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                                                 CHAIRMAN’S MESSAGE

The Environmental Foundation of Jamaica 
(EFJ) prides itself on undertaking initiatives 
in furtherance of environmentally 
sustainable development and positively 
impacting child survival and development. 
Over the last 10 years, through the medium 
of the EFJ’s Annual Public Lecture, the 
EFJ attempts to carry out this mandate inter 
alia.  The lectures aim firstly, to facilitate 
discourse on a current national / topical 
issue; secondly, to create a space where the 
general public and experts can exchange 
ideas on these issues; and thirdly, to create 
an academic publication that will be a 
useful resource beyond the actual lecture. 
After nine (9) such successful stagings 
in Kingston the EFJ Team has decided 
to take the lecture “on the road” and this 
year, Montego Bay, St James is the area of 
choice.

The impact of Climate Change is being felt 
all across the world. In Jamaica, specifically, 
the impact on our coastal zones has been 

significant. Areas on the south coast, particularly St. Elizabeth and (Negril) 
Westmoreland are among those that have been most seriously affected by coastal 
erosion. Finding the best ways to combat this problem has been passionately 
debated for some time, and while many stakeholders have made contributions on 
the topic at various points in time, Dr. Parris Lyew-Ayee Jr. will present another 
unique and refreshing perspective on the topic. Coastal developmental challenges, 
from both the environmentalists and the economic development proponents’ 
perspectives will be discussed as well as the use of technology in coastal studies.

We aim to ventilate the issues, have lively discussions and hopefully offer 
additional information which will facilitate solutions on ways to mitigate the 
impact of Climate Change on the coastal areas. As has become customary, the 
text of lecture will be available not only in this booklet, but also on our website 
(www.efj.org.jm). We encourage each of you to utilize the information, share it 
with others and teach others about the seriousness of this problem.

We thank you for your participation. 
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FOREWORD

The Environmental Foundation of Jamaica (EFJ) warmly welcomes you to this, 
our 10th Annual Public Lecture.   

The EFJ’s Public Lecture Series continues to build awareness and stimulate 
dialogue on critical issues affecting our two focal points – the Child and the 
Environment. This lecture focuses on the Environment, and is also a milestone 
staging of the event, which boasts a couple of firsts. It is the first year the Lecture 
is being held outside of Kingston and it is also the first year the Lecturer will be 
presenting research material “hot off the press”. 
 
It is our distinct pleasure to present this lecture by Dr. Parris Lyew-Ayee Jr. 
entitled “Son of a Beach: Jamaica and the Coastal Zone”. Dr. Lyew-Ayee Jr., 
one of Jamaica’s most brilliant scholars (with a Doctor of Philosophy degree in 
Geography from the University of Oxford), currently serves as Director of the 
Mona GeoInformatics Institute at the University of the West Indies’ (UWI) Mona 
Campus and is a member of several corporate and government Boards.

The Lecture will present a wealth of information about the coastal zone, focusing 
on different facets of Jamaica’s coastal zone experience from both a historical 
and modern day perspective.  Experiences, best practices and implementation of 
costal zone management elsewhere in the world will be reviewed and modern 
day advances in coastal studies will be examined.  A multitude of interactions and 
experiences may be identified between Jamaica’s coastal zone and the wide range 
of industries, businesses, communities, and individuals located there.  Dr. Lyew-
Ayee Jr. will address the opportunities and challenges that contribute to and result 
from these interactions; he will also incorporate economic, social, environmental 
and policy perspectives, to present a distinctly holistic and cross-cutting picture 
of Jamaica and its coastal zone. 

We hope that this lecture will not only present another perspective on the issues 
surrounding our disappearing beaches but will spark further discourse.  We look 
forward to the continued debate and action it will spark nationally, in the industries 
that rely on our coastal zone, and most importantly, in the communities directly 
affected. 
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About the Presenter

Dr. Parris Lyew-Ayee, Jr. is the Director of the Mona GeoInformatics 
Institute (MGI) at the University of the West Indies’ (UWI) Mona campus.  
MGI is one of the most dynamic campus entities engaged in numerous 
practical activities, ranging from crime and security, road safety, public 
health, natural hazards and the environment, to business development, and 
software engineering. 

Dr. Lyew-Ayee, a Geologist, conceptualized and is the main developer of 
the Caribbean’s GPS navigational system. He holds a Doctor of Philosophy 
degree in Geography, from the University of Oxford, and a Bachelor of 
Science degree in Earth Science with First Class Honours from the UWI. 
He is an author and/or co-author of over 50 peer-reviewed books, papers, 
book chapters, magazine articles and consultancy technical reports in fields 
as varied as business, crime, geology, planetary science, archaeology, GPS 
technology, and education. His first book, the Natural Hazards Atlas of 
Jamaica, has won multiple publisher awards. He has received numerous 
local and international awards, most recently being awarded the 2014 US 
Eisenhower Fellowship, joining a highly-select group of international 
leaders.

