbA measures presented in this report should be assessed, planned and implemented with the local 
community, as this is essential to increase participation, engagement and education. Adopting a greater 
focus on EbA is highly consistent with Grenada’s national policy to move towards a green economic 
model, and would support the island’s Pure Grenada brand; a destination focused on protecting its 
beautiful and healthy natural ecosystems and coastal communities.   
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Section 2: Introduction 
 

This report focuses on the first part (Output A) of a larger Grenada pilot project, which in turn is a 
component of a broader global programme implemented by UNEP called Building Capacity for Coastal 
Ecosystem-Based Adaptation in Small Island Developing States (SIDS).  The overall goal is to strengthen 
the climate change resilience and adaptive capacity of communities and societies in SIDS, which typically 
have high dependence on ecosystem services provided by tropical coastal ecosystems.  SIDS are 
particularly vulnerable to the impacts of climate change due to high population densities, limited land, 
scarce freshwater supplies and significant dependence on tourism and fisheries. Moreover, SIDS face 
significant threats from increases in severe storm events, flooding, coastal erosion, drought, saltwater 
intrusion of coastal aquifers, and bleaching of coral reefs. SIDS therefore require specific solutions 
relevant to their unique context and challenges. 

 

 

 

  

 

 

 

 

 

 

For the first phase of the programme, Grenada was chosen as one of two pilot countries (the other is 
Seychelles). The programme is a United Nations Environment Programme (UNEP) - DEVCO Strategic 
Cooperation Agreement, funded by the European Commission. The pilot in Grenada is implemented by 
the Ministry of Agriculture, Land, Forestry, Fisheries and the Environment in Grenada in partnership with 
UNEP.  The timeframe for the programme is two years, from May 2014 to June 2016. 

The project is comprised of six outputs, which are: A) Social-ecological climate change vulnerability 
scenarios and cost benefit analysis developed using existing data in two locations (Grenada and 
Seychelles); B) EbA demonstrations developed and implementation initiated in two project countries; C) 
EbA coastal decision support framework developed, tested in two regions (Caribbean and Western 
Indian Ocean); D) Regional trainings delivered in SIDS in Eastern Caribbean and Western Indian Ocean to 
government officials; E) SIDS relevant adaptation network initiated and knowledge products on 
adaptation in SIDS developed and disseminated; and F) Global knowledge products on adaptation in 
SIDS developed. 

What is EbA? 

There are several definitions for ecosystem-based adaptation (EbA), but the overall meaning 
is captured in the definition used by the Convention on Biological Diversity’s Technical 
Expert Group on Biodiversity and Climate Change that defined EbA as follows: 

“Ecosystem-based Adaptation uses the range of opportunities for the sustainable 
management, conservation, and restoration of ecosystems to provide services that enable 
people to adapt to the impacts of climate change.” 
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This report (Output A) focuses on the social-ecological vulnerability of Grenada at the national scale, and 
examines in more detail the vulnerability and opportunities for EbA at three study areas.   These sites 
were selected by the Ministry of the Environment, together with UNEP on an understanding that they 
were recognised as highly vulnerable to climate change and economically important to the nation, as 
determined in the Climate Change Risk Profile for Grenada (CARIBSAVE, 2012). The selection of the 
study areas was also based on the existence of other studies that had (or were) focused on the 
vulnerability of, and adaptation options for, those specific locations. The study areas selected for Output 
A were: 

- Grande Anse, Grenada 
- Lauriston Beach, Carriacou 
- Windward coastline, Carriacou 

 

The specific tasks undertaken for this report work included the following: 

• A social-ecological vulnerability assessment was done at the national level using available 
information obtained from published and grey literature (Section 3). This included: a review of 
proposed and projected impacts for the island; an assessment of the social sensitivity and 
adaptive capacity to the impacts of climate change; the compilation of a geographical 
information system (GIS) database3 containing all available geo-referenced data layers relevant 
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vulnerability  
assessment, 
scenarios and 
initial analysis of 
EbA options 

Stakeholder 
workshop. Eba 
options are 
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demonstrations 
developed and 
implementation 
initiated 

C. EbA coastal 
decision support 
framework 
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D. Regional trainings 
delivered in SIDS in 
Eastern Caribbean 
and Western Indian 
Ocean to 
government officials 

E. SIDS relevant 
adaptation network 
initiated and 
knowledge products 
on adaptation in SIDS 
developed and 
disseminated 

F. Global 
knowledge 
products on 
adaptation in SIDS 
developed and 
disseminated 
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to the social-ecological vulnerability and associated ecosystems services and values; and an 
assessment of the vulnerability of these coastal ecosystems.    

• Review of initiatives addressing coastal vulnerability and climate change.   
• Vulnerability assessments and analysis of scenarios for study areas. This entailed modelling 

inundation scenarios and using best available topography (LIDAR) to explore the impact of SLR 
and storm surges at study areas.  

• Analysis of adaptation options for study areas.  This included identifying and assessing EbA and 
hard engineering options (e.g. breakwaters, beach nourishment, artificial reefs) to see how they 
would reduce the identified vulnerabilities at each site. 

• Initial cost-benefit analysis of EbA options for study areas.  
 
Methodology for Integrated Social-Ecological Climate Change Vulnerability Scenarios and Initial Cost-
Benefit Analysis 
 

 

 

 

 

 

 

 

 

 

The scope of Output A also included the development of a GIS database that contains all available geo-
referenced data layers relevant to the social-ecological vulnerability of Grenada.  The database includes 
habitat maps that describe the nature and extent of each coastal ecosystem, including more detailed 
maps of the three study areas.  A full list of the data layers in the GIS database is given in Appendix C. 
Within the Grenada region, this GIS database and VIA will be used to assist the development of the 
integrated coastal EbA strategy in a participatory manner with local governments. They will also be used 
by national organisations to inform their planning and decision making.  

The work outlined above was done between September and November 2014, and the results were 
presented at a Stakeholder Workshop organized by UNEP in Grenada on the 11th and 12th November 
2014.  The aim of this workshop was to review, discuss and prioritise the selected EbA options for the 
three study areas.  

  

A short review of all 
existing projects and 
studies relevant to 

coastal vulnerability 
and adaptation was 
done. These studies 

were mapped for 
Grenada and 

Carriacou (Section 4) 

Detailed vulnerability 
assessments were 
undertaken for the 
coastline at the 3 

selected study areas.  
Inundation scenarios 
were modelled using 

best available 
topography (LIDAR) to 
explore the impact of 
SLR and storm surges 

at these areas (Section 
5). 

Various EbA 
adaptation options 

were then identified 
and assessed to see 

how they would 
reduce the identified 
vulnerabilities at each 

study area.  Hard 
engineering options 

were also included in 
this assessment 

(Section 6) 

 

An initial cost-benefit 
analysis of the 

various adaptation 
options was 

undertaken (Section 
7) using international 

statistics. 
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Section 3: Social and Ecological Vulnerability in Grenada 

Observed and Projected Impacts 
Grenada is one of the most disaster prone countries in the world (Government of Grenada, 2010). The 
island is located at the southern extremity of the Windward Islands in the Eastern Caribbean - making it 
vulnerable to sea-level rise, tropical storms, hurricanes other coastal hazards. Climate change is 
expected to amplify these conditions across the Caribbean with a 2°C to 3°C rise in Caribbean 
temperature (IPCC, 2014). Climate change scenarios for the period 2050-2080, show that temperatures 
will increase for the December-to-February and June-to-August seasons across the region (McSweeney 
et al. 2010). The range of the temperature increase for both periods is projected to be between 1.4°C 
and 3.3°C.  Since 1960, the mean annual temperature in Grenada has increased by around 0.6°C (IPCC, 
2014). In the next 50 years, the country is likely to be warmer by 0.7°C to 2.6°C and by 1.1°C to 4.3°C by 
the 2090s (McSweeney et al. 2010). These projections of mean annual temperature increase for 
Grenada will lead to further increase in Sea Surface Temperature (SST), coral bleaching events, Sea Level 
Rise (SLR) and coastal erosion: the relationship between these changes will be complex and driven by 
multiple factors beyond localised mean annual temperature increase. 

Grenada is already experiencing increases in SST. Between 1960 and 2006, increases in SST ranged from 
0.05°C to 0.08°C per decade (CARIBSAVE, 2012). These models also show that SST will continue to 
increase by between +0.9°C and +3.1°C by 2080. In terms of sea-level rise, the mid-1800s mean rates 
have been higher than the previous two millennia. Over the period 1901 to 2010, global mean sea level 
rose by 0.19°C (IPCC, 2014). The likely impact of sea level rise and beach erosion on tourism, biodiversity 
and infrastructure assets in Grenada is summarized in Table 1. The scenarios in Table 1 are based on 
field research and modelling conducted by The CARIBSAVE Partnership, the University of Waterloo 
(Canada) and the Ministry of Environment of Grenada in 2011 (CARIBSAVE, 2012). The results of these 
surveys indicate that 1 m SLR places 73 percent of Grenada’s major tourism resorts at risk, increasing to 
86 percent at risk with 2 m SLR.  These projections are consistent with earlier estimates that 90 percent 
of major hotels located in Grenada’s coastal zone are vulnerable to sea level rise (CCCCC, 2002).  

Table 1. Potential Sea Level Rise and Beach Erosion Impacts on Key Assets in Grenada 

 
SCENARIOS 

Tourism Assets Transportation Infrastructure 
Major Tourism 

Resorts 
Sea Turtle 

Nesting Sites 
Airport   

Lands 
Seaport 
Lands 

Major Road 
Networks 

Sea Level 
Rise 

1.0m 73% 44% 50% 4% 40% 
2.0m 86% 60% - 6% - 

Beach 
Erosion 

50m 95% 100% - - - 
100m 100% - - - - 

Source: Impacts associated with 1 m and 2 m SLR and 50 m and 100 m beach erosion (CARIBSAVE, 2012) 
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The impacts of sea level rise are further exacerbated when considered in combination with a storm 
event, costing human, financial and physical resources. A Category 2 storm surge combined with a 
predicted 1.52m flooding event by 2020, will impact 30% of Carriacou’s commercial work force, affect 
EC$11.4 million worth of residential houses in North East Grenada, and result in EC$2.6 million in 
infrastructure cost in the southwest peninsula of Grenada (CCCCC, 2002; see Table 2). 

Table 2. Storm Surge Analysis under Vulnerability to Sea Level Rise Scenarios (2020 and 2100). (M – Million$; EC$ – Eastern 
Caribbean dollars). 

SCENARIO:  
Category 2 storm surge combined 
with: sea level rise resulting in; 
flooding of 1.52m, in 2020, and; 
flooding of 3.05m in 2100 

Areas of impact 
Commercial Cost  (types of 
business; no of employees) 

Residential Cost (no. 
& value of homes in 
EC$; no of people) 

Infrastructure 
Cost  (in EC$) 

 
Southwest 
Peninsula 

1.52m Major economic activities in all 
sectors; 3,085 (22%) 

106 (4.5%), 9.6M; 
295 

2.6M (0.4%) 

3.05m Major economic activities in all 
sectors; 4,835 (35%) 

252 (11%), 40.6M; 
826 

11.75M (1.8%) 

 
North East 

1.52m Farming, fishing government, 
small business; 115 (7.3%) 

135, 11.4M; 760 0.798M (1.2%) 

3.05m Farming, commercial, government 
& small business; 235 (16%) 

 25.5M 3.3M (5%) 

 
Carriacou 

1.52m Farming, fishing, government, 
commercial; 184 (30%) 

20 (1.8%), 1.16M; 88 0.810M (2.3%) 

3.05m Commercial, farming, fishing, 
government; 435 (71%) 

76 (6.8%), 6.8M; 332 2.33M (6.5%) 

Source: Modified from 2020 and 2100 SLR vulnerability scenarios (CCCCC, 2002) 

Grenada is one of the driest countries per capita in the world (CCCCC, 2002) and is one of the four 
CARICOM countries that is characterised as being water-stressed (World Bank, 2012). The rainfall regime 
in islands of the eastern Caribbean is characterized by wet and dry seasons. In Grenada, Antigua and 
Barbuda and Barbados for example, as much as 65 percent of the annual rainfall may occur during the 
wet season (June to December). Severe drought conditions during the dry season are not uncommon for 
Carriacou and Petit Martinique which generally receive lower levels of rainfall. Between November 2009 
and June 2011, Grenada experienced one of the driest periods in its recorded in history and this was 
attributed to climate change (UNDESA, 2012). The main water production centres experienced 
reductions of up to 65 percent during the 2009/2010 drought (UNDESA, 2012). Rainwater run-off is the 
main source of freshwater; therefore a reduction in the levels of rainfall will impact the availability of 
potable water (UNDESA, 2012).  

Social Sensitivity and Adaptive Capacity  
The majority of Grenada’s population and economic centres are located in the coastal zone.  The coastal 
zone in Grenada can be defined as “the band of land and sea straddling the coastline or the area most 
threatened by sea storms, tsunamis and certain other natural hazards” (Salm et al, 1984).  A total of 29 
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settlements (which account for approximately 19 percent of the nation’s population) are located on 3 
percent of the land area that is directly on the coast (World Bank, 2012). The coastline therefore is a 
critical socio-economic asset.  Even without climate change pressures, lives and livelihoods along the 
coastline are at risk to wind, waves, tides and currents. Sea-level rise projections along with stronger 
storms will exacerbate the negative impacts of these events and lead to greater socio-economic 
challenges. The sensitivity and adaptive capacity of the country will dictate the degree of impact these 
changes will have on coastal livelihoods and Grenada’s economy in general. The degree of poverty, 
health conditions, access to water and food are key drivers of sensitivity while the intuitional 
architecture (governance structure); economic, social, technological and cultural factors determine 
adaptive capacity at various levels.  Spatial patterns of social vulnerability indicators for Grenada are 
summarized in Figure 1.   

 

Figure 1 Exposure, critical facility, adaptive capacity and sensitivity indices for Grenada. Modified from TNC (2012). (A 
detailed explanation of the factors used in the indices above is available in the TNC report)  

Most of Grenada’s critical infrastructures (government, health, commercial and transportation facilities) 
are located on or near the coast. Projected climate change impacts on these facilities not only imply GDP 
loss, but also a progressive erosion of disaster response capacity. Coastal assets already face pressure 
from natural forces and human activities such as beach sand removal and inappropriate construction of 
shoreline structures. The impacts of climate change, in particular SLR, will magnify these pressures.  
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Grenada’s high dependence on international tourism is a key sensitivity factor. While the sector has 
demonstrated the capacity to rebound from disasters, future annual costs as a direct result of SLR will 
be determined by the attractiveness of the natural coastal environment. More detailed analysis of the 
impacts of SLR for major tourism resorts, critical beach assets, cruise ship ports and supporting 
infrastructure (e.g. transportation) is needed to accurately assess the implications for inundation and 
erosion protection for GDP. 

The most recent poverty assessment revealed that rates had increased by 17 percent between 1998 and 
2008 – moving from 21 to 38 percent. The assessment also showed that males are more at risk of being 
poor than females (CDB, 2008). The poor are over-represented in construction and agriculture/fishing 
sectors. Livelihoods in the agriculture and fishing sectors are sensitive to extreme environmental 
conditions, thus increasing the risk of persons falling into poverty (CDB, 2008). Most of the country’s 
poor live in St George (27 percent) and St Andrew (32 percent) (CDB, 2008). The poverty rate of St 
Andrew is higher than the national average, with 45 percent of residents living below the poverty line. 
The parishes of St Patrick and St Mark account for 21 percent of the country’s poor.  

Grenada has the highest unemployment rate (33.5 percent) in the Eastern Caribbean (Labour Force 
Survey, 2013). In addition, a large proportion of the workforce has not gone beyond primary or 
secondary education. The chances of being poor decreases by 43 percent when the household head has 
completed secondary education (CDB, 2008). The fact that a large proportion of the workforce have not 
gone beyond primary and secondary education demonstrates the need for training and reskilling the 
workforce to facilitate competition in the knowledge economy and building resilience to climate change.  

Grenadians have access to universal health care. The health status of Grenadians indicates greater 
incidences of chronic diseases than infectious diseases (CDB, 2008). Grenada also has one of the highest 
rates of HIV/AIDS globally; secondly only to Sub-Saharan Africa (CDB, 2008). Additionally, low rates of 
health insurance coverage (8 percent) mean greater cost for the individual and the government (World 
Bank, 2012). 

Tourism is the mainstay of the Grenadian economy and accounts for 50 percent of the foreign exchange 
earnings (Government of Grenada, 2014).  Additionally, a thriving tourism sector influences productivity 
in other sectors such as construction and agriculture. In 2000, 75 cents from each dollar earned was 
attributed to the services sector.  During that same year, the agriculture sector accounted for 10 cents of 
every dollar earned and the remainder was earned through Grenada’s industries. Estimated GDP values 
for 2013 show that the agriculture sector had fallen behind; its share of the GDP declined by 40 percent 
when compared to the year 2000 values (see Figure 2).  
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Figure 2 Gross Domestic Product – Grenada (2000 & 2013). Data obtained from Government of Grenada (2014) 

It is also likely that the 2000 GDP figures for the agriculture sector reflect the realities of a country that 
was recovering from what, at that time, was the most devastating storm in 44 years, Hurricane Lenny 
(1999). Nonetheless prior to 2004, agriculture was experiencing a positive trend in terms of its 
contribution to GDP. The decline of the value of the agricultural sector was observed following the 
devastation caused by Hurricane Ivan in 2004 and Hurricane Emily in 2005 (CDB, 2008). According to 
2008 estimates, approximately one of every ten Grenadian in the labour force works in the agriculture 
sector. Given that that the majority of workers in the agriculture (and construction) sectors are poor 
(World Bank, 2012), any decline in the value of the agriculture will impact many households that are 
living in poverty. In terms of the fisheries sector, the year preceding an El Niño event can reduce fish 
production by up to 60 percent (CARIBSAVE, 2012). Additionally, sea level rise and sea temperatures are 
expected to be stressors for the coastal ecosystems that support any thriving fisheries sector. 
Remittances from relatives back home provide essential support to households and individuals in 
Grenada- particularly in the Parish of Carriacou, where remittances mainly flow from USA, England, 
Canada and other locations such as Trinidad and Tobago (CDB, 2008). 

There is no institution or organization in Grenada that specifically deals with global climate change and 
sea level rise. However, there exists legislation for the management of coastal zones and to prevent, 
control and mitigate anticipated loss from global warming and seal level rise (Thomas, 2005). The 
Sustainable Development Council (SDC) is a non-public sector institution that coordinates environmental 
management; it is a broad based voluntary organization which acts as a forum for the airing of 
environmental issues and other issues of national development.  

The Ministry of Carriacou and Petite Martinique Affairs has been set up to assist in decentralizing 
services to the other two islands. This devolution of control recognizes the need to develop models 
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where all citizens can participate in decisions that affect them and take part in initiatives aimed at 
improving the lives of citizens in their local area. So if people are willing to establish local councils, 
provisions would be made to accommodate this under this proposed constitutional reform (CDB, 2008). 

These institutions lack the capacity to adequately address the three Rio conventions on biological 
diversity, climate change and land degradation to which Grenada is signatory, namely; the United 
Nations Conventions on Biological Diversity (CBD), the United Nations Framework Convention on 
Climate Change (UNFCCC) and the United Nations Convention to Combat Desertification and Drought 
(UNCCD) (Thomas, 2005). There is insufficient co-ordination between the Ministry of Finance and the 
Ministry of Health and Environment. In response, a National Climate Change Committee involving senior 
officials of stakeholder ministries was set up to enhance coordination.  

 

Ecosystem Services and Estimated Values  
The fact that majority of Grenada’s population is located in the coastal zone exemplifies their 
importance to the county’s economy. These areas contain highly productive (and fragile) ecological 
features such as coral reefs, wetlands, sea grass beds and mangroves – which underpins current and 
future coastal livelihoods. The list of services derived from coastal ecosystems is shown in Table 3 
below.  Habitat maps for Grenada, Carriacou and the three study areas are shown on Pages 11, 12, 13, 
14 and 15. 
 
