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ABSTRACT: Jamaica’s coastal areas play a vital role in thetag and economic life of the country. This is
reflected in the fact that over 50 percent of eenicoassets including air and sea port facilitiesl aourism
infrastructure are concentrated in coastal ardaklitionally, approximately 70 percent of the pagiidn resides in
coastal areas. In particular, over the past 1Q€drs, the demand for coastal space has intensifiadiderably,
resulting in a proliferation of both planned anglamned developments. This demand has persistgitel¢he fact
that Jamaica’s coastal areas are highly vulnettabhatural hazards such as hurricanes and stomesufThis poses
a dilemma for development planners as the interesity frequency of the hazard events has increaseecient
years, and the continued trend towards developrirertioastal areas is reducing the ability of thessas to
withstand their impact. These repeated storm evhate affected many coastal settlements and infcisre,
resulting in loss of lives, livelihoods, and damageounting to billions of dollarsThis paper discusses the possible
implications for climate change on developmentdamaica’s coastal areas through hurricanes anth storges.
Development trends in coastal areas are documemettighlighting population growth and tourism-reldt
development in coastal areas. The environmentilsagio-economic importance of coastal areas ikdldat by
examining the goods and services provided by cbastources. A contribution of historical analysiad
empirically based predictions of future climatentte is used to determine the potential implicatitorscoastal
areas. These strategies are especially criticaldmaica in achieving its goal of developed cgustatus by 2030
and making Jamaica the place of choice to live kyaise families and do business.




1. INTRODUCTION

Jamaica is a hazard-prone country. The countrysh#fered from hurricanes, floods, storm
surges, landslides, coastal erosion, droughts artdgpiakes. In the recent past, hurricanes have
been the most frequently occurring hazard. Thenttguhas experienced six storm events
including three major hurricanes and several fleednts between 2002 and 2007 that amounted

to a total of $73.19 billion in losses.

The on-going impact of extreme weather events {tames, storm surges, tsunamis, floods and
droughts) in coastal areas has given rise to spemfcerns about the impactdimate change

on coastal areas of Small Island States (SIDS)Jd&maica. This is because continued coastal
development is very likely to exacerbate risk fe &nd property from sea-level rise and storms.
Some of the likely impacts of climate change ineludss of high value land, deterioration of

coastal road infrastructure, degradation of beadatiesuption of livelihoods, and loss of tourism

infrastructure.

Much of the climate change impacts in Jamaica ikedyl to take place in the coastal areas.
Based on the topography of the island, the avalddhd for development and settlement is
limited. As such, the coastal plains have beearesttely developed. Most of the urban centres,
industries, tourist resorts and population aretlettan coastal areas. These areas are also used
for agriculture, mining, recreation and waste dsgo Taking these factors into consideration,
this paper concentrates on the following topics:dbographic setting and physical environment;
the socioeconomic importance of coastal resourdegelopment trends in coastal areas in an
attempt to identify the infrastructure and popuatat risk; and the emerging trends in climate

change. The paper also outlines some adaptatategies for climate change in coastal areas.

This comes against the background of projectignthé Intergovernmental Panel on the Climate Ch&i@C) of temperature rise of between
1.1 and 6.4 degrees Celsius (2.0-11.4 degreesritaiteby 2100 and sea level rise of between 280340 mm compared with 1990 levels.



2. GEOGRAPHIC SETTING

Jamaica, the third largest island in the Caribbsae Map 1), has an area of 10,939.7 square
kilometers. The island is 236 km (146 miles) lagd 35-82 km (22-51 miles) wide. The
topography of the island consists of a highlaneriot with mountain ranges and limestone
plateau and hills running the length of the islasutrounded by flat and narrow coastal plains.
The coastal plain is less than 3.2 km (2 miles)evatbng most of the north coast and areas of the
south coast. In other areas the plain widensaiiqularly in the St. Catherine and Clarendon
Plains and in the eastern and western ends ofldued. There are also three interior plains — St.
Thomas-in-the-Vale, the Queen of Spain Valley dredNassau Valley. These plains have fertile
soils and are prime agricultural lands. Some efabastal plains are swamplands with mangrove
forests.

Jamaica’s coastline, which is described as vametimegular, is 895 km (550 miles) in length.
This coastline supports a unique ecosystem inaudiarbours, bays, beaches, estuaries,
mangrove swamps, cays, coral reefs, rocky shor@sangth sharp increases in elevation and
coastal plains. The southern coastline is chataeté by long, straight cliffs, mangroves and
black sand beaches. The north coast is very ruggdvhite sand beaches. The largest bay —
The Kingston Harbour which is sheltered by the tmghe Palisadoes Spit, is the world’s
seventh largest protected harbour.

The south coast has a shallow shelf (less tharfdt@eep) extending for 8-32 km (5-20 miles)
from the shoreline. Within this area are barresfs and sand cays such as Booby Cay and Lime
Cay. Morant Cays and Pedro Cays are located fudttighore (33 miles south of Morant Point
and 40 miles south southwest of Portland Poinpaetively). Both of these cays are fishing
bases for the island’s fishers. There is littlefréevelopment along the south coast. The north
coast, on the other hand, has a plunging sea Wbarh plunges to depths of 1500-9000 metres
(5,000-30,000 feet) in the Bartlett trough. Fringyireefs are located along the north and

northeast shorelines.



MAP 1: Map of the Caribbean
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Climate
The climate is tropical maritime, mainly influencdy warm trade winds and orographic

breezes. There are variations in rainfall and naipire based on location and altitude.