He serves on numerous private and public sector Boards, most notably as 
Chairman of the Water Resources Authority and the National Works Agency. 
He sits on the parent Board of the GraceKennedy Group, as well as two of 
its subsidiaries – Grace Foods and Hi-Lo Food Stores. He also serves on 
the Boards of a media company, real estate development firm, and a social 
development and services organization.

Dr. Lyew-Ayee formerly served on the Board of the National Housing 
Trust, including its Technical Committee, and as the Chairman of its 
Human Resources and Policy Committee, as well as the Boards of the JN 
General Insurance Company (previously NEM Insurance), and the Jamaica 
Automobile Association. He was also previously the Head of Department of 
Geography and Geology at UWI.
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Son of a Beach: Jamaica and the Coastal Zone

Introduction
The coastal zone represents much more than a physical or environmental 
boundary between land and water. It is the site of much human interest 
throughout history; until the 20th century, it was literally the only site 
of international trade and migration into island territories, and the focus 
of physical development. It was, and is, the site of much industrial 
activity, including shipping and fishing, industries that are exclusive to 
the coastal zone, and, more recently, tourism. Consequently, more than 
40% of the global population are found within 100km of the coast, as well 
as significant infrastructural and other investments concentrated in those 
areas. By this definition, the entire Jamaica can be considered a coastal 
zone, not unheard of for small island territories, but for the purposes and 
scale of this presentation, we will consider areas immediately adjacent to 
the sea, up to 1 kilometre inland from the sea.

Coastal zones are more than beaches. Coastal landforms include cliffs, 
stacks and arches, as well as interactions with the terrestrial systems to 
form estuaries, bays and inlets, and lagoons. There are also many different 
types of beaches. By definition, these are areas of accumulated coastal 
deposition of sediment, but these vary widely in composition and texture, 
ranging from the classic carbonate white sand beaches, to rocky and gravelly 
beaches. Depending on circumstances, these areas of accumulation can 
form unique coastal landforms such as spits and tombolos, or be shaped 
by wind into dunes.

Entire disciplines concentrate on the coastal zone, such is the importance of 
focus on this area. Entire spheres of oceanography, marine biology, marine 
geology and engineering focus on this area. These look at matters ranging 
from natural hazards impacts and mitigation, coastal resource extraction, 
the development of coastal structures for shipping, tourism or other 
economic purposes, or for environmental management and protection.

This paper will present different perspectives on the coastal zone, with 
an emphasis on the Jamaican condition, reviewing past research and 
areas of emphases, comparing best practices and implementations 
elsewhere in the world, discussing how technology helps coastal studies, 
and proposing a multi-scalar Geographic Information System (GIS) 
based method for typing coastlines for reference and comparisons. The 
presentation will also address coastal developmental challenges from the 
point of view of economic development and environmental protection, 
while also discussing the impact of climate change. It will also take a 
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policy perspective, ultimately threading the many different components of 
coastal zone concerns into a single presentation of these from a Jamaican 
societal point of view. Jamaica is a product – a son – of its coastal zone. 
This presentation will look at its genealogy and personality profile, and try 
to chart its destiny.

Jamaica’s History: Intrinsically Linked to the Coast

Jamaica is internationally recognized as a tourist destination, particularly 
for its famous white sand beaches. However, Jamaica’s tourism industry 
is relatively recent compared to its overall history. Jamaica has long had 
a very rich association with its coastline, well before the first dedicated 
holiday resort was built.

Christopher Columbus landed in Jamaica in May 5, 1494, on his second 
voyage to the New World, seeking at first to land in St Ann’s Bay on 
Jamaica’s north coast, and ultimately landing at Discovery Bay. Jamaica 
was largely used as a supply base for the Spaniards’ interest elsewhere 
in the Americas. In 1655, the British, under Admiral Penn and General 
Venables, wrested control of Jamaica from the Spanish, and the territory 
quickly developed as a hub for buccaneering activities, particularly in 
the southern coastal town of Port Royal, which developed a reputation 
as being the ‘wickedest city in the world.’ It was from here that English 
raiders preyed on Spanish interests in the New World.

In June 1692, the largest earthquake in Jamaica’s recorded history 
completely destroyed Port Royal, leading to the birth and rise of Kingston, 
another coastal settlement in a more sheltered part of Kingston Harbour. 
An estimated 7.4 magnitude earthquake, along with the resulting tsunami, 
left 2,000 persons dead from the direct impact, as well as 5,000 others 
from disease and injury in the aftermath. Roughly two-thirds of the town 
sank into the sea. See Figure 1 for depiction of the seminal event.

Port Royal would develop into a relatively important naval station later in 
the 19th century, only to be damaged once again in 1907 by another major 
earthquake. The artillery store at Fort Charles in Port Royal became the 
symbol of this latest event, and has since been known as Giddy House.

