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NOTES AND EXPLANATIONS OF SYMBOLS: 

The following symbols have been used in the present study: 

A full stop (.) is used to indicate decimals 

n.a. is used to indicate that data are not available 

The use of a hyphen (-) between years, for example, 2010-2019, signifies an annual average for the calendar 

years involved, including the beginning and ending years, unless otherwise specified. 

The word ―dollar‖ refers to United States dollars, unless otherwise specified. 

The term ―billion‖ refers to a thousand million. 

The boundaries and names shown and the designations used on maps do not imply official endorsement or 

acceptance by the United Nations. 
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EXECUTIVE SUMMARY 

 

Owing to their high vulnerability and low adaptive capacity, Caribbean islands have 

legitimate concerns about their future, based on observational records, experience with 

current patterns and consequences of climate variability, and climate model projections.  

Although emitting less than 1% of global greenhouse gases, islands from the region have 

already perceived a need to reallocate scarce resources away from economic development 

and poverty alleviation, and towards the implementation of strategies to adapt to the growing 

threats posed by global warming (Nurse and Moore, 2005). 

 

The objectives of this Report are to conduct economic analyses of the projected 

impacts of climate change to 2050, within the context of the IPCC A2 and B2 scenarios, on 

the coastal and marine resources of St. Kitts and Nevis (SKN).  The Report presents a 

valuation of coastal and marine services; quantitative and qualitative estimates of climate 

change impacts on the coastal zone; and recommendations for possible adaptation strategies 

and costs and benefits of adaptation.  

 

A multi-pronged approach is employed to valuing the marine and coastal sector.  

Direct use and indirect use values are estimated.  The amount of economic activity an 

ecosystem service generates in the local economy underpins estimation of direct use values.  

Tourism and fisheries are valued using the framework developed by the World Resources 

Institute.  Biodiversity, an indirect use value, is determined in terms of the ecological 

functions it provides, such as climate regulation, shoreline protection, water supply erosion 

control and sediment retention, and biological control, among others.   

 

Estimates of future losses to the coastal zone from climate change are determined by 

considering: (1) the effect of sea level rise and coral reef decline on coastal lands; and (2) the 

effect of a rise in sea surface temperature (SST) on coastal waters.  Discount rates of 1%, 2% 

and 4% are employed to analyse all loss estimates in present value terms. 

 

The overall value for the coastal and marine sector are USD $342.4 million (mn).  As 

a ratio to SKN‘s 2008 GDP, the sector‘s size is 60%.  Biodiversity comprises almost 78% of 

the value of the sector. 

 

By 2050, the effects of climate change on coastal lands are projected to be $1,026.4 

mn and $832 mn under the A2 and B2 scenarios respectively.  In present value terms, if A2 

occurs, losses range from $197.7-$657.8 mn and if B2 occurs, losses range from $160.2-

$547.8 mn.   With respect to coastal waters, estimated costs of a rise in SST by 2050 indicate 

losses between $646.8 mn and $1,034.9 mn  Assuming a discount rate of 4%, losses are 

$124.6 mn for the B2 scenario and $199.3 mn for the A2 scenario.  If a discount rate of 1% is 

assumed, estimated losses are much greater, ranging; $425.9 mn under B2 and 684.4 under 

A2.  When taken together, overall losses to the coastal and marine sector by 2050 are $1.479 

billion under B2 and $2.061 billion under A2.  In present values, losses range from $284.8-

$973.7 mn under B2 and $397.0-$1,357.2 mn under A2, depending on the discount rate 

employed.   

 

Factoring in projected climate change impacts, the net present value of the coastal and 

marine sector suggests that the costs of climate change exceed the sector‘s current value for 

nearly all scenarios, assuming discount rates of 1%, 2% ad 4%; the only exception is for the 

B2 scenario using a discount rate of 4%.   
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The study also developed a baseline or ―business as usual‖ (BAU) pathway—the ―no 

climate change‖ trajectory—for the value of the coastal and marine sector up to 2050.  Under 

BAU the sector is predicted to have a value of $1.115 billion by 2050.  When comparing the 

trajectory of the sector‘s value ―with climate change‖, that is, under the A2 and B2 climate 

change scenarios, with little exception, the sector‘s value is negative.   

 

Since SKN emits minimal greenhouse gases, but will be greatly affected by climate 

change, the Report focuses on adaptation as opposed to mitigation strategies.  The options 

shortlisted are: (1) Enhance monitoring of all coastal waters to collect a variety of data, 

including water temperature and salinity for early warning; (2) introducing artificial reefs or 

fish-aggregating devices; (3) introducing alternative tourist attractions; (4) providing 

retraining for displaced tourism workers; and (5) increasing recommended design wind 

speeds for new tourism-related structures.   

 

Of the 5 options considered 4 had benefit-cost ratios of at least 1 over a 20-year 

horizon: option 1; option 2; option 3; and option 5.  While option 4 has a ratio below 1, once 

non-tangible benefits are included in the analysis it is quite likely that this ratio might easily 

rise above 1.  Indeed, while retraining workers might not be cost-effective, in terms of the 

national well-being, the option might still be considered ultimately viable.   
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I. INTRODUCTION 

 

The Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report (AR3) 

noted that small island states, such as those in the Caribbean, share many similarities (e.g., 

physical size, proneness to natural disasters and climate extremes, extreme openness of their 

economies, low adaptive capacity) that enhance their vulnerability and reduce their resilience 

to climate variability and change. 

 

Observational data showed a global mean temperature increase of around 0.6°C 

during the 20th century.  Notably, the rate of increase in air temperature in the Caribbean 

during the 20th century exceeded the global average.  Mean sea level rose by about 2 

mm/year, although sea-level trends are complicated by local tectonics and El Niño-Southern 

Oscillation (ENSO) events, an interaction between pronounced temperature anomalies and 

sea-level pressure gradients in the equatorial Pacific Ocean, with an average periodicity of 2 

to 7 years.  The AR3 also found much of the rainfall variability appeared to be closely related 

to ENSO events, combined with seasonal and decadal changes in the convergence zones. 

 

Owing to their high vulnerability and low adaptive capacity, Caribbean islands have 

legitimate concerns about their future, based on observational records, experience with 

current patterns and consequences of climate variability, and climate model projections.  

Although emitting less than 1% of global greenhouse gases, islands from the region have 

already perceived a need to reallocate scarce resources away from economic development 

and poverty alleviation, and towards the implementation of strategies to adapt to the growing 

threats posed by global warming (Nurse and Moore, 2005). 

 

The TAR reported that sea level is projected to rise at an average rate of about 5.0 

mm/year over the 21st century, and concluded that sea-level change of this magnitude would 

pose great challenges and high risk, especially to low-lying islands that might not be able to 

adapt (Nurse and others, 2001).  Given the sea level and temperature projections for the next 

50 to 100 years, coupled with other anthropogenic stresses, the coastal assets of the 

Caribbean (e.g., coral reefs, mangroves, sea grasses and reef fish), would be at great risk.  As 

the natural resilience of coastal areas may be reduced, the costs of adaptation could be 

expected to increase.  Moreover, anticipated land loss, soil salinisation and low water 

availability would most likely threaten the sustainability of island agriculture and food 

security. 

 

In addition, the AR3 noted that most settlements and infrastructure of island states are 

located in coastal areas, which are highly vulnerable not only to sea-level rise but also to high 

energy waves and storm surge.  Further, temperature and rainfall changes and loss of coastal 

amenities could adversely affect the vital tourism industries.  Other cultural assets, especially 

those near the coasts, were also considered to be vulnerable to climate change and sea-level 

rise.  Integrated coastal management was proposed as an effective management framework in 

small islands for ensuring the sustainability of coastal resources.  Such a framework has been 

adopted in several island states.  More recently, the Organisation of Eastern Caribbean States 

(OECS, 2000) has adopted a framework called ‗Island Systems Management‘, which is both 

an integrated and holistic (rather than sectoral) approach to whole-island management 

including terrestrial, aquatic and atmospheric environments.  Apart from natural and managed 

system impacts, the AR3 also drew attention to projected human costs.  These included an 

increase in the incidence of vector- and water-borne diseases in many tropical and sub-
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tropical islands, which was attributed partly to temperature and rainfall changes, some linked 

to ENSO.   

The AR3 concluded that small islands could focus their efforts on enhancing their 

resilience and implement appropriate adaptation measures as urgent priorities.  Thus, 

integration of risk reduction strategies into key sectoral activities should be pursued as part of 

the adaptation planning process for climate change. 

 

Against this background, the objective of this report is to conduct an economic 

analysis of the projected impacts on the coastal and marine resources associated with climate 

change in St. Kitts and Nevis (SKN).  Specific objectives are: valuation of coastal and marine 

services; quantitative and qualitative estimates of impacts on the coastal zone including 

beaches and fisheries; and recommendation of possible adaptation strategies and costs and 

benefits of adaptation.  First, it assesses recent scientific literature on vulnerability to climate 

change and sea-level rise, adaptation to their effects, and implications of climate-related 

policies, including adaptation, for the sustainable development of small islands.  Second, it 

estimates the impacts of climate change on the coastal and marine sectors of SKN under the 

A2 and B2 scenarios summarised in the IPCC Special Report on Emissions Scenarios 

(SRES).  A baseline or business as usual (BAU) reference point is also established.  

Assessment results are presented in a quantitative manner wherever possible.  All currency 

figures in the report are in United States dollars (USD). 

 

 

II. BACKGROUND 

 

This section provides an overview of the economy of SKN.  It also describes in general terms 

the physiological characteristics of SKN within the context of small island states in the 

Caribbean region.  

 

A. ECONOMIC CONTEXT 

 

1. Economic Strengths of St. Kitts and Nevis 

 

SKN is a two-island state of approximately 261 square kilometres.  The country depended on 

the sugarcane industry for its prosperity for nearly 350 years.  Competition in recent decades, 

however, from huge sugar producing countries such as Brazil, and loss of preferential access 

to European markets along with rising production costs and low world market prices, 

convinced the government in 2005 to shut down the state-owned sugar company, which 

consistently had been running up annual loses and contributing significantly to the country‘s 

fiscal deficit.   While former sugar plantations still dominate the country‘s landscape, many 

of the cane fields today are being burned to make room for land development, especially on 

the northern side of the island.  Agriculture today makes up only 3.5% of the country‘s gross 

domestic product (GDP). 

 

Tourism: SKN today is largely dependent on tourism for its economic well-being.  Tourism 

revenues are by far the major source of income on both islands, and are the chief source of 

the country‘s foreign exchange earnings.  Approximately 106,408 tourists visited SKN in 

2008.  The country‘s tourism industry, in fact, has made SKN relatively prosperous, 

qualifying it as an upper middle-income country; its per capita GDP (in terms of purchasing 
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power parity (PPP)) in 2009 of $14,100 ranked it 75th out of 227 countries, just above Chile 

and the United States Virgin Islands (USVI).1    

Figure 1: Map of St. Kitts and Nevis 

 
  

Source: CIA Factbook 

 

 

SKN has achieved relative prosperity largely by focussing on the high end of the 

tourist market and by becoming ―the hottest second-home destination in the Caribbean‖ 

according to USA Today in 2008.2  The country‘s second-home boon has been fuelled in part 

by very low real estate taxes ($400 a year on a $4.5 million house) and no income or rental 

taxes. 

 

The government has also experienced recent success in attracting significant foreign 

investment into its tourist industry.  In 2002, Marriott opened a 648-room resort at Frigate 

Bay on St. Kitts.  The hotel, which is the largest in the eastern Caribbean, has been a major 

stimulus to the island‘s tourism industry.   Second homes built along its golf course range in 

price from $400,000 to $1.5 million. 