Rainfall: The annual average rainfall for the island wds82mm in 2006. The Blue Mountains
and the northeast coast usually receive the higirestal rainfall, based on their location in the
direct path of the northeast trade winds. The szt coast usually receives the least rainfall,
often resulting in water shortages. There arerdistvet and dry seasons. The two wet seasons
are in May to June and September to November. drfest period is usually December to
March.

Temperature:Temperatures are fairly constant all year rounth iluctuations associated with
afternoon showers and frontal systems. The warmesths are June to August and the coolest
months are November to December. There are di@malaltitudinal variations. The average
annual temperature was 27.40 degrees celcius i®. 200

Hurricanes: The geographic location of the island makes it espsble to tropical weather
systems such as tropical waves, tropical depresstopical storms and hurricanes. The threat
of hurricanes is heightened during hurricane seasbich runs from June to November. These



storms usually result in flooding, landslides, st@urges and damage from the forces of intense

rains, high winds and high waves.

3. OVERVIEW OF ENVIRONMENTAL AND SOCIO-ECONOMIC IMPORT ANCE
OF COASTAL AREAS

Coastal areas provide goods and services thatilootrsignificantly to the economic life of the
country. The coastal plains are home to the ntgjofi the population of the country and most
of the economic activities. A brief overview ofrise aspects of the significance of coastal areas

is provided below.

Harbours
Sixteen of the bays around the island are utiliazedcommercial ports and they represent the
main economic and population centres of the countffhe major commercial harbours are

Kingston, Montego Bay, Ocho Rios and Port Antonio.
Beaches

Approximately 2.5 percent of Jamaica’s coastlineasupied by beaches and seaside parks. The
north coast of Jamaica consists of white sand lesachany of which are utilized for fishing and
recreational purposes. The white sand beachesegfilNMontego Bay and Ocho Rios have
been attributed as the main contributing factoth® growth and success of the island’s tourist
industry. The white sand beaches have their @igmthe erosion of offshore corals and
calciferous algae. The south coast is charactei®eblack sand beaches, which are formed
from river sediments as the extent of corals isa®wast along this coast (Natural Resources
Conservation Authority [NRCA], 1987).

Many of the beaches of Jamaica are experiencingjagr@as a result of natural and man-made
factors. Natural causes include hurricanes, staawes, sea level rise, ocean currents and
changes in river discharges. Human activities toatribute to coastal erosion include illegal
sand mining from beaches, sand dunes and the mouth&rs; and shoreline alterations during



development and removal of the natural defenses ascmangroves and seagrass (Statistical
Institute of Jamaica [STATIN] and NEPA, 2001).

Fisheries

Fishing beaches occupy approximately 1.3 percedawofaica’s coastline. The marine fishery is
mainly artisanal - open access and multi-speciBisere are a number of coastal communities
that depend directly on the marine resources flivedihood; these include Old Harbour Bay,
Rocky Point/Portland Cottage and Port Royal. At &md of 2006, there were 16,585 fishers
with 4,602 registered boats operating on 187 figlbeaches (Economic and Social Survey of
Jamaica [ESSJ], 2006). Average marine fish produngs approximately 9,220 tonnes per year,
valuing $2.8 billioA.

Coral Reefs

Coral reefs are large underwater formations creétmuh the calcium carbonate skeletons of
coral animals. Most coral reefs form in warm, Ehalsea waters and rise to or near the surface,
generally in the form of a barrier reef, fringingef, or atoll. Coral reefs have very important
functions to the sustainability of Jamaica’s coasthnd coastal areas. They are critical sources
of beach sand on Jamaica’s north coast, whicht&d to the tourism industry and they also
provide nurseries for fish and other marine speci€sral reefs protect the highly productive
coastal wetlands, ports and harbors, and the ecesdhey support. The protective function of
the reef comes from the reef buffering adjacentraimes from wave action, storms and
hurricanes. The reefs also prevent erosion, ptppleimage and loss of life. Further, coral reefs
contribute to the economy of Jamaica through toufigiving tours, fishing tours) and fisheries

(food production).

Jamaica’s coral reefs have changed dramatically tbreepast 20 years. At a depth of 10 metres,
the coral cover along the north coast has declireed 52 percent coverage in the 1970s to three
percent coverage in the early 1990s (NEPA, 200Deeper reefs are reportedly in better
condition. The major causes of coral reef deswadtave been diseases, hurricane damage and

the loss of herbivores through extreme over-fishingSewerage pollution, increasing

Calculated based on an estimated cost of $30Rilpgram



temperatures, siltation and excess nutrients aefattors influencing the deterioration of coral
reefs in Jamaica. Coral bleaching from increasetperatures in the ocean was reportedly most
severe in 1995 but declined in 1998 and 1999 (NEXA.).

Mangroves

Mangroves are trees and shrubs that grow in sabastal habitats in the tropics and subtropics.
Mangrove forests are found along 290 km or 29 peércdé Jamaica’s coastline and cover
approximately 97 square kilometers (NRCA, 1987Mangrove forests occur along much of
Jamaica’s south coast and in isolated strands dalmngorth coast. Mangroves are the breeding
habitat for many marine species, including shrimpjlusks, mussels, clams, oysters and some
fish. These marine species are very important f@sdurces for the country. Mangroves also
filter and assimilate pollutants in runoff, thuspraving water quality. They stabilize bottom

sediments and protect shorelines from erosion #met effects of strong winds and waves.