Jamaica would continue its course of development, fully connected 
to its coastline. Its primary function to its British colonial masters was 
agricultural production, primarily of sugar cane and its derivatives. Slaves 
were brought in from West Africa to work the fields, and the 
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Figure 1. Illustration of the destruction of Port Royal following the 1692 
earthquake.  Source: National Geographic

agricultural products were sent to England. Meanwhile, goods and 
supplies from England, particularly construction materials, textiles and 
other commodities, as well as merchants and missionaries, arrived via 
ships. All these led to coastal towns in Jamaica becoming very important 
hubs of economic and social activities.  While the core economic activity 
of agricultural production took place mostly on inland estates, markets, 
schools, churches, civic centres and other services would have been located 
close to the supply bases at the ports. Important towns like Black River 
and Falmouth developed, and these centres were relatively more important 
in their administrative functions than in today’s more centralized focus 
on the primate city of Kingston. There were also relatively few inland 
communities, especially before Abolition in 1834.

Jamaica’s relationship with its coastline changed in 1891, with the Jamaica 
International Exhibition, held in Kingston. This is considered the official 
beginning of Jamaica’s tourism industry, and led to the development of the 
first coherent tourism policy for the country, as well as the development of 
proper hotel establishments and the related tourism service sectors. A half-
century later, Pan-Am Flying Boats began regular service to Jamaica, and 
leisure travel became more common. Since then, Jamaica’s coastline has 
become almost synonymous with tourism, even though this came almost 
400 years after its first mention in the history books.
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The Current Situation

At present there are 174 communities (as defined by the Planning Institute 
of Jamaica) that are directly connected to the Jamaican coastline, with 
almost 680,000 people living in these areas that could be potentially 
affected by coastal hazard impacts. There are a total of 136,273 buildings 
in these communities, or just shy of 27% of Jamaica’s total building stock. 
This total includes non-residential buildings, including 273 hotels and 
207 factories (and all their attendant buildings). There are also 28 port 
facilities, 23 airports and airfields, 13 hospitals, 85 police stations and 221 
public schools (all figures from MGI’s proprietary JAMNAV dataset and 
the Natural Hazards Atlas of Jamaica by Lyew-Ayee & Ahmad, 2012). 
There are 152 registered fishing beaches (Ministry of Agriculture and 
Fisheries) and 37 recreational beaches (Tourism Promotional Development 
Company).

These, however, are not evenly distributed. Different areas show different 
concentrations of people and assets in the coastal zone. Particularly 
high concentrations of people live along the coastal zone in Bull Bay, 
St Andrew; in the vicinity of Cow Bay, west of Yallahs, St Thomas; in 
Falmouth, Trelawny; near Liliput, St James; and St Ann’s Bay, St Ann. 

Concentrations of non-residential assets, ranging from schools to shopping 
places, ATMs, restaurants and offices, show a different pattern, with 
high concentrations in the coastal areas of Portmore, St Catherine; Ocho 
Rios, St Ann; Montego Bay, St James; Central Downtown Kingston; and 
Ironshore, St James. Runaway Bay, St Ann; Negril, Westmoreland; and 
Black River, St Elizabeth also have high numbers of assets near the coastal 
zone.

Figures 2 and 3 below show the population and asset patterns for Jamaica, 
where there are typically higher population numbers along the coastal 
zones along most of the coastal parts of the island, while on the north 
coast, there are greater asset concentrations in similar areas. Tables 1 and 
2 show the top 10 communities by population and assets. 
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Figure 2. Population along Jamaica’s Coastal Zone

 Figure 3. Non-Residential Assets along Jamaica’s Coastal Zone
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Table 1. Top 10 Coastal Communities, by Population (2011)

Table 2. Top 10 Coastal Communities, by Non-Residential Assets

As such, there is a considerable investment in the coastal zones of Jamaica, 
whose population and infrastructure directly affect the operations and 
activities of the rest of the country; no coastal zone is truly isolated from 
any part of the rest of the country.

Jamaica is vulnerable to multiple types of natural coastal hazards, some 
sudden and catastrophic, others slow and creeping. Major events, such as 
earthquakes and the secondary effects of these – tsunamis and liquefaction – 
as well as hurricanes (and their storm surges) generate headlines, and often 
serve as triggers for dramatic policy changes (no-build zones and mandatory 
evacuations). The coastal zone, however, is also the focus of some of the 
more insidious natural processes: slow and progressive sea level rise, and 
continuous longshore drift, which both erodes and deposits sediment along 
shorelines. Figures 4 and 5 show low-lying areas prone to coastal flooding 
in Jamaica, and the effects of storm surge on one such coastal community.
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Figure 4. Areas prone to coastal flooding. Source:  The Natural Hazards Atlas 
of Jamaica

Figure 5. Caribbean Terrace in Harbour View, after the passage of Hurricane 
Dean. Source: The Natural Hazards Atlas of Jamaica

The coastal zone is one of the most dynamic geomorphological 
environments, affected at once by both offshore and onshore processes, 
as well as natural environmental systems such as reefs and mangroves. 
Measures of shoreline durability consider both coastline protection as well 
as sources of sediment material. Protection may be offered by physical 
and/or natural systems, and would consider the shape of the coastline, the 
presence or absence of reefs, the frequency of storm surge events, and 
the onshore and offshore slope gradients and other topographic variables. 
Meanwhile, reefs and terrestrial runoff provide sediment material that 
nourishes sedimentary deposits in the coastal zone. Slope gradients and 
reef distances are shown in Figures 6 and 7 below.