 

                                                 
1
 These estimates were taken from the CIA World Factbook available online at: 

https://www.cia.gov/library/publications/the-world-factbook/index.html 

 
2
 http://www.usatoday.com/travel/destinations/secondhomes/2008-11-27-st-kitts-and-nevis_N.htm 
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Off-shore Banking: SKN has complemented its tourist industry by also constructing a well-

developed off-shore banking and financial services industry.  The island now hosts more than 

16,000 foreign companies.  Although these have been attracted by strict secrecy laws, moves 

to tighten the legal framework have allayed international suspicion that the islands assist in 

the channelling of crime and drug trafficking proceeds.  In 2000-2002, enhancement of the 

supervisory and regulatory frameworks allowed the country to be removed from the OECD 

and Financial Action Task Force lists of non-cooperating territories over money laundering.3 

    

Light Industry: Under its Adaptation Strategy, the government is attempting to further 

diversify the country‘s economy by developing an apparel assembly industry and one of the 

largest electronics assembly industries in the Caribbean.   In 2007, the manufacturing sector 

generated over 11% of the country‘s national income.4  

 

 

2. Economic Weaknesses of St. Kitts and Nevis 

 

National Debt:  Despite its relative stability, SKN is currently saddled with enormous debt in 

relation to its tiny size and national GDP.   In 2007, the Eastern Caribbean Central Bank 

(ECCB) estimated the country‘s national debt to be $893 million dollars, which was nearly 

twice its GDP for that year.   This enormous debt has been caused by two principal sources:  

years of government subsidies of the country‘s sugarcane industry; and the costs associated 

with rebuilding the country after Hurricane Georges, which devastated both islands in 1998. 

 

Pockets of Poverty: Despite the island‘s relatively high per capita GDP, poverty remains a 

significant concern.  A 2001 poverty assessment report found that approximately 30% of the 

population was poor.5   SKN also has a shortage of skilled labour, which limits its potential 

for development.  The country currently imports all of its energy needs and most of its food. 

 

 

3. Economic Potential of St. Kitts and Nevis 

 

Biofuels Initiative: Even though SKN is no longer growing sugarcane for the traditional 

purpose of exporting sugar, the country is actively considering the possibility of growing 

sugarcane and other plants for the purposes of converting them into biofuels.  A recent OAS-

funded study, for example, concluded that St. Kitts and Nevis has good potential to grow 

sugarcane, sunflower, and jatropha for the purposes of biofuel production.6 

 

Geothermal Energy: Nevis is aggressively pursuing the possibility of developing 

geothermal energy, which is projected to have the potential to provide enough power for the 

entire country and for export to neighbouring countries.  The Nevis Island Administration has 

hired a European-financed company, West Indies Power Brokers, to explore the geothermal 

potential on Nevis. To date a test well has been successfully been drilled. It is expected that 

full operation of this site will be imminent., and WIP has begun drilling in five sites.   

                                                 
3
 Oxford Economic Country Briefings, St. Kitts and Nevis, Oct 8, 2008. 

 
4
 Dr. Denzil L. Douglas, 2009 Budget Report, Jan 01, 09. 

 
5
 The Economist Intelligence  Unit, ―Country Profile 2008, Organisation of Eastern Caribbean States‖ 

6
 General Secretariat of the OAS, OAS, Suitability Maps for Biofuel Crops in Saint Kitts and Nevis, April 9, 

2008, p. 68. 
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B. GENERAL CLIMATE AND WEATHER OF ST. KITTS AND NEVIS 

 

1. General Features  

 

Climate regimes in the Caribbean are quite variable, generally characterised by large seasonal 

variability in precipitation and by small seasonal temperature differences.  Hurricanes cause 

considerable losses to life and property.   

 

The climate of Caribbean islands is broadly characterised by distinct dry and wet seasons 

with orography and elevation being significant modifiers.  The dominant influences are the 

North Atlantic Sub-tropical High (NAH) and ENSO.   

 

 

2. Observed Trends 

 

Air Temperature 

For the Caribbean region, analyses show that warming ranged from 0 to 0.5°C per decade for 

the 1971 to 2004 period (Trenberth and others, 2007).  The percentage of days having very 

warm maximum or minimum temperatures has increased considerably since the 1950s, while 

the percentage of days with cold temperatures has decreased (Peterson and others, 2002).  

Malmgren and others (1998) claim that the average air temperature in the Caribbean is 

influenced by ENSO events. 

 

Figure 2: Air Temperature in St. Kitts and Nevis, 1960Jan-2000Dec 
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Source of Data: Mitchell and others (2004) 

 

 

SKN, situated just 17° north of the equator, is considered subtropical.  Figure 2 

presents the historical average trends in air temperature in SKN from 1960Jan-2000Dec: 

Panel A shows a time series plot of the series; Panel B shows the density pattern; Panel C 
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shows a scatter plot with a regression line to indicate the long-term trend; and Panel D shows 

the seasonality in the mean air temperature.  Over the review period, air temperature 

fluctuated between 21°C and 27°C.  Temperatures fluctuated slightly between winter 

(December through April which corresponds to the tourism high season) and summer months 

(July-September).  The average temperature in the winter ranged between 23-24°C.  It gets 

slightly warmer in summer, fluctuating around 25.8°C; August and September were the 

hottest months. 

  

Over time, there was a gradual upward trend, consistent with overall global trends in 

air temperature.  Temperature rose just under 0.6°C relative to the 1960-1990 baseline, in line 

with the global average.   

 

 

Sea Surface Temperature (SST) 

In broad terms, SST started to rise in the Caribbean from the 1970s and in some sites a little 

cooling occurred before the sustained rise commenced (Sheppard and Rioja-Nieto, 2005).  

For most areas of the region, the rise generally became marked from about 1980, and 

continued to increase.   

 

Figure 3 presents the historical average trends in SST in SKN from 1960Jan-

2000Dec: Panel A shows a time series plot of the series; Panel B shows the density pattern; 

Panel C shows a scatter plot with a kernel fit to indicate the long-term trend; and Panel D 

shows the seasonality in the mean SST.  The rising trace of SST in SKN is typical of that for 

the Caribbean region as a whole; that is, there is a gradual decline until around 1980 and then 

a trend upwards thereafter.  The seasonal pattern in SST also closely follows that of the air 

temperature (see Figure 2 for comparison). 

 

Figure 3: Sea Surface Temperature in St. Kitts and Nevis, 1960Jan-2000Dec 
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Source of Data: Sheppard and Rioja-Nieto (2005) 

 

 



13 

 

 

 

 

Precipitation 

The maximum number of consecutive dry days is decreasing and the number of heavy 

rainfall events is increasing in the Caribbean.  These changes were found to be similar to the 

changes reported from global analysis (Trenberth and others, 2007).   

 

Rainfall in SKN is mainly orographic and increases in amount and frequency with 

altitude.  In St. Kitts, except for the South East Peninsula, which is very dry, the mean annual 

rainfall ranges from about 1016 mm in the coastal areas, to about 3810 mm in the central 

mountain ranges.  In Nevis, the average annual rainfall is 1168 mm.  Figure 4 presents the 

historical average trends in SKN from 1960Jan-2000Dec.: Panel A shows a time series plot 

of the series; Panel B shows the density pattern; Panel C shows a scatter plot with a kernel fit 

to indicate the long-term trend; and Panel D shows the seasonality in the mean precipitation.  

Panel C indicates that from around 1990, there has been an overall downward trend in 

precipitation levels.   

 

Figure 4: Precipitation in St. Kitts and Nevis, 1960M1-2000M12 
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Source of Data: Mitchell and others (2004) 

 

 

There was wide variation in precipitation levels in SKN for the review period.  The 

minimum monthly level of precipitation recorded was 26 mm and the highest 480 mm.  

Relative to the baseline period, 1960-1990, average precipitation fell by 20.3 mm/month or 

244 mm/year.  There is a high degree of seasonality; precipitation levels were highest in the 

third quarter of the year, which corresponds to the hurricane season and lowest in the first 

quarter.  The wettest months are from September to November which corresponds to the 

hurricane season (see following section).   
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Hurricanes and Storms 

The hurricane season in the Caribbean is officially between June and November with the 

majority of storm activity taking place in September.  In the Caribbean, hurricane activity 

was greater from the 1930s to the 1960s, in comparison with the 1970s and 1980s and the 

first half of the 1990s.  Beginning with 1995, all but two Atlantic hurricane seasons have 

been above normal.  The exceptions were the two El Niño years of 1997 and 2002.  The 

increase contrasts sharply with the generally below-normal seasons observed during the 

previous 25-year period, 1975 to 1994.   

 

From 1851-2010, 62 hurricanes and tropical storms passed within 60 nautical miles of 

the SKN.  Over this period, there has been broadly cyclical pattern in the intensity of the 

systems (see Figure 5).   

 

From 1851-1959 (area shaded grey), after a period when average intensity was 

relatively stable, system intensity trended downward; average intensity was 78.9 mph.  There 

were 45 systems, during this sub-period of 109 years; at least one system 34% of the years 

under review.  Of these 45 systems, 24 reached hurricane strength: 13 category one; 4 

category two; 5 category 3; 1 category four; and 1 category five.    

 

Figure 5: Intensity in Tropical Systems Passing within 60 Nautical Miles of St. Kitts 

and Nevis 1851-2010 
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SOURCE OF DATA: MITCHELL AND OTHERS (2004) 

 

In the remaining sub-period, 1960-2010 (41 years), there has been a generally 

increasing then decreasing trend in intensity of hurricanes and storms (see un-shaded area in 

Figure 5); average intensity was 85.7 mph, 6.8 mph higher than in the former sub-period.  

There were 18 systems (10 reached hurricane strength; 4 were category one; 1 category two; 

1 category three; and 4 category four).  At least one system affected SKN in 34% of the years 

in the current sub-period, the same rate as in the former sub-period.  Taken together, these 

trends imply that a system of hurricane intensity will affect SKN at least once every 3 years.   
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C. MARINE BIODIVERSITY IN ST. KITTS AND NEVIS 

 

1. Geographic Pattern of Species Richness   

 

The Caribbean contains the greatest concentration of marine species in the Atlantic Ocean 

and is a global-scale hot spot of marine biodiversity (Roberts and others, 2002).  The most 

characteristic ecosystems in the Caribbean are coral reefs covering about 26,000 square 

kilometres (Burke and Maidens, 2004), seagrass beds with an area of about 66,000 square 

kilometres (Jackson, 1997), and mangroves at nearly 11,560 square kilometres (FAO, 2003). 

 

Coral reefs play a critical role in fostering the productivity of the tropical oceans and 

are often compared with tropical rainforests in terms of their importance as habitat and the 

biological diversity they harbour.  Live coral cover has already declined by as much as 80% 

in many areas of Caribbean reefs over the last two decades because of various human 

activities and environmental changes (Gardner and others, 2003; Wilkinson, 2004).  

Estimates of coral reef area across the region vary widely (see Table 1).  Coral reef area in 

SKN ranges from 160-180 square kilometres.  Figure 6 indicates the location and extent of its 

coral reefs (orange areas). 

 

Table 1: Coral Reef Area for Select Caribbean Countries, 2004 

 Estimates of Coral Reef Area 

 Reefs at Risk  

Estimates/km2 

World Atlas of Coral Reefs 

Estimates /km2 

UNEP-WCMC and NOAA 

Estimates/km2 

Antigua and Barbuda 180 240 220 
Barbados 90 <100 92 

Dominica 70 <100 47 

Grenada 160 150 131 

Jamaica 1,010 1,240 1,206 

St. Kitts and Nevis 160 180 170 

St. Lucia 90 160 98 
St. Vincent and the Grenadines 140 140 131 

Trinidad and Tobago 40 <100 62 

Source: Burke and others (2004) 

 

 

Figure 6: Location of Coral Reefs in St. Kitts and Nevis 

 
Source: Reefbase 
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As precise estimates of the marine biodiversity in the waters of SKN are unavailable, 

an assessment for the Eastern Caribbean is used as a proxy for SKN.  Table 2 provides a 

sample of the marine biodiversity of the Eastern Caribbean (EC), in comparison to other 

select areas of the insular Caribbean.  While the EC has the smallest absolute number of 

species in comparison to the other eco-regions, it has the highest number of species per 

coastal length (109 species/100 km of coast). 