Current data on the status of mangroves are uréd@il However, it is generally known that the
mangrove forests of Jamaica have been declining rasult of increased land use demands by
humans (e.g. coastal development, charcoal prazhctiThis has resulted in loss of protection

for shorelines.
Swamps

A swamp is a wetland that contains temporary omaeent flooding of large areas of land by
shallow bodies of water. The major swamps ardJpeer Morass and the Great Morass in the
southwest and the Westmoreland Plain; north of Q@ a-Mar; and the Great Morass on the
western end of the island. Swamps provide sinfilactions to mangrove forests. In many areas

swamps have been drained to make way for developmen

4. SOME DEVELOPMENT TRENDS ON COASTAL AREAS

Both population growth and the expansion of ecomoamd commercial activities continue to
take place in Jamaica’s coastal areas. In thisosepopulation growth, and the development

trends in coastal areas are examined.



Population
At 2,673,800 (2006), Jamaica’s population has lggemwing at a relatively moderate rate (0.7

percent on average over the past 5 to 10 yearsJEZ06). Approximately 70 percent of the
population resides in the coastal areas (see MapHdwever, the growth in the main urban
centres, which are located in coastal areas, has b@nificantly higher, and the trend is
projected to continue (Appendix 1). The 10 fastgsiwing coastal towns grew an average of
27.3 percent in the last inter-census period (189d 2001) and are projected to grow by 34.0
percent to 1,194,844 in 2030 (P10J, 2004). Thomin ranged from 56.6 percent in Portmore,
St. Catherine to 13.4 percent in Montego Bay, &nek (Table 1 and Figure 1). The population
density for the island in 2006 was 244 personsspgeare kilometer but densities in urban areas

are much higher.

This continued growth trend in population will réds increasing demands for land along the
coast, which will increase the pressures on theadly sensitive coastal ecosystems. There will
be need for more housing construction which mag leadeforestation, encroachment on beach
areas, removal of coastal vegetation (mangrovespraper waste disposal and coral reef

degradation.



Map 2: Population of Jamaica

Table 1: Population Growth for 10 Fastest GrowingCoastal Towns

Main Urban Centres 1991 2001 % Change
Portmore 99911 156469 56.61
Ocho Rios 10424 15769 51.28
Negril, Westmoreland 4111 5670 37.92
Negril, Hanover 146 184 26.03
Yallahs 8207 9888 20.48
Discovery Bay 2100 2518 19.90
Savanna-La-Mar 16629 19893 19.63
Duncans 1868 2132 14.13
Old Harbour Bay 5591 6344 13.47
Montego Bay 85097 96477 13.37

Prepared by: Population Unit, Planning Institutddafaica, November 2004

4 Assumptions: (i) In general, population growtresator the inter-censal period, 1991 and 2001 baea used in the projections for areas
which did not refletinormal growth.
(i) Growth rates have beendified for areas which reflected abnormal growth.
(iii) Growth rates for areagch as Old Harbour Bay, Old Harbour and Portmexe been modified to
reflect plans to censt major housing settlements under the Highwa302®roject.
(iv) Figures are taken frompRBlation Census 2001 Vol. 2 STATIN and may reflentations from those published in the
Demographic Statist®3ATIN. The projections may differ marginallypfm those done previously. These variations



Figure 1: Percentage Change in Population for the &stest Growing Coastal Towns
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Commercial and Industrial Development
The Kingston Metropolitan Area (KMA)ncludes the largest city of Jamaica, Kingstorhe T

KMA is the country’'s commercial and industrial hublThe city is located on the Kingston
Harbour and the Palisadoes, which connects PoralRayd the Norman Manley International
Airport (NMIA) to the rest of the island. The KM#& one of the largest urban areas in the
Caribbean and presently contains 26.25 percenthef dountry's population ESSJ, 2006).
According to the Statistical Institute of Jamai@8(1), the population for the KMA alone, in
2001, stood at 579,137, representing 88.8 perdethiegpopulation of Kingston and St. Andrew

combined and 22.2 percent of the country's popanati

Kingston Harbouris a very valuable resource to the country. Iditawh to its ecological
functions - mangrove protection and waste assimiatthe Harbour provides industrial,
commercial, shipping, fishing and recreational fiorts. The Harbour is home to the Kingston
Container Termind] one of the region’s leading container transshiginperts. The value of the
Kingston Harbour in 2002 was estimated to be US&1fillion per annum (Natural Resources
Conservation Authority [NRCA], 2005).

should not be consédeeof any major significance.
*The KMA consists of the Parish of Kingston and sa®etions of St. Andrew.
® The port consists of two terminals which havetadaapacity of 2.2 Million (Twenty-foot Equivalebnits) TEUs. The terminal is currently
being expanded and will have a 100 percent incrégas®2 TEUS) in capacity upon completion in 2008.
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The three other important ports are all locatedh@nnorth coast.The Port of Montego Bag
situated in the second city of Montego Bay. Thet mthe country’s second international port
and operations include both cargo and cruise stiipites. There is also a marina for small
crafts within the harbourThe Port of Ocho Riosonsists of the Reynolds Bauxite Pier (used for
docking bauxite and cruise ships) and a dedicateéidecship pier.The Port Antonio Harbouis
home to the Errol Flynn Marina, which offers 32efikdockage berths (European). One of the
main activities at the Marina is the annual Intéioral Marlin Tournament which has been
around for 44 years and attracts participants fneany countries.

The Norman Manley International Airport (NMIA), “BhNation’s Gateway,” is located on the
Kingston Harbour. The NMIA is Jamaica’s primarypait for business travel and for the
movement of air cargo. The Airport reportedly cai® over 1.7 million passengers per year and
handles over 70 percent (16 million kilogram) af thland's air freight (NMIA, 2007).