Jamaican north and west coast beaches typically are composed of white 
sand made up of fragments of the skeletons of marine organisms, mainly 
algae. Marine organisms supplying this sediment need to be protected 
against environmental mismanagement. Meanwhile, Jamaican south and 
northeast coast beaches are composed of sand and pebbles eroded and 
brought down by rivers from the island’s interior. If this material does 
not reach the coastline to replace beach sand lost into deep water through 
severe storms, or transported along the coast to other places, then these 



13

beaches will also shrink and disappear (MGU). It is for this reason that 
regulating sand mining is critical.

Shoreline slope gradients are steeper in certain areas of Jamaica than in 
others, particularly in portions of St Elizabeth and St Mary, though most 
other areas are not exactly flat. It is important to note here that not all of 
Jamaica’s shorelines are composed of beaches, and typically in areas of 
steeper elevations, rocky cliffs mark the boundary between land and sea.

Most of Jamaica is within 1 kilometre of a reef, which offers both protection 
and material sediment to the shoreline. Only portions of Clarendon, 
Manchester and St Elizabeth are any significant distance from a reef.

 

Figure 6. Mean Slope Gradients along Jamaica’s Coastal Zone
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Figure 7. Mean Reef Distances along Jamaica’s Coastal Zone

Estimates vary, but there is general consensus that there will be up to a 
30-m retreat of Jamaica’s flatter beaches by the end of this century due 
to sea level rise alone. The regulations governing Jamaica’s coast are 
typically general in nature, and not specific to the local complexities 
that arise. Increasingly frequent storms are scouring more of the island’s 
beaches, but man-made activities have led to a depletion of sediment from 
terrestrial sources due to sand mining and upstream traps, coastal pollution 
from wastewater effluent, the removal of sea grass beds, and hardened 
coastal defences that have effects further along the coastal system.

Through all this, though, the greatest threat is the relative lack of detailed 
scalable information necessary for decision-making. Many studies have 
been conducted that are either too vague or overly theoretical in nature, 
or are too specific and detailed on a single component of the wider socio-
economic or environmental systems that operates at the coastal zone. It 
becomes increasingly important to bridge academic knowledge and the 
realities of society. 

Beach loss is the result of numerous factors. Longshore drift is inevitable 
and on-going, but this process has become exacerbated by human 
development in the community, as well as global climate change, which 
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has resulted in a combination of sea level rise and extreme weather events, 
including storm activities and their associated surges. With further reef 
degradation, however, it is estimated that erosion rates could increase 
significantly above the current rates, by more than 50% for Montego Bay, 
70% for Ocho Rios, and more than 100% for Negril over a 10-year period 
(Kushner et al, 2011).

There are many different methods of coastal mitigation engineering. 
There are different types of breakwaters – groynes, jetties – as well as 
different measures and mechanisms of beach nourishment (truck hauls 
from terrestrial inland sources, offshore sources brought in via barges or 
pipelines). Ideally, when both measures are implemented and maintained 
together, an optimum level of protection is afforded. Beach nourishment 
programmes often require breakwaters to ensure sediments brought in are 
retained.

In Negril, Jamaica is planning to build submerged breakwaters to absorb 
wave energy and slow loss of shoreline, costing almost £3.4 million 
(US$5.4 million) in grants (JIS 2012) from the Adaptation Fund set up 
by the Kyoto Protocol of the United Nations Framework Convention on 
Climate Change (UNFCCC). The beach at Negril is eroding at an estimated 
1m per year, and is expected to disappear in 30 years (McKenzie, 2012). 
There is great demand on the use of the beach; visitors to the area grew 
from roughly 40,000 in 1980 to more than 400,000 in 2012 (Kushner et 
al, 2011).

The breakwater is expected to provide moderate wave protection for 2,000 
to 2,500 m of shoreline, as well as accretion in some areas of potentially up 
to 48 m in the long term. A mixture of soft and hard measures is planned 
for the area. 

Ideally, shoreline protection in Negril and other areas in Jamaica should be 
implemented by, among other things, establishing and enforcing setback 
lines that take into account the erosion rates of the beach (30-50 x annual 
erosion recommended for some US shorelines); closely monitoring 
the shoreline changes post-implementation; and restoring stabilizing 
vegetation (sea grass and mangroves – shown as important to stability 
after the 2004 tsunami in Thampanya et al., 2006).