 

 

Table 2: Number of Caribbean Species of Sponges, Scleractinian Corals, Molluscs, 

Amphipods, and Echinoderms, per kilometre of coast per country within Select Eco-

regions, 2010 

Eco-region/country Sponges Corals Molluscs Amphipods Echinoderms Coastline 

Length (km) 

Species/100km 

Southern Caribbean 225 87 944 208 151 3,444 47 

Venezuela 144 79 664 195 124 2,722 37 
ABC* 113 68 239 20 - 360 117 

Trinidad and Tobago - 41 - - 55 362 27 

        

Greater Antilles 335 91 1,943 164 248 8,477 33 

Jamaica 169 72 824 - 86 1,151 113 
Cayman Islands 82 62 477 - - 160 388 

Puerto Rico 40 72 1,078 25 121 501 262 

Cuba 255 72 1,300 131 145 3,735 47 
Hispaniola 71 72 572 16 117 3,059 27 

        

Eastern Caribbean 126 71 1,119 46 79 1,322 109 

Lesser Antilles       
Source: Miloslavich and others (2010) 

Note: * indicates, Aruba, Bonaire, and Curacao 

 

The database ―FishBase‖ by Froese and Pauly (2010)7 indicates that there are 463 

species of fish in SKN; 306 are reef-associated; and 18 species are threatened.   

 

Mangroves are found at 15 sites in SKN; 8 in St. Kitts and 7 in Nevis (FAO, 2005).  

Except for some sites, such as Friar‘s Bay Pond and Greatheeds Pond (St. Kitts) and Nisbett 

Settlement (Nevis), the majority of the sites contain few mangrove species.  The most 

extensive stand is found at the Southeast Peninsula in St. Kitts, where a large number of both 

migratory and resident birds depend on the mangroves for feeding and nesting. 

 

 

2. Threats to Marine Biodiversity and Conservation of Marine Life 

 

Rising population densities and associated coastal development, increasing fishing pressure, 

agricultural and industrial activities, increased river sediment loading, introduction of alien 

species, and climate change are among the major identified sources of anthropogenic pressure 

on Caribbean marine life (Burke and Maidens, 2004). 

 

Caribbean coral reefs are already greatly degraded, to less than 10% cover over the 

last two decades, as indicated earlier (Gardner and others, 2003).  This degradation is due to a 

combination of impacts, including damage by hurricanes, diseases, bleaching, pollution, 

sediment runoff, overfishing, climate change, as well as more directly through boat 

anchoring, setting of fish traps, groundings of ships, dredging activities, collection of corals, 

                                                 
7
 See http://www.fishbase.org. 
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and dynamite fishing.  These changes have induced alterations in the community structure, 

reduced species diversity and live coral cover, and increased bio-erosion (Fabricius, 2005).   

 

Burke and others (2004) indicate that all 160 square kilometres of reefs around SKN 

are threatened by human activities.  Overfishing was rated as threatening all reefs.  Given the 

steep topography of these islands, all the reefs were found to be under threat from 

sedimentation from land-based sources.  Coastal development was rated as a significant 

threat with 95% of reefs threatened, and marine-based pollution indicated to be threatening 

about 25%.  The reefs now have lower species diversity than similar areas in the region, 

probably because of sedimentation.  Marine conservation is focused on the low and dry 

Southeast Peninsula of St. Kitts and on deeper reefs off the west coast, which have higher 

diversity and cover of coral than other reefs (Smith and others, 1998).  However, there is no 

current monitoring of the reefs. The legal framework for reef management is contained in the 

Fisheries Act and Environmental Protection Act but no Marine Protected Areas (MPAs) have 

been declared.  Figure 7 shows the most recent areas of coral bleaching (grey areas) around 

SKN. 

 

Figure 7: Bleaching Areas in Coral Reefs in St. Kitts and Nevis, Jul-Sep 2010 

 
Source: Reefbase - Online ReefGIS Maps at http://www.reefbase.org/ 

 

 

D. FISHERIES 

 

Fishing is a small sector in SKN.  The major landing sites in St. Kitts are Dieppe Bay, Sandy 

Point, East Basseterre, West Basseterre and Old Road, and Charlestown, Jessups, 

Cottonground, Jones Bay, Newcastle, Long Haul and Indian Castle in Nevis.  There were 

approximately 600 people employed in the fishing industry in 2004 (FAO, 2006); this 

number includes fishermen, vendors and anyone else employed in a related occupation.  The 

industry is largely artisanal and exploits near-shore fisheries, including lobster and conch for 

local and export markets.  It is also an important source of employment and nutrition.  In 

2003, 370 tonnes of fish were caught (FAO, 2006).  With respect to fisheries management, 

the Fisheries Act specifies conservation measures, such as prohibiting the use of any 
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explosive, poison or other noxious substance for the purpose of killing, stunning, disabling, 

or catching fish; closed seasons; gear restrictions; and creation of marine reserves.  

 

E. HUMAN SETTLEMENT AND INFRASTRUCTURE 

 

Coastal urbanisation and land-use controls have not been traditionally viewed as critical 

issues in the Caribbean, so lands have been inefficiently utilised under the freehold8 and 

leasehold9 land-use allocation system.  This has led to many sensitive areas being developed, 

particularly those lands with high environmental values such as offering watershed protection 

or possessing high biodiversity.  Most of the coastal open space that could easily be 

developed has long since been built upon, and the continued growth of the population has 

contributed to encroachment in hazard-prone areas such as coastal flood plains or steep 

slopes for settlements.   

 

 

Figure 8: An Example of Coastal Development in St. Kitts 

 
Source: Google Earth 

 

 

The small size of SKN limits the different types of land use.  A majority of the population 

centres, ports and other major sites for industrial and commercial activity are located in the 

coastal zone.  However, the needs of tourism compete with the needs of housing, agriculture, 

                                                 
8
 Freehold system: land ownership with no legal stipulations on land use controls associated with the 

development of the land. 

 
9
 Leasehold system: land tenure by lease and with legal stipulation on land use and development. 
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industry, roads, and ports.  Trends in coastal lands have been skewed towards high-density, 

mass-market tourism sites close to the water‘s edge, which have increased the 

competitiveness of tourism with other activities for coastal land.  As tourism growth has 

fuelled intensive development, coastal infrastructure such as roads, seaports and airports by 

necessity have expanded into more vulnerable areas.  The result has been a ribbon growth 

pattern of development along the coast and the associated infrastructure requirements such as 

transport links (Caribbean Environment Programme (CEP), 1997).  An example of such 

development is provided in Figure 8 which illustrates the density in coastal development on 

St. Kitts. 

 

Because most of SKN‘s activities are concentrated in the coastal zone, much of the 

infrastructure is vulnerable to extreme weather events such as hurricanes, and rising seas that 

are predicted to result from climate change (CEP, 1997).  Moreover, the development of the 

necessary tourism infrastructure has led to coastal degradation, through increased siltation 

from land reclamation, dredging and construction, and pollution from sewage outfalls.  In 

addition, anchor damage has been implicated in reef degradation, and the large numbers of 

novice divers are believed to be responsible for damage to corals at SKN dive sites (Smith 

and others, 1999).   

 

 

III. LITERATURE REVIEW 

 

This section provides key general insights into the ways in which coastal and marine systems 

are presently changing, as a context for assessing the economic impacts of, and early effects 

attributable to, climate change in SKN. 

 

 

A. NATURAL COASTAL SYSTEMS 

 

Coasts are dynamic systems, undergoing adjustments of form and process at different time 

and space scales in response to geomorphological and oceanographical factors (Cowell ans 

others, 2003).  Human activity exerts additional pressures that may dominate natural 

processes.  Often models of coastal behaviour are based on palaeo-environmental 

reconstructions at millennial scales and/or process studies at sub-annual scales (Stolper and 

others, 2005).  Adapting to global climate change, however, requires insight into processes at 

decadal to century scales, at which understanding is least developed (Donnelly and others, 

2004). 

 

Climate-related ocean-atmosphere oscillations can lead to coastal changes (Viles and 

Goudie, 2003).  One of the most prominent is the ENSO phenomenon.  Coral bleaching and 

mortality appear related to the frequency and intensity of ENSO events, which may alter as a 

component of climate change, becoming more widespread because of global warming (Stone 

and others, 1999).   

 

 

B. EXTERNAL TERRESTRIAL AND MARINE INFLUENCES 

 

External terrestrial influences have led to substantial environmental stresses on coastal and 

near-shore marine habitats (Sahagian, 2000).  As a consequence of activities outside the 

coastal zone, natural ecosystems (particularly within the catchments draining to the coast) 
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have been fragmented and the downstream flow of water, sediment and nutrients has been 

disrupted (Nilsson and others, 2005).  Land-use change, particularly deforestation, and 

hydrological modifications have had downstream impacts, in addition to localised 

development on the coast.  Erosion in catchments has increased river sediment load.  In 

contrast, damming and channelisation have greatly reduced the supply of sediments to the 

coast on other rivers through retention of sediment in dams (Syvitski and others, 2005).   

 

Coasts can be affected by external marine influences.  Waves generated by storms 

over the oceans reach the coast as swells; there are also more extreme, but infrequent, high-

energy swells generated remotely (Vassie and others, 2004).  Ocean currents modify coastal 

environments through their influence on heat transfer, with both ecological and 

geomorphological consequences.  Other external influences include atmospheric inputs, such 

as dust (Shinn and others, 2000), and invasive species. 

 

 

C. OBSERVED EFFECTS OF CLIMATE CHANGE ON COASTAL SYSTEMS 

 

Trenberth and others (2007) and Bindoff and others (2007) observed a number of important 

climate change-related effects relevant to coastal zones.  Rising CO2 concentrations have 

lowered ocean surface pH by 0.1 units since 1750, although to date, no significant impacts on 

coastal ecosystems have been identified.  Recent trend analyses indicate that tropical 

cyclones have increased in intensity.  Global sea levels rose at 1.7 ± 0.5 mm/year through the 

20th century, while global mean sea surface temperatures have risen about 0.6°C since 1950, 

with associated atmospheric warming in coastal areas (Bindoff and others, 2007). 

 

Many coasts are experiencing erosion and ecosystem losses, but few studies have 

unambiguously quantified the relationships between observed coastal land loss and the rate of 

sea-level rise (Zhang and others, 2004).  Coastal erosion is observed on many shorelines 

around the world, but it usually remains unclear to what extent these losses are associated 

with relative sea-level rise due to subsidence, and other human drivers of land loss, and to 

what extent they result from global warming (Hansom, 2001; Jackson and others, 2002).  

Long-term ecological studies of rocky shore communities indicate adjustments apparently 

coinciding with climatic trends (Hawkins and others, 2003).  However, for mid-latitudinal 

coastal systems it is often difficult to discriminate the extent to which such changes are a part 

of natural variability; and the clearest evidence of the impact of climate change on coasts 

over the past few decades comes from high and low latitudes, particularly polar coasts and 

tropical reefs. 

 

Global warming poses a threat to coral reefs, particularly any increase in SST.  The 

synergistic effects of various other pressures, particularly human impacts such as over-

fishing, appear to be exacerbating the thermal stresses on reef systems and, at least on a local 

scale, exceeding the thresholds beyond which coral is replaced by other organisms 

(Buddemeier and others, 2004). 

 

 

D. CLIMATE CHANGE AND FISHERIES 

 

Temperature and other variations resulting from climate change are expected to have a strong 

impact on fisheries.  Since most marine species used for human consumption are 

poikilothermic, any changes in habitat temperatures can significantly influence their 
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metabolism, growth rate, productivity, seasonal reproduction, and susceptibility to diseases 

and toxins.  Research has shown that while fish may take refuge from rough conditions 

through minor changes in distribution, most fish species have a fairly narrow range of 

optimum temperatures related both to the species basic metabolism and the availability of 

food organisms that have their own optimum temperature ranges (NOAA, n.d.).  While 

species, particularly those with shorter life spans, will change the timing of their life cycle, 

some plankton species will bloom earlier, resulting in mismatches between the early life 

stages of fish and their prey, and therefore cause declines in abundance.  Studies have also 

shown that there is a similar decline in the abundance of seabirds which rely upon the fish as 

prey and this overall decline of fish species correlated to the decline in zooplankton 

abundance. 

 

Increased temperatures will not only affect the productivity of some marine areas but 

will also have a negative impact on associated marine ecosystems such as coral reefs 

(Murray, 2005).  However, there are significant local and regional variations in the scale and 

types of threats to coral reefs especially in small-island situations.  It is difficult to measure 

direct impacts of climate change as against other elements such as misuse or overuse of coral 

reefs or other habitats.  Ocean acidification on the marine biosphere can add stress to coral 

reefs as progressive acidification of oceans is expected to have negative impacts on marine 

shell-forming organisms and their dependent species (IPCC, 2007). 