Assessing the economic value of coastal ecosystems has been the focus of many studies worldwide, but 
no such study has been completed for Grenada.  A recent study (DeGroot et al., 2012) reviewed values 
for all ecosystems, and found that the mean value for coral reefs was US$ 353,000 per hectare per year, 
with a median value of US$198,000 (with a minimum of US$ 37,000 and maximum of US$ 2,129,000 per 
hectare per year – based on 94 studies). These values were greater than those of all other marine and 
terrestrial ecosystems by an order of magnitude. The reason for this is attributed to their great value to 
tourism and coastal protection.   For coastal wetlands the mean value was US$ 194,000 per hectare per 
year, with a median value of US$12,000 (with a minimum of US$ 300 and maximum of US$ 888,000 per 
hectare per year – based on 139 studies). 
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Table 3. Coastal ecosystems and their associated services that can be found around Grenada and Carriacou. (The number of 
ticks represents the relative importance of that ecosystem to the associated service.) 

 Coral reefs Mangrove Seagrass beds Beach/vegetation 

Coastal protection ✓✓✓ ✓✓✓ ✓✓ ✓✓✓ 

Sand production ✓✓✓ ✓ ✓✓  

Soil stabilization  ✓✓✓ ✓  ✓✓✓ 

Fish nursery ✓✓✓ ✓✓✓ ✓✓✓  

Fish habitat ✓✓✓ ✓✓✓ ✓✓✓  

Tourism attraction ✓✓✓ ✓  ✓✓✓ 

Recreation ✓✓   ✓✓✓ 

Biodiversity ✓✓✓ ✓✓ ✓✓ ✓✓ 

Carbon sink ✓ ✓✓✓ ✓ ✓ 

 
 

Habitat maps depicting the coastal ecosystems around Grenada and Carriacou are shown below.  
Estimated ecosystem values can be found in Section 7, Figure 46. 
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Vulnerability of Coastal Ecosystems  
Marshall et al (2010) proposed a Heuristic framework for assessing linked social-ecological vulnerability 
(see Figure 3. The authors postulate “in the ecological domain, ecological exposure and ecological 
sensitivity create impact potential. The impact potential and the ecological recovery potential together 
form the ecological vulnerability, or exposure in the social domain. This ecological vulnerability combined 
with the sensitivity of people form the impact potential for society. The social adaptive capacity and the 
impact potential together create social-ecological vulnerability” (p4).  For the purposes of this 
assessment, the framework was modified to include socio-economic stressors as a major influence on 
exposure conditions in the social domain. This is important for SIDS such as Grenada, where dual 
processes of economic and ecological change shape much of the country’s social vulnerability 
conditions.   

 

Figure 3 Adapted framework for assessing coupled socio-ecological vulnerability in Grenada. Modified from Marshall et al, 
(2010) to represent a typology for assessing coupled socio-ecological systems in Grenada. 

 
 
CORAL REEFS 
Due to the high sensitivity of corals to changes in the environment, coral reefs are projected to be one 
of the first ecosystems affected by climate change (CCCCC, 2002). At the heart of the vulnerability of 



17 
 

  

coral reefs to climate change is the sensitivity of corals to small increases in sea temperature. Corals 
have evolved under conditions of very stable temperature, and most are not well equipped to deal with 
temperatures outside their normal range. The most dramatic effect of rising sea temperatures is coral 
bleaching. As global warming increases the amount of heat stored in the oceans, the occurrence of 
stressful temperatures has increased in frequency and severity. Already, this has caused serious damage 
to coral reefs all around the world, including the Caribbean. The corals of the Caribbean have also been 
severely impacted by disease outbreaks, which appear to be more prevalent after coral bleaching events 
and in locations exposed to local human pressures such as pollution (Riegl et al., 2009). These stresses, 
in combination with local stresses and disease in sea urchins, have driven a sustained, region-wide 
decline in health of Caribbean coral reefs over the last several decades (Gardner et al., 2003).  
 
Increasing emissions of greenhouse gases into the atmosphere also has other implications for coral 
reefs. Ocean acidification, resulting from increased transfer of CO2 from the atmosphere into sea water, 
is having a less visible, although potentially more worrying, effect on corals. As the pH of seawater 
decreases (becomes more acidic), corals struggle to build the limestone skeleton that provides the 
physical foundations of coral reef ecosystems. 
 
Coral reefs contain immense biological wealth through the environmental and economic services they 
provide. In 2000, coral reefs in the Caribbean region provided annual net benefits in terms of services to 
fisheries, dive tourism and shoreline protection estimated at $3.1-4.6 billion (Burke and Maidens, 2004). 
For Grenada, tourism is the main driving force behind the country’s economy; and the hazard-prone 
coastal environment is where the greatest financial investments are concentrated. The tourism sector 
generates more than 50 percent of the country’s foreign exchange earnings and stimulates activity in 
construction and ancillary services (CCCCC, 2014). 

Grenada has the second largest shelf areas in the Organisation of Eastern Caribbean States (OECS) 
(CCCCC, 2014) and reef systems off Grenada and Carriacou ranged from heavily stressed to pristine - 
majority being classified as moderately stressed. Most of the reefs are located on the northeast and 
south coasts of Grenada. Relatively large banks of barrier reefs can also be found on the east coast of 
Carriacou. Coral abundance ranged from 13 to 35 percent for Grenada’s bank reefs, and 16 to 40 
percent for Carriacou’s fringing reefs. Grenada’s overall mean coral abundance was 27 percent; slightly 
higher than Carriacou’s 22 percent (CCCCC, 2002). Carriacou’s reefs were badly affected by Hurricane 
Lenny (1999) which destroyed large areas of live coral, leaving barren substrates, and increasing 
susceptibility to other environmental and anthropogenic impacts (Government of Grenada, 2010).   

The main coral reef stressors in Grenada include land-based sources of pollution (e.g. sediment, 
pesticides, and inadequately treated sewage), over-fishing, and anchor damage from boats, coral 
harvesting and coastal development (USAID, 1991). The Moliniere reef, believed to be one of Grenada’s 
best reefs, is not exempt from stress, particularly to sediment stress from upland erosion. Along with the 
Moliniere reef, the reefs outside Grande Anse and Moune Rouge were deemed to be under a significant 
degree of sediment stress (CCCCC, 2002). The reefs in Grande Anse were discovered to be experiencing 
stress from high nutrient level and algae growth, made worse by over-fishing of herbivores such as 



18 
 

  

parrotfish. The results of an assessment conducted in 2007 (Creary, 2008), revealed that not much had 
changed and that the Grande Anse reefs were dominated by dead coral and algae.  

The branching corals Staghorn (Acropora cervicornis) and Elkhorn (Acropora palmata) were once the 
dominant reef-building corals in most of the shallow reefs (<6m depth) surrounding Grenada, Carriacou 
and Petite Martinique. Due to a regional disease affecting both these Acropids in the 1980s and early 
1990s, these branching corals suffered significant declines with estimated population losses of up to 
95% (Bruckner, 2002), leading to their listing as threatened in the US under the Endangered Species Act 
in 2006, and as critically endangered in the International Union for Conservation of Nature (IUCN) Red 
List of Threatened Species in 2008 (Ronson et al., 2008). Acroporids exhibit particularly high growth 
rates relative to other corals, enabling sustained reef growth during previous periods of rapid sea level 
changes (e.g. Pleistocene).  Additionally, both species have large branches, providing essential habitat 
for other reef organisms, particularly fish and lobster.  They are critically important for the Caribbean, in 
terms of reef growth, island formation, fisheries habitats, and coastal protection. 

A recent review (Ferrario et al., 2014) provided the first quantitative meta-analysis of the role of coral 
reefs in reducing wave energy across reefs in the Indian, Pacific and Atlantic Oceans. Combined results 
across studies showed that coral reefs dissipate 97% of the wave energy that would otherwise impact 
shorelines. Most (86%) of the wave energy is dissipated by the shallow reef crest - making this relatively 
high and narrow geomorphological area of the reef the most critical in providing wave attenuation 
benefits. After depth, another critical factor in wave attenuation is bottom friction, which is a function of 
bottom roughness. The branching structure of Acroporids makes them particularly effective at 
dissipating wave energy.  The loss of Acroporids around Grenada and across the Caribbean has 
decreased both the height and roughness of reefs, particularly the reef crests, and hence their ability to 
dissipate wave energy and reduce coastal erosion.  Coral restoration projects designed for coastal 
protection and hazard mitigation, and not just for tourism and fisheries, are now recommended as an 
adaptation strategy (Ferrario et al., 2014).  More information on the current status of coral restoration is 
provided in Appendix E. 

BEACHES 
Beaches have an intrinsic value to the coast and provide protection of the coastline, recreational 
opportunities to the local population and tourists, support the livelihood of the fishing communities and 
the fishing industry while proving nesting grounds for sea turtles. In addition to beaches, Grenada has 
other coastal features such as cliffs, offshore cays, rocky coastline and estuaries - all of which can be 
adversely affected by sea level rise and beach erosion.  For example, 50 meters of beach erosion will 
likely impact 95 percent of tourism resorts, while all tourism resorts will be impacted by 100m of beach 
erosion (CARIBSAVE, 2012). In 2002, it was projected that Grande Anse beach would lose between 20 
and 31 percent of its width; the northeast beaches would lose about 30 percent, while beaches in 
Carriacou would lose between 50 percent and 65 percent by 2050 (CCCCC, 2002). Under a 0.5m SLR 
scenario, the beach erosion analysis for the southwest peninsula showed that between 55 percent and 
75 percent of the Grande Anse beach would disappear, while the beaches at the northeast site would 
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lose 65 percent of their current widths. In Carriacou, 83 percent of the beaches will disappear 
completely (CCCCC, 2002) (See Table 4).  

Table 4 Beach Erosion Analysis under Vulnerability to Sea Level Rise Scenarios 

Location Scenario  
(meters of sea level 

rise) 

Predicted loss of 
beach width by 2020 

Predicted loss of 
beach width by 2050 

Predicted loss of 
beach width by 

2100 
 
Grande 
Anse 

0.2m 20-31% -   
0.5m - 55-75%   
1m      86-96% 

 
Northern 
Beaches 

0.2m 30% -   
0.5m - 65%   
1m      Most beaches 

would disappear 
 
Carriacou 

0.2m 50-65% -   
0.5m - 83%   
1m      Most beaches 

would disappear 
Source: “Coastal Vulnerability and Risk Assessment (Barbados, Grenada and Guyana)”. Caribbean Climate 
Change Centre. 2002. 

One projected impact of climate change is increased frequency and severity of storm events; which 
brings associated threats of increased rates of erosion. As vegetation is removed from the coastline, it 
leaves sediment more vulnerable to erosion, increasing the impacts associated with wave action. 
Grenada is susceptible to hurricanes, and in recent years, Hurricane Ivan (2004) and Hurricane Emily 
(2005) caused significant damage to the natural and physical infrastructure with losses estimated at 
US$89 million or 200 percent of GDP  (this was the total cumulative cost of damages caused by both 
hurricanes).  

MANGROVES, SEAGRASS BEDS AND LITTORAL FORESTS  
Mangroves, seagrass beds and littoral forests are especially important features of Grenada’s coastal 
environment - providing critical ecosystem services.  Mangrove ecosystems are important to Grenada 
because they protect the coastline, reefs and beaches, restock offshore fisheries (in Grenada and across 
the Caribbean) (UNDESA, 2012), provide food (crabs, fish, poles, oysters), charcoal and income to the 
individuals who trade those goods (CCCCC, 2002). Mangrove assessment in Grenada range from 190 
hectares (Bacon, 1991) to 302 (TNC, 2006) and 385 hectares (UNDESA, 2012), though the discrepancy is 
most likely a result of improved data rather than rapid growth of forests. More than three-quarters of 
the mangrove forests are located in the south eastern region of Grenada – with Carriacou accounting for 
the remainder.    

Barriteau’s (1998) found that low perception of the values of the mangroves and poor stewardship were 
key factors contributing to the loss of mangrove forests. More specifically, the author posited that the 
perception that mangrove is “a smelly, useless, mosquito infested swamp” that should be utilized for 
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infrastructure development has undermined the real value of this important ecosystem. The study 
further identified hotel development, proposed landfills, and major infrastructure development 
(expansion of the Carriacou airport) as key threats to mangrove forests in Grenada.  

Seagrass beds are primarily located in shallow sheltered areas throughout the coastal zones of Grenada, 
Carriacou and Petite Martinique. They tend to be most prominent in lagoon areas. Seagrass provides 
food for birds, green sea turtles, several herbivorous fish, echinoderms and molluscs, and they provide 
habitat and refuge for juvenile reef fish (UNDESA, 2012). They support the sustenance of the corals by 
stabilizing sediment, resulting in better water clarity and light penetration. The root systems are capable 
of holding the sand substrate together, preventing soil erosion during storms. The United Nations 
Department of Economic and Social Affairs (2012) identified four main human activities negatively 
impacting the health of seagrass beds in Grenada: 

1) Anchoring of boats and yachts in seagrass areas (there are only a few established mooring 
systems); 
2) Poor fishing practices particularly the use of destructive gears like trammel nets;  
3) Sand mining for construction and dredging and; 
4) Land clearing, deforestation, run-off from cultivated lands, sewage and grey water resulting in 
effluent, eutrophication and siltation  

Grenada’s littoral forests grow on sandy ground above sea level. The forest is dominated by almond and 
sea grapes and functions to mitigate the storm damage, reduced sedimentation and run-off, and 
shoreline stabilization (UNDESA, 2012). Table 5, summarizes the main threats and resultant impacts 
associated with Grenada’s coastal ecosystem. 
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Table 5 Summary of threats to and potential impacts on Grenada’s coastal ecosystems  and communities. 

Threats Impact 
Coastal Ecosystems Affected 

Mangroves Littoral Seagrass Beaches Coral 

Coastal 
Development 

Loss of habitat directly (removal) 
or indirectly (decreased 
environmental quality); 
generation of pollution and 
litter; loss of turtle nesting sites; 
eutrophication; sedimentation; 
loss of coastal defence services 

     

Die backs* 
Increased rates of erosion; loss 
of livelihood opportunities; 
habitat destruction 

     

Fishing 

Overexploited fish populations; 
local loss of livelihood 
opportunities; habitat 
destruction 

     

Introduction of 
invasive species 

Loss of native species; alteration 
of trophic webs      

Litter 
Entanglement / smothering of 
marine animals; reduced 
productivity 

     

Loss of 
vegetation 
/deforestation* 

Increased erosions; Loss of 
habitat; increased 
sedimentation; reduced 
productivity; degraded nursery 
habitat; loss of coastal defence 
services 

     

Pollution from 
inland sources 

Increased algal growth; loss of 
productivity; eutrophication; 
contamination of water 

     

Storm surges 
and wave 
action 

Increased rates of erosion; 
damage to infrastructure; coastal 
flooding 

     

Source: Modified from Table 4.1: “Summary of threats and impacts affecting coastal habitats in Grenada 
(UNDESA, 2012) 

* Although posing threats, these should also be considered as responses to other threats or disturbances 
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Section 4: Coastal Initiatives Addressing Coastal Vulnerability  
 

The coastal vulnerability of Grenada, Carriacou and Petite Martinique has been well documented, 
particularly in light of the increasing threats from climate change. Several initiatives to protect coastlines 
have been implemented, including hard engineering projects (west coast of Grenada, Lauriston and 
Windward in Carriacou) and climate change adaptation and ecosystem restoration related projects 
(Grenada’s east and southwest coast). These initiatives are summarized below: 

 

At the Waters Edge (AWE) (2011 – 2016), Grenada and St. Vincent and the Grenadines 

This project is funded by the Ann Ray Conservation Trust and implemented by The Nature 
Conservancy (TNC) in collaboration with the Grenada Fund for Conservation. It focusses on  
demonstrating that governments and communities of SIDS can enhance their resilience to 
climate change by protecting, restoring and effectively managing their marine and coastal 
ecosystems and strengthening local capacity for adaptation. For more information please visit 
this link.  

• The project works (among other sites) in Telescope, Grenville Bay, Soubise, and Marquis 
in St Andrew’s, Grenada. Two of the near term solutions identified are (i) an 
experimental mangrove restoration and coastal re-vegetation project at Telescope 
Beach, and (ii) installation of eco-engineered structures to enhance the reef height and 
wave protection functions in the Grenville Bay. The small-scale pilot mangrove and 
coastal re-vegetation project has provided a limited number of short-term jobs to 
collect, grow, plant and monitor mangroves and other beach vegetation. 

 

Caribbean Aqua-Terrestrial Solutions (CATS) (2013 – 2017), Belize, Dominica, Grenada, Guyana, 
Jamaica, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines. 

This project is funded by German Federal Ministry for Economic Cooperation and Development 
(BMZ) and implemented by the Caribbean Public Health Agency (CARPHA) – Environmental 
Health and Sustainable Development Department and Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH. It focusses on promoting sustainable management of our land 
and coastal resources to reduce the impacts of climate change. For more information please 
visit this link. 

• Component two of the project - Management of Coastal Resources and Conservation of 
Marine Biodiversity - was launched in Grenada in November 2013 in collaboration with 
the Ministry of Agriculture, Lands, Forestry, Fisheries and Environment.  The project, 
among other things, is providing support for a legislative review and update of the 
Grenada MPA regulations, a policy proposal on a new structure for MPAs, and improved 

http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/Caribbean/science/adaptation/Documents/AWE-projectfactsheetY1.pdf
http://caribbeancats.org/
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management and development of a communication strategy for the Molinere-
Beausejour MPA. The communication strategy and plan have been finalized and will be 
implemented in 2015 and work on the legislative review will also commence in 2015.  

 

Caribbean Fish Sanctuary Partnership (C-FISH) Initiative (2012 – 2016), Jamaica, Grenada, Saint 
Vincent and the Grenadines, Saint Lucia 

The project is funded by UKaid and implemented by the CARIBSAVE Partnership on behalf of the 
Caribbean Community Climate Change Centre (CCCCC). It focusses on assisting communities to 
improve their MPA and fisheries management as a form of Ecosystem-based Adaptation to 
climate change through grants, capacity building and partnerships. For more information please 
follow this link. 

• The project is supporting, among others, the Sandy Island Oyster Bed MPA located in 
Carriacou, and has provided grant money for a locally built patrol boat, a full time 
sanctuary manager, an additional warden, communication and GPS equipment for 
fishers, and public awareness activities. The project has also facilitated an exchange trip 
for fishers to a successfully run MPA in Belize, as well as establishing a system whereby 
the MPA will be able to benefit from the mooring fees collected in the MPA. 

 

Caribbean Planning for Adaptation to Climate Change (CPACC) Project, (1997 – 2001), Antigua 
and Barbuda, the Bahamas, Barbados, Belize, Dominica, Grenada, Guyana, Jamaica, Saint Lucia, 
St. Kitts and Nevis, St. Vincent, and Trinidad and Tobago 

This project was funded by the Global Environment Facility (GEF) and implemented by the World 
Bank. It focused on building capacity in the Caribbean region for the adaptation to climate 
change impacts, particularly sea level rise, through vulnerability assessments, adaptation 
planning, and capacity building activities. For more information please visit this link.  

• Grenada was selected as one of five pilot projects and was the subject of a coastal 
vulnerability and risk assessment.  

 

Climate Resilient Eastern Caribbean Marine Managed Areas (ECMMAN), (2013 – 2017), Saint 
Kitts and Nevis, Antigua and Barbuda, Dominica, Saint Lucia, St. Vincent and the Grenadines and 
Grenada 

This project is funded by The German Federal Ministry for the Environment, Nature 
Conservation, Building and Nuclear Safety (BMUB) and implemented by The Nature Conservancy 
(TNC in collaboration with the Ministry of Agriculture, Lands, Forestry, Fisheries and 

http://c-fish.org/c-fish-fund/
http://www.caribbeanclimate.bz/closed-projects/1997-2001-caribbean-planning-for-adaptation-to-climate-change-project-cpacc.html
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Environment. It focusses on establishing an Eastern Caribbean marine management areas 
network that more than doubles the area of effectively managed marine areas (MMAs) in the 
region and provide for improved livelihood opportunities. For more information please follow 
this link. 