Of significance is the development of the waterframea and the Central Business District of the
KMA with major roads and multi-storey buildings inding the Bank of Jamaica, Scotia Bank
Centre, the Jamaica Conference Centre, the Jan@imek Exchange, the Kingston Mall,

commercial banks, large insurance companies, lgndgencies, building societies and credit
unions. Although there was no available data @rttonetary value of these structures, they

house some of the country’s major financial insitos.

Tourism Development

Tourism has been one of Jamaica’s largest forexghange earners over the past 5-10 years
with earnings of over US $1 billion per annum. Tberism industry accounted for an estimated
7.3 percent of the countries Gross Domestic Pro@@€P) in 2006. The industry is also a

major employer. In 2006, 31,827 persons were eyaplon the accommodations sector (ESSJ,
2006). Additional persons are employed in tourretated activities such as restaurants, tour
operators, retail stores and taxi operators. Theidm industry has experienced substantial
increases in recent times. Total visitor arriialghe island was 3,015,358 in 2006, an increase

of 15.3 percent from 2005. Stop-over visitors @ased by 13.5 percent (to 1,678,905) and
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cruise passengers arrivals increased by 17.7 pe(teri,336,453). Visitor expenditure also

increased by an estimated 22.1 percent to US ¥ 3&8illion.

Jamaica’s tourism industry, which is based on tie sand and sea concept, is concentrated in
north and northwest coasts at Ocho Rios, MontegbNeygril. These areas were identified as
Resort Centres (with more than 2000 rooms eachhdWaster Plan for Tourism Development,
and the goal was to concentrate new hotel develofsmi@ these areas to maximize levels
attainable with carrying capacity constraints. dddition, four resorts (between 500-2,000
rooms)—Port Antonio, Oracabessa, Runaway Bay alrddegh were identified. The remainder
of the industry would focus on Community Tourisrmhigh was based on attractions such as Port
Royal, Spanish Town, Titchfield Hill and Fern Gullyrhe cruise tourism is also concentrated
along the north coast with the main terminals ledah Ocho Rios and Montego Bay. There are

proposals to expand the Montego Bay terminal anéldp one in Falmouth.

The policies of the Government of Jamaica (GOJperage further growth in the sector with
targets of 5.5 percent per annum increase in stepAgsitors, 8.4 percent per annum increase in
visitor expenditure and 4 percent per annum iner@asoom stock. There has been much effort
in achieving these targets. Jamaica Trade anatrfy&l) has been actively seeking investments
in the country and the results for the tourism @eatdicate that the target will be met for
accommodations. JTI has reported that 10,000 ra@el hooms are scheduled to be introduced
in the island by 2012 in all-inclusive hotels imlei coastal locations (Appendix Il). The plans
also include a theme park in St. Ann; cruise shopt pn Hanover; and some 2, 000 villas.
Additionally, an estimated 18,244 permanent jobe & be created by the expected
developments. One development was completed i6,200ich introduced 846 rooms into the
industry. Several developments are scheduled toob#pleted in 2007, while others have not
yet started (see MAP 3, Appendix IV).
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According to the Master Plan, these developmentstourism will be accompanied by
development of housing solutions, social ameniaes recreational facilities. The Resort
Centres would have “sizeable towns with good irfteture — including sewage, water and
electricity.” This compounds the pressure on a@assources. The developments in tourism
have had a major impact on Jamaica’s coastal resputOne of the main areas of concern relate
to the siting of the tourism infrastructure in @ogroximity to the sea. As shown in MAP 4
(Appendix V), most of the hotels are located altdmgshoreline, making them highly vulnerable
to climate change — sea level rise and storm surdée infrastructure for the related activities
such as restaurants, stores, clubs and othertaitra@re also located near to the shoreline. This
is mainly because the tourism product continuesniphasize coastal resources of the island, in
particular the beaches. The vulnerability of theserly sited hotels will be exacerbated by
damage to mangroves, forests and coral reefs. @&adthese ecosystems are natural defenses to
storm surges and coastal floods. The dilemma éntdlirism situation is that there are socio-
economic gains for the country; however, its effisctindermining the very resource on which

the industry is dependent, thereby jeopardizingstistainability of the industry.

4. CLIMATE CHANGE IMPACTS- EMERGING TRENDS

This section looks at emerging trends regardinghaie change impacts such as hurricanes,

storm surges and scenarios for sea level and steem

In a 2007 report to the Intergovernment Panel am&k Change (IPCC) on Small Islands and
Climate Change, Mimura, et. al. reported that tikely impacts of climate change for the
Caribbean (and Jamaica) include sea level rise. X8 @ 0.58 metres by 2090; increasing air
temperatures of 0.48-1.06 degrees celcius betw@ed &nd 2039; and precipitation change by a
range of -14.2 to +13.7 between 2010 and 2039 Tabée 2). The report states that, based on
the scale of land surface to sea surface in smslalds, the given air surface temperatures may

be more open ocean surface temperatures and rietrgoeratures.
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Table 2: Projected Changes in air temperature, prepitation and sea level, relative to the
period 1961-1990

2010-2039 2040-2069 2070-2099
Temperature’C) 0.48t0 1.06 0.791t0 2.45 0.94t04.18
Precipitation (%) -14.2 to +13.7 -36.3t0 +34.2 A® +28.9
Sea level (m) 0.191t0 0.58

Source: Mimura et. al. 2007

If the predicted climate change occurs, Jamaidikédy to see increases in extreme weather
events such as hurricanes, flood rains, droughtseased coastal erosion, increased inundation
of coastal wetland and lowlands, increased riska@stal housing and infrastructure and loss of

coastal habitats and species.