 

There is an association between rains, the transport of sediments in rivers and the 

supply of nutrients as a source of food for fish.  This applies mainly to ―surface‖ fishing.  

This plume is affected mainly by winds and currents.  Increased precipitation, in addition to 

intensification of the typical seasonal pattern of winds could lead to the Orinoco River 

discharge reaching east of the Eastern Caribbean during periods when the westerly winds are 

relaxed (Mahon, 2002).   

 

 

E. CLIMATE CHANGE AND MARINE DISEASES 

 

Large-scale ‗‗mass‘‘ bleaching events (the loss of symbiotic algae from coral colonies over 

large reef tracts) have been associated most commonly with abnormally elevated water 

temperatures (Jokiel 2004).  Higher prevalence of coral-mortality-causing diseases have also 

been correlated with warmer temperatures (e.g., Gil-Agudelo and Garzon-Ferreira, 2001; 

Kuta and Richardson, 2002; Boyett and others, 2007; Bruno and others, 2007), which may 

increase pathogen virulence or decrease host disease resistance (Harvell and others, 2002).  It 

is not surprising, therefore, that mass bleaching events and disease outbreaks have been 

linked temporally during thermal anomalies (Jones and others, 2004; Miller and others, 

2006).  For example, in the summer and fall of 2005, a thermally induced mass bleaching 

event affected coral populations of the north and north-eastern Caribbean region (Donner and 

others, 2007).  This event was followed by outbreaks of coral disease that had devastating 

impacts in many parts of this region (Miller and others, 2006; Wilkinson and Souter, 2008). 

 

Climate warming may also favour disease in sea turtles.  Green turtle fibropapilloma 

tumours are hypothesised to grow more rapidly in warm water and the prevalence of this 

disease has increased since the 1980s (Herbst, 1994).  Reports of diseases of sea turtles have 

increased greatly over the last three decades (Ward and Lafferty, 2004), consistent with the 

evidence that warming is associated with this disease. 
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F. HUMAN ENGAGEMENT WITH THE COASTAL ZONE 

 

Human activities in the coastal zone are many and varied.  These effects can be both 

beneficial and detrimental.  For example, consider the construction of a seawall.  Benefits 

include the protection of properties at risk of erosion or recession hazard.  Detrimental effects 

may include the loss of beach sand through interference with the sediment budget, more 

limited access to the beach and reduced recreational amenity. 

 

Our understanding of climate change caused by the growing population and 

anthropogenic interventions in the marine environment are still incomplete and frequently 

underestimated.  However, studies reveal that direct human impacts have already affected 

marine and coastal ecosystems much faster than climate change (Salomons and others, 1999).  

Figure 9 reflects historical perspective of changes caused by natural and human-generated 

factors and attempts to manage coastal and ocean resources in historical perspective.  It 

demonstrates that presently human pressures and interventions in the marine and coastal 

environment affect over 50% of the global ocean ecosystems.  Human activities inflict harsh 

and often irreversible damage on the coastal and marine environment and their resources.   

 

Figure 9: Occurrences of Major Human Pressures on the Coastal Zone at the 

Global Scale and Related Environmental Management 

 
Source: Adapted from Crutzen  and Stroemer (2000) 

 

 

Because of intensifying use of these resources the environmental deterioration and 

resulting climate changes are inevitable.  The question is where, when and how much these 

changes will affect coastal societies and their economies in the following decades? 

 

Rapid urbanisation and industrialisation of the coastal zones are linked to the 

increasing density of population.  This is caused more by migration of people to the coast 
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than by the natural increase of the coastal population.  Incentives to move to coastal areas 

include more favourable economic opportunities, better living standards and a more 

favourable climate.  In many countries these incentives are stronger than the risks of moving 

to the coastal areas, even if they are exacerbated by storms, hurricanes and tsunamis.   

 

 

 

IV. IMPACT SCENARIOS FOR COASTAL AND MARINE SECTOR 

 

This section presents the different climate change scenarios which are investigated in this 

study and lays out possible impact scenarios for the marine and coastal sector as a result of 

climate change.   

 

 

A. IPCC EMISSIONS SCENARIOS 

 

Global scenarios describe variations in greenhouse gas emissions.  Their output projects 

climate changes averaged over the entire Earth.  Regional and local changes are affected by 

global events, and could be more intense and variable than expressed by the global net effect.  

In addition, it does not matter where greenhouse gases are released into the atmosphere.10  

They mix well, so local concentrations will not vary significantly from global concentrations. 

 

The two IPCC scenarios summarised by Nakicenovic and others (2000) for which economic 

impacts are estimated are the A2 and B2 scenarios: 

 A2 assumes regional resiliency and adaptation.  The underlying theme of A2 is self-

reliance and preserving local identities, with economic development being moderate 

and focused within regions.  Compared to other scenarios,11 global population is 

expected to increase at a high rate in A2.  Energy consumption is high and changes in 

land use are moderately high.  Resources are becoming scarce and technological 

change is fragmented and slower than in other scenarios.   

 B2 assumes local resiliency and adaptation.  It emphasises environmental 

preservation and social equity with local solutions to economic, social and 

environmental sustainability.  Global population is expected to increase continuously, 

yet more slowly than in scenario A2.  B2 has a moderate level of economic 

development (like A2), but requires less energy and less change in land use than A2.  

Resources are more abundant and technological change is more diverse than in A2. 

 

                                                 
10

 The main sources of greenhouse gases due to human activity are: burning of fossil fuels and deforestation 

leading to higher carbon dioxide concentrations in the air. Land use change (mainly deforestation in the tropics) 

account for up to one third of total anthropogenic CO2 emissions; livestock enteric fermentation and manure 

management; paddy rice farming, land use and wetland changes, pipeline losses, and covered vented landfill 

emissions leading to higher methane atmospheric concentrations; use of chlorofluorocarbons (CFCs) in 

refrigeration systems, and use of CFCs and halons in fire suppression systems and manufacturing processes; and 

agricultural activities, including the use of fertilisers, that lead to higher nitrous oxide concentrations. 

 
11

 The other scenario families are: A1 - a future world of very rapid economic growth, global population that 

peaks in mid-century and declines thereafter, and rapid introduction of new and more efficient technologies; and 

B1 - a convergent world with the same global population as in the A1 storyline but with rapid changes in 

economic structures toward a service and information economy, with reductions in material intensity, and the 

introduction of clean and resource-efficient technologies. 
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A2 is at the higher end of the SRES emissions scenarios, but is not the highest; emissions 

under A2 can be considered medium high.  B2 is at the lower end of the SRES emissions 

scenarios, but is not the lowest; emissions under B2 can be considered medium-low.  As 

such, then, the A2 and B2 scenarios are not extremes.  Yet they are quite different in what 

they anticipate the Earth might be like by the end of the 21st century.  Compared with 

scenario B2, scenario A2 anticipates: higher CO2 concentrations; a larger human population; 

greater energy consumption; more change in land use; scarcer resources; and less diverse 

applications of technology.    

 

B. POTENTIAL IMPACT SCENARIOS FOR ST. KITTS AND NEVIS 

 

Use of the A2 and B2 scenarios is based on the fact that their output data are widely 

available.  In addition, they are the most widely modelled and have received the most 

scientific peer review.  Consequently, they were adopted for study by the Economic 

Commission for Latin America and the Caribbean (ECLAC) which commissioned this report.  

 

Under the A2 and B2 scenarios, many of the goods and services produced by SKN 

will be threatened by climate change and variability arising especially from sea-level rise, 

increases in SST, and possible increases in extreme weather events.  Key impacts will almost 

certainly include accelerated coastal erosion resulting in loss of beaches, saline intrusion into 

freshwater lenses, increased flooding from the sea, and loss of coastal structures, both natural 

and man-made.   Reduction in biological diversity and possible wildlife extinctions is likely 

to occur; for example, sea-level rise is projected to cause a decrease in turtle nesting habitat 

by up to 35% (Fish and others, 2005) if the sea rises by 0.5 metres.  It is also possible that 

mangroves may migrate landward in response to sea level rise.   

 

There will likely be detectable influences on marine and terrestrial pathogens, such as 

coral diseases linked to ENSO events (Harvell and others., 2002).  These changes are in 

addition to coral bleaching, which could become an annual or biannual event in the next 30 to 

50 years or sooner without an increase in thermal tolerance of 0.2-1.0°C (Donner and others, 

2005; Sheppard, 2003).  Seagrass decline will likely accelerate if climate change alters 

environmental conditions in coastal waters.  Changes in salinity and temperature and 

increased sea level, atmospheric CO2, storm activity and ultraviolet irradiance alter sea grass 

distribution, productivity and community composition (Short and Neckles, 1999).   

 

Climate change is predicted to drive fish species toward the more cold waters 

(Parmesan and Yohe, 2003) potentially resulting in widespread extinctions where dispersal 

capabilities are limited or suitable habitat is unavailable (Thomas and others, 2004).  Climate 

change may strongly influence fish distribution and abundance (Wood and McDonald, 1997) 

through changes in growth, survival, reproduction, or responses to changes at other trophic 

levels.  Furthermore, coral reefs and other coastal ecosystems severely affected by climate 

change will also have an impact on fisheries (Graham and others, 2006).  These changes may 

have impacts on the nature and value of commercial fisheries.  Changing fish distributions 

and abundances will undoubtedly affect the populations who harvest these stocks in SKN.     

 

Caribbean coastal waters periodically experience extensive blooms of algae that 

impact living resources, local economies and public health.  Impacts of harmful algal blooms 

include human illness and death from ingesting contaminated shellfishes or fish, mass 

mortalities of wild and farmed fish, and alterations of marine food chains through adverse 
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effects on eggs, young, and adult marine invertebrates (e.g., corals, sponges), sea turtles, 

seabirds, and mammals.   

 

In general, literature on seabirds and coastal waterfowl, and possible impacts of 

climate change do not focus on the Caribbean.  Based on a report by DEFRA (2005), it is 

expected that climate change will generally have the following effects on seabirds and coastal 

waterfowl in SKN:  the shifting of bird seasonal responses; changes in egg laying dates; 

changes in migratory timing (increased frequency of storms in the Caribbean already appears 

to be reducing the number of some birds reaching their breeding grounds (DEFRA, 2005); 

mortality from wind, rain and flooding; geographic displacement by winds (commonly 

documented in seabirds blown inland); mismatches between behaviour and environment; loss 

of habitat, particularly wetlands; and vulnerability of long distance migrants. 

 

One of the greatest threats to marine mammals perhaps comes from changes in their 

food resources, as a result of climate change.  Many prey species such as fish and plankton 

appear to rely on, and are influenced by, particular sets of environmental conditions 

(Harwood, 2001).  Any changes in the geographic distribution of these oceanographic 

conditions as a result of climate change will affect the abundance and distribution of prey 

species (DEFRA, 2005).  Apart from species residing within the region, it appears that other 

long ranging migratory species may depend on the region for food supply.   

 

 

V. METHODOLOGY 

 

In this section, we explain the methods that will be employed to estimate the economic costs 

of climate change on the marine and coastal sector of SKN.  First, frameworks that estimate 

the value of the services provided by this sector to provide a baseline valuation for the coastal 

and marine sector in terms of what they are worth today are described.  Second, techniques 

for measuring the economic costs on the coastal and marine sectors of SKN up to the year 

2050, based on the A2 and B2 scenarios are described.   

 

 

A. VALUATION OF COASTAL AND MARINE SECTOR 

 

This section estimates the economic value of coastal ecosystems in SKN in terms of their 

contribution to tourism and recreation, fisheries, and biodiversity.  Estimates of the current 

value of goods and services are presented in terms of gross benefits.   