• The project is currently being implemented in Grenada and is supporting the 
establishment of a Grande Anse Marine Protected Area. Consultations with primary 
stakeholders have been held and baseline data collection started.  In 2015 the project 
will be supporting public consultations. 

 

Grenada Grande Anse Reef Regeneration Project (GGARP) (2013 - ), Grenada 

This pilot project is funded privately and implemented by Dive Grenada in collaboration with the 
Fisheries Division of the Ministry of Agriculture, Lands, Forestry, Fisheries and the Environment. 
It focusses on creating a viable Artificial Reef (AR), allowing the regeneration of the natural ‘near 
shore reefs’ and the establishment of new marine ecosystems and biodiversity in the Grande 
Anse Beach area of Grenada. For more information please follow this link. 

• Numerous specially designed reef pyramids (made from cinder blocks) have been deployed 
in the Grande Anse bay area, with approximately thirty species of fishes living in and around 
the pyramids after one year. Pyramids continue to be deployed as funding is available. 

 

Integrated Climate Change Adaptation Strategies (ICCAS) (2013 – 2016),  

This project is funded is funded by the German Federal Ministry for the Environment, Nature 
Conservation, Building and Nuclear Safety (BMUB) under its International Climate Initiative (IKI). 
It is implemented jointly by the Ministry of Agriculture, Lands, Forestry, Fisheries and the 
Environment, GIZ – the German Agency for International Cooperation – the United Nations 
Development Programme (UNDP). One of its four components is the “improved planning, 
management and effective use of the water and coastal zone resources through the 
establishment of integrated water resource management approaches and the formulation of 
coastal zone management policies and management plans.  

• The Restoration and Community Co-Management of Mangroves (RECCOMM) project is 
located in the Northern Telescope Coastal Area and started in November 2014.  The 
RECCOMM pilot project is the result of collaboration with the Forestry Division of the 
Ministry of Agriculture, Lands, Forestry, Fisheries, and the Environment of the Government 
of Grenada and GIZ. It addresses the vulnerability of the area which is due to sea level rise 
and the cumulative effects of cultural practices such as sand mining, through ecosystem 
restoration, community capacity building and livelihood support. 

https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/Caribbean/science/management/Documents/ECMMAN%20Project%20Fact%20Sheet%20-%20May%202014.pdf
https://www.facebook.com/GrenadaArtificialReef
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• A zero draft coastal zone management policy has been created and is under review. 
Feedback consultations are also being held with Grenadian coastal communities, and the 
same planned for Carriacou. Focus group meetings have been held with key stakeholder 
groups in Grenada.   

• The project also provided support for members of a multi-stakeholder group comprising 
representatives from the Fisheries Division, National Disaster Management Agency, Physical 
Planning Unit, Land Use Division and the Ministry of Carriacou and Petite Martinique Affairs, 
to receive training hands-on training at the Barbados Coastal Zone Management Unit.  The 
multi-stake holder group will be responsible for supporting the implementation of the 
project, the designation of the coastal zone area and definition of the coastal line.  

 

The Reducing Risks to Human and Natural Assets Resulting from Climate Change (RRACC) 
(2011 – 2015), Barbados, St. Kitts & Nevis, Antigua & Barbuda, Dominica, St. Lucia, St. Vincent & 
the Grenadines and Grenada 

This project is implemented by the Organization of Eastern Caribbean States (OECS) in 
collaboration with the Ministry of Agriculture, Lands, Forestry, Fisheries and the Environment. 
Its objective is to assist in climate change adaptation measures in the areas of coastal and 
freshwater resources management. For more information please visit this link.   

• A climate change adaptation plan for Lower Sauteurs was developed in 2013, 
recommending measures to reduce flooding.  

 

Woburn-Clarkes Court Bay MPA Mangrove Restoration Initiatives, (2009 – 2014), Grenada 

This project was funded by the Global Environment Facility (GEF), The Nature Conservancy (TNC) 
with the United States Development Agency for International Development (USAID) co-
financing, and the government, and is implemented by the Calivigny Development Organization 
in collaboration with the Grenada Fund for Conservation (GFC) and the Woburn Woodlands 
Development Organization. It focusses on engaging local community groups and government 
towards community-based restoration and management of mangroves. 

• The project included among other things the replanting of denuded areas and the 
implementation of a restoration and stewardship programme. A total of 2500 pre – 
rooted red and white mangrove seedlings, including coastal shrub were planted in the 
buffer area.  The plants attained medium survivability due to industrial wastewater 
pollution and high temperatures.  This area is also now being used as a research site for 
the Caribbean Waterbird Census. It also included an ecological assessment of the 
restoration site, outreach and community support campaign, and implementation of a 

http://www.oecs.org/our-work/projects/rracc
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monitoring and stewardship programme. In 2013, First Caribbean Bank provided 
funding to Seacology to construct two viewing platforms in Woburn and Calivigny. 

Other initiatives include: 

• Planting of coastal trees, Leatherback turtle research and guided tours by St. Patrick’s 
Environment Community Tourism Organisation (SPECTO) 

• Community-led replanting of mangroves and land reclamation in Windward, Carriacou 

• Community-led replanting of coastal vegetation in Lauriston, Carriacou 

• Installation of a series of sea defense structures along the north western coast of Grenada 

• Under the World Bank Pilot Programme for Climate Resilience (PPCR) a Terms of Reference was 
developed for a study to be conducted to propose options for the rehabilitation of the Bathway 
sandstone reef which has been degrading and also suffered severe damage from recent 
hurricanes.  Funds were earmarked under the PPCR for conducting the study. 
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Section 5: Vulnerability Assessments and Scenarios for Pilot Sites 
 

Rationale 
Coastal zones are dynamic and represent the complex interactions between physical, biological and 
anthropogenic components within the watershed, at the coast or in the nearshore zone.  Understanding 
the resilience of a coastal system (ability to recover from a disturbance event such as a hurricane) 
therefore requires an understanding of processes operating at or near the coast.  Most sandy tropical 
systems rely heavily on tourism which in turn results in the construction of resorts and associated 
infrastructure.  This leads to conflict between natural variability and economic, social and cultural 
activities.   Lack of consistent policies often leads to the systematic use of hard engineering structures in 
response to coastal erosion, without consideration for either coastal dynamics or socio-economic 
factors. However, implementation of EbA options requires an understanding of the built landscape and 
the conditions within which it will operate.   

The resilience of the beach system upon which tourism depends, is affected primarily by the degree of 
exposure (and presence of nearshore features to dissipate wave energy), sediment supply as well as the 
presence and type of coastal structures.   EbA requires both an understanding of processes in the 
nearshore and ecosystems, however it also depends on the capacity of the beach system to respond 
appropriately and establish equilibrium.  A disequilibrium state can result in a positive feedback loop 
with increased erosion and siltation, decreasing visibility and therefore productivity of nearshore 
ecosystems.  

Determination of coastal vulnerability requires an understanding of the interaction between exposure 
conditions, biophysical state and resilience of the coastal system.    Resilience refers to the capacity of 
the coastal system to recover or bounce back from a disturbance event such as a hurricane.  The four 
primary tropical systems that can ‘re-engineer’ or re-establish themselves are coral, sea grass, mangrove 
and beach/dune systems.   Due to the interconnectedness of coastal systems, beach state can be used 
as an indicator of the availability (or lack) of sediment (e.g. coral, beach mining), changes in wave energy 
(e.g. seagrass, coral health) and interruption of longshore drift (lateral movement of sediment 
alongshore).    Understanding the exposure conditions and biophysical state facilitates the optimization 
of ecosystem based adaptation options.  The coastal vulnerability assessment thus helps to inform the 
selection of adaptation options for each pilot site.  

Methodology  
The coastal vulnerability assessment was performed in two stages: (i) a detailed site survey and 
geomorphic assessment by a trained coastal geomorphologist (Dr. Danika van Proosdij), geomatics 
survey technician (Greg Baker) and informal interviews with local experts; and (ii) a GIS based 
flood/erosion vulnerability assessment at the Maritime Provinces Spatial Analysis Research Unit 
(MP_SpARC) at Saint Mary’s University in Halifax, Canada.   All data were integrated within ArcGIS 10.1 
and used to assess the spatial variability in vulnerability alongshore within all pilot sites.  For technical 
methodology please see Appendix D. 
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Shore Characterization 
 All available geomatics data, including an adjusted shoreline, were collected and 
integrated within a geodatabase. The foreshore, backshore and nearshore zones 
of the shoreline were characterized based on a dynamic segmentation model and 
decision tree flow charts (Appendix A) which captures information such as 
landform type, material, height, slope, vegetation type, observed erosion and 
anthropogenic structures. Since its development in 2012, this characterization 
approach has been adapted for tropical coastal ecosystems and successfully 
applied in locations including Jamaica, Tobago, Mauritius, and Seychelles.   

In the field, the coastline was segmented using a Trimble YUMA tablet at changes 
in backshore (furthest extent on land of highest tides), foreshore (at waterline) or 
nearshore (below water line or intertidal zone) characteristics (Tibbetts and van 
Proosdij, 2013; van Proosdij and Perrott, 2013)(See Figure 4).  Geotagged 
photographs were taken and referenced within the geodatabase, and can be used for future validation 
or integration within Google Earth for consultation with stakeholders. Field assessment by a trained 
coastal geomorphologist allows for differentiation between acute (e.g. chronic) versus episodic (e.g. 
seasonal) stability (See Figure 5). Multiple thematic coastlines with the same geospatial position were 
used to facilitate complex spatial and attribute queries within the GIS such as identification of areas with 
eroding beach (foreshore) and seawall (backshore).   

 

Figure 5 Examples of beach stability from Grande Anse mid (stable), Grande Anse east (seasonally unstable) and section of 
the Grenadian by Rex Resortsl Beach (chronic erosion). 

Beach Profile 
Beach profiles were conducted at regular intervals (~100 m) 
perpendicular to the coastline to assess beach width and slope using 
traditional level and stadia survey techniques.  Profiles extended 
into the nearshore zone in order to identify areas of wave breaking 
(see Figure 6) or presence of old coral near the shore.   Beach width 
and slope can be used as indicators of wave energy and sediment 
availability. For simplicity, low cost and to address the need to tie 
the beach profiles into the land digital elevation model,   the time of 
intersection of each profile with the water line was recorded and 
corrected for tidal influences using a locally installed level logger in a 

Figure 6 Conducting beach profiles with 
stadia rod in neashore breaker zone. 

Figure 4 Shoreline 
characterization using 
Trimble YUMA tablet during 
training session. 
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stilling well and barometric logger on land.   This was established at Prickly Bay in Grenada and 
Windward on Carriacou while data were being collected.  All data were verified each evening, and 
annotated with local expert knowledge.   All of these data then served as base data for input and 
analysis within ArcGIS.   

Inundation Modelling 
Land inundation models were created from digital elevation models (DEM). A LiDAR-derived 1m ground 
sample distance high-resolution DEM created by Techmap Inc was used for the Grande Anse models. 
Where LiDAR data were not available, lower resolution Shuttle Radar Topography Mission (SRTM) DEMs 
provided by the US National Aeronautics and Space Administration were used for models of the 
Lauriston and Windward study sites.  The vertical datum of the DEM for Grande Anse was calibrated to 

the water level monitoring station permanently installed 
at the Prickly Bay Coast Guard Station, by using a GPS 
receiver to record the location of the shoreline at many 
locations and times. The vertical datum for the SRTM DEM 
for Lauriston and Windward was calibrated using the 
difference in elevation values between calibrated LiDAR 
DEM and SRTM DEM.  

Two methods were used to model potential inundation: (i) 
a simpler model using ESRI’s ArcGIS Desktop software 
which identifies all regions of low-lying land and (ii) a 
more complex model using GRASS GIS which calculates 

flooded regions only where there is a direct connection to the sea. The ESRI method may over-estimate 
the total area of land flooded from the sea, whereas the GRASS method may underestimate the total 
area of land flooded from the sea if buried pipes or small rivers and ditches are not evident in the input 
DEM (See Figure 7). 

 The polygon features from both model types were used for map display and statistical measures. Areal 
calculations were performed for each water level. Overlay processes were also used to calculate the 
number of buildings wholly or partially flooded within the inundation zone of each water level. 

 

Results and Discussion 
 

Grande Anse to Pingouin Beach, Grenada 
A total of 10.5 (of 11.8 in study area) km were surveyed from the Northern point of Grande Anse Beach 
to Pingouin Beach.   Sixty-eight percent (68%) of the foreshore of this coast was classified as beach and 
55% was classified as partially stable (e.g. seasonal erosion) or damaged and with 5% actively eroding 
(Appendix B).  Forty percent (40%) of the backshore was classified as cliff however 28% and 23 % were 
classified as clastic slope (mostly sand) and anthropogenic structures respectively.  Sixty-eight percent 
(68%) of the backshore showed some evidence of erosion, mostly associated with anthropogenic 

Figure 7 Example of low-lying wetland and 
freshwater drainage at Grande Anse.   Ephemeral 
sand bar at mouth of freshwater outlet. 
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structures and clastic slope.   Seawalls were the dominant type of backshore protection structures used 
within the Grenada study area, followed by rip rap and gabion baskets (see Figure 8).     

 

Figure 8 Examples of the types of shore protection structures used within the Grenada study area.  Sea walls, revetments, rip 
rap and gabion baskets dominated. 

Approximately 57% of these structures were constructed as 
solid concrete, 46% as masonry blocks or 47% as rip rap, half of 
which were damaged or actively failing in each case (Appendix 
B). Very few examples of soft or hybrid shore protection options 
were observed.    It is unknown if those that were observed 
were purposely placed for coastal protection or aesthetics and 
privacy for guest houses (see Figure 9).   

Throughout the study region, the shape of the beach profile is 
affected by sediment supply, wave energy, storm water runoff 
and presence of hard structures in the backshore or relict reef 
in the nearshore.  A total of 40 cross shore profiles were collected.  

Examples of beach profiles are presented in Figure 10 .  Profiles in disequilibrium appear to occur in 
areas of limited accommodation space (e.g. Moune Rouge Beach), decreased sediment supply, higher 
wave energy (e.g. Grande Anse N) or storm freshwater runoff (Grande Anse L21, near pier).   

 

 

 

Figure 9 Vegetated backshore dune on Grand Anse 
beach 
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Due to the size of the study area on Grenada, this discussion will be divided into a series of coastal 
reaches: Grande Anse Bay North, Grande Bay S., Quarantine Point to Portici Beach and Portici Beach to 
Pingouin beach.  More stable or accreting profiles were observed in areas with vegetated dunes or 
berms that provide sediment storage or are more protected from wave action (Figure 11).    

 

Figure 11 a) limited accommodation space and storm water runoff, Moune Rouge Beach; b) stable, accreting beach Grande 
Anse S. 

Due to the size of the pilot study area, the shore zone assessment was divided into four sections and will 
be discussed accordingly.   

(i) Grande Anse North 
The northern section of Grande Anse beach is characterized by eroding coastal structures and beach 
erosion, particularly around the Beach Palace hotel (Figure 12).   Longshore drift appears to be directed 
to the south alongshore and evidence of trapping of sand is evident at concrete drainage structures 
extending perpendicular into the water (Figure 12).  Erosion and scour typically occur on the downdrift 
side.  In addition, storm water runoff through ephemeral streams, drainage ditches or channels and 
overland flow appears to be a major cause of beach erosion and removal of sediment within the Grande 
Anse area.  The impact of heavy precipitation events (likely to increase in the future with climate 
change) has not previously been identified as a significant contributor to beach erosion in Grenada.  
Examination of rectified historical aerial photographs and satellite imagery within ArcGIS reveals an 
increase in the rate of erosion near the Beach Palace hotel greater than 1 m/yr from 2010-2013 

a b 

a b 

2m SLR scenario 

Figure 10 Examples of cross sectional profiles that are a) eroding or disequilibrium or b) equilibrium.  Profile elevations tied to 
water level tide gauge at Prickly Bay.  2m SLR scenario depicted over high water level of 0.5 m (2011-2014). 
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compared with approximately 0.3 m/yr between 1951 to 2010.  While the section of beach closest to 
the pier is eroding, this is mostly attributed to storm water drainage as the position of the shoreline 
increased by 15 m between 1951 and 1969 then remained relatively stable between 1969 and 2010.  
The 2013 satellite data unfortunately was under cloud at this location.  

 

 
 

 

(ii) Grande Anse South 
The beach from central to southern sections of Grande Anse appears to historically cycle between stable 
to partially stable.  This may account for differences in reports by stakeholders of beach erosion or 
accretion (Figure 13). In general, the period from 1951 to 1969 was a period of accretion for most of the 
length of the beach.  However, near the spice market, the present day shoreline is almost identical to 
the position in 1951 despite approximately 7 m of erosion since 1969.   The section of beach near the 
Radisson has experienced approximately 14 m of erosion since 1969 but a significant acceleration 
between 2011 and 2013.  Conversely, the section of beach downdrift of this section recorded net 
progradation of 5.5 m between 2011 and 2013.  This results from the re-distribution of sediment and is 
an essential component of the overall sediment budget of Grande Anse Bay.   

 

a 

Figure 12 Shore zone classification for north section of Grand Anse and photos collected during site assessment Oct 5, 2014 
illustrating a) beach erosion due to stormwater drainage, b) erosion & limited accommodation space in backshore and c) 
interruption of longshore drift.  

b 

c 
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In some case, foundations of former buildings were 
surveyed in the nearshore, such as south of the 
Allamanda Beach Hotel where the shoreline has 
retreated 24 m since 1951 (Figure 14).   

The section of beach from Spice Island Beach Resort to 
the Flamboyant Hotel & Villas experienced a high rate of 
erosion (57 cm/yr) from 1951 to 2010 but a shift to 
progradation of 6.2 m from 2010 to 2013.  Although 
slightly lower rates of erosion were recorded at the 
southernmost tip of Grande Anse Beach, the current 
trend appears to be progradation of 7 m between 2010 
and 2013.  

 

Flood scenarios were modelled using both ArcGIS and GRASS (with open source QGIS) to examine low 
lying elevation flooding due to high rainfall and inadequate drainage as well as contiguous flooding with 
connection to ocean waters.  The greatest difference between the two scenarios is for the HWL plus 1 m 
elevation increase with the greatest area flooded as 5.33 Ha and 29 buildings flooded.  As has been 
illustrated in previous research, the ArcGIS bathtub model tends to overestimate flooded area.  
However at the HWL plus 2m and surge scenarios, the differences are minor.  There is a significant 
increase in area flooded (~ 36 Ha) and buildings impacts at the 2m and surge scenarios particularly on 
the northern and central sections of Grande Anse Bay (Table 6).   At those levels, water pools behind the 

Figure 13  Shore characterization and stability for central and southern sections of Grand Anse Beach.  Photos collected during 
field survey in early Oct, 2014 illustrating a) significant erosion at storm drain; b) steep storm swash profile on partially stable 
beach near the Radisson; c) vegetated backshore with dune vegetation and shrubs near Spice Island Beach Resort and d) active 
beach scour at base of damaged seawall with limited foreshore beach during high tide.   

Figure 14  Position of former building foundation 
approximately 5 m seaward of present shoreline as of 
Oct 2014. 

a 
b 

c d 
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beach itself and low lying drainage channels, roads or other coastal access funnel water behind the 
backshore/dunes of the beach, mostly from the western end of the Beach (Figure 15).  

Table 6 Flood scenarios for Grande Anse Bay depicting area flooded and buildings wholly or partially flooded using GRASS or 
ArcGIS.   