A rise in sea level of 30-35 mm over the next 5@rgeaises concern for the low lying coastal
areas of Jamaica, with high population densitiesjustrial, commercial and tourism

development at risk. Among the ecosystems mogtevable to sea-level rise are beaches,
wetlands, sea-grass beds and coral reefs. Beasioerpatterns are expected to experience
change due to the increased forces of wind, tisescarrents. Coral reefs are expected to be
impacted significantly due to their sensitivity ttmperature changes brought about by climate

change.

There is emerging evidence that Jamaica and mdb$ 3te already experiencing the effects of
climate change. Peterson et al (2002) in theseaech on recent changes in climate extremes in
the Caribbean Region stated the following conchsio

the extreme intra-annual temperature range isedsorg;

the number of very warm days and nights is increpdramatically while the number of

cool days and nights are decreasing;

the maximum number of consecutive dry days is @Gesing; and

the number of heavy rainfall events is increasing.

Hurricanes
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Based on the projected increases in temperaturés,speculated that any rise in sea surface
temperature will be accompanied by an increaselirnidane frequency and intensity. Hurricane
intensity is measured using the Saffir-Simpsonescalhis is a five-rating (1-5) scale used to
give an estimate of the potential property damage f#ooding expected from a hurricane
landfall. A category one hurricane is the weakeste a category five is the most powerful and
results in catastrophic damage (see Appendix Mjind speed is the determining factor in the
scale, as storm surge values are highly dependettteosiope of the continental shelf and the
shape of the coastline, in the landfall region ({®f&l Hurricane Centre, 2007).

As mentioned, the IPCC scenario for the Caribbeadipts that Jamaica can expect to get
extreme weather events more frequently and of greatensities. This has already been the
case as Jamaica has been impacted by six majocdnes between 2004 and 2007 and major
flood rains in 2002. Prior to 2004, the frequentgvents was significantly less with Hurricane

Charley impacting the island in 2001 and Hurricexkbert in 1988. These events have resulted
in exorbitant costs to the already fragile econahthe island. Table 3 summarizes the events
and their economic impacts, while Table 4 showsprediminary costs of damage and losses

caused by Hurricane Dean in 2007.

Apart from the actual cost of damage and lossésthake events have negatively impacted

production activities. The result has been thatptojected economic growth targets have been
missed. For exampl@ relation toHurricane Deajdamage and losses in the productive sector
represented the greatest portion of impact accogrfitir over 50.0 percent of the estimated total.

As a result, growth targets were adjusted downwvtaril.1 per cent for 2007 instead of the 2.1

per cent forecast prior to its passage.

Table 3: Selected natural disasters in Jamaica antheir impact

EVENT Year Category Cost ($JB) Impact (%

GDP)
Hurricane Gilbert 1988 5 ~8.3 65.0
Hurricane Michelle 2001 4 2.52 0.8
May/June Flood Rains 2002 - 2.47
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Hurricane Charley 2004 4 0.44 0.02
Hurricane lvan 2004 3 36.9 8.0
Hurricanes Dennis & 2005 4 5.98 1.2
Emily

Hurricane Wilma 2005 5 3.6 0.7
Hurricane Dean 2007 4 23.8 3.4
Total n/a n/a 84.01 n/a

Source: Compiled by the PIOJ with data from variagsncies

The indirect economic loss associated with storiated events very often affects government
finances and results in a decline in business iictivhich would result in reduced sales and
income taxes. The declines would arise from dantagée private sector such as commercial

and industrial property. Natural disasters cao @igpact negatively on the macro economy by

creating inflationary pressures.

Table 4: Preliminary Costs of Damage and Losses caused bycdne Dean, 2007 ($million)

Sector and Sub-sector $million
Direct Indirect Total Private Public

Total 14,231.16 8,658.78  22,889.94 18,683.69 4,206.25
Social 6,978.25 77.18 7,055.43 5,961.68 1,093.75

Housing 5,961.68 5,961.68 5,961.68

Education and Culture 727.86 727.86 727.86

Health 202.36 77.18 279.54 279.54

Correctional Facilities 77.08 77.08 77.08

Heritage Sites 9.27 9.27 9.27
Productive 3,882.68 7,708.60 11,591.28 11,451.08 140.20

Domestic Crop 904.37 904.37 904.37

Livestock 74.50 74.50 74.50

Greenhouse/Protected Cultivation 52.47 52.47 AB2

Agricultural Crops*1 2,357.45 5,603.00 7,960.45 @ ,96D.45

Fisheries*2 310.00 75.60 385.60 385.60

Irrigation 17.20 0.00 17.20 0.00 17.20

Mining 2,030.00 2,030.00 2,030.00

Tourism 43.69 0.00 43.69 43.69

Manufacturing 0.00 0.00 0.00

Recovery and Relief Assistance 123.00 0.00 123.00 ' 0.00 123.00

For example, prior to Hurricane Dean it was prigédhat inflation would be contained within thegle digit range of 6.0 — 7.0 per cent (up to
July the rate was 4.0 per cent). Given the humdcand the influence of other global events, itde anticipated that inflation for calendar year

2007 will fall between 8.0 per cent and 10.0 pertce
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Infrastructure 3,370.23 150.00 3,520.23 1,270.93 2,249.30
Electricity*3 1,073.25 1,073.25 1,073.25
Water Supply and Sanitation 52.00 150.00 202.00 202.00
Transport/Roads and Bridges 2,047.30 2,047.30 2,047.30
Telecommunications*4 197.68 197.68 197.68
Airports 0.00

Environment 0.00 120.00 120.00 120.00
Forestry 0.00 0.00
Waste Management 120.00 120.00 120.00

Emergency Operations 603.00 603.00 603.00
Government Relief Assistance 580.00 580.00 0.838
ODPEM Recovery Activities 23.00 23.00 23.00

Source: Compiled by the PIOJ with data from vagiagencies

The tourism sector has been severely affected éyntbre frequent and intense storm events.
The impact on the industry has been threefold.stFihe coastal ecosystems on which the
industry depends have suffered extensive damage.eXxample, during Hurricane lvan 2004,
beaches and coral reefs in western Jamaica sustd@meage due to the action of the storm surge
that in some places reached three metres in hei§econd, damage to the infrastructure and the
consequent reduction in visitor arrivals have reslin considerable economic loss. Flood rains
in 2002, in addition to Hurricanes Dennis (2005yilg (2005), Ivan (2004) and Dean (2007)
resulted in direct loss to the sector of $ 1.6idnill Third, the livelihoods of many tourism

workers has been impacted due to disruption i graployment.