 

There are many different methods for estimating the economic value of natural 

resources.  The commonly used Total Economic Value (TEV) framework divides the value of 

ecosystem goods and services into use and non-use values.  Use values are further broken 

into direct use, indirect use and option values.  Direct use values include consumptive uses—

such as food—and non-consumptive uses, such as tourism and recreation. Indirect use values 

include ecosystem services such as shoreline protection.  Option values estimate the value of 

preserving the use of ecosystem goods and services for the future, including ―bequest value,‖ 

where the value is for future generations.  Non-use values typically refer to existence value; 

i.e., the value humans place on the knowledge that a resource exists, even if they never visit 

or use it.  Non-use and option values are frequently the most controversial elements of TEV; 

they are the most difficult to quantitatively measure, and have the greatest uncertainty 

attached to them. 
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A more basic approach is to examine the amount of economic activity an ecosystem 

service generates in the local economy (Pendleton, 2008).  This involves looking at the 

revenues, taxes, and jobs generated by an activity—information that is especially useful for 

national and local decision-makers who are faced with questions around restricting 

development or investing in efforts to protect a threatened resource.  Using this approach two 

critical goods and services provided by these resources: tourism and fisheries are the points of 

focus.  The framework employed for valuing tourism and fisheries was developed by the 

World Resources Institute (WRI, 2009).  These services were chosen because they can be 

assessed using publicly available data.   

 

The value of the services provided by coastal and marine ecosystems, or biodiversity 

isw also considered an indirect use value.  This is determined in terms of the ecological 

functions they provide, such as the control of coastal erosion.  To arrive at such values for 

SKN, we use as a basis, a study by Costanza and others (1997) for estimating coastal and 

marine biodiversity. 

 

These valuations do not take into account whether or not these resources are being 

used at a sustainable level, and do not address the damage that overcrowding, inadequate 

waste treatment, and fishing at current levels, among other things, may be doing to the 

beaches, rocky shores, mangroves and reefs.  In addition, the accuracy of the valuation 

analysis is limited by the quality and availability of data for each country, and of course, the 

assumptions that were made.  Where data were poor or scarce, we have had to rely upon the 

―grey‖ literature and internet sources such as online newspapers.   

 

 

1. Direct Use 

 

Coral Reef- and Mangrove-Associated Tourism 

The value of coral reef-and mangrove-associated tourism was calculated using the WRI 

(2009) methodology.  This method estimates gross revenues and taxes from marine recreation 

as well as revenues from accommodation and other tourist spending on days spent using 

coralline beaches, reefs, or mangroves.  Consumer surplus (the additional welfare a consumer 

enjoys beyond what he or she has paid for the service) of reefs and mangroves are also 

estimated.  Our focus though is the combined value of reef- and mangrove-associated 

tourism, rather than the independent contribution of each habitat.   

 

The most difficult step in the tourism analysis is determining what portion of total 

―tourist days‖ should be attributed to use of mangroves and coral reefs.  Published tourism 

statistics by the Caribbean Tourism Organisation (CTO) indicating the purpose of visit to 

each country to tell us where tourists spend their time, were used.  For example, it was 

estimated that 90% of tourists visit beaches, reefs or coastal mangroves in SKN since 90% of 

visitors to SKN go there for holiday.  Accommodation and other spending by tourists on reef 

and mangrove-associated days using published room and occupancy rates were calculated.  

Where exact rates were unavailable, average rates for the Caribbean were used.12  For a 

discussion of the data and assumptions for all of the tourism components, see Appendix A. 

 

                                                 
12

 For example, the average Caribbean hotel occupancy rate of 60% was employed for SKN (see UNELCAC, 

2003).   



27 

 

 

Coral Reef- and Mangrove-Associated Fisheries 

The value of coral reef- and mangrove-associated fisheries was calculated by estimating gross 

revenues from commercial fishing and processing activities.  Coral reef health impacts 

fisheries productivity and by extension total fisheries revenue.  Reef productivity for SKN 

was determined based on a reef threat index and associated estimates of reef productivity by 

Burke and Maidens (2004).  For SKN, 100% of the reefs are considered to be under high to 

very high threat levels.  On this basis, it was assumed that reef productivity for SKN varied 

between 0.7-1.7 metric tonnes per square kilometre, the assumed maximum sustainable 

fisheries production for high threat levels (Burke and Maidens, 2004).     

 

This study examines the economic benefits accruing to SKN respectively, so it does 

not count any revenues earned by people fishing in their waters, but landing and selling their 

catch in other countries.  As such, our estimate will undervalue fisheries in SKN.13  For a 

discussion of the data and assumptions for the various fisheries components, please see 

Appendix A. 

 

 

2. Indirect Use 

 

Valuing biodiversity has proved both difficult and controversial (Christie and others, 2006).  

A significant amount of literature has been published on the valuation of biodiversity (see, for 

example, Barbier and others, 1994; Patterson and Cole, 1999; Tacchoni, 2000; Kettunen and 

Brink, 2006).  Valuing marine biodiversity suffers the added complication that the marine 

environment is extremely diverse.  In addition the marine environment is difficult to sample 

and monitor (Ray and Grassle, 1991).   

 

 

Valuing Coastal and Marine Biodiversity 

This study estimates the value of coastal and marine biodiversity using the results from 

Costanza and others (1997) for estimation of the global value of the world‘s ecosystem 

services.  Briefly, the global valuation study estimated the value per unit area of 17 

ecosystem services: gas regulation; climate regulation; disturbance regulation; water 

regulation; water supply erosion control and sediment retention; soil formation; nutrient 

cycling; waste treatment; pollination; biological control; habitat; food production; raw 

materials; genetic resources; recreation; and cultural values.     

 

The indirect coastal and marine services provided by coral reefs, the shelf up to 30 

metre depth, seagrass beds and mangroves as a value of coastal and marine biodiversity 

according to Beaumont and others (2008) were considered.  Food production or recreation 

services were not considered since these can be considered direct use values.  Of the services 

described by Costanza and others (1997) for each ecosystem, the services for: coral reefs, are 

disturbance regulation, waste treatment, biological control, habitat, raw materials, and 

cultural values; the coastal shelf, are nutrient recycling, biological control, raw materials and 

cultural values; seagrass beds, are nutrient recycling and raw materials; and mangroves, are 

disturbance regulation, nutrient recycling, habitat and raw materials.  These services and their 

functions are described in Table 3. 

                                                 
13

 Because of data constraints we are unable to include the value of fish processing in our valuation of coral 

reef- and mangrove-associated fisheries. 
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The annual global values were estimated in 1994 USD on a per hectare (ha) basis.  

The values per ha were: $2,847 for coral reefs; $1,542 for the coastal shelf; $19,004 for 

seagrass beds; and $8,866 for mangroves.  To arrive at values of the BVI‘s coastal and 

marine environment in 2008 dollars, the 1994 values are converted to 2008 values by price 

inflating the original values through to 2008 using annual US consumer price inflation (1995-

2008).  This resulted in 2008 indirect use values of: $4,136/ha for coral reefs; $2,240/ha for 

the coastal shelf; $27,609/ha for sea grass beds; and $12,881/ha for mangroves.  For the 

calculations, see Appendix A.   

 

Table 3: Ecosystem Services and Functions Used in this Study 

Ecosystem Service Ecosystem Function Example 

Disturbance regulation Capacitance, damping and integrity of 

ecosystem response to environmental 

fluctuations 

Storm protection, flood control, drought 

recovery and other aspects of habitat 

response to environmental variability 
mainly controlled by vegetation structure 

Nutrient recycling Storage, internal cycling, processing and 

acquisition of nutrients 

Nitrogen fixation, and other elemental or 

nutrient cycles 

Waste treatment Recovery of mobile nutrients and removal 
or breakdown of excess or xenic nutrients 

and compounds 

Waste treatment, pollution control, 
detoxification 

Biological control Trophic-dynamic regulations of populations Keystone predator control of prey species, 
reduction of berbivory by top predators 

Habitat Habitat for resident and transient 

populations 

Nurseries, habitat for migratory species, 

regional habitats for locally harvested 
species, or overwintering grounds 

Raw materials That portion of gross primary production 

extractable as raw materials 

The production of fuel,  fodder, and other 

extracts 

Cultural Providing opportunities for non-commercial 
uses 

Aesthetic, artistic, educational, spiritual, 
and/or scientific values of ecosystems 

Source: Adapted from Costanza and others (1997) 

 

 

This simple approach rests upon the core assumption that the annual ecosystem 

service values per hectare for the BVI are similar to the average global values and have the 

same worth in today‘s dollars.  In actuality these values are likely to be different.  This 

method has been criticised, notably due to inaccuracies relating to benefit transfer, 

aggregation and extrapolation to a global scale (Balmford and others, 2002).  It is important 

to reiterate that there are severe limits to the economic valorisation of biodiversity.  In using 

the global valuation methodology, the estimates should be taken as useful starting points for 

establishing a value for coastal and marine biodiversity of the SKN.  

 

 

B. ECONOMIC LOSSES FROM CLIMATE CHANGE ON COASTAL AND MARINE SECTOR 

 

UNEP loosely defines the coastal zone as the area of land subject to marine influences and 

the area of the sea subject to land influences.  More specifically, they divide the coastal zone 

into three main components: the sea, the beach, and the land behind the beach.  The sea, or 

offshore area, extends from the low water mark seaward.  This area covers the shallow 

marine habitats of the coast, such as seagrasses, and the coral reefs among others.  The beach 

zone extends from the low water mark to the seaward edge of the coastal vegetation.  The last 

component of the coastal zone is the adjoining coastal land. This zone extends landward for 

some distance from the end of the beach.   

 

To provide an estimate of coastal zone losses from climate change, the potential 

losses of the impact of climate change on beaches, the land behind the beach, coral reefs, sea 
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grass beds and the coastal shelf to 30 metre depth are considered.  The ―beach‖ and ―land 

behind the beach‖ components were referred to as ―coastal lands‖, while the ―sea‖ component 

was referred to as ―coastal waters‖.  Although interactions between impacts of climate change 

may be important, they are ignored; this reflects the underlying literature. 

 

It was not possible to obtain sufficiently long continuous time series on key coastal 

and marine descriptors, such as coral reef cover, mangrove cover, seagrass bed cover, beach 

width, fish stocks for SKN, which would have been critical for making inferences about the 

impact of climate variables, especially with regard to sea surface temperature and sea level 

rise.  This eliminates econometric techniques from our methodological approach for 

estimating the costs of climate change.     

 

 

1. Economic Cost of Climate Change on Coastal Lands 

 

In recent years, beaches in Caribbean countries have experienced accelerated erosion 

(UNEP/GPA, 2003).  This long-term loss of beaches is related to global warming and sea-

level rise, among other things (Cambers, 1999).  Various studies predict sea level rise in the 

region of 1-2 mm/year (Church and others, 2001; Miller and Douglas, 2004).  Other estimates 

have put sea level rise at 4 mm/year (Cazenave and Nerem, 2004; Leuliette and others, 2004).  

At the upper end of the spectrum is Rahmstorf (2007) who projects that seas in the region 

will rise by 0.5-1.4 metres by 2100 (5-14 mm/year).   

 

Coral reefs in SKN have suffered from coral mortality in recent decades due to a 

combination of factors, including warming ocean temperatures.14  Living corals, and remains 

of corals that have recently died, produce calcium carbonate and make an important 

contribution to the formation of beach sand.  When the supply of sand to beaches is reduced, 

the erosion of beaches by waves increases.  The complex structure of coral colonies also 

contributes to bottom friction, which is an important factor in the dissipation of wave energy.  

In addition, once living corals no longer cover the surface, the substrate of old coral skeletons 

that make up a reef becomes exposed to waves and begins to erode.  This increases the 

relative depth of the water, leading to an increase in wave energy.15  In short, if the ability of 

coral reefs or sand dunes to control erosion is impaired, beaches will suffer a net loss of sand.   

 

This study seeks to estimate the long-term costs of beach erosion as a result of 

climate-induced sea level rise and coral reef decline in SKN.  The contribution of beach 

width to the prices of hotel accommodation as a means of valuing the cost of sea-level rise 

and coral reef decline is estimated.  Previous studies have illustrated the economic 

importance of beach width as a characteristic of coastal properties (see Whitehead and others, 

2008 for a recent review).  Additionally, beach quality plays an important role in the selection 

of a travel destination for international tourists (Roca and others, 2009).   

 

                                                 
14

 Live corals currently represent less than 10% percent of the total cover of Caribbean reefs (Gardner and 

others, 2003). 

   
15

 Cambers (1998) notes, that for most Caribbean islands, waves approach predominantly from the easterly 

direction, and generate the highest waves, averaging over 1 metre (3 feet), on the windward or Atlantic coast.  