Flood Scenario 
Area flooded (Ha) Number of buildings flooded 

GRASS 
(contiguous) 

ArcGIS 
(bathtub elevations) GRASS ArcGIS 

HWL + 1m  2.65 5.55 1 29 
HWL + 2m  36.12 36.89 186 205 

HWL + 2m + surge (3.2 m) 53.76 53.72 256 257 
 

 

Figure 15:  Inundation scenarios above the High Water Line for 2011-2014 in Grande Anse.  a) Areas of contiguous flooding 
reflect connection to ocean and b) low lying elevation zones prone to ponding from heavy rainfall events.   

a 

b 
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(iii) Quarantine Point to Portici Beach 
From Quarantine Point to the end of Portici Beach, the majority of erosion appears to be related to 
storm water runoff rather than changes in wave energy.  However the north end of Portici beach is 
experiencing considerable erosion of the dune scarp at high tide (Figure 16c).  This material is then 
recycled and transported alongshore to replenish other areas.   In addition, evidence of scour at the 
base of coastal engineering structures at the southern end of Moune Rouge Beach reflects the 
maladaptive feedback that develops with hard engineering surfaces (Figure 16a). 

 
 

 

 

 

  

Figure 16 Shore characterization and examples of photographs collected during field survey Oct 6, 2014 depicting a) scour 
and erosion at base of seawall on Mourne Rouge Beach;  b) erosion due to storm water runoff at Mourne Rouge Beach and 
scarping of dune at north end of Portici Beach.   

c a 

b 

d 
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(iv) Portici Beach to Pingouin Beach 
This section demonstrates increasing exposure to higher wave energy. The swash zone is typically 
steeper, wider with more planar upper beach zone to the backshore. Parc a Beouf beach displays 
evidence of a chronic erosional beach scarp with limited evidence of deposition (Figure 17d) while the 
southern end of Magazine beach (Figure 17a) displays a more stable equilibrium beach profile.  In 
addition, the presence of a nearshore relict reef dissipated wave energy before it reaches the shore, 
enhancing beach stability.  However, chronic erosion and sediment starvation is evident on Magazine 
beach immediately north of the main resort building (Figure 17b) and what appears to be the use of 
conch shells for shore protection. 
 

 

 

 

The northern section of Pingouin beach displays signs of chronic erosion 
with exposure of the root mat of nearby trees (Figure 18).   This is preceded 
by seasonally scarped dunes (Figure 17c).  Further along, beach nourishment 
(although different grain size from natural conditions) and significant coastal 
engineering (e.g. nearshore breakwaters) appear to have stabilized the 
coastal system in that area.  The question remains however of the 
implications of decreased sediment input to the littoral cell. 

a) 

b
 

c 

Figure 17 Shore zone assessment and examples of a) seasonal/stable beach slope Magazine Beach b) sediment starved, 
disequilibrium Magazine beach North; c) seasonally scarped dune near Pinquoin beach and d) chronic erosional scarp at Parc a 
Beouf. 

Figure 18 Chronic erosion N end 
of Pinquoin beach. 
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Figure 19 Inundation scenarios above the High Water Line for 2011-2014 from Quarantine Pt to Pingouin Beach.  a) Areas of contiguous flooding reflect connection to ocean 
and b) low lying elevation zones prone to ponding from heavy rainfall events. 

a 

a 

b 

b 
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A number of observations can be made regarding flooding 
in the south west portion of the Grenada study area. 
Moune Rouge beach is most at risk as a result of low lying, 
shallow beach slope, presence of infrastructure close to 
the shoreline and low lying area behind the main beach 
berm (see Figure 19, Figure 21).  Flood waters also enter 
via the numerous ditches in the area.  An another area 
that is of interest is the low lying area in the vicinity of the 
lake/holding pond close to the airport.    Based on the 
LiDAR elevation model, the culvert outlet of the lake to the 

sea is higher than the highest high tide.  However, even 
the conservative 1 m SLR rise model reverse the flow and 
flood waters enter the lake and expand within the low 
lying areas (see Figure 19), flooding the road to the airport 
at the 2m SLR level.   Based on the contiguous model, 
ocean surge only enters from Magazine beach with a 1.2 m 
surge on top of a 2m SLR estimate (see Table 7).  Another 
area that would be impacted is Pingouin beach, 
particularly Sandals Resort.   The beach slope in the central 
portion of the resort is currently lower than the 2m SLR 
level whereas the ‘unaltered’ east end profile illustrates the 
protective effect of the dune system (Figure 22).  The equilibrium beach profile has likely been altered 
by engineering and beach grading in the resort area (Figure 20).  

Table 7 Flooding scenarios for Grenada SW section from Quarantine Pt to Pingouin Beach. 

Flood Scenario 
Area flooded (Ha) Number of buildings flooded 

GRASS 
(contiguous) 

ArcGIS 
(bathtub elevations) GRASS ArcGIS 

HWL + 1m  2.72 3.59 2 11 
HWL + 2m  12.46 15.55 16 28 

HWL + 2m + surge (3.2 m) 29.47 29.58 65 65 
 

  

Figure 22  Change in cross sectional beach profile along Pinquoin Beach from East 
(with dune) to West (central beach of resort within breakwaters) relative to a 2m 
SLR scenario. 

Figure 20 Cross beach view of Pinquoin Beach at 
Sandals Resort and breakwaters. 

Figure 21 Example of low lying area behind 
beach berm at Moune Rouge Beach. 
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Carriacou 
Two contrasting sites were surveyed on Carriacou:  Lauriston (4 km) on the western side and Windward 
(2.5 km) on the eastern side.   Lauriston exhibits characteristics of a typical sandy tropical beach system 
with fronting coral reef and sea grass habitat and mangroves in the backshore.   The system itself is 
generally more protected from wave energy than the Windward site.    Windward has a much lower 
gradient foreshore slope, higher wave energy and chronic erosion.   Coastal protection methods are 
much more haphazard at this site and constructed to protect individual properties or reclaim land 
previously eroded.   Examples of rip rap (Windward) and engineered armouring (Lauriston) used are 
illustrated in Figure 23.    

 

Figure 23 Examples of shore protection structures used on the island of Carriacou ranging from conch shells to engineered 
armouring.  

Significant differences in the shape of beach profiles and shore characterization were recorded at 
Windward and Lauriston.  Fifty-nine percent of the foreshore at Windward can be classified as beach 
with coarse grain size and are characterized by a short, steep swash slope and low, almost negative 
gradient sloping to the backshore which can be more than 50 m from the shoreline (Figure 24a).  Twenty 
percent of the foreshore is mangrove which appears to be mostly healthy at the northern end of the 
Bay. The maximum elevation of profiles in many areas almost 1 m lower than the 2m SLR scenario 
modelled.   Fourteen percent of the foreshore is actively eroding.  The foreshore at Lauriston is almost 
entirely fine to med coarse beach (87%) with steep beach face and scarping dunes at the backshore 
(Figure 24b).   Twenty-seven percent of the beach was classified as actively eroding.  However the 
profiles also demonstrate the protective function that dunes play within this system to protect against 
storm surge or rising sea levels.    
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Figure 24  Examples of beach profiles at a) Windward and b) Lauriston.  Note significant differences in slope. 

At Windward, 38% of the backshore was classified as mangrove, 28% anthropogenic structures, 24% 
clastic slope (sand) and the remainder bluff or outcrop.    Nineteen percent were failing or not stabilized 
and 41% partially stabilized or damaged.    The dominant backshore type at Lauriston was dune or berm 
(46%) with 31% classified as anthropogenic and 18% mangrove.  Half of the backshore was classified as 
failing/not stabilized (18%) or damaged /partially stabilized (33%).  Due to differences in wave energy as 
well as sediment supply, different adaptation options will be required at the two sites.  

Lauriston Bay  
The field survey extended from Lauriston Point to Hillsborough, 
covering 4 km of coastline and 18 cross section beach profiles.    
Lauriston Point consists of a relatively healthy mangrove and 
sandy beach system with the exception of the coastline adjacent 
to and west of shipwreck (Figure 25).  The beached wreck has 
significantly interrupted the longshore current in the area, causing 
wave refraction and increased scour and erosion downdrift.  In 
addition, the deteriorating hull and engine room may be leaching 
deleterious material as evidenced by dead mangroves however no 
water or sediment samples were collected.     

By comparison, mangroves and beach/dune vegetation around the 
west of the Lauriston Point are flourishing (Figure 26a).  
Examination of images in Google Earth clearly shows accumulation 
of sand updrift of the wreck.  However qualitative examination of 
time series of satellite images, indicates that prior to 2004 the 
beach was much wider which can suggest a decrease in sediment 
supply.    Examples of sand removal presumably for local building activities were evident adjacent to 

a b 

 

2m SLR scenario 

a
 

b
 Figure 25  a) Increased scour adjacent 

to shipwreck hull and b) dead or 
stressed mangrove extending almost 
100 m towards Lauriston Pt. 
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construction sites (Figure 26e).    While the engineered armouring (Figure 26b) along the oceanside road 
from the airport has protected the road from erosion at that section, it has resulted in the complete loss 
of foreshore beach and there is evidence of increase scour and wave refraction on the downdrift side 
(Figure 26c).  This may also be due to the placement of the westernmost emergent breakwater.     

  

 

 

 

 

 

 

 

Throughout this beach section, there is evidence of healthy 
dune vegetation which could serve as source colonists for dune 
restoration activities (Figure 27).  Other observations include the 
need to tolerate minor beach scarping and erosion seasonally to 
provide a source of sediment to downdrift sections; set-backs 
fronted by beach dune system provides optimal protection and 
current construction practices at the coast are having a negative 
impact on beach slope and sediment supply (Figure 28).    In 
addition, abandoned hard structures continue to alter sediment 
transport and induce scour at the foreshore beach or edges 
(Figure 29). 

 

a
 

Figure 26  Shore characterization and examples of photographs collected from Lauriston Point towards HIllsbourough.  Examples include a) 
healthy beach dune with mangroves at Lauriston Point; b) engineered emergent breakwater and armoured shoreline near the airport road; 
c) beach scarping downdrift of coastal armouring; d) eroding beach and dying mangrove downdrift of ship wreck; e) likely beach mining at 
park and f) chronic erosion clastic slope updrift of armoured section.   

Figure 27 Healthy dune vegetation Lauriston beach. 
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c
 

d
 

e
 

f
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Figure 29  Examples of influence of hard coastal engineering structures on coastal erosion. a) Remnant building foundation 
and b) interface between building foundation and adjacent beach dune system near HIllsborough. 

 

 

a 

Figure 28  Shore characterization and shore stability near HIllsborough, Grenada with field photos illustrating a) seasonal beach 
scarp, b) protective dune and c) destructive construction practices. 

b 

c 

a b 
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Table 8 Area flooded and numbers of buildings partially or completely flooded under 3 flood scenarios.  

Flood Scenario 
Area flooded (Ha) Number of buildings flooded 

GRASS 
(contiguous) 

ArcGIS 
(bathtub elevations) GRASS ArcGIS 

HWL + 1m  15.2 33.3 38 53 
HWL + 2m  29.0 52.7 119 150 

HWL + 2m + surge (3.2 m) 73.6 74.1 276 281 
 

At this site, the two flood models depict marked differences in area flooded and number of buildings 
affected outside of the 1 m SLR range (Table 8).  This is due to the presence of a low lying area behind 
the main coastal road that would accumulate flood waters during heavy rainfall events.   

Windward 
The northern tip of Windward Bay contains a continuous, apparently healthy mangrove forest (Figure 
30a) however the health of the mangrove decreases as one moves towards the south (Figure 30b), the 
cause of which is not directly known and should be examined to see if it is a stress that can be mitigated 
(e.g. land based activities).   The field assessment clearly illustrated the vulnerability of the residents in 
the area to flooding that would affect their dwellings, livelihoods (e.g. boat building, fishing) and water 
quality (Figure 30c).   
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Figure 30:  Shore characterization and stability assessment for Windward Bay.  Field photographs depicting: a) healthy mangrove, b) stressed mangrove, c) low lying homes, 
d) ad hoc shore protection and land reclamation, e) gabion basket, f) loss of foreshore north of pier, g) haphazard land reclamation, h) vulnerable road infrastructure, i) 
severe bluff erosion at southernmost end and j) planted mangrove sapling

a
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Few shore protection structures appear to be planned or 
professionally designed (with some exceptions Figure 30e) 
resulting in some protection for individual properties but 
enhanced erosion at the margins as well as loss of 
foreshore beach (Figure 30d and e).    In other areas such as 
adjacent to the pier, the foundations of the buildings 
themselves act as hard engineering structures which cause 
wave reflection, beach scour and undercutting (Figure 30f).  
Examples of placing armour material or riprap in the 

nearshore zone then backfilling to reclaim land lost due to 
erosion are evident throughout the Bay (Figure 30c).  
Significant chronic bluff erosion was observed at the 
southernmost end of Windward Bay which appears to be due to both marine and terrestrial processes 
(e.g. overland flow and slumps) (Figure 30i).  In some small areas, there appears to have been an 
attempt to plant mangrove saplings with mixed success.   It will be interesting to monitor their progress 
(Figure 30j).   

The resolution of the inundation model at Windward at Watering Bay is coarser than Lauriston due to 
the relatively shallow initial gradient and steeper topographic barrier landward (Figure 33).  All flooding 
is constrained within the available low lying land up to the steep break in slope.  Essentially all buildings 
located within the coastal floodplain will flood (Table 9).  

Table 9:  Area and number of buildings flooded for modelled 1m, 2m, and 2m + surge scenarios at Windward Bay. 

Flood Scenario 
Area flooded (Ha) Number of buildings flooded 

GRASS 
(contiguous) 

ArcGIS 
(bathtub elevations) GRASS ArcGIS 

HWL + 1m  14.5 14.7 27 27 
HWL + 2m  20.4 20.5 44 44 

HWL + 2m + surge (3.2 m) 25.2 25.2 62 62 
 

  

Figure 32:  Expanding dune vegetation and 
sediment trapping. 

Figure 33 SRTM inundation model for 1 m, 2m and surge scenarios.  Contiguous and bathtub model provided near identical 
results. 
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Section 6: Adaptation Options for Pilot Sites 
 

Methodology 
The aim of this chapter is to identify potential EbA options for the pilot sites of Grande Anse, Windward 
and Lauriston, based on the information presented in previous sections.  Firstly, the EbA options were 
considered in relation to the existing status of the surrounding ecosystems, with special consideration 
given to how the intervention would affect related ecosystem services. Consideration was also given as 
to whether it would strengthen the resilience of the target ecosystem, making it more likely to survive 
and adapt to a changing climate. Emphasis was placed on how the selected EbA option could help to 
reduce local stressors, and thus help to restore ecosystem function.  This can involve restoring certain 
key species (e.g. grazers), improving water quality.   Information from the ‘Social and Ecological 
Vulnerability in Grenada’ was therefore essential in developing these EbA options. 

Understanding the planning context is also important when selecting an EbA option.  In the case of 
coastal EbA options, it is essential that the EbA intervention integrates with fisheries and tourism 
policies and development plans.  Grenada has a strong commitment to becoming a model for the Blue 
Economy, and therefore EbA approaches should be compatible with other national development plans.  
The existing interventions and projects listed in ‘Current Initiatives Addressing Coastal Vulnerability’ 
were helpful in informing our suggestions. 

When selecting EbA options a key consideration was to examine the climate change hazard that it is 
trying to address.  This required an understanding of the current and projected impacts of climate on 
the targeted coastal areas and their associated marine and terrestrial ecosystems.  Coastal EbA options 
generally reduce the vulnerability of coastal communities and coastal assets by reducing their exposure 
to damaging wave energy (e.g. restoring coastal wetlands). Coastal ecosystems, in particular coastal 
vegetation, can also reduce the sensitivity of the shoreline to erosion by binding sediments with their 
root structure.  The ‘Vulnerability Assessments and Scenarios for Pilot sites’ was therefore essential in 
making our selection. 

It is also important to understand the willingness of the community to participate with the EbA process.  
While it is hoped that the EbA intervention will provide long-term benefits, there may be some short-
term sacrifices that the community will be required to make.   The social interactions between 
stakeholders and their environment must be understood to develop successful EbA options.   Similarly, 
the cultural and social barriers to implementation must be weighed against the likely short-term 
rewards that the local community will benefit from.  

The complex process of identifying and evaluating EbA options is outlined in a document called Coastal 
Ecosystem-based Adaptation Decision Support Framework which is being developed by UNEP as part of 
this wider EbA Project in Grenada and the Seychelles.  This guide provides a useful “roadmap” to how 
this complex multi-criteria decision-making process can be broken down into individual steps, to help 
develop a more robust and flexible approach to selecting optimal coastal EbA options.  
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Ecosystem-based Adaptation Options 
The following EbA options are suggested: 

1. Marine protected area 
2. Coral restoration 
3. Dune stabilization 
4. Mangrove restoration 

 
1. Marine protected areas (MPA)  

MPAs would improve effectiveness and success of EbA options implemented in the bay through their 
overarching aim of restoration and protection of coral reefs, seagrass beds and coastal vegetation. In 
order to achieve this, MPAs should stop or minimize over-fishing, pollution and physical damage (e.g. 
anchors), which are the three main local stressors responsible for the decline of the coral reef and 
seagrass ecosystems in Grande Anse. Reducing overfishing, and more importantly, protecting and 
restoring populations of herbivorous fish has been found to be particularly important in improving the 
ecological resilience of coral reefs and their ability to recover after major disturbances, such as bleaching 
events, storms or sedimentation (Mumby & Hastings, 2008; Olds et al., 2012a; Stockwell et al., 2009; 
Mumby & Harborne, 2010; Rasher et al., 2013).  Figure 34 shows the effect of coral cover and grazing 
levels on the ability of a coral reef to recover depends on the initial coral cover, with the general rule 
that the more degraded a reef is, the more grazing by parrotfish and urchins is required for it to recover 
(Mumby et al., 2007). 

 

Figure 34 This simplified graph taken from Mumby et al. (2007) shows the combined effect of coral cover (%) and grazing 
levels on the ability of a coral reef to recover.  Reefs that are on the left of the diagonal line will degrade, whereas reefs on 
the right will recover.  Increasing the level of nutrient pollution will shift the threshold to the right. 

The importance and opportunity of increasing the resilience of Caribbean coral reefs to climate change 
by strengthening and improving local management were recently highlighted in two extensive regional 
studies (Jackson et al., 2014; Mumby et al., 2014).  The use of no-take-zones and the protection of 
herbivorous species (e.g. parrotfish) are emphasized in the recommendations.  The recently completed 
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“Improving the outlook for Caribbean coral reefs: A Regional Plan of Action 2014-2019” (published by 
agencies of CARICOM (CCCCC and CRFM) and AUSAID in June 2014) builds on these scientific 
recommendations and outlines a regional strategy for coral reefs.  This Plan of Action emphasizes the 
need to strengthen the regional network of no-take MPAs, and focuses on four key objectives: 

i. Improve the health and resilience of Caribbean coral reefs 
ii. Strengthen adaptive capacity of communities 

iii. Build foundations for national and regional action 
iv. Advocate globally for stronger action on climate change 

  
In recent years many regional organisations (e.g. CCCCC, CRFM, UWI, CARIBSAVE, TNC) and international 
donor agencies have started to recognise the value of no-take MPAs as important adaptation strategies 
for the Caribbean.  Guidelines are available on how best to design and manage MPAs in the context of 
climate change - so called “climate-smarting” MPAs (Green et al., 2012; Flower et al., 2013). The 
importance of working with coastal communities and national governments is particularly important to 
ensure local ownership of, and engagement with, the EbA process.  Working with local partners is also 
essential to support the development of policies, livelihoods and approaches that are specific to the 
ecological, social, cultural and political context of the country.  These policies must also be designed to 
sustain the engagement and support of local stakeholders.  A community-centred approach is used by 
the Caribbean Fish Sanctuary Partnership Initiative (C-FISH) a four-year project implemented by CCCCC 
and CARIBSAVE that is aimed at improving the management of fifteen MPAs in five Caribbean countries. 
C-FISH has been successful in improving the management of several MPAs (with an increase in fish 
biomass of 540% in one fish sanctuary) because it has focused on building the capacity and engagement 
of the local communities. 
 