An Environmental Impact Assessment for the Negril breakwater 
construction, conducted by CL Environmental Limited in 2014, was very 
comprehensive in its analysis, utilizing both modelled and historic data to 
support using the suggested locations. 
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International Examples

Jamaica’s shoreline challenges are by no means unique to it, regardless 
of local complexities. It is therefore necessary to place any discussion 
about shoreline defences and research in an international context, taking 
into consideration the different scientific (geological, geomorphological, 
biological and oceanographic), engineering, and policy perspectives. 
Pressures, direct or indirect, on coastal environments in the modern world 
are largely due to economic circumstances.

International examples provide case studies to compare against Jamaica’s 
needs and requirements. Perhaps the biggest justification for the use of 
international examples comes from looking at areas where shoreline 
protection mechanisms, ranging from policies to infrastructure, have been 
implemented for some time, and where adequate documentation prior 
to and since implementation are available. Where solutions have been 
devised, relative needs, importance to local and national economies, costs, 
and impact can all be evaluated across different spectra of the environment 
and society alike.

Examples are now given from two developed societies in Japan and the 
United States, both highly developed and industrialized, but also areas 
with a rich history of scientific study and much engineering capacities to 
implement solutions. Their needs and justification for shoreline protection, 
however, vary, and their approaches also differ, ranging from hardcore 
engineering to policy measures, but never one over the other, but rather, in 
tandem with each other.

- Japan

Japan is a major industrial society, with the third largest economy in the 
world, and its 10th most-populated country. It is also an island nation. Japan 
is subjected to far more serious natural hazards on a regular basis than 
Jamaica, with typhoons regularly affecting the country, and it sits directly on 
the Pacific Ring of Fire, with regular exposure to earthquakes and volcanic 
eruptions, as well as tsunamis, whose name derives from Japanese origins. 
There are also frequent inland floods brought about by heavy rainfall events.

Japan has more than 1,000 harbours and 3,000 ports situated along its 
coast, developed to facilitate its major export-oriented economy. Significant 
investments have been made in coastal engineering to protect both its coastal 
population as well as to secure its economic growth objectives. 

All this coastal engineering, however, has led to significant coastal erosion 
and loss of beach material (see Figure 8), which affect the marine biological 
cycles of species in the area. The costs of installing hard structures for 
coastal protection are very high with strong negative public reaction to 
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hard structures, aggravating the political problem of selling the project to 
the general population (Bray et al., 1995; Black, 1999; Clark, 1995; van 
der Weide, 2001). Imbalances form between sediment input and output (see 
Figure 9). Within protected areas, shoreline protection is achieved for the 
most part. Problems, however, exist elsewhere within the overall coastal 
system, with sedimentation up-current, and loss of sediment (due either to 
direct erosion or lack of replenishment) down-current.

Figure 8. Alterations in Shoreline near Abukuma Rivery Estuary in Eastern Japan

Figure 9. Effects of Breakwater Structures on Natural Coastal Processes

Japan’s shoreline challenges, however, appear more related to human-
induced factors, with much of this directly linked to Japan’s level of 
industrial development. Jamaica’s challenges, on the other hand, are much 
more naturally induced, from natural hazards. Coastal engineering works in 
Jamaica need to ensure that their work in enhancing coastal defence does 
not exacerbate existing natural systems. Japan has to continually monitor 
and implement coastal works to ensure their shoreline protection systems 
function as intended.
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- Miami, Florida, United States

The State of Florida has very good examples of coastal communities 
near to Jamaica. While all coastal states of the U.S. have good shoreline 
preservation programmes, Florida has long had a detailed policy structure 
governing the preservation of its shoreline, with its beaches being the main 
economic driver of the state, and its claim to fame within the U.S. As a 
subtropical state, it also most closely reflects the environmental impacts 
associated with any beach/shoreline preservation programmes.

Florida’s entire eastern coastline is dominated by a series of barrier 
islands, formed by the effect of a prevailing north-south longshore drift. 
Longshore drift is critical for downshore deposition of sand. However, 
several factors (ranging from localized erosion from wave action to human 
impacts along the shoreline), in addition to longshore drift, contribute to 
an alteration of the natural coastal system. Just as in certain areas like 
Negril, certain portions of Florida’s shoreline are then left with hotspots of 
rapidly eroding beaches. 

The State of Florida established a highly regulated policy structure within 
its Department of Environmental Protection, Bureau of Beaches and 
Coastal Systems (DEP-BBCS). The DEP-BBCS’s main mandate is to 
protect Florida’s beaches and shoreline, while balancing the constant real 
estate development which is a huge economic boon to the state. 