While on the leeward or Caribbean coast, average wave height is usually less than 0.3 metres (1 foot). 
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To arrive at an estimate of the economic costs, a hedonic price of beach width is 

required.  We use the only known (to this report‘s author) implicit price estimate of beach 

width for a Caribbean country, specifically the Dominican Republic, of $1.57/metre in the 

analysis is used (WRI, 2010).  That is, the price of a room per person per night increases for 

each additional metre of beach width and, conversely, decreases for each metre loss of beach 

width.  We assume the value of beach width in SKN is the same as that in the Dominican 

Republic, $1.57/metre, an average occupancy of two persons per room and an occupancy rate 

of 60% (UNECLAC, 2008). 

 

Using a model by Sheppard and others (2005), that relates the condition of coral reefs 

that are adjacent to the coastline with the wave energy dissipated by the reefs, WRI (2010) 

estimates that in the Dominican Republic,16 erosion rates could increase by 73-113% relative 

to current rates after the disappearance of live corals and sea level rise of 2 mm/year is 

factored in.17     

 

Although the coastal and marine geomorphology in the Dominican Republic likely 

differs from that in SKN, applying these percentage increases in erosion rates to the rate in 

SKN provides us with a useful basis for estimating the losses due to sea level rise and coral 

reef decline.  Cambers (2009) reports the mean annual rate of beach change for eight 

Caribbean islands, including SKN separately, for the period 1985-2000, which represents the 

average yearly change in beach width as determined from the beach profiles.  St. Kitts had an 

erosion rate of 0.73 metres/year while Nevis had an erosion rate of 1.04 metres/year.  For 

ease of estimation, an average the individual erosion rates for SKN respectively was taken 

and this gives a rate of 0.89 metres/year.  Next, the erosion rates for SKN were increased by 

73-113% in line with WRI (2010).  This gives erosion rates of 1.54-1.90 metres/year.  It was 

assumed that the lower bound for each range is the approximate rate of erosion under the B2 

scenario, the low emissions scenario, and the upper bound, that for the A2 scenario, the high 

emissions scenario.  For the model and parameters used in estimating losses from sea level 

rise-induced coastal erosion, see Appendix B.  

 

  

2. Economic Cost of Climate Change on Coastal Waters 

 

Gradual and consistent increases in SST have yielded increasingly frequent bleaching events 

(1993, 1998, 2005), the latest of which caused wide-scale bleaching throughout the 

Caribbean region.  The extended coral mortality caused during these events is only partially 

recovered over time, provided that no subsequent bleaching takes place.  More than one 

bleaching event over a short timeframe can be devastating.  Under conditions anticipated by 

the IPCC, SST in the Caribbean during the current century may reach threshold values that 

would lead to a collapse of the coral biome (Christensen and others, 2007).  Increasing SST is 

also expected to have similar adverse effects on seagrass beds and the coastal shelf. 

 

Vergara and others (2009) estimate expected coral loss in the Caribbean to be almost 

100% by 2050 as a result of increases in SST under the top IPCC emissions scenario, A1F1.  

                                                 
16

 Live corals currently represent only 9.4-11% of the total cover in the Dominican Republic, coverage similar 

to the average for the entire Caribbean of 10%. 

 
17

 Similar erosion rates have been measured at other sites (Scoffin and others, 1980; Eakin, 1992), but have been 

shown to vary greatly between reefs (Hutchings, 1996) and within different sites of reefs (Eakin, 1996). 
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Adjusting Vergara others estimates for the SRES markers employed in this study, losses of 

80% under A2 and 50% under B2 by 2050, to the services provided by coral reefs, sea grass 

beds and the coastal shelf were assumed. 

 

In this analysis losses associated with degradation in the biomes (coral reefs, sea grass 

beds and the coastal shelf) in the coastal waters of the SKN were estimateed.  The negative 

impact of rising SST is obtained using the following formula:  

 

 * * 2050        
biome

Expected Loss Current Biome Cover Unit Value of Biome in     (1) 

 

The value of services provided by coral reefs, seagrass beds and the coastal shelf in 2050 are 

estimated using the values in Costanza and others (1997) projected to 2050 by using average 

US consumer price inflation (from 2004-2008) of 3.2%.  For the calculations, see Appendix 

B. 

 

 

C. DISCOUNTING 

 

Discounting is used by economists to compare economic impacts occurring at different times 

(Arrow and others, 1995).18  Because of the long periods involved in climate change 

decisions, the choice of discount rate critically affects the net present value of alternative 

policies, and thus the policy recommendations that emerge.  As a result, the discount rate is 

one of the most contentious issues in the debate about the extent of climate change.  The 

prescriptive approach tends to generate relatively low discount rates and thus favours 

relatively more spending on climate change mitigation.  The descriptive approach tends to 

generate relatively higher discount rates and thus favours relative less spending on climate 

change mitigation. 

 

The Stern Review‘s19 discount rate for climate change damages is approximately 

1.4% (Dietz, 2008).  This relatively low rate is consistent with the view that the welfare of 

future generations is as important as that of the current generation.  Critics of the Stern 

Review, for example, Nordhaus (2007), suggest that a discount rate of 4% or higher should 

be employed, to be consistent with the observed real rate of return in the stock market.  

However, supporters of the Stern Review counter that a rate as high as 4%, implies that the 

welfare of future generations is much less important than that of the current generation; 

essentially this would mean that nothing should be done now to combat climate change.20  

Further, they argue that the 1.4% rate of discount used in the Stern Review is consistent with 

                                                 
18

 There are four main reasons commonly proposed by economists for placing a lower value on consumption 

occurring in the future rather than in the present: future consumption should be discounted simply because it 

takes place in the future and people generally prefer the present to the future (inherent discounting); 

consumption levels will be higher in the future, so the marginal utility of additional consumption will be lower; 

future consumption levels are uncertain; and improved technology of the future will make it easier to address 

global warming concerns. 

 
19

 The Stern Review on the Economics of Climate Change is a report released for the British government on 

October 30, 2006 by economist Nicholas Stern, which discusses the effect of global warming on the world 

economy. 

 
20

 For a more thorough discussion of the controversy surrounding the discount rate see Quiggin (2006). 
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the real rate of return in the bond market.  If supporters of the Review are correct, then 

discount rates of approximately 1-2% are more applicable for discounting climate change 

losses. 

 

Notwithstanding the highly charged debate about the appropriate rate of discount that 

should be employed, the previous discussion provides a range of discount rates to employ in 

this study to assess predicted losses in today‘s dollars.  Rates of 1%, 2% and 4% are used.  

This allows an examination of the sensitivity of loss estimates to different choices of discount 

rate.   

 

D. “BUSINESS AS USUAL” 

 

The study also developed a baseline or ―business as usual‖ (BAU) pathway—the ―no climate 

change‖ trajectory—for the value of the coastal and marine sector up to 2050.  BAU is a 

concept that is difficult to pin down because it critically depends on what assumptions are 

made about structural change.  

 

To accomplish this task, the value of each component which comprised the total value 

of the coastal and marine sector was projected up to 2050 based on their individual 

underlying growth rates and then the component values for the respective years were then 

added to get the total value for each year.  Once this baseline is established, the difference 

between the trajectory ―without climate change‖ and the cost of climate change is assessed.  

This study estimated the change in the value of the sector from SLR-induced coastal erosion 

and rise in SST. 

 

E. KNOWLEDGE GAPS 

 

Much of the information available is very generic and very general.  The ability to define 

boundary conditions for different species and different climate scenarios is not possible.  

Other gaps are: 

 Lack of long-term data for key coastal and marine descriptors. 

 There are little data available relating to the spatial extent of coastal and marine 

ecosystems, inventories of flora and fauna, and the monitoring of ecosystem changes 

in SKN.   

 

 

VI. RESULTS 

 

The results for a current valuation of the services provided by the coastal and marine sector 

for SKN are presented in Table 4.  The largest contributor to the overall valuations by far is 

biodiversity, making up almost 78% of the total value.  In comparison to 2008 GDP of 

approximately $570.14 million (mn), all component values with the exception of fisheries are 

reasonably large.  In particular, biodiversity is 46.63% of GDP.  

  

Table 4: Value of Coastal and Marine Sector, 2008 

 Value ($mn) Share of Total Value (%) Share of 2008 GDP (%) 

Tourism and Recreation 75.27 21.99 13.20 

Fisheries 1.22 0.36 0.21 
Biodiversity 265.87 77.66 46.63 

Total $342.4 mn 100 60.0 

Source: Author‘s compilation 
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Next, estimates of the economic impacts of sea level rise and coral reef decline to 

coastal lands under the A2 and B2 are calculated.  Sea level rise coupled with coral reef 

decline is predicted to cause 65 metres of erosion by 2050 under the B2 scenario and 80 

metres under the A2 scenario.  Numerical estimates of losses are provided in Table 5.  By 

2050, losses are projected to be $1,026 mn and $832 mn under A2 and B2 respectively.  In 

present value terms, if A2 occurs, losses range from $197.7-$657.8 mn; and if B2 occurs, 

losses range from $160.2-$547.8 mn; depending on the discount rate assumed.  These 

estimates imply that the cost to coastal lands due to sea level rise and coral reef decline may 

have a lower bound as high as 28% of 2008 GDP.   

 

Table 5: Value of Losses to Coastal Lands due to Sea Level Rise-Induced Erosion 

 A2  B2  

Accumulated Losses by 2050 ($mn) 1,026.4  832.0  

   

Present Value ($mn) (d = 1%) 675.8 547.8 
Share of 2008 GDP (%) 119 96 

   

Present Value ($mn) (d = 2%) 446.8 362.2 
Share of 2008 GDP (%) 78 64 

   
Present Value ($mn) (d = 4%) 197.7 160.2 

Share of 2008 GDP (%) 35 28 

Source: Author‘s compilation 

 

Estimated costs of a rise in SST in 2050 and in present value terms under each 

discount rate assumption are shown in Table 6.  By 2050, losses vary between $646.8 mn and 

$1,034.9 mn.  Assuming a discount rate of 4%, losses range from $124.6 mn for the B2 

scenario to $199.3 mn for the A2 scenario.  If a discount rate of 1% is assumed, estimated 

losses are much greater, ranging from $425.9-$681.4 mn.  As a percent of 2008 GDP, the 

costs range from 22-120%, depending on the world which is modelled and the discount rate 

assumed.   

 

Table 6: Value of Losses to Coastal Waters due to Sea Surface Temperature Rise 

 A2  B2  

Accumulated Losses by 2050 ($mn) 1,034.9  646.8  

   
Present Value ($mn) (d = 1%) 681.4 425.9 

Share of 2008 GDP (%) 120 75 

   
Present Value ($mn) (d = 2%) 450.5 281.6 

Share of 2008 GDP (%) 79 49 

   

Present Value ($mn) (d = 4%) 199.3 124.6 

Share of 2008 GDP (%) 35 22 

Source: Author‘s compilation 

 

The value of total losses to the coastal and marine sector are summarised in Table 7.  

The overall costs of climate change are very large, ranging from 70-238% of 2008 GDP 

under A2; and 50-171% of GDP under B2.   
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Table 7: Total Cost of Climate Change on Coastal and Marine Sector 

 A2  B2  

Accumulated Losses by 2050 ($mn) 2,061.3 1,478.8 

   

Present Value ($mn) (d = 1%) 1,357.2 973.7 
Share of 2008 GDP (%) 238 171 

   

Present Value ($mn) (d = 2%) 879.3 643.7 
Share of 2008 GDP (%) 157 113 

   

Present Value ($mn) (d = 4%) 397.0 284.8 
Share of 2008 GDP (%) 70 50 

Source: Author‘s compilation 

 

The net present value of the coastal and marine sector taking into account the costs of 

climate change is presented in Table 8.  When discount rates of 1% and 2% are assumed, the 

costs of climate change exceed the sector‘s current value; the only exception is for the B2 

scenario using a discount rate of 4% (see Figure 10).   