A key aspect of creating successful MPAs is 
developing alternative livelihoods programme for 
displaced fishers or encouraging offshore fishing 
for pelagic or deep-water species. Brokering new 
partnerships between fishing communities and 
the tourism sector has been essential in creating 
these new livelihood opportunities and 
improving management capacity. MPAs can be 
effective at restoring ecosystem function and 
resilience, but this requires a good 
understanding of the socio-economic fabric of 
the local community, developing multi-
stakeholder partnerships for the management 
and governance of MPAs and implementing appropriate policies and investments to support livelihoods 
in the local community.   

There are over 300 MPAs in the Caribbean and more are being established annually.  Of these, only a 
fraction have been effective at reducing fishing pressure and restoring populations of herbivorous fish 

Figure 35 Young spear-fisher on Grand Anse beach with a catch 
of parrotfish. The sale price for whole fish is XCD $8 per pound  
(Source: Simone Lee) 
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(e.g. surgeonfish and parrotfish), which are essential to maintain the health of coral reefs (Jackson et al. 
2014; Mumby et al., 2014) (see Figure 35).  Highly successful community-based MPAs have been 
established in Belize and Jamaica, with spectacular recoveries in fish biomass and coral cover.  A 
common thread of these MPAs is that they have all focused on using the MPA as a fisheries 
management tool, and have put the fisherfolk at the centre of the planning and management processes. 
Interestingly, in Belize and Jamaica, the successful no-take areas are not called MPAs, but replenishment 
reserves and fish sanctuaries respectively.   

A recent review (Weigel et al. 2014) of the factors that make MPAs effective in managing fisheries 
suggested the following recommendations: 

• Integrate conservation and fisheries objectives through incorporating fisheries considerations into 
MPA design and MPAs into overall fisheries management frameworks. 

• Use no-take zones/no-take areas with other fisheries management actions. 
• Include fishers in the design and ongoing management of MPAs and conservation specialists in the 

design of fisheries management plans. 
• Create spaces for sharing and processes for meaningful engagement. 
• Build trust, social capital, and relationships. 
• Create a collaborative network with stakeholders and supporting organizations. 
• Increase coordination between agencies through an integrated management framework. 
• Monitor, communicate, and adapt management processes. 
• Plan and commit for the long-term. 
• Recognize access rights and tenure. 
• Address the balance of costs and benefits to fishers through alternative livelihood programmes and 

compensation schemes. 
• Consider equity in processes and outcomes. 
• Tailor the governance approach to the context. 
• Identify multiple pressures on the marine environment and take cumulative impacts into account. 
• Analyse and make trade-offs between objectives using available decision-making processes, 

integrated management approaches, and information processing software and methods. 
• Match good governance processes with effective management actions. 
 
Internationally, there is a growing policy consensus towards using Locally Managed Marine Areas 
(LMMAs) where governance processes foster local ownership, encourage compliance and support 
livelihood diversification.  These advances in multi-use marine spatial planning policy can also benefit 
from new technologies for enforcement, monitoring and communications that not only reduce 
management costs but also engage a wider circle of stakeholders with a vested interest in the future of 
the coastal zone.   
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2. Coral restoration  

Coral restoration is increasingly recognised as a promising strategy for EbA to climate change in the 
Caribbean.  While coral reef restoration activities have been underway for over 20 years, it is only 
recently that studies have demonstrated significant progress with the propagation and out-planting of 
several thermally resistant coral genotypes of Acropora species (Bowden-Kirby and Carne, 2013). These 
and other restoration activities have mostly focused on two of the most important shallow-water reef-
building coral species in the Caribbean, namely Elkhorn (Acropora palmata) and Staghorn (Acropora 
cervicornis).  A review of the effectiveness of coral reefs for coastal hazard risk reduction and adaptation 
found that coral reefs can provide highly effective coastal protection, dissipating over 80% of wave 
energy (Ferrario et al., 2014). Interestingly, this review also found that the most important zone of the 
reef for wave attenuation was the shallow reef crest dominated by Acropora corals.   Acropora corals 
also provide important habitat for many reef dwelling species of fish (e.g. parrotfish, snappers) and 
shellfish (e.g. lobsters), important for maintaining ecosystem resilience. 

Regionally, the populations of both Elkhorn and Staghorn corals were greatly reduced (95-98%) by 
hurricanes, diseases and ecosystem breakdowns regionally through the 1980s and are now so rare that 
they were recently added to the IUCN Red List in 2006 as critically threatened with extinction (Hall 2006; 
IUCN; Aaronson et al., 2008).   

In recent years the methodologies and techniques for large-scale restoration of Acropora species have 
been greatly improved, with three-dimensional nurseries being established in Puerto Rico, DR, Florida, 
Belize and Jamaica.  Coral nurseries can be built using various methods, either on solid steel frames, on 
suspended ropes or using tree-like structures (see Figure 36). The procedures and cost-effectiveness for 
out-planting large numbers of corals from these nurseries has also been greatly improved, with several 
hundreds of thousands of corals out-planted by volunteers in Florida in the last few years (Ken 
Nedimyer, President, Coral Restoration Foundation).   The low mortality and high growth rate achieved 
with Acropora species in nursery culture projects is highly encouraging and strengthens the justification 
for larger restoration programmes.  The increasing evidence that thermal tolerance is associated with 
the genes of the coral host rather than the algal symbionts (Bowden-Kirby and Carne, 2013) also opens 
up the possibility that restoration projects that select and propagate resilient genotypes could help to 
increase the long-term resilience of Caribbean coral reefs to climate change.  

    

Figure 36 Coral nurseries for Acropora species using suspended ropes (a- Jamaica), tree-system (b- Florida), steel frames (c,d -
Belize). Source: Owen Day(a,c,d); Coral Restoration Foundation (b) 

a b c d 
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The aim of coral restoration should be to create genetically diverse coral nurseries and reef restoration 
sites that incorporate bleaching and disease resistant parent stock.  By gathering together corals from 
scattered remnants and healing and growing them into sizable populations to increase the chances of 
fertilization and genetic recombination during spawning, it is hypothesised that this approach will help 
accelerate sexually-based recovery of the threatened corals while encouraging natural processes of 
climate change adaptation (Bowden-Kirby, 2013). More information on coral restoration and MPAs is 
given in Appendix E. 

 

3. Dune stabilization  

Coastal dunes are sand deposits located on the land side of a beach. Dunes protect beaches from 
erosion and protect shoreline property from storm surges. Dunes are extremely fragile. If they are 
disturbed by human activity they become unstable and susceptible to erosion. One of the most common 
and effective methods of stabilizing coastal dunes is to plant vegetation to create living dunes. Some 
communities also install fencing to trap sand that ultimately creates new dunes. Building dune 
walkovers or designating footpaths can also limit damage from human traffic. 

Maintaining and restoring the vegetation would be a relatively economical option and can be 
undertaken at the community level using widely available tools.  Dune vegetation, such as Sea oats 
(Uniola paniculata) and Goat's foot Ipomoea (Ipomoea  pes-capre ssp.), are effective at stabilizing loose 
sand, and are the most reliable way to protect dunes from wind and waves. Coastal trees such as 
coconut, almond and sea grape trees can also be obtained from nursery stocks or from nearby intact 
dune systems in Grenada. Dune plants are especially effective at trapping and holding windborne sand, 
promoting dune growth over time. Dune vegetation also decreases the wind velocity near the ground, 
reducing wind erosion at the sand surface and trapping sand transported from the beach during higher 
winds. Successful dune restoration therefore also requires a healthy beach system to replenish the dune 
after storm events. Dune vegetation root networks can also help to stabilize the dune. Ultimately, the 
vegetation helps preserve dunes and enhances their ability to protect the coast from erosion and coastal 
flooding. Dunes are effective in preventing flooding up until the water-level increase exceeds the height 
of the dune, or until sufficient erosion occurs to cause the dune to collapse. 

 

4. Mangrove restoration  

Mangrove restoration has been used successfully in many countries worldwide and several publications 
provide useful reviews (McLoad and Salm, 2006; Kaly and Jones, 1998).   Mangrove restoration should 
not be confused with mangrove silviculture, which is the planting, management and harvesting of 
mangrove trees for purposes of sustainable timber production (Kaly and Jones, 1998). This has been 
practiced since the 19th century in Malaysia, Philippines and Vietnam.  Although it is clear that certain 
species of trees respond well to planting, in these timber plantations no attempt has being made to 
create any kind of ecosystem that might be of value to coastal protection and fisheries. 
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In projects specifically designed for restoration, techniques include reintroductions of seeds 
(propagules) or small trees.  Seeds or propagules may either be directly placed in the area to be 
restored, or cultured to a larger size before out planting. It has often been reported that growing 
mangroves to a young tree stage leads to greater success by allowing plants to become less vulnerable. 
In Guyana, extensive areas of the East coast have been restored using red mangrove saplings gown in 
pots and bags by coastal communities - see the Mangrove Action Project.  

Red mangroves are easily distinguishable from other 
mangrove species because of their unique prop roots 
(see Figure 37) which offer support, protection and 
ability to survive in oxygen poor environments.   The 
prop roots develop into a thick “mangle” which is 
very effective at absorbing and dissipating wave 
energy, protecting the shoreline from erosion and 
stabilizing sediments.   

The roots also provide important habitat for an 
extensive community of animals, such as juvenile fish, 
oysters, crabs and sponges.   Certain species of fish 
known as mangrove obligates - such as the Rainbow 
parrotfish (Scarus guacamaia) the largest parrotfish 
and largest marine herbivorous fish in the Atlantic - require red mangrove habitat during the early 
stages of their life cycle.  

 

Suggested Adaptation Options for Grande Anse, Grenada 
The results from the vulnerability assessment have highlighted a long-term trend of beach erosion at 
Grande Anse, with a significant loss of beach width since 1960s along the majority of the beach.  There is 
also clear evidence of erosion and scour at the intersections of the beach and hard structures, such as 
outcrops and seawalls, where the beach has been unable to migrate inland.   The causes of this long-
term beach erosion are likely to be associated with a 
combination of sea level rise, high-energy storms events  
including heavy precipitation and resultant storm water 
runoff) and the degradation of the fringing coral reefs. 
There is also evidence of a diminished supply of sand to 
the beach, which is largely of biogenic origin, which may 
have resulted from a reduced production of sand from 
the degraded nearshore reefs. 

 As can be seen in Figure 38, the three-dimensional 
structure (or rugosity) of the near-shore reefs in Grande 
Anse have been lost, with large areas dominated by small coral fragments and coral rubble now mostly 

Figure 38 Degraded reefs in Grand Anse with old coral 
fragments from the genus Acropora 

Figure 37 Red mangroves, Rhizophora mangle,  at the 
northern end of Windward 

http://www.mangrovesgy.org/home/
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covered in macro-algae.  The fragments provide clear evidence of once abundant branching corals of the 
genus Acropora, suggesting that these reefs would have contributed to the dissipation of wave energy 
from lattice turbulence. The ability of the current degraded reefs to reduce wave energy reaching the 
beach is now greatly reduced.  These heavily degraded reefs are also failing to provide ecosystems 
services to fisheries and tourism, with very limited habitat for fish and shelf, low value for visitors.  The 
reefs are over-grown with algae due to a combination of coastal pollution and over-fishing of grazers. 

Adaptation options aimed at reducing beach erosion in Grande Anse will need to address three key 
objectives, that is, to: 

i. decrease wave energy reaching the shoreline  
ii. increase the supply of sand to the beach 

iii. stabilize sand on the beach and in the nearshore environment 
 
These objectives can be achieved by both engineering interventions and ecosystem-based approaches.    

Grande Anse Marine Protected 
Area  

Grande Anse Coral Restoration Pilot 
 

Dune Stabilization 
 

Beach Nourishment 
 

Submerged Breakwaters 
 

- hard engineering option  - ecosystem-based adaptation 

 

Grande Anse Marine Protected Area (MPA)  

The Grande Anse MPA was proposed by the 
government of Grenada and was recently 
included in the commitments at Caribbean 
Challenge Initiative Summit Of Political And 
Business Leaders on Necker Island, British Virgin 
Islands (May 17, 2013) as a pledge to “establish 
new marine and coastal protected areas in the 
future, possibly including Grande Anse Beach” 
They also re-iterated a decision taken by Grenada 
in 2008 to protect 25% of its marine environment. 

Initial public consultations for the Grande Anse 
MPA were held in 2014, with further planned for 
2015.  The proposed boundaries extend from St 

Figure 39 Proposed boundaries of the Grand Anse MPA, Fisheries 
Division 
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George’s marina at Port Louis, to Point Salines at the Western tip of the south-western peninsula (Figure 
39). 

In order to optimize the chances of success and therefore the potential value of the Grande Anse MPA 
as an EbA strategy that would restore and maintain ecosystem-services, the recommendations outlined 
below should be included in the design and planning process.    

In particular, it would be important to focus on the fisherfolk and use the MPA primarily for fisheries 
management, as opposed to conservation.  Many of the traditional fishers that live and work near 
Grande Anse use very small boats, seine nets and spear guns (Figure 35), and may have limited 
resources to fish elsewhere.  The MPA would have better chances of success in restoring fish 
populations if the fishers were engaged from the outset in planning the location of the boundaries so 
has to benefit their livelihood.  It may also be advantageous to suggest a “Managed Access” zone around 
the “no-take zone” where only the traditional and registered fishers from Grande Anse could fish.  This 
would give them the benefit of having privileged access to the spill-over from the no-take area, and 
hence give them an incentive to comply with the regulations of the MPA.  Designating the MPA as a 
LMMA might help achieve the multi-purpose. 

These fishers also need to have the opportunity to access livelihood diversification programmes, to 
facilitate a transition to alternative sustainable income generating activities.  This could include working 
as wardens for the MPA or assisting with coral restoration or gardening.   

The location of the boundaries of the MPA should include the beach itself, so as to provide legal and 
institutional support for the protection and restoration of the terrestrial vegetation along the beach (e.g. 
Coconut, Almond and Sea grape trees, Sea lavender), which play an important role in stabilizing 
sediment during storm events.    

Land-based sources of pollution are a major issue in Grande Anse, with several gullies and storm drains 
discharging nutrients and sediments directly in the bay.  Tougher regulations and better monitoring 
would be required to reduce these impacts.  Various “forensic” approaches can be used to determine 
the origin of this pollution so as to enforce a “polluter-pays” policy. 

A review of MPA governance processes (Jones et al., 2011) highlights the critical role that government 
must play in facilitating effective governance arrangements, brokering partnerships (including with 
private sector) and contributing financially to management costs.  The governance arrangements of the 
Grande Anse MPA should allow for co-management (this is government policy) and include a multi-
stakeholder management board that overseas the design and implementation of a management plan.  
The management board should use processes that foster trust between stakeholder groups, promote 
conflict resolution and allow space for active and meaningful dialogue.  The board should also develop 
and implement new financing mechanisms and private sector partnerships that support the MPA with a 
focus on measurable targets and benefits for fisheries, tourism and coastal protection (e.g.  www.c-
fish.org).   

 

http://www.c-fish.org/
http://www.c-fish.org/
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Grande Anse Coral Restoration Pilot  

A Coral Restoration Pilot should be established in Grande Anse bay. This will require careful planning 
and evaluation with restoration experts, followed by training and monitoring.  The various steps 
involved in this process are outlined below.  These are based on a new coral restoration programme 
underway in Jamaica implemented by CARIBSAVE in partnership with the Coral Restoration Foundation, 
Sandals Foundation and the Bluefield’s Bay Fishermen Friendly Society. 

The project should involve local stakeholders, in particular scuba divers and spear-fishermen, who could 
be trained to become coral gardeners.  The project should aim to provide these coral gardeners with the 
skills and equipment needed to assist with the initial coral restoration activities and to maintain the 
nursery and out-planting sites once the set-up is complete.  

The project should also explore private sector partnerships and sustainable financing mechanisms to pay 
for coral gardeners to continuously maintain the newly established coral restoration sites.  Support and 
recruitment may be sought from local dive shops that could benefit from the restoration of corals as an 
attraction for customers.  These restoration sites can also serve to create new diving and snorkelling 
sites away from the traditional dive sites.  

The coral restoration project should develop collaborations with coral geneticists in order to build on 
recent scientific research focusing on the genetics of coral resilience.  The input of geneticists would 
allow the project team to select, characterize and monitor coral genotypes that demonstrate greater 
tolerance to local and projected stressors (e.g. thermal stress) across several generations.  
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Recommended steps in establishing a coral restoration programme 

 

 

Source:  Coral Restoration Foundation 

 
 

Site survey and 
evaluation, permitting 

and initial meetings  

Step 1: Site visit and 
assessment 
•Reef Evaluation 
•Nursery site selection 
•Restoration site 

selection 
•Brood stock sourcing 
•Land Based Work 
•Stakeholder meetings 
•Permitting meetings 

Step 2: Permitting 
•Create and submit 

Applications 
•Respond to questions 

and comments about 
the applications  
•Assemble and prep 

nursery materials 
•Ship nursery 

materials and startup 
kits prior to nursery 
trip. 
 

Coral nursery established, 
training of local partners, 

follow-up visit 

Step 3: Nursery setup 
•Lay out the nursery 

and install trees 
•Collect and hang 

corals 
•Set up growth 

comparison studies  
•Train host employees 

and key community 
partners 

Step 4: Six month 
follow-up visit 
•Prune and hang 

second generation 
corals 
•Re-visit collecting 

sites  
•Train local 

stakeholders 
•Promote the program 

locally 

Coral out-planting sites 
established, training of local 

partners, monitoring 

Step 5: One year follow-up visit 
•Prune and hang additional second 

generation corals 
•Install additional trees for corals 
•Transplant 25% of six month old 

coral to the reef 
•Train local stakeholders 
•Launch Coral Restoration dive 

certification programs 

Step 6: 18 mth follow-up visit
•Transplant additional corals to the 

reef 
•Prune additional second generation 

staghorn corals and hang on new 
trees 
•Prune third generation staghorn 

corals  
•Prune additional second generation 

elkhorn corals 
•Train local stakeholders 
•Monitor previously transplanted 

corals 

Step 7: 24 mth follow-up visit; 
annual visits 
•Check to make sure everything is 

running smoothly 
•Give status reports to the permitting 

agencies 
•Assist with coral transplants 
•Assist with monitoring 
•Evaluate nursery and restoration 

processes 
•Look for additional transplant 

opportunities 
•Consider adding corals 
•Evaluate research opportunities 
•Train new local stakeholders 
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Dune Stabilisation  
The rehabilitation and replanting of the dune for Grande Anse would provide an additional buffer from 
wave action and would reinforce the main beach over the long term.  Sand dune fencing and dune 
replanting using appropriate fencing and vegetation (e.g. seaside lavender) would be advised.  

Beach Nourishment  
Beach nourishment is certainly an option for Grande Anse that deserves closer scrutiny as a short term 
intervention to be used in combination with longer-term EbA options. It is a common strategy used to 
reduce beach erosion and flooding behind sandy shores. It involves dumping or pumping sand from an 
outside source to replace sand lost to erosion. Nourishment typically uses dredges, trucks, or conveyor 
belts to move sand from one location to the other. By replacing sand lost to erosion, beach nourishment 
creates a wider beach, which can help mitigate potential damage to coastal property. It can also cause 
waves to begin to break farther from the shoreline, weakening their strength before they reach the 
beach. Beach nourishment expands the size of beaches, which could lead to increases in beach-related 
recreation and associated tourism revenues. 