The case of Miami Beach in South Florida is probably the best example, 
being the most glamorous and popular city in Florida, world-renowned for 
its wide white-sand beaches. However, just 40 years or so ago the beaches 
were largely nonexistent – and the waves of the Atlantic washed up against 
a seawall directly adjacent to many of the hotels and condominiums along 
the shoreline (see Figure 10). A massive beach nourishment programme 
was implemented, with sand sourced largely from the Bahamas, which 
then created the world-famous wide beaches of South Beach. 

Throughout most of South Florida, beach nourishment projects have either 
already been done, or are planned. Most coastal communities, especially in 
South Florida, have joint efforts on the local (municipality), county, state 
and federal government levels to implement a beachfront management 
plan for their coastline. These beachfront management plans are all 
comprised of every aspect involved with shoreline protection, including 
environmental, socio-economic and physical considerations. One key 
component is the maintenance programme that must also be associated 
with a preservation activity (nourishment, physical structures, etc.), as 
they are not one-time events. Each coastal community has different causal 
agents for erosion, and the type of protection/preservation activity will 
vary, and must be evaluated properly from an engineering perspective. 
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Figure 10. Miami Beach. Pre-Nourishment 1976 on Left; Post-Nourishment 
1981 on Right.

Jamaica’s shoreline is very different from that of Florida. However, the 
policies and principles of effective long-term management are something 
that are worth implementing/mimicking, especially from the point of view 
of similar tourism interests in the coastal zone, something that would not 
be the case for Japan.

Modelling and Simulations

The ability to bring the coastal (and any other) environment into the 
digital realm allows for many different possibilities. This updates and 
replaces many traditional techniques, from data collection and depiction 
of the coastal zone, to inventorying features and landforms, tracking and 
comparing past patterns in a contemporary context, to simulating future 
events, both malevolent and benign.

Possibilities then open up for larger areas to be studied in more detail than 
ever before. Case studies can be used and extrapolated, to ultimately cover 
an entire area, which before would be either infeasible or be evaluated on 
a case-by-case basis. Broader interconnected systems can be factored in; 
the interactions between the built and social environments can then be 
juxtaposed against the physical and natural environments.
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GIS mapping and modelling allow for the assemblage of multiple datasets, 
ranging from terrain data, both onshore contours and offshore bathymetry, 
to aerial photographs and satellite imagery, which form the basis for 
primary data extracts of the coastline and its features. Global Positioning 
System (GPS) field work can collect ground asset information, such as 
the location of specific features, such as sea grass beds, dune fields, and 
vegetation patches, as well as infrastructure. 

Coastal modelling software like MIKE and RMA allow for complex 
modelling of sea current patterns and their interactions with the physical 
environment. The incorporation of both marine and atmospheric data 
allows for complex systems to be inter-related and inter-played toward a 
common application.

Coastline Typologies

There are a host of textbook glossaries for coastline formations, ranging 
from bays to promontories, beaches and cliffs. These are usually based 
on a physical and/or quantitative definition, and are conventionally 
applied when conducting scientific or engineering studies. There is a 
need to connect these definitions to the social/administrative realm, where 
technocrats and bureaucrats can agree on a common location reference. 
This is not insignificant – when an entire island territory’s boundary is 
defined by its coastline affected by a continuous environmental system, it is 
important for every section of the coastline to be defined, not just portions 
of this, and for officials to unambiguously define coastline stretches for the 
purposes of management.

For the purposes of administration, Jamaica has been divided into numerous 
artificial sub-units, ranging from counties and parishes, to constituencies, 
local government electoral divisions, communities and enumeration 
districts (EDs). The latter is the smallest sub-division of Jamaica, used for 
census data collection, but here forms the basis for a potential re-definition 
of its coastlines. All coastal EDs were identified using a GIS, and their 
coastal boundaries (those that do not touch another ED) were extracted. 
These already had unique ED numbers that could be used for defining a 
particular coastal stretch.

Additional physical data were also assembled. 2m Digital Elevation 
Models of the coastal zone and 10m bathymetric surface models were 
created for the entire island, as well as the coastline of Jamaica as defined 
by the official 1:12,500 topographic map series. Reef and mangrove data 
were extracted from a combination of satellite images, topographic sheets 
and bathymetric charts, and river data was also acquired from the Water 
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Resources Authority. While not intended to be a completely accurate 
measure of the present coastline, which is continually changing, this was 
primarily for the determination of a methodology for characterizing the 
shoreline at meso-scales.

Coastal areas, like any geomorphic system, can be defined according to its 
form or processes acting on it. This methodology proposes to combine the 
two. A coastal area can be defined by its form – shape, gradient, etc – or 
processes of erosion or deposition, or sources of material that comprise the 
slope, be they terrestrial or offshore. These combine to form measures of 
durability, the combinations of which define a unique coastal zone.