 

Table 8: Net Present Value (NPV) of Coastal and Marine Sector in 2008 

 A2  B2  

NPV ($mn) (d = 1%) -1,014.8 -631.3 

   
NPV ($mn) (d = 2%) -554.9 -301.3 

   

NPV ($mn) (d = 4%) -54.6 57.6 

Source: Author‘s compilation 

 

Figure 10: Net Present Value of Coastal and Marine Sector 

 
Source: Author‘s compilation 

 

 

Finally, the trajectory of the value of the coastal and marine sector under the BAU 

trajectory, the ―no climate change pathway‖, with its trajectory is compared with that under 

the A2 and B2 scenarios.  Table 9 presents the value in millions of dollars for 5-year intervals 

from 2020-2050; Figure 11 graphs the various trajectories. 
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Table 9: Trajectory of the Value of Coastal and Marine Sector under BAU, A2 and B2 

  2020 2025 2030 2035 2040 2045 2050 

BAU ($mn) 474.36 545.03 627.22 722.88 834.27 964.05 1,115.32 

        

A2 ($mn)  (d=1%) -1,054.97 -1,062.31 -1,062.11 -1,052.62 -1,031.79 -997.20 -945.98 

B2 ($mn)  (d=1%) -622.80 -608.09 -584.72 -550.88 -504.46 -442.98 -363.48 

               

A2 ($mn)  (d=2%) -663.63 -711.40 -759.97 -808.69 -856.71 -902.93 -945.98 

B2 ($mn) (d=2%) -342.04 -356.35 -367.97 -375.89 -378.86 -375.34 -363.48 

               

A2 ($mn)  (d=4%) -161.18 -228.20 -313.53 -421.68 -558.27 -730.19 -945.98 

B2 ($mn)  (d=4%) 18.42 -9.70 -47.68 -98.24 -164.75 -251.41 -363.48 

Source: Author‘s compilation 

 

 

Under BAU the sector is predicted to have a value of $1,115.32 mn in 2050.  The 

value of the sector under the A2 and B2 climate change scenarios reflect the difference 

between the values under BAU and discounted (under various rates) accumulated costs in 

2050.  With little exception, the value of the coastal and marine sector is negative under the 

A2 and B2 scenarios; the only instance when the sector has a positive value is in 2020 for the 

B2 scenario when a 4% discount rate is employed.  In Figure 11, it is readily apparent the 

extent to which climate change under either scenario drastically reduces the value of the 

coastal and marine sector. 

 

 

VII. ADAPTATION AND BENEFIT-COST ANALYSIS 

 

Climate change adaptation refers to any action to minimise or adjust to the local impacts of 

climate change (UNFCCC, 2009a).  It is distinct from climate change mitigation which refers 

to efforts to tackle the cause of climate change, that is, efforts to reduce the amount of 

greenhouse gases (UNFCCC, 2009b).  Since SKN emits minimal greenhouse gases (much 

less than 1% of global emissions), but will be greatly affected by climate change, our focus is 

on adaptation.  This is consistent with SKN‘s declaration in their First National 

Communication (FNC).  

 

A. CURRENT STRATEGIES FOR MITIGATION 

 

SKN‘s mitigation strategies are based on the sectors that are responsible for the most 

significant emissions in the country—the residential sector, the transport sector and the 

energy industries sub-sectors within the energy sector, which together are responsible for 

86% of the carbon dioxide emissions.  They are not considering mitigation activities for the 

non-carbon dioxide emissions are not considered, as the quantities emitted are minimal. 

 

Mitigation of greenhouse gases in the residential sector will be premised on the 

creation and promotion of an enabling financial and fiscal environment for the adoption of 

appropriate energy efficient and renewable technologies in the buildings sector.  Mitigation 

of greenhouse gases in the transport sector will be approached in the context of a 

comprehensive transportation plan aimed at regularising and minimising traffic flow and 

consequently reducing the greenhouse gas emissions.  Some of the strategies for the energy  
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Figure 11: Trajectories of the Coastal and Marine Sector under BAU “no climate 

change” and Climate Change 
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sector include, among others: the  optimisation of existing power plants for more efficient 

fuel use, and consequently lower emissions, by implementing a regime of preventative 



37 

 

maintenance; the use of less carbon-intensive fuels, such as switching from liquid fossil fuels 

to natural gas, or simply the use of cleaner liquid fuels where costs can be justified; the 

removal of policies that hinder the application and use of renewable energy; and the 

institution of regulatory measures, voluntary agreements with the power generating utilities 

and infra-structural measures aimed at removing institutional barriers and the development of 

a comprehensive and efficient energy system planning. 

 

 

B. CURRENT STRATEGIES FOR ADAPTATION 

 

The adaptation options considered by SKN in their FNC are of the ―win-win‖ or ―no-regret‖ 

type.  This means that these measures would be desirable and positive even in the case of no 

climate change.  It focuses on water resources, agriculture, tourism, human health, the 

institutional framework and capacity building.   

 

As it pertains to the coastal and marine sector, the FNC mentions: the use of measures 

for minimising runoff of freshwater to the ocean environment; developing and enforcing 

environmental policies and regulations (including building regulations) for tourism activities 

that take into account the issues of sea level rise and climate change; and ensuring that the 

risks associated with sea level rise (coastal flooding, increased action of waves and coastal 

erosion, enhanced storm surges and rising water tables) are taken into consideration in the 

building and development of new tourism resorts.  The main deficiency of the document is 

that it lacks specificity in terms of actionable measures and there is no benefit-cost analysis. 

 

C. POTENTIAL ADAPTATION STRATEGIES FOR COASTAL AND MARINE SECTOR 

 

The particular adaptation strategies that a country adopts will depend on many factors, 

including the value asset under threat, the available financial and economic resources, 

political and cultural values, the local application of coastal management policies, and the 

ability to understand and implement adaptation options (Yohe, 2000).  Our approach, 

therefore, is to summarise and evaluate the adaptation options and compute the benefit-cost 

ratios of the ones shortlisted for assessment. 

 

Table 10 provide various adaptation options for SKN.  The options presented were 

suggested and evaluated—at a two-day workshop hosted by the Department of Physical 

Planning and Environment, St. Kitts and Nevis, in collaboration with UNECLAC—by local 

experts from SKN and the author of this report.  We also considered several options for 

extreme weather events.  All options were evaluated based on 10 criteria adopted from 

USAID (2007).   

 

 

D. BENEFIT-COST ASSESSMENT OF ADAPTATION STRATEGIES 

 

Benefit-cost analysis is reasonably straightforward when it comes to analysing complicated 

problems like forward investment programmes.  The NPV and the internal rate of return 

(IRR) summarise in a couple of simple statistics a complicated set of data collecting problems 

regarding the present status of an industry/economy and the future implications of proposed 

investment.   
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In an ideal world of measurement it would be best if it were possible to obtain a clear 

time-path of capital and maintenance costs associated with a new innovation or practice.  

This would enable initial capital costs to be placed in their correct time sequence and 

subsequent maintenance costs placed in some future time sequence.  The advantage of this 

arrangement is that the analyst can proceed to a discounted cash flow analysis.  Likewise, a 

clear time-path of the saved costs or benefits from the time of the investment to some future 

date allows the analyst to proceed.   

 

There are wider implications of implementing programmes and introducing 

regulations to society.  On the cost side there are the administrative costs of the whole 

initiative.  On the benefits side, there are the economy-wide implications on other sectors of 

the economy, and also the saved cost.  These costs and benefits can then be combined with 

the private costs and benefits to reach a nation-wide assessment of the programme. 

 

A small subset of the options are shortlisted and benefit-cost analysis undertaken for the 

purposes of this report: 

1. enhancing monitoring of all coastal waters to provide early warning alerts of 

bleaching events; 

2. introducing artificial reefs or fish-aggregating devices; 

3. introducing alternative tourist attractions; 

4. providing retraining for displaced tourism workers; and 

5. increasing recommended design wind speeds for new tourism-related structures; and 

 

1. Recommendations 

 

Table 11 provides a summary of the benefit-cost analyses conducted for the current study.  A 

20-year horizon was used to evaluate the options.  We assumed an inflation rate of 3% and 

employed a discount rate of 2%.  Of the 5 options considered 4 had benefit-cost ratios of at 

least 1 over a 20-year horizon: option 1; option 2; option 3; and option 5.  While option 4 has 

a ratio below 1, once non-tangible benefits are included in the analysis it is quite likely that 

this ratio might easily rise above 1.  Indeed, while retraining workers might not be cost-

effective, in terms of the national well-being, the option might still be considered ultimately 

viable.   

 

Note that this is only a very simple picture of the social net benefit.  For an ideal 

benefit-cost analysis, we need all benefits and costs involved in a time frame.  This is not 

feasible at the time of writing this Report; however it opens the opportunities for future study 

once more data become available. 

 

 

VIII. CONCLUSIONS 

 

The main objectives of this Report were to estimate the value of the coastal and marine sector 

and to estimate the economic impact of climate change on the sector in SKN.  The overall 

value for the coastal and marine sector are USD $342.4 million (mn).  As a ratio to SKN‘s 

2008 GDP, the sector‘s size is 60%.  Biodiversity comprises almost 78% of the value of the 

sector. 

 

By 2050, the effects of climate change on coastal lands are projected to be $1,026.4 

mn and $832 mn under the A2 and B2 scenarios respectively.  In present value terms, if A2 
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occurs, losses range from $197.7-$657.8 mn and if B2 occurs, losses range from $160.2-

$547.8 mn.  With respect to coastal waters, estimated costs of a rise in SST by 2050 indicate 

losses between $646.8 mn and $1,034.9 mn.  Assuming a discount rate of 4%, losses are 

$124.6 mn for the B2 scenario and $199.3 mn for the A2 scenario.  If a discount rate of 1% is 

assumed, estimated losses are much greater, ranging; $425.9 mn under B2 and 684.4 under 

A2.  When taken together, overall losses to the coastal and marine sector by 2050 are $1.479 

billion under B2 and $2.061 billion under A2.  In present values, losses range from $284.8-

$973.7 mn under B2 and $397.0-$1,357.2 mn under A2, depending on the discount rate 

employed.   

 

Factoring in projected climate change impacts, the net present value of the coastal and 

marine sector suggests that the costs of climate change exceed the sector‘s current value for 

nearly all scenarios, assuming discount rates of 1%, 2% ad 4%; the only exception is for the 

B2 scenario using a discount rate of 4%.   

 

The study also developed a baseline or ―business as usual‖ (BAU) pathway—the ―no 

climate change‖ trajectory—for the value of the coastal and marine sector up to 2050.  Under 

BAU the sector is predicted to have a value of $1.115 billion by 2050.  When comparing the 

trajectory of the sector‘s value ―with climate change‖, that is, under the A2 and B2 climate 

change scenarios, with little exception, the sector‘s value is negative.   

 

Since SKN emits minimal greenhouse gases, but will be greatly affected by climate 

change, the Report focuses on adaptation as opposed to mitigation strategies.  The options 

shortlisted are: (1) Enhance monitoring of all coastal waters to collect a variety of data, 

including water temperature and salinity for early warning; (2) introducing artificial reefs or 

fish-aggregating devices; (3) introducing alternative tourist attractions; (4) providing 

retraining for displaced tourism workers; and (5) increasing recommended design wind 

speeds for new tourism-related structures.   