Beach nourishment is an expensive mitigation measure, generally costing between US$300 and 
US$1,000 per linear foot, including material, transportation, and construction costs. In addition, the 
maintenance costs of beach nourishment are substantial, as it must be repeated every few years. It is 
also important that the grain size of the nourished sediment is appropriate for the wave energy 
experienced at the replenishment site. Negative environmental impacts are a concern, primarily 
ecosystem impacts from dredging and burying organisms with the new sand in the area where the 
nourishment occurs, such as near-shore seagrass beds and coral reefs. Beach nourishment is also a 
short-term solution and must be supplemented with additional quantities of sand every few years for it 
to continue to be effective.  

Submerged breakwaters  
Submerged artificial breakwaters, such as detached breakwaters and artificial reefs, are becoming very 
common coastal protection measures and are often used in combination with artificial beach 
nourishment. Their purpose is to reduce wave energy reaching the beach and to maintain the dynamic 
equilibrium of the shoreline. To do this, they are designed to allow the transmission of a certain amount 
of wave energy over the structure by overtopping and also some transmission through the structure 
(exposed breakwaters) or wave breaking and energy dissipation on shallow crest (submerged 
structures). 

Usually, offshore breakwaters, and especially, the low-crested submerged structures, provide 
environmentally friendly coastal solutions. However, high construction costs and the difficulty of 
predicting the response of the beach are the two main disadvantages that inhibit the use of offshore 
breakwaters. 
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Reef Balls TM : One popular approach is to use artificial reef structures called “Reef Balls” as submerged 
breakwaters, providing both wave attenuation for shoreline erosion abatement, and artificial reef 
structures for habitat enhancement. An example of this technology using patented Reef Ball Foundation 
™ is shown in Figure 40a. 

Reef Balls are concrete artificial reef modules that mimic natural coral heads. The modules have holes of 
many different sizes in them to provide habitat for many types of marine life. They are engineered to be 
simple to make and deploy and are unique in that they can be floated to their drop site behind any boat 
by utilizing an internal, inflatable bladder. Stability criteria for these units were determined based on 
analytical and experimental studies. Some technical design can be found on their website  and by 
contacting them. Worldwide a large number of projects have already been executed by using this 
system.  

Concrete Blocks: There are a number of other designs for small modular artificial reefs.  In Grande Anse, 
a local dive operator, Phil Saye of Dive Grenada, has developed, built and deployed a new design of 
modular artificial reef using concrete blocks.  The design is very cost effective, stable and has attracted 
large communities of fish and invertebrates (see Figure 40b).  

Ecoreefs ™ : are another type of small artificial reef module designed to mimic the habitat provided by 
Acropora corals.  Because of their small size and design, they are unlikely to provide effective protection 
from wave energy and hence reduce beach erosion (see Figure 40c)( https://www.ecoreefs.com/ ). 

Geotubes: for coastal protection are a relatively new system that use high-strength synthetic fabric 
(geotextile) filled with sand. Geotubes are mainly applicable for construction of groynes, perched 
beaches and offshore breakwaters. They can form an individual submerged structure to reduce beach 
erosion or to create a surf break.  They are also used in conjunction with artificial beach nourishment.  
Considered a fairly low-cost solution for constructing a submerged sill, they are nevertheless an 
expensive option (see Figure 40d and Section 7). 

 

Figure 40 Coastal protections using submerged breakwaters – a) Reef Ball ™ (ReefBall Foundation; b) concrete blocks (Phil 
Saye, Dive Grenada); c) EcoReefs; and d) Geotubes. 

 
  

a b c d 

http://www.artificialreefs.org/
mailto:reefball@reefball.com
http://www.divegrenada.com/
https://www.ecoreefs.com/
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Suggested Adaptation Options for Windward, Carriacou 
The shoreline at Windward is being affected by rapid coastal erosion that is having serious impacts on 
public and private lands and infrastructure.  Many buildings are now threatened by the incoming sea, 
and clearly at great risk from waves and storm surges.  A number of measures have been taken to 
protect the shoreline, with varying levels of success, including revetments, piles of stones and rubble, 
segments of concrete pipe, and even piles of conch shells.  Where there is potential threat to human life 
and property, it is recommended that urgent measures be taken to provide rapid and effective 
protection to the shoreline using hard structures if necessary.   In conjunction with hard engineering, it 
is recommended that ecosystem-based adaptation approaches are also used to restore the natural 
coastal defenses, in particular the coral reef and mangroves, and in so doing help to address what is the 
perhaps the main underlying root causes of this active coastal erosion. Adaptation options aimed at 
reducing coastal erosion in Windward will need to address two key objectives, that is to: 

i. decrease wave energy reaching the shoreline  
ii. stabilize sediment on the shoreline and in the nearshore environment 

 

These objectives can be achieved by both engineering interventions and ecosystem-based approaches 

Windward Coral Restoration Pilot 
 

Mangrove Restoration  
 

Various engineering options 
 

- hard engineering option  - ecosystem-based adaptation 

Windward Coral Restoration Pilot  
The erosion affecting Windward is likely due to a 
combination of factors, including sea level rise, the 
degradation of the offshore barrier reef and the 
loss of mangrove trees.   Up until the mid-1980s, 
the barrier reefs that extend along the East coast 
of Carriacou were dominated by impressive 
thickets of Elkhorn corals (Russ Fielden, personal 
communication). These spectacular and extensive 
shallow reefs gave Carriacou its name, which is 
taken from the Amerindian “Kayryouacou” 
meaning island of reefs.  These Elkhorn corals are 
now very rare, with only a few colonies remaining. 
The reef crest has lost its three dimensional 
structure and no longer dissipates wave energy 
effectively and therefore more energy reaches the 
shore.  These larger waves erode the coastline of 

Figure 41 Satellite image of the coastline at Winward (2014 – 
source: Google Earth). 
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the softer material, only the heavier, larger boulders remain. As can be seen in Figure 41, Windward 
would have been protected by the barrier reef system and a few small patch reefs.  Community 
members have indicated they remember that in the 1970s and 1980s the reef was visible at low tide and 
there was an extensive sand-bank West of the reef crest, due East of Windward. 
 
Coral restoration is recommended as an ecosystem-based activity for the Windward community as a 
means of increasing coral cover on the barrier reef and thus helping to increase its value as a coastal 
defense.  The restoration activity should focus on Acropora palmata and use local colonies as source 
material.   It is recommended that a coral nursery be established just inside the barrier reef, on areas of 
sand where steel nursery tables could be built and secured as shown in Figure 36.  The coral restoration 
method is presented above (page 54).    

 

Mangrove Restoration  

Red mangroves Rhizophora mangle, are present at the Northern and Southern ends of the bay, and also 
interspersed at various locations along the Windward coastline. There are healthy mangrove stands 
along the southeast portion of this site (see Figure 41), and there have been attempts to stabilize the 
beach area by transplanting more mangroves to this area, but mangrove growth is presently restricted 
by the high wave energy that occurs here. According to several elderly members of the Windward 
community, red mangroves stretched along most of the Windward bay in the 1960s.  The reasons for 
their numbers declining is unclear, though it is likely they were used for construction material as 
Windward is Carriacou’s largest centre for traditional boat building. Mangrove restoration is proposed 
as an ecosystem-based adaptation option for the Windward pilot site. 

In areas such as Windward where sediments have been eroded and where out planted seedlings or 
samplings may be exposed to waves, it is recommended to protect them until they are strong enough to 
be able to withstand these disturbances.  The Riley Encased Methodology (REM) was developed for the 
purpose of establishing mangroves along high-energy shorelines where natural recruitment no longer 
occurs and where conventional planting methods are ineffective. The REM method is based on 
protecting individual seedlings and allowing them to gradually adapt to their high-energy environment.  

The REM recommends using PVC pipes (bamboo tubes have also been tested and have been  found not 
to be as effective) (Salgado, 1999).  The thin walled PVC pipes must be cut lengthwise so as to make a 
longitudinal split.  This split allows an exchange of water with the surrounding environment, and permits 
the water level inside the PVC to rise and fall in accordance to tidal fluctuations.  Over time, as the tree 
thickens, the split widens and eventually the tube break offs as the tree gains independence from the 
encasement.  
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 The PVC pipes are pushed into the 
sediment and filled with decaying seagrass 
and sediment (mangrove peat) to just below 
average water level.  Germinated,  floating 
red mangrove propagules are collected and 
then placed in the pipes with some extra 
moss or decaying seagrass.  Decaying 
seagrass provides nutrients as well as a 
substrate.   

 

By planting individual propagules within 
tubular encasements at the selected site 
(see Figure 42), an artificial environment is 
created favourable to early plant 
development.  Plants are protected from 

seaweed, flotsam, wind, wave activity, and unintentional damage from human interaction.  The early 
stage of development rapidly produces an extensive root system anchoring the seedling inside the 
encasement.  This anchoring is so strong that after the first three months, the seedling will actually 
break if an attempt is made to pull it from the encasement.  

 As the plant grows and expands to fill the inside of the encasement, typically a single root will begin to 
venture through the longitudinal split. The proliferating root system ensures stability of the tree and 
provides essential nutrients for accelerated growth inside this isolated environment.  Roots first emerge 
from the encasement, as shown in Figure 42 above. Over time, the split will continue to enlarge and the 
root system will extend beyond the confines of the protective PVC tube. It is this progressive widening of 
the longitudinal split that facilitates the gradual adaptation of the mangrove sapling to the high-energy 
environment.   

Survival rates of red mangrove seedlings using the REM method have been reported from Belize and 
Florida to be in excess of 80% (personal communication).  After planting, management is minimal and 
consists mostly of checking the seedlings and replacing any damaged or dead ones.    Some reports from 
Florida suggest that November planting was preferable to August planting (Salgado Kent, 1999). 

Further information on the use of mangroves for shoreline protection and fisheries enhancement can be 
obtained from two recent report from Spalding et al., (2014) and Hutchinson et al. (2014) respectively.  
There are alternative approaches when restoring mangroves in high-energy coastal areas, such as using 
small semi-spherical concrete modules similar to Reefballs (Figure 43).  Alternatively a natural 
breakwater can be used to protect the out planted seedlings made of wooden poles from Palmetto 
wood (Sabal palmetto), as used in Placencia in Belize (Figure 43). 

Figure 42 The Riley Encased Methodology (REM) for mangrove 
planting showing (a) red mangrove seedling planted in PVC tube and 
(b) red mangrove sapling growing roots out of the encasement (REM)  
Source: Owen Day. 

a b 
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Figure 43 Alternative approaches to restoring mangroves in high-energy coastal areas include (a) combining with Reef Balls 
and (b) using a breakwater made from small wooden poles of palmetto wood (Sabal palmetto) as seen here in Placencia 
Source: Owen Day 

Various Engineering Options  

A study was undertaken in 2012 by an engineering company (Smith Warner International Limited) on 
behalf of the government of the Ministry of Carriacou and Petite Martinique Affairs, to examine various 
engineering options for coastal protection in Carriacou.  In Windward, the recommendation was to 
protect and reinforce the existing shoreline and to prevent the land from further erosion. A preliminary 
concept design was developed that included the following: 

• The placement of an armour stone revetment and 
the replanting of the exposed cliff face to stabilize 
the slope from the existing grade to the revetment, 
over a longitudinal distance of approximately 185m 
(see Figure 44) 

• The revetment would have a crest elevation of 
approximately +1.0m (MSL), a crest width of 2.0m 
and a seaward side slope of 1(V):1.5(H). It was 
anticipated that stones for the revetment can be 
readily found from the Carriacou or Petite 
Martinique stone quarry.  

 

Given the urgency of the coastal erosion problem facing 
certain residents in this community, and the potential threat 
to life and property that a storm surge could cause, it is 
recommended that these engineering options be considered 
as a component of a wider coastal adaptation strategy for 
Windward. 

a b 

Figure 44 Placement of an armour stone 
revetment and the replanting of the exposed 
cliff face to stabilize the slope from the existing 
grade to the revetment, over a longitudinal 
distance of approximately 185m 
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Suggested Adaptation Options for Lauriston, Carriacou 
Lauriston Bay provides good opportunities for EbA due to the availability of existing ecosystems to 
restore, calmer coastal conditions and an apparent adequate supply of sediment.   EbA efforts should 
focus on restoring the nearshore coral reef, mangrove and dune vegetation.  The supply of sand is at 
significant risk, however, due to continued sand extraction and removal from the coastal system.   Even 
small scale removal can have cumulative effects since the material is permanently removed from the 
littoral cell.  In addition, tolerance for seasonal scarping and erosion should be encouraged to permit 
natural littoral sediment transport.  Protection and restoration of the reef system will enhance, but not 
replace sediment supply available to circulate within the system as well as provide a mechanism to 
dissipate wave energy.  

Adaptation options aimed at reducing beach erosion at Lauriston will need to address three key 
objectives, that is to: 

i. decrease wave energy reaching the shoreline  
ii. increase the supply of sand to the beach 

iii. stabilize sand on the beach and in the nearshore environment 
 
These objectives can be achieved by both engineering interventions and ecosystem-based approaches 

Dune stabilization 
 

Coral Restoration  
 

Various engineering options 
 

- hard engineering option  - ecosystem-based adaptation 

 

Dune stabilization  
The rehabilitation and replanting of the dune at the back of the western section of Lauriston beach 
would provide an additional buffer from wave action and would reinforce the main beach over the long 
term.  Sand dune fencing and dune replanting over a length of approximately 300m using appropriate 
fencing and vegetation (e.g. seaside lavender) would be advised.  
 
 

Coral Restoration  
Coral restoration is proposed as an EbA option for Lauriston Beach with the primary aim being to 
propagate and out plant the remaining population of Elkhorn corals (Acropora palmata) that are located 
off the Western extremity of the beach.  This population is at the Eastern end of the fringing coral reef 
that runs the length of the beach north of the mangrove on Lauriston Point, as can be seen on the 
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habitat map (Include page number from Section 3) for Lauriston Bay.   This coral restoration project for 
Lauriston Point could be combined with a wider coral restoration programme for other reefs inside the 
Sandy Island Oyster Bed MPA.  This offers opportunities for co-funding and synergies with the MPA 
management team. 

Various Engineering Options   
The study undertaken in 2012 by an engineering company (Smith Warner International Limited) 
mentioned previously also examined various engineering options for Lauriston Bay.  The 
recommendations included (Figure 45): 

• Implementation of a 370m long armour stone revetment adjacent to the road, which would act 
as an eastward extension of the existing revetment; 

• The placement of two armour stone protective breakwaters each approximately 80m in length 
to be built in a water depth of 1.5m, with crest widths of approximately 3m and side slopes of 
1(V):2(H); a crest elevation at 0.3m above mean sea level (MSL) could be adopted to decrease 
the permeability of the structures in shallow water while minimizing the footprint of these 
structures. Note that increasing the crest elevation of a breakwater above mean sea level 
significantly improves its effectiveness in blocking the waves and reducing wave energy in its 
lee, however, this creates a greater visual imposition; 

• The dismantling of the two existing breakwaters located west of the existing revetment and the 
re-use of those stones in the newly proposed breakwaters; 

• The salvage and removal of the ship-wrecked vessel at the western section of the beach before, 
during or after the implementation of the works described above. 

 

Figure 45 Concept for engineering solutions for Lauriston Bay. Source Smith Warner International Ltd 
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Section 7: Initial cost-benefit analysis of EbA options  
 

This chapter provides an initial cost-benefit analysis based on Section 5: Adaptation Options for Pilot 
Sites, to guide local stakeholders during the preliminary workshop held in Grenada (November 11-12, 
2014).    The results for Grande Anse, Windward and Lauriston Beach are presented in Table 10, 11 and 
12 respectively.  

The monetary value of the ecosystems services provided by coral reefs used in this study were taken 
from international statistics recently reviewed by deGroot et al., 2012. The values are based on 94 
independent studies and are much higher than any other marine or terrestrial ecosystem (Figure 46), 
having a mean value of US$ 353,000 per hectare per year, with a median value of US$198,000   (the 
minimum was US$ 37,000 and maximum of US$ 2,129,000).  The scope of this study did not allow for a 
detailed cost-benefit analysis of each adaptation option, in which the economic value of the costs and 
benefits can be quantified and compared for each specific site.  This process would require considerably 
more time than was available, but should be considered prior to finalizing the selection of an EbA 
intervention. The various approaches for doing detailed cost-benefit analyses are explained in the 
“Coastal Ecosystem-based Adaptation Decision Support Framework” that UNEP is developing as part of 
the wider EbA project in Grenada.  A manual for calculating the value of ecosystems in Small Island 
Developing States (SIDS) is also available at: http://sd.iisd.org/news/unep-manual-provides-guidance-
on-valuing-sids-ecosystem-services 

 

 

Figure 46 Range and average of total monetary value of bundle of ecosystem services per biome (in Int. $/ha/yr 2007/PPP-
corrected). The total number of values per biome is given between brackets; the average of the value-range is shown as a 
star. Source: de Groot et al., 2012 
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Table 10 Adaptation Options for Grande Anse Bay   (Cost estimates are based on personal communications and the authors experience with regional EbA projects) 

ADAPTATION OPTION 
QUANTITY 
AND UNIT 

COST 

COST 
LOW (USD$) 

COST 
HIGH (USD$) BENEFIT COMMENTS 

Reef restoration 
 
 

1-10 
hectares 

at 
$10 per 

coral 
 

100,000 1000,000 

Combined benefits to fisheries, tourism, 
sand production and coastal protection.   
 
Estimated mean value of 1 hectare of 
coral reef is US$350K per year. This 
compares to a restoration value of US$ 
1,000K per hectare based on commercial 
restoration rates, suggesting a 3 year 
return of investment (ROI). 
 
The community-based coral restoration 
project recommended would not cost as 
much as a commercial rate, and would 
provide livelihoods for local stakeholders. 

Cost depends on approach 
and community support. 
 
Should provide community 
livelihoods and educational 
opportunities project for 
schools. 
 

Grande Anse Locally 
Managed Marine Area 

(including 
replenishment reserve 

and manages access 
areas) 

Annual 
cost 1,000,000 1,750,000 

Benefits to fisheries, tourism, sand 
production and coastal protection. 
 
Can provide sustainable livelihoods and 
diverse opportunities for local 
stakeholders. 

Needs strong community 
support and engagement. 
 
May provide sustained 
benefits to fishers. 
 
Expensive but ROI very 
favourable. 

Beach Nourishment 
10,000m3 

at 
$120/ m3 

1,200,000 2,400,000 

Immediate benefit Expensive and needs 
repeating. 
 
Causes disruption to beach. 
 
Can cause damage to 
ecosystems. 
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Reef modules  
(Dive Grenada) 

300-1000 
modules 

at 
$250/ea 

75,000 250,000 

Increase habitat for fish and coral, and 
value of area for fisheries and tourism. 
 
May help to dissipate wave energy and 
restore beach if positioned accordingly. 

Cost depends on approach 
and community support. 
 
Should provide community 
livelihoods and project for 
schools. 

Reef Modules 
(Reef Balls) 

 

300-1000 
modules 

at 
$500/ea 

150,000 500,000 

Increase habitat for fish and coral, and 
value of area for fisheries and tourism.  
 
Should help to restore beach if well 
designed. 

Same as above. 

Reef Modules 
(EcoReefs) 

300-1000 
modules 

at 
$150/ea 

45,000 150,000 

Increase habitat for fish and coral, and 
value of area for fisheries and tourism 
Should help to restore beach if well 
designed. 

Same as above. 

 * Prices quoted in $USD 
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Table 11 Adaptation Options for Windward, Carriacou 

ADAPTATION OPTION 
QUANTITY 
AND UNIT 

COST 

COST 
LOW (USD$) 

COST 
HIGH (USD$) BENEFIT COMMENTS 

Do Nothing 0 0 0 No immediate cost or benefit. Long term problems harder 
and more costly to remedy. 

Mangrove restoration  5,000 20,000 

Benefits to shoreline protection, 
sediment stabilization, fisheries and 
aesthetics of coastline. 
 
Cost depends of approach and 
community support. 

Low cost, community-based 
activity.  
 
Cost depends of approach 
and community support. 
 

Coral nursery and reef 
restoration  50,000 1,000,000 

Benefits to fisheries, tourism, sand 
production and coastal protection. 
 