Figure 11. Flowchart of GIS Methodology for Shoreline Characterization

Multiple variables for each coastline were calculated. These include 
shape (both 2D and 3D), onshore and offshore elevations and slope, and 
proximities to other variables such as reef systems, mangroves and rivers. 
Other variables such as population and infrastructure can also be added in 
order to calculate risk values for these stretches. The different variables 
and processes are illustrated below in Figure 11.

Once all variables were calculated for each stretch, developing typologies 
for each stretch becomes possible. Two classes were developed for 
four possible combinations each, where A types represented favourable 
conditions, while B types represented unfavourable conditions, for 
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sediment sources (both marine and terrestrial), and physical measures of 
shoreline protection (shape, and coastal zone slope) and environmental 
ones (mangroves, storm surge and wave returns, and coastal slope). The 
class thresholds are shown below in Table 3.

Table 3. Durability typology criteria and thresholds

Results

A total of 16 combinations are possible, ranging from AAAA to BBBB 
type shorelines. These are all shown in Figures 12 and 13 below. A benefit 
from creating such typologies is that individual shorelines of interest 
may be easily characterized, and similar shorelines matching the specific 
typology of a particular shoreline can be identified. Negril, for instance, 
has a ABBB profile, for which 70 other examples exist across Jamaica’s 
shoreline (see table 4). Other examples of a Negril-type shoreline include 
Silver Sands in Trelawny. Meanwhile, Fort Clarence in St Catherine, 
another popular beach, has a ABBA profile, of which there are 26 other 
examples in Jamaica, including the University of the West Indies’ own 
beach at Lyssons in St Thomas. Crucially, though, is the quantitative 
distinction that Fort Clarence and Negril have different coastline profiles.

BBBB shorelines are those without nearby favourable sediment sources, 
and are without physical or natural protection. There are 105 examples of 
these including James Bond Beach.
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Figure 12. Coastline Durability Typologies for Jamaica

Figure 13. Frequency Graph of Shoreline Typologies

It is important to note that these consider the durability profiles of 
coastlines in Jamaica (see Figure 14 and Figure 15), and not their material 
compositions or texture, something that can be built upon following testing 
of this new methodology. Morphogenesis of the different shoreline is not 
considered here, but is currently being examined.
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 Table 4. Selected beach sites and their durability typologies

Figure 14. Classes of beach durability profiles displayed around the Jamaican 
coast



25

 Figure 15. Frequency graph of beach durability profiles

Durability profiles, categorised from the typology into “high”, “medium” 
and “low” categories, show that most of Jamaica’s beaches fall into a low-
durability category, and, as such, would warrant special attention should 
any developments be considered in those areas, either directly or further 
along the shoreline or even inland.

Shoreline Protection

Having examined the different types of shorelines in Jamaica, and looking 
at the different threats faced, shoreline protection options can again be re-
evaluated. These range from policy-level recommendations to both ‘hard’ 
and ‘soft’ engineering options. The establishing and enforcement of set-
backs of a minimum of 50 m from the high water mark is a common 
option for most territories, and is recommended by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO). These 
may also be based on the level of surge generated by a 100-year storm 
event, and, as such, may have variable distances from the coast depending 
on the local topography. Storm return is considered the main factor in 
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compromising beach durability (Leonard et al, 1990). Typing a shoreline, 
as this paper has proposed, and certainly the broader GIS technology used 
here, can assist in the extrapolation and implementation of set-backs across 
the national scale, rather than at specific places, using a robust technique 
that accounts for the variability of different coastlines; some areas may 
require a certain level of protection, while others may merit a different 
approach.

Improving environmental management and protection of the coastline is 
also another policy-level option for shoreline protection. These include the 
creation of protected areas and buffer zones against coastal hazards, but 
can also include wastewater management (Cat et al, 2006).

Coastal engineering introduce an anthropogenic alternative to natural 
protections of the coastline. ‘Soft’ methods such as beach nourishment 
have been discussed earlier, but can also include biochemical injections 
into beach sand to stabilize these. Manual replanting of coastal mangroves 
also provides some protection. ‘Hard’ methods – breakwaters, groynes, 
artificial headlands and sea walls - also provide protection. Both soft 
and hard methods should be considered in tandem (NRC, 1990; Prasetya 
and Black, 2003), and neither are single-fixes, requiring long-term 
commitments of maintenance and monitoring. 

For all of these, information will form the basis of consideration and 
implementation, since the coastline is so varied. The justification for 
implementing any or all of these solutions will arise from environmental, 
engineering and economic concerns, and all can be considered and 
processed once the information is available.