Sea Level Rise/Storm Surge

A storm surge may be defined as an offshore risevater associated with a low pressure
weather system, usually tropical storms. The sisggenerated by high winds pushing on the
ocean’s surface. The wind causes the water taupileigher than the ordinary sea level creating
a storm tide. Storm tides (or hurricane tides) lsave water levels of more than 5 m (17 feet)
and can cause severe coastal flooding, especidnvwombined with normal high tide (see

Figure 2).

Figure 2: Storm Surge Schematic
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Source: National Oceanic and Atmospheric Adminigtra(NOAA)

Jamaica’s ability to predict storm surge activigylimited by lack of data. However, some
analysis has been done by Mona Geo-Informaticsyaysity of the West Indies (UWI). Mona
Geo-Infomatics modeled the impacts of storm surgksea level rise for Jamaica (see Map 5).
The model is based on the following assumptions:
The model is based on national-scale data aneisftire not optimized for local scales.
The model is based on terrestrial topography. Opla@ameters such as local coastal
conditions as well as off-shore bathymetry are wonsidered. Tropical storm
characteristics necessary for storm surge genaratmnot considered either.
Sea level rise assumptions are based on IPCC gtalballations, and were not specific
to the tropics or to Jamaica
Storm surges assume omni-directional impact; adtohct may vary within parameters

of models. Values used reflect range of historstafm surge and tsunami on Jamaica.

The model revealed that there will be “criticaldaxf land in the several parts of the island.” The
predicted loss of land area is 101.9%frthe sea level increases by a 0.18 m rise afd44dn?

for a 10 m increase (see Figure 4). The areasatieatost likely to be affected are Palisadoes,
Portmore, Old Harbour Bay, Rocky Point/Portlandt@ge, Black River, Savanna-La-mar and
Negril (see Figure 5). These areas are amongatstedt growing urban centres (Old Harbour
Bay and Portmore) and are the location of manyhef économic activities. The Palisadoes
which would be completely inundated with a 1 m iisesea level, is the location of the NMIA
and the entire community of Port Royal. The proboecfor the harbour would also be lost.
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Negril is one of the leading resort centres for toaintry accounting for approximately 26
percent of hotel rooms for the island (JTB, 200&J &7 percent of the island’s employment in

the accommodations sector.
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Map 5

Source: Mona Geo-Informatics Institute

Figure 4: Sea Level/Storm Surge Impact Scenario: Ginge In Land Area
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Figure 5: Scenario for Coastal Vulnerability to Sed_evel Rise/Storm Surge

Source: Mona Geo-Infomatics Institute

A closer look at the KMA in Figure 5 shows that -2 Inetre rise in sea levels would impact
critical infrastructure which includes buildingsads, airports, port facilities and manufacturing
and service industries, putting all at risk fromoftling in the event of sea level rise and intensive
precipitation activities caused by changing rainfahtterns and/or hurrican&s. The
concentration of human settlements and infrastraciithin the coast has, therefore, increased

their vulnerability to not only flooding, but alstorm surges and hurricane events.

Most extreme storm surge events occur as a resalttieme weather systems, such as tropical

cyclones. Storm surges have been recorded for daraaifar back as 1712. Surges were also

These include the Bank of Jamaica, the Norman Mamhieernational Airport, the Urban Development
Corporation, The KSAC, the Jamaica Conference @ettie Cement Company of Jamaica, the Shipping Rod
Storage Facilities, The Waterfront Park, variousegoment ministries, including Finance and Educatnd the
Gleaner Company. In addition, several schools andast number of commercial enterprises and redmlent
communities, including Port Royal, Tivoli, Rae TowBull Bay and Harbour View communities and comradrc
businesses such as Grace Kennedy, Scotia Bank ¢ffféze) and the Kingston Craft Market would beeafied.
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recorded in 1722, 1744, 1780, 1815, 1874, 19037,19950 and 1980. Storm surge associated
with Hurricane Ivan caused considerable damage dastal roads and coastal residential
infrastructure in the south coast areas of St. TdgmrKingston and St. Andrew. The Palisadoes
main road, which links the city of Kingston to tNerman Manley Airport was blocked by sand
and debris 1 metre high that was pushed over bgdhe In addition, the livelihoods of south
coast fishing communities such as Rocky Point aodlahd Cottage in Clarendon suffered
severe damage from the effects of the storm sufde. sea moved through degraded mangroves
and caused severe damage and destruction to Rb@lattage which is located approximately
1.6 metres from the shoreline. At Rocky Pointeetion of the fishing village was destroyed and

houses futher inland were damaged by the risingmiedm the sea.