Estimated mean value of 1 hectare of 
coral reef is US$350K per year. This 
compares to a restoration value of US$ 
1,000K per hectare based on commercial 
restoration rates, suggesting a 3 year 
ROI. 
 
The community-based coral restoration 
project recommended would not cost as 
much as a commercial rate, and would 
provide livelihoods for local stakeholders. 

Cost depends of approach 
and community support. 

Revetment and 
replanting - SW  221,000 282,000 Good protection to dwellings and 

infrastructure Needed for human safety 
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Table 12 Adaptation Options for Lauriston Beach, Carriacou 

ADAPTATION OPTION 
QUANTITY 
AND UNIT 

COST 

COST 
LOW (USD$) 

COST 
HIGH (USD$) BENEFIT COMMENTS 

Do Nothing 0 0 0 No immediate cost or benefit. Long term problems harder 
and more costly to remedy. 

Reef restoration 
Nursery and out-
planting on two 

hectares 

 200,000 350,000 

Contribute to beach protection and sand 
production 
 
Increase value for fisheries and tourism 

Should provide community 
livelihoods and project for 
schools 

Dune stabilisation  
(Phase 3 – SW)  66,000 131,000 

Increases value of beach for recreation 
and tourism if well designed and well 
managed 

Cost can be reduced with 
community involvement 
 
Needs on-going 
management 

Stone revetment  
(Phase 1 – SW)  507,000 645,000 Road is protected 

Loss of aesthetic/ could 
exacerbate beach loss from 
scouring 

Breakwaters  (Phase 2 – 
SW)  627,000 800,000 Beach width may increase if well 

designed 
Loss of aesthetic if visible 
Very expensive 

Reef modules (500)  375,000 562,500 

Should help to restore beach if well 
designed 
 
Increase habitat for fish and coral, and 
value of area for fisheries and tourism 

Should provide community 
livelihoods and project for 
schools 
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Section 8: Conclusions and Recommendations 
 

The findings from this report highlight Grenada’s vulnerability to the projected impacts of climate 
change, reinforcing the conclusions from previous studies and the recently published Fifth Assessment 
Report of the IPCC that stressed the increasing urgency of adaptation measures in SIDS.  Grenada’s 
coastal communities are particularly at risk from the combined hazards of sea level rise and intensifying 
storms, which present real and increasing threats to human life and infrastructure in low-lying areas. 
These hazards are greatly exacerbated by the degraded condition of many of Grenada’s coastal 
ecosystems, particularly mangroves and coral reefs, which, in a healthy state, can provide effective 
barriers for coastal protection and disaster risk reduction.  These ecosystems have been exposed to a 
combination of stressors from anthropogenic activities that have reduced their natural ability to 
recover.  

In some locations, the gradual removal of mangroves, either to make way for coastal development or to 
provide building materials or fuel to the local population, has significantly increased the vulnerability of 
coastal communities to the impacts of climate change. Similarly, the increasing levels of coastal 
pollution, sedimentation, and over-fishing of herbivores (e.g. parrotfish) over the past three decades 
have disrupted the nutrient/grazing balance required for corals to survive.  As a result many of 
Grenada’s fringing coral reefs have shifted away from their original coral-dominated state towards an 
algae-dominated state, and have lost much of their ability to provide services for coastal protection, 
tourism or fisheries associated with healthy reefs.  Fortunately, experience from other countries has 
shown that damaged reefs can be restored to their valuable coral-dominated state once the right 
policies and coastal management measures are implemented.  

The impacts of climate change and degraded coastal ecosystems are also threatening Grenada’s sandy 
beaches, which are critically important assets for the island’s tourism sector.  The loss of these beaches 
would be catastrophic for the island’s economy, and the livelihoods of many communities.  Now more 
than ever, understanding the dynamic processes of beach accretion and erosion is vital for coastal 
managers.  The management of coastal ecosystems, particularly coral reefs and sea-grass beds, will be 
increasingly important for mitigating the threats to beaches from sea level rise and intensifying storms.   
Sand mining, which continues at several locations on the East and North coasts, is a serious threat to the 
existence of several beaches and should be stopped.   

Reducing the vulnerability of Grenada’s coastal communities, infrastructure and beaches to the impacts 
of climate change is now recognized as a top priority for the countries’ economic sustainability and 
public safety.  These challenges are not unique to Grenada, and many islands and low-lying countries 
around the world are assessing and testing a wide range of coastal adaptation strategies.  There is 
increasing evidence that EbA strategies can provide more cost-effective solutions than engineering-
based approaches in certain situations, and provide a much wider range of benefits.  The range of 
beneficial services provided by coastal ecosystems is shown Section 3.  While there is no data available 
for the economic value of Grenada’s coastal ecosystems, recent reviews of international statistics 
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provide useful estimates and ranges (see Section 3).   Interestingly, these reviews show that the 
economic value of the services provided by coral reefs is greater than those of all other marine and 
terrestrial ecosystems by an order of magnitude.  The mean value for coral reefs is US$ 350K per hectare 
per year, with a median of US$198K, a minimum of US$ 37K and maximum over US$ 2million (based on 
94 studies). The reason for their greater value is attributed to their importance for tourism and coastal 
protection.  

This report assessed in more detail the vulnerability of three sites, Lauriston Beach and Windward in 
Carriacou, and Grande Anse on the main island of Grenada. It then evaluated various options for coastal 
Ecosystem-based Adaptation at these sites.   

Grande Anse 
The vulnerability assessment for Grande Anse highlighted a long-term trend of beach erosion, with a 
significant loss of beach width since the 1960s along the majority of the bay.  There is also clear 
evidence of erosion and scour at the intersections of the beach and hard structures, such as outcrops 
and seawalls, where the beach has been unable to migrate inland.  The causes of this long-term beach 
erosion are likely to be associated with a combination of sea level rise, high-energy storms events 
(including storm water runoff) and the degradation of the fringing coral reefs. There is also evidence of a 
diminished supply of sand to the beach, which is largely of biogenic origin, which may have resulted 
from a reduced production of sand from the degraded nearshore reefs. Opportunities for EbA within the 
Grande Anse area must also include efforts to decrease overland storm water runoff that is currently 
one of the major contributors to beach erosion.   Failure to do so would likely undermine restoration 
efforts.  EbA should therefore include the riparian zone.   Adaptation options aimed at reducing beach 
erosion in Grande Anse will need to (1) decrease wave energy reaching the shoreline, (2) increase the 
supply of sediment (e.g. sand) to the beach and (3) stabilize sediment (e.g. sand) on the beach and in the 
nearshore environment. These EbA options that address one or more of these objectives are listed in 
Section 6. 

Windward 
At Windward the shoreline is being affected by rapid coastal erosion that is likely due to a combination 
of factors, including sea level rise, the degradation of the offshore barrier reef and the loss of mangrove 
trees.  This active erosion is having serious impacts on public and private lands and infrastructure.  Many 
buildings are now threatened by the incoming sea, and clearly at great risk from waves and storm 
surges.  A number of measures have been taken to protect the shoreline, with varying levels of success, 
including revetments, piles of stones and rubble, segments of concrete pipe, and even piles of conch 
shells.  Where there is potential threat to human life and property, it is recommended that urgent 
measures be taken to provide rapid and effective protection to the shoreline using hard structures if 
necessary.   In conjunction with hard engineering, it is recommended that EbA approaches are used to 
restore the coral reef and mangroves, and in so doing help to address what is the perhaps the main 
underlying root causes of this active coastal erosion. The chronic sediment deficit will present a real 
challenge to implement EbA options at Windward and will likely require a mix of engineered and 
ecosystem based option. 
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Lauriston Bay  
Lauriston Bay provides good opportunities for EbA due to the availability of existing ecosystems to 
restore, calmer coastal conditions and an apparent adequate supply of sediment.   EbA efforts should 
focus on restoring the nearshore coral reef, mangrove and dune vegetation.  The supply of sand is at 
significant risk, however, due to continued sand extraction and removal from the coastal system.   Even 
small-scale removal can have cumulative effects since the material is permanently removed from the 
littoral cell.  In addition, tolerance for seasonal scarping and erosion should be encouraged to permit 
natural littoral sediment transport.  In addition, protection and restoration of the reef system will 
enhance, but not replace, sediment supply available to circulate within the system as well as provide a 
mechanism to dissipate wave energy. 

At all three sites, it is recommended that the initial focus should be on preservation and enhancement 
of existing ecosystems (e.g. coastal vegetation, dune, mangrove, coral) and removing or mitigating 
factors that are currently considered a stress. Any restoration efforts should be planned within the 
context of the littoral cell.  This allows for movement of sediment long-shore and cross-shore and 
dynamic movement of the shoreline.  

Active coral restoration is recommended as an EbA strategy for all three sites.  While coral restoration 
(or coral gardening) has been implemented around the world for several decades for conservation, it is 
only recently been considered for adaptation. There is increasing evidence that healthy coral reefs can 
provide highly effective coastal protection, dissipating over 80% of wave energy, producing sand to 
replenish protective beaches and dunes, and able to grow vertically at the same rate as SLR. The 
branching corals Staghorn (Acropora cervicornis) and Elkhorn (Acropora palmata), which were once 
dominant in the shallow reefs (<6m) around Grenada and Carriacou, are particularly important for 
shoreline protection. The recovery of Acroporids can also be greatly accelerated with active restoration 
techniques and recent improvements in coral propagation and out-planting methods have allowed the 
restoration of several hundreds of thousands of Acroporids corals, with high survival (>90%) and rapid 
growth (>20cm per year) in Belize, Jamaica, Florida, Dominican Republic, and many other countries. The 
cost of propagating and out planting corals has also been greatly reduced in recent years, with the most 
effective techniques using low-tech methodologies and inexpensive available materials.  It has also been 
shown that these low-tech propagation and restoration activities can be an empowering education tool 
when integrated into community-based management. 

This report also recommends that MPAs are used and adapted for EbA in both Grenada and Carriacou.  
A growing body of evidence has shown that overfishing and pollution have been the main causes in the 
decline of Caribbean coral reefs, and that once these local stressors are reduced, coral reefs are more 
able to recover and adapt to the impacts of climate change. Protecting and restoring populations of 
herbivorous fish has been found to be particularly important in improving the ecological resilience of 
coral reefs and their ability to recover after major disturbances, such as bleaching events, storms or 
sedimentation.  Effective MPAs are in the minority, and tend to be those established with policies that 
encourage local communities to benefit from the resulting improvements in fishery and tourism 
revenues. Highly successful MPAs have been established in Belize, Jamaica, Bonaire, Bahamas with 
spectacular recoveries in fish biomass (1300% increase in 3 years in Oracabessa in Jamaica) and in some 
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cases rapid increases in coral cover. In all cases, community involvement was central to their success, 
and economic diversification a key driver of local support.  

In SIDS worldwide, there appears to be a growing policy consensus towards MPAs established within 
larger Locally Managed Marine Areas (LMMAs) that secure greater local ownership, encourage 
compliance and support livelihood diversification.  These advances in marine policy can also benefit 
from new technologies for spatial planning, enforcement, monitoring and communications that not only 
reduce management costs but also engage a wider circle of stakeholders with a vested interest in the 
future of reefs. The proposed Grande Anse MPA should learn from these lessons, and design its 
management plan to optimize benefits for local stakeholders and increase the resilience of corals by 
protecting herbivores and reducing nutrient pollution.  Putting the community, and in particular the 
fishermen who need to make the biggest sacrifice, at the centre of the MPA planning process will be 
essential to its success. 

All EbA measures presented in this report should be developed, planned and implemented with the local 
community, as this is essential to increase participation as well as local engagement and can serve as an 
education and outreach tool.  In addition, it will be important to integrate local knowledge and 
experience wherever possible and provide opportunities to share experiences between island 
communities.    Whatever EbA option is selected, it should integrate ecological, social, and economic 
objectives and recognise humans as part of a linked social-ecological system. In doing so EbA will 
balance and integrate the needs of local stakeholders, while maintaining the health of the ecosystem 
that supports those needs.  It is recommended that individuals involved in the process of planning and 
implementing EbA should make use of the Coastal Ecosystem-based Adaptation Decision Support 
Framework  developed by UNEP as part of the wider UNEP project on building capacity for EbA in SIDS.    

Finally, adopting a greater focus on EbA is consistent with Grenada’s national policy to move towards a 
green economic model (also described as the blue economy in the case of SIDS), and would support the 
Ministry of Tourism’s marketing plan for branding the three islands of Grenada, Carriacou and Petite 
Martinique as Pure Grenada, a destination focused on protecting it’s beautiful and healthy natural 
ecosystems.   
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Appendix A: 

Example of Shore Classification Decision Tree (Backshore) 
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Appendix B: 

Characteristics Summary Grenada 

Backshore       Foreshore 
 

  

Form type Features material ty # segment length (m)
outcrop Highly Stabilized  1 481.8
platform Highly Stabilized  4 519.8
platform Highly Stabilized Soft 1 26.5
beach Highly Stabilized Sand 14 1,689.2
anthro Intact Riprap 1 58.7
beach Not Stabilized Gravel 1 27.2
beach Not Stabilized Sand 8 339.7
platform Partially Stabilized Soft 2 1,604.1
beach Partially Stabilized Gravel 1 82.1
beach Partially Stabilized Sand 22 2,153.9

Form type Features material type # segment length 
Anthro Damaged Concrete 5 150.5
Anthro Damaged Masonry 7 383.9
Anthro Damaged Metal 1 26.3
Anthro Damaged Other 2 50.9
Anthro Damaged Riprap 6 209.0
Anthro Damaged Wood 1 99.4
Anthro Failing Concrete 3 60.7
Anthro Failing Masonry 1 23.6
Anthro Failing Metal 1 38.5
Anthro Failing Other 1 112.5
Anthro Failing Riprap 4 143.8
Anthro Intact Concrete 8 655.0
Anthro Intact Masonry 9 264.3
Anthro Intact Metal 1 26.5
Anthro Intact Other 2 132.5
Anthro Intact Riprap 2 392.4
Anthro Intact Wood 5 147.8
Anthro Remnant Concrete 1 37.7
Anthro Remnant Masonry 1 53.3
outcrop Highly Stabilized Soft 1 87.8
outcrop Partially Stabilized Hard 1 9.2
cliff Partially Stabilized  1 482.4
cliff Partially Stabilized Hard 2 55.9
cliff Partially Stabilized Soft 7 2,245.4
bluff Partially Stabilized Mixed 1 31.1
bluff Partially Stabilized Sand 1 175.3
dune/berm   1 131.5
dune/berm Highly Stabilized  1 34.2
dune/berm Highly Stabilized Sand 8 514.1
dune/berm Not Stabilized Sand 5 181.6
dune/berm Partially Stabilized  1 36.9
dune/berm Partially Stabilized Sand 16 712.6
clastic slope Highly Stabilized Sand 11 652.1
clastic slope Not Stabilized Sand 5 286.3
clastic slope Partially Stabilized Gravel 2 96.4
clastic slope Partially Stabilized Sand 30 1,689.0
organic slopePartially Stabilized Grass 1 23.3
wetland Partially Stabilized Sand 1 10.9
mangrove Degraded  1 74.2
mangrove Healthy  1 40.1
mangrove Healthy NA 3 805.1
mangrove Healthy Sand 1 165.1
mangrove Stressed NA 1 39.1
mangrove Stressed Sand 1 272.9

TOTAL 11,861.3



85 
 

  

Appendix C 

GIS Metadata 
 

GIS_Geodatabase.gdb 

This ESRI File Geodatabase is presented in its native 10.2 format. This geodatabse contains all the GIS 
files created as part of the UNEP Grenada EbA project. Duplicate copies of the following feature classes 
are also contained within the GIS_GenericShapefiles directory for users who cannot access 10.2 file 
geodatabases. 

 

 BackgroundMapping dataset 
Background Mapping is derived from digitization work from satellite imagery performed by The Nature 
Conservancy (TNC). 

Building - Building footprint polygons. 

Road - Road centrelines. 

 

 Ecosystems dataset 
Ecosystem maps modified from TNC data with the aid of satellite imagery interpretation and field 
observations. 

Coral - Modified from TNC data with the aid of satellite imagery and field observations. 

Mangrove - Modified from TNC data with the aid of satellite imagery and field observations. 

Seagrass - Extensively modified from TNC data with the aid of satellite imagery and field observations. 

 

 Flood Scenarios dataset 
LiDAR_Contiguous_Flood - Flooded regions in Grande Anse from GRASS GIS r.lake.xy at 1m and 2m, and 
2m + 1.2 storm surge scenarios. 

LiDAR_Level_Flood - Flooded regions in Grande Anse from ArcGIS Reclassify at 1m and 2m, and 2m + 1.2 
storm surge scenarios. 

SRTM_Contiguous_Flood - Flooded regions in Lauriston and Windward from GRASS GIS r.lake.xy at 1m 
and 2m, and 2m + 1.2 storm surge scenarios. 
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SRTM_Level_Flood - Flooded regions in Lauriston and Windward from ArcGIS Reclassify at 1m and 2m, 
and 2m + 1.2 storm surge scenarios. 

 

 Digital Elevation Models (in root dataset) 
LiDAR_DEM_AHW - Digital Elevation Model height above current high water derived from airborne 
LiDAR flown 2006. Ground sample distance 1m. Covers Grande Anse study site. 

SRTM_DEM_AHW - Digital Elevation Model height above current high water derived from space-borne 
RADAR altimetry during the Shuttle Radar Topography Mission flown 2000. Ground sample distance 
30m. Covers Lauriston and Windward study sites. 

 

 Shoreline Characterization (feature classes in root dataset) 
Shoreline position is derived from digitization work from satellite imagery performed by TNC. Segment 
positions surveyed with GPS October 2014. Segmentation position is accurate to +/- 5m. 

BS - Backshore shoreline characterization. 

FS - Foreshore shoreline characterization. 

NS - Nearshore shoreline characterization. 

BeachProfileLines - Location of elevation cross sections conducted perpendicular to beach, with 
approximate true azimuth and distance. 

FieldPhotographs - Location of characteristic photographs taken during field surveys. Photograph 
filename are listed in the attribute table for hyperlinks to imagery files stored in the Photos directory. 

Features - Anthropogenic features affecting inundation or sediment transport. 

Feature_Lines - Linear anthropogenic features affecting inundation or sediment transport. 

 

 Imagery (in root dataset) 
CarriacouImagery_2010_01_Worldview2 - Worldview 2 satellite imagery of Lauriston and Windward 
sites, taken 8 January 2010. 

GrandeAnseImagery_1951_01_Airphoto_155 - Aerial photograph of Grande Anse study site taken 
January 1951. 

GrandeAnseImagery_1969_01_Airphoto_103GR1_012 - Aerial photograph of Grande Anse study site 
taken 20 January 1969. 
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GrandeAnseImagery_1969_01_Airphoto_103GR1_013 - Aerial photograph of Grande Anse study site 
taken 20 January 1969. 

GrandeAnseImagery_2003_10_Ikonos2 - Ikonos 2 satellite imagery of Grande Anse study site taken 24 
October 2003. 

GrandeAnseImagery_2010_08_Worldview2 - Worldview 2 satellite imagery of Grande Anse study site 
taken 29 August 2010. 

GrandeAnseImagery_2010_12_Quickbird2 - Quickbird 2 satellite imagery of Grande Anse study site 
taken 16 December 2010. 

GrandeAnseImagery_2013_08_Pleiades - Pleiades satellite imagery of Grande Anse study site taken 6 
August 2013. 

GIS_GenericShapefiles 

A duplicate copy of all GIS data for the UNEP Grenada EbA project are contained within the 
GIS_GenericShapefiles directory for users who do not have access to ESRI ArcGIS Desktop 10.2. See 
above for descriptions of individual feature classes. 

Photos 

The Photos directory contains eight mega-pixel imagery files of representative photographs taken during 
field surveys in October 2014. 323 photographs in total. 

 

To view or access this GIS Database, please visit www.intasave-caribsave.org or contact CARIBSAVE for 
further information. 