Conclusion

There are certain industries and sectors that cannot be located anywhere 
but within the coastal zone. Sterilization of coastal areas against any sort 
of development is ultimately infeasible, especially as global systems 
become more interconnected. Certain areas lend themselves better to 
development than others. Within a developmental and growth context, 
proper information is necessary, and should be applied within the greater 
framework of modern societies. An economic need alone is not enough 
to justify any kind of development; these need to be balanced against 
environmental and social impacts, as well as an economic cost-benefit 
evaluation, at multiple scales, ranging from community levels, through to 
national and even regional perspectives. Developmental policy agendas 
should be transparent, giving a clear mandate and framework for any 
proposed activity slated for Jamaica, not just its coastal zone, instead of 
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an ad hoc approach, which, even if well-intentioned, does not facilitate 
a smooth and thorough appreciation of the complexities of the social, 
environmental and infrastructural ecosystems at play.

The coastal zone is not a closed-system. There are many interests that 
flow through and interchange within these areas. Within Jamaica, there 
are several interests currently having strong influence in the coastal zones 
of different parts of the island, and this has often led to conflicts with 
the country’s developmental agenda. Shipping industries will always need 
access to and control over portions of the coastal zone, as do hotel and 
tourism interests. Environmental protected areas also exist; there are legally 
declared zones of protection along a coastal area, and may extend inland 
and away from shore as well. Fishing interests also converge in coastal 
areas. There are also historical and archaeological stakes in coastal zones, 
as these areas are typically the oldest communities in Jamaica. And finally, 
due to the scenic appeal of some coastal areas, as well as opportunistic 
associations with other industries and sectors, real estate developers often 
seek these areas for conversion to residential or commercial development.

All these converging, often competing interests require detailed multi-
scale information to process and guide decision-making, ranging from 
development approvals to routine management and oversight of areas. It 
is within this framework that this presentation sought to deliver different 
perspectives and insights into the coastal zones of Jamaica, emphasizing 
the diversity of environments therein, as well as the different interests in 
these. Finally, a methodology that uses technologies like GIS to assemble 
and process different datasets to characterize the different landscapes along 
the shoreline is introduced for the first time here, intended to harmonize the 
definition and referencing of specific areas of shoreline for both scientific/
engineering and administrative purposes. This meso-scale approach 
connects the fine-resolution, high-detail approach of case studies and 
site-specific projects, with broader concepts and definitions, extrapolating 
from the detailed work and building on theoretical constructs, to form a 
nexus between the two.

Threading and tying the different components of the coastal zone is critical 
in ultimately responsibly moving forward in these areas. Jamaica is a 
product of its coastal zone, and continues to reap benefits from this. Its 
stewardship of the coastal zone, however, should not be taken for granted.
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About the Environmental Foundation of Jamaica

The Environmental Foundation of Jamaica (EFJ) is the largest grant-maker 
in Jamaica and works to catalyze on-the-ground change in environmental 
conservation and child survival and development.  Born out of a creative 
“debt-swap” between the Governments of the United States and Jamaica, 
the EFJ received approximately US$21.39 million between 1993 and 2012 
under this arrangement.  In twenty years (1993-2013), through a strong 
track record of financial and grant accountability systems, and impressive 
returns on investments, the EFJ has taken a corpus of US$21.39 million 
and has made grant awards of approximately US$42 million to just over 
1,250 projects.  This has resulted in the EFJ having a significant impact on 
lives in Jamaica and the region. 

The EFJ is on the cusp of a consolidation of operations with the Jamaica 
Protected Areas Trust (JPAT)/Forest Conservation Fund (FCF).  The FCF 
has been in existence since 2004 (formed also through a “debt-swap” 
between the Governments of the United States and Jamaica) and has 
made grants of US$8.60 million to 48 projects. So combined, the EFJ 
(which is the name the consolidated entity would maintain) has 30 years 
experience in grant making and has awarded over US$50 million in grants 
to approximately 1,300 projects. 

Over the years, the EFJ grant portfolio has focused on various thematic 
areas.  Major environmental themes have included recycling, rainwater 
harvesting, reforestation, biological diversity, waste management, and 
coastal zone and marine management.  Early childhood development, 
children living with disabilities, parenting skills, and adolescents at risk 
are some of the child survival and development thematic areas that 
received support.   

As a national trust fund, and one of the oldest in the Caribbean and 
Latin American region, we have a strong working relationship with the 
Government of Jamaica and civil society (including a deep understanding 
of the landscape and context for operating in Jamaica), as well as regional 
and international partners (including the Network of Environmental 
Funds in Latin America and the Caribbean – RedLAC, Nature Caribé, and 
the International Union for Conservation of Nature – IUCN). We ensure 
that funds are spent effectively and efficiently, to maximize direct impacts 
for the environment and children of Jamaica.

The EFJ’s offices are located at 1b Norwood Avenue, Kingston 5 and more 
information can be had from our website www.efj.org.jm.
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Mission
To be a major funder of environmental protection and child survival 

initiatives in the interest of sustainable development. 

Vision
To be the regional leader in funding and influencing policy for envi-
ronmental management and conservation, as well as child survival 

and development.
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1b Norwood Avenue 
Kingston 5 

Tel: (876) 960-6744 
email: efj.ja@cwjamaica.com 

www.efj.org.jm 