 

Of the 5 options considered 4 had benefit-cost ratios of at least 1 over a 20-year 

horizon: option 1; option 2; option 3; and option 5.  While option 4 has a ratio below 1, once 

non-tangible benefits are included in the analysis it is quite likely that this ratio might easily 

rise above 1.  Indeed, while retraining workers might not be cost-effective, in terms of the 

national well-being, the option might still be considered ultimately viable.   
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Table 10: Potential Risks and Adaptation Options 

OPTION EVALUATION CRITERIA 

  Cost Effectiveness Acceptability to 

Local 

Stakeholders 

Acceptability to 

Financing 

Agencies 

Endorsement by 

Experts 

Time Frame Institutional 

Capacity 

Size of 

Beneficiaries 

Group 

Potential 

Negative 

Environ-

mental or 

Social 

Impacts 

Potential to 

Sustain over 

time 

Build sea wall 
defences and 

breakwaters         depends  

Build tourism 

infrastructure 
further back 

from coast         X  

Re-nourish 

beach            

Limit sand 

mining for 
building 

materials 

        X  

Amend and 

enforce existing 

legislation to 
change 

planning  

policies, zoning 
and land use 

priorities as 

needed 

        X  



41 

 

 
OPTION EVALUATION CRITERIA 

  Cost Effectiveness Acceptability to 

Local 

Stakeholders 

Acceptability to 

Financing 

Agencies 

Endorsement by 

Experts 

Time Frame Institutional 

Capacity 

Size of 

Beneficiaries 

Group 

Potential 

Negative 

Environ-

mental or 

Social 

Impacts 

Potential to 

Sustain over 

time 

Establish coral 

nurseries to 

help restore 
areas of the reef 

that have been 

damaged due to 
the effects of 

climate change 

        X  

Enhance 

monitoring of 
all coastal 

waters to 

collect a variety 
of data, 

including water 

temperature and 
salinity for 

early warning 

        X  

Control 
discharges from 

known point 

sources such as 
vessel 

operations and 

offshore sewage  

        X  

Develop 
innovative 

partnerships 

with, and 
provide 

technical 

guidance to 
landowners and 

users to reduce 

land based 
sources of 

pollution 

        X  
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OPTION EVALUATION CRITERIA 

  Cost Effectiveness Acceptability to 

Local 

Stakeholders 

Acceptability to 

Financing 

Agencies 

Endorsement by 

Experts 

Time Frame Institutional 

Capacity 

Size of 

Beneficiaries 

Group 

Potential 

Negative 

Environ-

mental or 

Social 

Impacts 

Potential to 

Sustain over 

time 

Introduce 

artificial reefs 

or fish-
aggregating 

devices         X  

Establish  
special marine 

zones 

        X  

Fund discount 

programmes 
run by airlines 

          

Fund discount 

programmes 

run by hotels 
          

Introduce 
"green 

certification" 

programmes for 
hotels 

        X  
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Conduct  

energy audits 

and training to 
enhance energy 

efficiency in the 

industry 

        X  

Introduce 
alternative 

attractions to 

replace use of 
natural 

attractions 

        X  

Provide re-

training for 
displaced 

tourism 

workers 

          

Increase 

recommended 
design wind 

speeds for new 

structures 
        X  

Offer incentives 

to retrofit 

tourism 
facilities to 

limit the impact 

of extreme 
events 

        X  

Retrofit ports to 
accommodate 

the extreme 
events 

 

       X  

Catastrophe 
insurance for  

government 

buildings  

 

    

 

  X  
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OPTION EVALUATION CRITERIA 

  Cost Effectiveness Acceptability to 

Local 

Stakeholders 

Acceptability to 

Financing 

Agencies 

Endorsement by 

Experts 

Time Frame Institutional 

Capacity 

Size of 

Beneficiaries 

Group 

Potential 

Negative 

Environ-

mental or 

Social 

Impacts 

Potential to 

Sustain over 

time 

Provide greater 

information 

about current 
weather events         X  

Supporting 

infrastructure 

investment for 
new tourism 

properties 

        X  

Irrigation 
network that 

allows for the 

recycling of 

waste water 

        X  
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Table 11: Benefit-Cost of Select Options 

 Details Benefit-Cost  

Ratio 

Payback Period 

(years) 

Option 1 Enhance monitoring 

of coastal waters  to 

provide early 
warning alerts of 

bleaching events 

9.1 1 

    
Option 2 Introduce artificial 

reefs or fish-

aggregating devices 

49.3 10 

    

Option 3 Introduce  

alternative 
attractions 

1.6 8 

    

Option 4 Provide re-training 

for displaced 

tourism workers 

0.9 -- 

    
    

Option 5 Increase 

recommended 
design wind speeds 

for new tourism-
related structures 

2.0 11 

Source: Author‘s compilation 
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APPENDIX A: TECHNICAL NOTES AND DATA SOURCES FOR CORAL REEF- 

AND MANGROVE-ASSOCIATED TOURISM 

 

A.  Coral Reef- and Mangrove-Associated Tourism 
 

The value of reef-related tourism in SKN is assessed using the WRI (2009) method.  This 

approach involves calculating gross revenues and taxes from tourism associated with reef 

recreation, coralline beach use, and spending on accommodation, food, and other things.  

 

Data and Assumptions 

 

Recreation and Tourism Profile 

 Annual number of stay over visitors  

 123,062 

 Average length of stay 

 9.6 

 Percent of visitors using the beach, dive, snorkel or go on a boat trip  

 90% 

 

Accommodation Default Values 
Costs, Taxes and Service Charges 

 Average hourly hotel wage 

 $3.05 

 Hours worked per week 

 40 

 Persons employed per room 

 1 

 Non-Labour costs (as a percentage of base revenue) 

 25% 

 Tax rate (%) 

 7% 

 Service charge rate (%) 

 10% 

 

Leakages 

 Percent of rooms that are foreign-owned 

 20% 

 

Average Revenues 

 Average room rate (excluding taxes and service charges) 

 $200 

 Average occupancy rate 

 60% 

 Average number of rooms 

 60 

 Number of accommodations 

 29 
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Dive Revenue Inputs 

 Percent of visitors diving 

 25% 

 Average number of dives per diver 

 5 

 Percent of dive certifications issued 

 1% of divers 

 Average dive price 

 $100 

 Average price for dive certification 

 $300 

 Average price per dive of equipment rental 

 $40 

 Proportion of all dives with equipment rentals 

 80% 

 

Dive Costs  

 Labour costs in dive operations (as a proportion of revenue) 

 40% 

 Other costs (as a proportion of revenue) 

 35% 

 

Snorkel and Boating Revenue Inputs 

 Percent of visitors snorkelling 

 10% 

 Average number of trips per snorkeler 

 5 

 Average trip price 

 $50 

 Average price of equipment rental 

 $10 

 Proportion of all snorkelers that require equipment 

 100% 

 Proportion of trips charging for equipment rental 

 100% 

 

Dive Costs  

 Labour costs in snorkel and boating operations (as a proportion of revenue) 

 40% 

 Other costs (as a proportion of revenue) 

 35% 

Local Use  
Coralline Beach Benefits 

 Percentage of local population visiting coralline beaches for pleasure 

 50% 

 Average number of visits per year (per person) 

 12 

 Average duration of visit 

 2 hours 
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Reef Recreation Benefits 

 Percentage of local population visiting engaging in reef recreation (outside organised 

tours) 

 50% 

 Average number of visits per year (per person) 

 12 

 Average duration of visit 

 2 hours 

 

Other Values 

Consumer Surplus 

 Diving 

 1% (assumed) 

 Snorkelling 

 1% (assumed) 

 Tourism Multiplier 

 1 
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Table A1: Value of Coral Reef- and Mangrove-Associated Tourism and Recreation 

1. Accommodation  

Reef-associated Gross Revenue $69,142,680 

Reef-associated Net Revenue (Gross minus costs) $41,842,372 

Net revenue remaining in the country (net revenue - leakages) $33,473,897 

Transfers to the economy (taxes, via wages and service charges) $21,768,894 

Total Value $55,242,791 

  

2. Diving  

Gross Revenue $20,397,630 

Net Revenue (Gross minus costs) $5,099,408 

Transfers to the economy (taxes, via wages and service charges) $8,567,005 

Total Value $13,666,412 

  

3. Snorkelling and Boating  

Gross Revenue $3,691,860 

Net Revenue (Gross minus costs) $922,965 

Transfers to the economy (taxes, via wages and service charges) $1,587,500 

Total Value $2,510,465 

  

TOTAL DIRECT ECONOMIC IMPACTS  $71,419,668 

  

7. Un-captured Value  

Local Use of Coralline Beaches $1,806,257 

Local Use from reef recreation $1,806,257 

Diving Consumer Surplus $203,976 

Snorkelling Consumer Surplus $36,919 

  

TOTAL ECONOMIC IMPACT OF REEF-RELATED TOURISM AND RECREATION $75,273,077 
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B.  Coral Reef- and Mangrove-Associated Fisheries 
 

The value of reef-related tourism in SKN is assessed using the WRI (2009) method.  Formal 

and informal revenues and values from commercial fishing, local subsistence fishing and fish 

processing for coral reef- and mangrove-associated fish are estimated net of the cost of 

undertaking these activities. 

 

Data and Assumptions 

 

Fisheries Profile 
Commercial Fishermen 

 Number of full-time fishermen  

 371 

 Number of part-time fishermen 

 279 

 

Boats 

 Number of small boats (< 15 feet) 

 149 

 Number of large boats (> 15 feet) 

 182 

 

 Facilities and Landing Sites 

 Number of landing sites 

 19  

 Number of fish processing facilities 

 2  

 

Economy 

 Annual GDP from fisheries sector (2008) 

 $18,240,000  

 

Fish Prices 

 Average price of reef fish per pound 

 $3.00 

 Average price of shellfish per pound 

 $3.00 

 

Fisheries Cost Values 
Commercial Fishing Harvesting Costs 

 Labour costs (as a percentage of revenue) 

 25% 

 Non-labour operating costs (as a percentage of revenue) 

 10% 
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Fish Processing Costs 

 Labour costs (as a percentage of revenue) 

 25% 

 Non-labour operating costs (as a percentage of revenue) 

 10% 

 

Reef Abundance 
Reef Extent 

 160 square kilometres 

 Annual reef productivity 

 0.7-1.7 metric tonnes per square kilometre 

 Average price of fish caught 

 $6,613 per metric tonne 

 

Local Fishing Data (Non-Commercial) 
Percent of Population Fishing  

 For sale 

 0.1% 

 For consumption 

 0.1%  

 For enjoyment 

 0.1% 

 

Fish Consumption  

 Average catch per trip (pounds) 

 10 

 Average sale price per unit ($/pound) 

 $3 

 Average annual days in activity (days) 

 12  

 

Local Fishing Enjoyment  

 Average time spent fishing (hours per day) 

 6 

 Average annual days in activity (days) 

 50 

 Average hourly wage 

 $3.05  

 

Multiplier Effect 

 

Indirect/induced effects of fishing industry 

 Multiplier  

 1.4 
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Table A2: Value of Coral Reef- and Mangrove-Associated Fisheries 

1. Commercial Fisheries  

Gross Revenue $1,269,696 

Net Revenue $825,302 

Transfers to the economy (Wages) $317,424 

Total Commercial Fishing Value $1,142,726 

  

2. Local Fishing  

Value of Local Fish Sale $17,854 

Value of Local Fish Consumption $17,854 

Value of Local Fish Enjoyment $44,634 

Total Local (non-commercial) Fishing Value $80,341 

  

TOTAL DIRECT ECONOMIC IMPACTS (INCLUDING LOCAL USE) $1,223,068 
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C.  Coastal and Marine Biodiversity 

 

The value of coastal and marine biodiversity is calculated as follows: 

 

Table A3: Value of Biodiversity 

Biome Value ($/ha) Area (ha) Value ($) 

Coral reefs 4,136 16,000a 66,176,000 

Coastal shelf 2,240 46,000b 103,040,000 

Mangroves 12,881 70c 901,670 

Seagrass beds 27,609 3,468d 95,748,012 

TOTAL VALUE OF COASTAL AND MARINE BIODIVERSITY   265,865,682 

Notes: a Burke and Maidens (2004). bBurke and Maidens (2004). cFAO (2007). dAgostini and others (2010). 
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APPENDIX B: TECHNICAL NOTES FOR LOSS ESTIMATES 

 

A.  Losses to Coastal Lands 

 

Annual Loss = (Average Price of Room – (Average Price of Room - (Beach Width Price * 

Annual Erosion))) * No. of Hotels * Average No. of Rooms * Occupancy Rate * No. of Days 

in Year 

 

Table B1: Model Parameters 

Erosion Rate  

m/year 

Average 

Room 

Price 

Beach Width 

Price 

No. of 

Hotels 

Average 

No. of 

Rooms 

Occupancy 

Rate 

No. of 

Days in 

Year 

1.9 (A2)  and 1.54 (B2) $200 $1.57 29 60 60% 365 

 

 

 

B.  Losses to Coastal Waters 

 

Table B2: Value of Losses to Coastal Waters 

 2050 Value/ha Current Cover (ha) A2 (80% loss) B2 (50% loss) 

Seagrass beds $103,656.84 3,468 $287,585,535.16 $179,740,959.66 

Coral reefs $33,136.85 16,000 $421,151,667.77 $265,094,792.35 

Coastal shelf $8,781.68 46,000 $323,165,749.93 $201,978,593.70 

TOTAL VALUE OF LOSSES TO COASTAL WATERS IN 2050   $1,034,902,953.15 $646,814,345.72 

 