  

http://www.intasave-caribsave.org/
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Appendix D 

Full Methodology for Coastal Vulnerability Assessments 
  

Methodology 
The coastal vulnerability assessment was performed in two stages; the first involved a detailed site 
survey and geomorphic assessment by a trained coastal geomorphologist (Dr. Danika van Proosdij), 
geomatics survey technician (Greg Baker) and informal interviews with local experts.  The second 
involved a GIS based flood/erosion vulnerability assessment at the Maritime Provinces Spatial Analysis 
Research Unit (MP_SpARC) at Saint Mary’s University in Halifax, Canada.   All data were integrated 
within ArcGIS 10.1 and used to assess the spatial variability in vulnerability alongshore within all pilot 
sites.   

Shore Characterization 
Prior to field deployment, a coastline was selected from existing 
datasets, compared with the most current satellite imagery and 
was edited as needed to best reflect the current shoreline 
position.   All available geomatics data were collected and 
integrated within a geodatabase prior to going out in the field.  
The shoreline was characterized based on a dynamic 
segmentation model for changes in foreshore, backshore and 
nearshore zones, where lines are segmented at changes in each of 
the zones. The characterization of the shorezone was facilitated by 
decision tree flow charts, with a different chart for each shoreline 
to account for varying forms and features associated with 
different parts of the coast. It captures information such as 
landform type, material, height, slope, vegetation type, observed 
erosion and anthropogenic structures.   The field assessment 
significantly enhances the temporal accuracy of interpretation of 
coastal vulnerability, particularly for variables not visible on aerial 
or satellite imagery and provides the added benefit of geotagged photographs to support observations, 
assessments and recommendations.   Since its development in 2012, this characterization approach has 
been adapted for tropical coastal ecosystems and successfully applied in tropical locations including 
Jamaica, Tobago, Mauritius, and Seychelles.   

In the field, the coastline was photographed and segmented within ArcGIS 10.0 at changes in backshore 
(furthest extent on land of highest tides), foreshore (at waterline) or nearshore (below water line or 
intertidal zone) characteristics.  The use of multiple shorelines reflects the dynamic nature of the coastal 
zone and ground characterization, rather than remote or aerial interpretation and therefore allows for 
more detailed and accurate data to be collected.  These segments were classified using the detailed 
decision key mentioned above (Appendix A) and site mapping using a Trimble YUMA tablet with 
integrated GPS (Tibbetts and van Proosdij, 2013; van Proosdij and Perrott, 2013) (Figure 47). The 

Figure 47 Shoreline characterization using 
Trimble YUMA tablet during training 
session. 
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accuracy of the integrated GPS is 2-5 m and also permits a geotagged photograph to be taken to be 
referenced within the geodatabase, and can be used for future validation or integration within Google 
Earth for consultation with stakeholders. Field assessment by a trained coastal geomorphologist allows 
for differentiation between acute (e.g. chronic) versus episodic (e.g. seasonal) stability (Figure 48).  A 
dynamic segmentation model allows for multiple attributes to be assigned to one feature, such as a 
shoreline.  The use of multiple thematic coastlines with the same geospatial position facilitate complex 
spatial and attribute queries within the GIS.  For example, further analysis might include identifying 
areas with eroding beach (foreshore) AND seawall (backshore).    

 

Figure 48: Examples of beach stability from Grande  Anse mid (stable),  Grande Anse east (seasonally unstable) and section of 
the Grenadian by Rex Resortsl Beach (chronic erosion). 

Beach Profile 
Beach profiles were conducted at regular intervals (~100 m) 
perpendicular to the coastline to assess beach width and slope 
using traditional level and stadia survey techniques (Figure 49).  
Profiles extended into the nearshore zone in order to identify 
areas of wave breaking (Figure 49) or presence of old coral near 
the shore.   Beach width and slope can be used as indicators of 
wave energy and sediment availability. For simplicity, low cost 
and to address the need to tie the beach profiles into the land 
digital elevation model,   the time of intersection of each profile 

with the water line was recorded and corrected for tidal influences 
using a locally installed level logger in a stilling well and barometric 
logger on land.   This was established at Prickly Bay in Grenada and 
Windward on Carriacou while data were being collected.  All data were verified each evening, and 
annotated with local expert knowledge.   All of these data then served as base data for input and 
analysis within ArcGIS.   

Inundation Modelling 
Land inundation models were created from digital elevation models (DEM). A LiDAR-derived 1m ground 
sample distance high-resolution DEM created by Techmap Inc was used for the Grande Anse models. 
Where LiDAR data were not available, lower resolution Shuttle Radar Topography Mission DEMs 
provided by the US National Aeronautics and Space Administration were used for models of the 
Lauriston and Windward study sites.  Both DEMs used a calculated vertical datum which approximates 

Figure 49: Conducting beach profiles with stadia 
rod in neashore breaker zone. 
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the equipotential surface of the sea, but does not necessarily represent the mean level of water. It was 
also necessary to consider the range of regularly occurring water levels due to the natural tidal cycle. 

The vertical datum of the DEM for Grande Anse was calibrated to the water level monitoring station 
permanently installed at the Prickly Bay Coast Guard Station. This was accomplished by using a GPS 
receiver to record the location of the shoreline at many locations and times. Elevation values were 
extracted from the DEM at the recorded locations and those elevation values were compared to the 
water level height recorded at Prickly Bay. A total of 40 such observations were made and the mean 
offset between the LiDAR vertical datum and Prickly Bay mean sea level was calculated at 2.123m. The 
water level record for Prickly Bay was analyzed for a highest high water level and was identified as 
0.505m above mean sea level. This total offset was of 2.628m was subtracted from the LiDAR DEM 
elevations to express elevations as height above highest high water. 

A process similar to that which was utilized for the LiDAR DEM was also used to calibrate the vertical 
datum of the SRTM DEM for Lauriston and Windward. A series of thirty-one locations in the region of 
overlap of LiDAR and SRTM DEMs were chosen. Care was taken to select specific locations were chosen 
where the ground surface is relatively flat and open. The difference in elevation values between 
calibrated LiDAR DEM and SRTM DEM were calculated and the mean offset was identified as 4.579m. 
This offset of 4.579m was subtracted from elevation values in the SRTM dataset to express elevations as 
height above highest high water. 

Two methods were used to model potential 
inundation. ESRI’s ArcGIS Desktop software was 
used in the simpler model. In this case, the 
calibrated DEMs were reclassified into four 
classes: <1m, 1-2m, 2-3.2m, and >3.2m. The 
fourth class represents non-flooded land which 
was discarded, whereas the first three classes 
represent regions flooded at 1, 2, and 3.2m 
water levels above current high water. These 
three classes were converted to polygon 
features. This method of modelling identifies all 
regions of low-lying land. In some instances, a 
berm or other higher elevations may block a 
direct connection from the sea to these regions 
and therefore this model may over-estimate 
the total area of land flooded from the sea. 
However, these low-lying regions may still be at 

risk from over-land, rainfall-induced flooding (see Figure 50). 

A second method for inundation modeling utilized GRASS GIS to calculate flooded regions only where 
there is a direct connection to the sea. For these models, the LiDAR and SRTM DEMs were loaded into a 
GRASS raster dataset. The GRASS module r.lake.xy was run on each DEM for each three water levels of 

Figure 50: Example of low-lying wetland and freshwater drainage 
at Grande Anse.   Ephemeral sand bar at mouth of freshwater 
outlet. 
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1, 2, and 3.2m above current high water. The resultant raster images were then exported to ArcGIS and 
converted to polygon features. It should be noted that this layer may underestimate the total area of 
land flooded from the sea if buried pipes or small rivers and ditches are not evident in the input DEM. 

The polygon features from both model types were used for map display and statistical measures. Areal 
calculations were performed for each water level. Overlay processes were also used to calculate the 
number of buildings wholly or partially flooded within the inundation zone of each water level. 
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Appendix E 

Coral Restoration and MPAs  
(by Dr Owen Day) 

 
  
Progress in the fields of coral reef ecology, coastal zone management and community-based 
governance, as well as advances in financing mechanisms and monitoring technologies for marine 
protected areas, are changing the outlook for coral reef managers worldwide.  Improvements in the 
genetics and cost-effectiveness of coral restoration methods are also providing new opportunities for 
long-term reef rehabilitation. Despite the global dominance of “bad news”, there are increasing 
examples of success stories at the local level where effective management is allowing coral ecosystems 
to recover, and where new partnerships are emerging between governments, scientists, communities, 
private sector and donors.  The following document briefly outlines some of the recent advances and 
achievements in coral reef management and restoration in the Caribbean. 
 
 
Importance of coral reefs for the Caribbean  
 
The Caribbean is considered to be one of the most vulnerable regions in the world to the impacts of 
climate change with coastal communities and low-lying areas being particularly exposed to the 
combined threats of sea level rise (SLR) and extreme weather events (Nurse et al, 2014). The economic 
cost of adapting to SLR have been estimated to be between US$26 and 61 billion in capital costs and 
US$4 and 6 billion in annual costs by 2050, increasing rapidly thereafter (Simpson et al, 2010). The 
magnitude of these costs will depend largely on the fate of the regions coastal ecosystems, which in 
many cases are the only coastal defence.  Healthy coral reefs can provide highly effective coastal 
protection, dissipating over 80% of wave energy, producing sand to replenish protective beaches and 
dunes, and able to grow vertically at the same rate as SLR (Ferrio et al, 2014).   
 
The dramatic decline of Caribbean coral reefs in the past four decades is therefore a major threat to the 
region’s ability to adapt to climate change. The decline in live coral cover (50% reduction since the 
1970s) is not only accelerating coastal erosion, with 80% of beaches currently eroding, but is also having 
profound impacts on the region’s tourism and fisheries sectors, and potentially undermining the 
economic sustainability and food security of many small islands.   The annual value of the ecosystem 
services provided by Caribbean coral reefs has been estimated to be around US$2.7 billion for tourism, 
$400 million for fisheries and between US$1 billion to US$2.8 billion for shoreline protection even as 
assessed in their current, degraded state (Burke and Maidens, 2004).  If left unchecked, the rate of 
decline of Caribbean coral reefs is expected to increase in the coming decades because of climate 
change and the combined effects of mass coral bleaching and ocean acidification (Buddemeier et al, 
2004; Eakin et al, 2010; Gardner et al, 2003; Hoegh-Guldberg, 1999; Hoegh-Guldberg et al, 2007). The 
World Bank has placed the magnitude of the economic losses at about 8 to 11 billion dollars per year by 
mid-century if 90% of the reefs disappear.  Interventions that slow down or reverse the loss of coral 
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reefs are increasingly recognised by CARICOM and the Caribbean Community Climate Change Centre as 
priorities for adaptation to climate change.  
 
 
New approaches in coastal management are changing the outlook 
 
A growing body of evidence has shown that overfishing and pollution have been the main causes in the 
decline of Caribbean coral reefs, and that once these local stressors are reduced, coral reefs are more 
able to recover and adapt to the impacts of climate change (Jackson et al, 2014; Mumby et al, 2014; 
Paddack et al, 2009). Protecting and restoring populations of herbivorous fish has been found to be 
particularly important in improving the ecological resilience of coral reefs and their ability to recover 
after major disturbances, such as bleaching events, storms or sedimentation (Graham et al, 2013; 
Mumby and Harborne, 2010; Olds et al, 2014).  
 
There are over 250 MPAs in the Caribbean, but only a minority of those have been effective at restoring 
coastal ecosystems.  Effective MPAs tend to be those established with policies that encourage local 
communities to benefit from the resulting improvements in fishery and tourism revenues (Keller et al, 
2008; McLeod et al, 2009; Mumby et al, 2007; Olds et al, 2014). Highly successful MPAs have been 
established in Belize, Jamaica, Bonaire, Bahamas with spectacular recoveries in fish biomass (1300% 
increase in 3 years in Oracabessa in Jamaica) and in some cases rapid increases in coral cover. In all 
cases, community involvement was central to their success, and economic diversification a key driver of 
local support.  Not surprisingly, a recent review by FAO (Weigel et al, 2014) found that policies that 
provide incentives for communities to support and engage with the management of MPAs and fisheries 
generally produce much better results.  In SIDS worldwide, there appears to be a growing policy 
consensus towards Locally Managed Marine Areas (LMMAs) that secure greater local ownership, 
encourage compliance and support livelihood diversification.  These advances in marine policy can also 
benefit from new technologies for spatial planning, enforcement, monitoring and communications that 
not only reduce management costs but also engage a wider circle of stakeholders with a vested interest 
in the future of reefs.   
 
New financing mechanisms and private sector partnerships are being established that support MPAs 
with a focus on tangible results and benefits4.  In Jamaica and the Eastern Caribbean, CCCCC and 
CARIBSAVE have established functional partnerships between governments, local communities and the 
private sector as part of the C-FISH Initiative.   The C-FISH partners (e.g. Sandals Resorts Int., Virgin, 
Royal Caribbean Cruises, Travel Foundation, etc.) have vested interests in the success of their local 
MPAs, and participate in supporting sustainable financing for the MPA and the economic diversification 
of local fishing communities5. 
 
 

                                                           
4 The C-FISH Fund - http://c-fish.org/c-fish-fund/ 
5 http://c-fish.org/ 

http://c-fish.org/c-fish-fund/
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Corals can now be actively grown and restored at scale 
 
The recovery of coral reef ecosystems can also be greatly accelerated by actively restoring key coral 
species. Developed initially in the Indo-Pacific and Red Sea regions, coral gardening methods have been 
increasingly implemented in the Caribbean, where efforts have targeted almost exclusively on the 
branching corals Staghorn (Acropora cervicornis) and Elkhorn (Acropora palmate), that were once the 
dominant reef-building corals in the region.  Due to a combination of biological and anthropogenic 
stressors, both Acroporids suffered significant declines with estimated population losses of up to 95% 
(Bruckner, 2002), leading to their listing as threatened in the US under the Endangered Species Act in 
2006 and as critically endangered in the International Union for Conservation of Nature (IUCN) Red List 
of Threatened Species in 2008 (Ronson et al, 2008). Acroporids exhibit particularly high growth rates 
relative to other corals, enabling sustained reef growth during previous sea level changes (e.g. 
Pleistocene).  Additionally, both species have large branches, providing essential habitat for other reef 
organisms, particularly fish (see Figure 51).  They are critically important for the Caribbean, in terms of 
reef growth, island formation, fisheries habitats, and coastal protection.  
 

 

Figure 51 Staghorn (background and centre-left) and Elkhorn (centre right) corals with shoals of snappers and grunts.  All 
these coral were propagated and restored by Fragments of Hope, in Laughing Bird Caye MPA, Belize (Photo Lisa Carne, 2014). 
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Value of Acroporids for coastal protection  
 
A recent review (Ferrario et al, 2014) provided the first quantitative meta-analysis of the role of coral 
reefs in reducing wave energy across reefs in the Indian, Pacific and Atlantic Oceans. Combined results 
across studies showed that coral reefs dissipate 97% of the wave energy that would otherwise impact 
shorelines. Most (86%) of the wave energy is dissipated by the shallow reef crest - making this relatively 
high and narrow geomorphological area of the reef the most critical in providing wave attenuation 
benefits. After depth, another critical factor in wave attenuation is bottom friction, which is a function of 
bottom roughness. The branching structure of Acroporids makes them particularly effective at 
dissipating wave energy (i.e. lattice turbulence).  The loss of Acroporids across the Caribbean has 
decreased both the height and roughness of reefs, particularly the reef crests, and hence their ability to 
dissipate wave energy and reduce coastal erosion.  Coral restoration projects designed for coastal 
protection and hazard mitigation, and not just for tourism and fisheries, are now recommended as an 
adaptation strategy (Ferrario et al, 2014). 
 
Analyses done by the re-insurance industry on the economics of climate adaptation across eight 
Caribbean nations (CCRIF, 2010) examined the costs and benefits of some 20 different approaches for 
coastal risk reduction and adaptation, from reef restoration to new building codes. The study found that 
reef restoration was always substantially more cost effective than breakwaters across all eight nations 
considering only coastal defence benefits. As living structures, reefs also have the potential for self-
repair and thus lower maintenance costs as compared with artificial structures, but reef restoration is 
still a comparatively new field. The addition of ecosystem benefits and considerations of maintenance 
costs in a full benefit: cost analysis would likely add to the relative cost effectiveness of reefs for coastal 
defence.  
 
 
Advances in coral restoration techniques 
 
A recent review of coral restoration in the Caribbean (Young et al, 2002) highlighted the improvements 
in coral propagation and out-planting methods that have allowed the restoration of several hundreds of 
thousands of corals, with high survival (>90%) and rapid growth (>20cm per year) in Belize, Jamaica, 
Florida, Dominican Republic, and many other countries. The cost of propagating and out-planting corals 
has been greatly reduced in recent years.  The most effective techniques are low-tech methodologies, 
utilizing inexpensive and readily available materials such as wire mesh, PVC, plastic cable ties, cinder 
blocks, nails, fishing line, and ropes – see Figure 52.  It has also been shown that these low-tech 
propagation and restoration activities can be an empowering education tool when integrated into 
community-based management (Bowden-Kerby, 2001).  
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Figure 52 Low-cost coral nurseries using, from left to right, steel tables (Belize), PVC “trees” (Florida) and suspended ropes 
(Jamaica).  Source Owen Day, 2014. 

 
Recent work carried out in Belize with coral biologists and geneticists has also found that thermal 
tolerance (bleaching resistance) is associated with the genotype of the coral host rather than the 
symbiotic microalgae (Bowden-Kerby and Carne, 2013), opening up the possibility that restoration 
projects that select and propagate resilient coral genotypes could help Caribbean corals adapt to climate 
change.   
 
The aim of reef restoration should be to create genetically diverse restored sites, which incorporate 
bleaching and disease resistant parent stock able to reproduce sexually and repopulate surrounding 
areas.  By strategically placing these restored coral populations in locations where currents disperse 
their fertile eggs to suitable reef areas, coral restoration may have the potential to significantly 
contribute to the overall success of sexual reproduction and recruitment of Acroporid corals regionally. 
Natural spawning of restored corals has been observed in several locations in the Caribbean, for 
example in Belize, Jamaica and Florida.  At the latter, an estimated 1,500 corals grown in nurseries off 
Key Largo and out planted to local reefs by the Coral Restoration Foundation were reported to have 
spawned in 2009 (Nedimeyer, Coral Restoration Foundation, personal communication).  
 
 
Recent reviews of coral restoration activities in the Caribbean (Young et al, 2012) and worldwide 
(Rinkevich, 2014) identified two fundamental priorities for the future development of reef restoration.  
These are: 
 
• First, low-cost restoration methodologies are essential to improving the number, length, and 
success of restoration activities.  
• Second, restoration activities must be conducted in conjunction with ecosystem-based 
management and conservation practices, such as MPAs, in order to mitigate the impacts of 
anthropogenic and natural disturbances.  
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Synergies between coral restoration and MPAs 
 
There is increasing evidence that undertaking coral restoration inside well-managed MPAs not only 
produces better survival and growth rates among the restored corals, but also produces other 
ecological, social and economic benefits.  By taking advantage of the habitat provided by the restored 
corals, fish and shellfish populations increase even more rapidly inside the MPA than they would 
without active restoration.   Restoration activities have also been found to interest and engage local 
stakeholders, in particular fisherfolk, much more actively in the management of their MPAs as seen in 
these videos from Belize and Jamaica. 
 
https://www.youtube.com/watch?v=o4yzKDpi43U 
https://www.youtube.com/watch?v=qXr9sqOhwc0 
 
The adoption of coral propagation and restoration projects by fishermen, local communities, dive shop 
operators and resort owners are recognised as key components to the long-term success of restoration 
programmes.  Understanding and integrating the socioeconomic needs and perspectives of local 
stakeholders who depend upon coral reefs in the Caribbean is therefore an important step in successful 
coral reef restoration (Bowden-Kerby, 2001). 
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