The most recent storm surges experienced in Jamaicathose generated by Hurricane Dean, a
Category Four (Saffir-Simpson scale) hurricane ffedsed over Jamaica on August 19, 2007.
Although the eye of the hurricane passed 80 kiloesetouth of Kingston, storm surges reaching
up to 13 m in height were experienced along théeeasind southern coasts. The highest wave
was recorded in Sandshore, Manchioneal, Portlanth@mortheast coast (See Figure 6). The
run-up for the waves ranged from between 20 and rh3@om the shoreline. There was

extensive damage to buildings (houses, recreatiandlcommercial structures) and roadways;

there was loss of livestock and other agricultpraducts and tons of debris washed onshore.
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Figure 6: Hurricane Dean Storm Surge Wave Heights

14
12
£ 10
5 8
:  © _ Hurricane Direction
(4]
>
§ 4
2
0
> @ > & N &
& & & F KA
XX (\& OQ? &(\ ‘0@ N=)
& & & & ? &
< S & & o <&
Of? < (C?‘e o
QO
Affected Areas

Source: Prepared by the PIOJ based on data prokidbtines and Geology Department, Jamaica

Further analyses of storm surges are being donthd\Office of Disaster Preparedness and
Emergency Management (ODPEM), which is implemen#éirgyoject to map storm surges. This
will put the country in a better position to pradstorm surge occurrence for hurricanes of

different intensities.

5. ADAPTATION

Jamaica remains an insignificant contributor toegf®use gas emissions that impact on global
climate change. However, the country is likelystdfer disproportionately from the effects of
climate change in the coming decades. This wilehsignificant implications for the goal of
achieving developed country status by 2030. Jaamanast, therefore, adapt to the changing
circumstances. Adaptation requires vulnerabilissessments involving a wide variety of
disciplines and sectors. Some of the adaptati@begfies for coastal areas in Jamaica are given

below.

Adaptation strategies are based on the assumptaircimate change is inevitable. Therefore,

as a country, we will have to find ways of co-exigtwith it. The need for adaptation takes on
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added significance when the current settlementigordtion and population projections are
taken into consideration. In effect, it will beanky impossible to retreat from coastal areas in
many instances. Therefore, we need to pursuegtestinvolving what is referred to broadly as
accommodation and protection. Adaptation stragegien to minimize the impact of climate.
Some useful adaptation strategies should be to:
Guide strategic development to locations offeringater protection from impacts such as
flooding, erosion, storms, water shortages andidabse.
Ensure that new and existing building stock areemesilient to climate change impacts.
Incorporate sustainable drainage measures andstaglards of water efficiency in new
and existing building stock.
Increase flood storage capacity and develop sudikEmew water resources.
Protect coastal ecosystems i.e. mangroves and @@t from further degradation. In
the case of mangroves — implement afforestatiograromes in relevant areas along the
coast. These measures can help to stabilize th& and restore the protective function
of coastal ecosystems.
Construct multi-purpose shelters throughout thestadaarea. These shelters should be
large enough to hold humans, animals and propering extreme events.
Construct embankments in low-lying coastal are&Bsnbankments prevent water from
penetrating. If water rises over the embankmemtsrgy of water is reduced and so does
the potential damaging impact of the water.
Focus on traditional community adaptation practstestegies. Over the years, people
may have developed their own strategies to cople lnazards and disasters. These may

be enhanced.

6. CONCLUSION

Many of the economic and social infrastructuregarhaica are located in the coastal zone and
are, therefore, vulnerable to climate change. Phger has discussed the possible implications
for climate change of developments in Jamaica'sstabaareas with particular reference to
hurricanes and storm surgeSoastal ecosystems (coral reefs, mangroves, swanipsh act as

defense mechanisms for the shoreline against impswth as hurricanes, storm surge and
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flooding have been compromised by the encroachreéndevelopment. This has further
exacerbated the vulnerability of coastal areashto likely impacts of climate change. More
research is required to determine more reliableessssents so that effective response
mechanisms can be developed. Some adaptation sgtewve been identified. These will be

critical in reducing the impacts of climate chamgethe sustainable development of the country.
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APPENDIX |

Population Projections for main Coastal Towns, 2002030

Main Towns Population 1991 2001 2005 2010 2015 2020 2025 2030
Kingston Metropolitan Area 577117 579137 587286 597637608170 618888 629796 640895
Morant Bay 9711 10782 11251 11805 12392 12989 13599 14219
Port Morant 3038 3007 2990 2963 2932 2897 2861 2824
Yallahs 8207 9888 10643 11652 12741 13914 15173 16527
Port Antonio 13803 14568 14919 15337 15768 16208 16660 17125
Buff Bay 3852 4210 4371 4573 4784 5004 5235 5475
Port Maria 7281 7439 7503 7578 7649 7719 7844 7969
Annotto Bay 5533 5423 5380 5319 5258 5194 5167 5138
Oracabessa 4114 4230 4278 4333 4388 4442 4528 4615
St. Ann's Bay 11235 10441 9946 9832 9774 9742 9613 9488
Ocho Rios 10424 15769 18257 20308 22768 25229 26248 28358
Discovery Bay 2100 2518 2656 2913 3222 3555 3720 3894
Runnaway Bay 5749 5840 6100 6612 7223 7870 8186 8515
Falmouth 8039 8188 8248 8324 8401 8478 8556 8806
Montego Bay 85097 96477 101444 10801415010 122459 127835 133447
Lucea 5967 6062 6100 6148 6183 6222 6258 6346
Negril 146 184 200 226 253 283 310 359
Savanna-La-Mar 16629 19893 21457 2340025708 27688 29547 31532
Negril 4111 5670 6269 7340 8246 8995 9819 10718
Black River 4200 4095 4085 3996 3981 3966 3951 3936
Portmore 99911 156469 166845 17155980556 190029 200000 210493
Old Harbour Bay 5591 6344 8374 17502 18972 20565 22292 24165
TOTAL 891855 976634 1008602 1047367084379 1122336 1157198 1194844
Source: Prepared by: Population Unit, Planningituntst of Jamaica, November 2004

Assumptions:

(1) In general, population growth rates for the intengal period, 1991 and 2001 have been

used in the projections for areas which did ndeotfabnormal growth.

(ii) Growth rates have been modified for areas whidectfd abnormal growth.
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(iii)

(iv)

Growth rates for areas such as Old Harbour Bay, Kddoour and Portmore have been
modified to reflect plans to construct major hogsgettlements under the Highway 2000
Project.

Figures are taken from Population Census 2001 2/8ITATIN and may reflect variations
from those published in the Demographic StatisSBATIN. The projections may differ
marginally from those done previously. These vanes should not be considered of any

major significance.
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APPENDIX I
List of Hotels Scheduled

Project Location Year of Estimated | Number | Estimated Status
Implementation Year of of Jobs
Completion | Rooms | (Permanent)
Hotel RIU llI St. Ann 2003 2005 846 900 Completed
Fiesta Hanover 2006 2009 1600 1280 Broke ground in
2006. Phase 1
scheduled for
completion
December 2007.
Iberostar St. James 2005 2010 95( 855 Construittior]
progress — Phase|l
(350 rooms)
scheduled for
completion April
2007
Grupo Trelawny 2006 2009 1650 2400 Expected to break
Excellence ground in 2007.
Grupo Pinero St. Ann 2005 2008 1918 2000 Phase 1 opened
— Bahia Dec. 2006 with
Principe Hotel 549 rooms
Palmyra St. James 2005 2010 1309 1100 Phase 1 expected

Condominium to be completed in

2007 with 433

Project
rooms
Golden Eyé&’ St. Mary 2006 2008 219 153 The project is
expected to be
completed by
2008.
Harmony Trelawny 2009 2011 4000 8000 To date this
Cove™ project has not
broken ground
PRS Fuerte St. James 2007 2009 700 1000 Expectedak
ground in 2007.
Secret Westmoreland 2005 2007 26 70 Construction jn
Paradise progress.
Completion
scheduled for
2007
RIU IV St. James 2007 2009 701 450 Application far
permits have been
submitted to the
various agencies
Alcovia St. Mary 2005 2007 26- 2 16 Construction In
®Development bedroom Progress —
(Tranquility Apts. Scheduled to open
Cove) March 2007

Source: Jamaica Trade and Invest

This project is already operational but is undangaxpansion
14 The Jamaican Government has partnered with primagstors for the realisation of this project
15 The development proposes strata ownership toéefos vacation accommodations under a managereeta program
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APPENDIX IlI

The Saffir-Simpson Hurricane

Category One Hurricane:
Winds 74-95 mph (64-82 kt or 119-153 km/hr).

Storm surge generally 4-5 ft above normal.

No real damage to building structures. Damage gmilgnto unanchored mobile
homes, shrubbery, and trees. Some damage to pmmn$yructed signs.

some coastal road flooding and minor pier damage.

Category Two Hurricane:
Winds 96-110 mph (83-95 kt or 154-177 km/hr).

Storm surge generally 6-8 feet above normal.

Some roofing material, door, and window damageuwidings. Considerable damage to
shrubbery and trees with some trees blown down.nsfderable damage to mobile

homes, poorly constructed signs, and piers.

Coastal and low-lying escape routes flood 2-4 hdwetore arrival of the hurricane

center. Small craft in unprotected anchorages bmeadrings.

Category Three Hurricane:
Winds 111-130 mph (96-113 kt or 178-209 km/hr).
Storm surge generally 9-12 ft above normal.

Some structural damage to small residences anty ttilildings with a minor amount of

curtainwall failures.
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Damage to shrubbery and trees with foliage blowrtreks and large trees blown down.

Mobile homes and poorly constructed signs are ostt.

Low-lying escape routes are cut by rising water I3&rs before arrival of the center of
the hurricane. Flooding near the coast destroydlamnsructures with larger structures
damaged by battering from floating debris. Terraomtinuously lower than 5 ft above
mean sea level may be flooded inland 8 miles (13 &ammore. Evacuation of low-lying

residences with several blocks of the shoreline beagequired.

Category Four Hurricane:
Winds 131-155 mph (114-135 kt or 210-249 km/hr).
Storm surge generally 13-18 ft above normal.

More extensive curtainwall failures with some coetelroof structure failures on
small residences. Shrubs, trees, and all signs béwen down. Complete
destruction of mobile homes. Extensive damage twdand windows. Low-lying
escape routes may be cut by rising water 3-5 hioefere arrival of the center of

the hurricane. Major damage to lower floors of stres near the shore.

Terrain lower than 10 ft above sea level may bedem requiring massive

evacuation of residential areas as far inland mslé&s (10 km).
Category Five Hurricane:

Winds greater than 155 mph (135 kt or 249 km/hr).

Storm surge generally greater than 18 ft above abrm

Complete roof failure on many residences and imdusbuildings. Some
complete building failures with small utility builtgs blown over or away. All
shrubs, trees, and signs blown down. Complete wiggin of mobile homes.
Severe and extensive window and door damage.

Low-lying escape routes are cut by rising water Bebirs before arrival of the

center of the hurricane.
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Major damage to lower floors of all structures kechless than 15 ft above sea
level and within 500 yards of the shoreline.
Massive evacuation of residential areas on low mgdowithin 5-10 miles (8-16

km) of the shoreline may be required.
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APPENDIX IV
MAP 3
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APPENDIX V
MAP 4
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