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Executive Summary

The purpose of this report is to assess the potential economic impact of climate change on the
CARICOM countries -- Antigua & Barbuda, Bahamas, Barbados, Belize, Dominica, Grenada,
Guyana, Jamaica, St. Kitts, St. Lucia, St. Vincent and the Grenadines, Trinidad & Tobago. It
develops estimates of potential economic impacts due to climate change in the absence of
adaptation actions. The study had a very tight schedule and limited budget and so was limited to
economic impacts that could be estimated from readily available existing studies. No original
research or data collection was undertaken.

To be meaningful an estimate of the potential economic impact of climate change must relate to
a specific climate change scenario. However, future changes to the climate in the Caribbean are
uncertain. To address this uncertainty, two climate change scenarios -- a “low case” and a “high
case” -- are specified. Climate change has numerous consequences that can have economic
impacts. The potential economic impacts due to climate change are summarized in Chapter 3.

Despite an extensive search, we found no estimates of the economic impacts of climate change
for any sector or country in the region. We did find many useful pieces of information, such as
estimates of losses due to specific hurricanes and estimates of land loss due to sea level rise in a
specific country. The available information has been used to prepare rough estimates of the
economic impacts of climate change in CARICOM countries in the absence of adaptation
actions.

The available data are sketchy so “low” and “high” values are used for most variables. The
values are combined with the climate change scenarios to yield “low” and “high” estimates of
the potential economic impacts due to climate change. Values for some categories of climate
change impacts, such as the loss of agricultural and fisheries output and loss of some historical
resources, could not be calculated. The climate change impacts are expressed as impacts on the
current (2000) economy even though the climate change will occur gradually over 50 to 80
years. This is standard practice in the literature.

The potential economic impact of climate change on the CARICOM countries is estimated at
between 1999 US§1.4 to $9.0 billion for the impacts that could be estimated assuming no
adaptation to climate change. The wide range for the estimate of potential economic impacts is
due more to the uncertainty relating to the values and assumptions used than to the uncertainty
about climate change. The estimate is based on limited data and numerous assumptions and
hence is only a very rough initial estimate of the potential economic impact due to climate
change.

This estimate of the potential economic impact of climate change should be used with great care
because it does not reflect possible adaptation to climate change and because of the uncertainty
in the data and assumptions. Those cautions apply with even greater force to the estimates for
specific categories of impacts and for individual countries. Estimates are often based on data for
a single country, which may not be correct for other countries.

il
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In the low scenario the total impact averages about 5.6% of GDP (ranging between 3.5% in
Trinidad and Tobago and 16% in Guyana). In the high scenario the total impact averages over
34% of GDP (ranging between 22% in Trinidad and Tobago and 103% in Guyana). The
relatively low impact in Trinidad and Tobago is due to its limited vulnerability to hurricanes and
the relatively small size of its tourist industry. The relatively high impact in Guyana appears to
be at least partly due to its relatively low per capita GDP.

The largest category of impacts is the loss of land, tourism infrastructure, housing, other
buildings and infrastructure due to sea level rise. Those losses represent 65% to 75% of the total
economic impacts. Most of the remaining impacts are due to reduced tourism demand due to
rising temperatures and loss of beaches, coral reefs and other ecosystems. Those impacts
represent 15% to 20% of the total impacts estimated. Property damage due to the increased
intensity of hurricanes and tropical storms accounts for 7% to 11% of the estimated impacts.
The increased intensity of hurricanes and tropical storms may also lead to more injuries and
deaths.

The impacts that could not be estimated and the relative size of the impacts estimated suggest
where efforts can be focused to improve the quality of the estimates. The impacts on agriculture
are potentially significant for CARICOM countries. Since the main crops are exported, analysis
of the impacts on agriculture requires the use of a global model. Country-specific information on
the land and infrastructure vulnerable to different degrees of sea level rise would yield much
better estimates of the potential losses due to sea-level rise, which dominate the estimated
impacts.

The estimates are useful as a starting point for an identification and assessment of potential
adaptation measures. Adaptation measures may be planned; designing buildings to withstand
stronger hurricanes, for example. Or adaptation may be unplanned; reconstructing buildings and
infrastructure lost due to sea level rise. The CPACC project has been assisting each participating
Caribbean country with the formulation of a National Climate Change Adaptation Policy and
Implementation Plan. The Mainstreaming Adaptation to Climate Change (MACC) project
would help Caribbean countries formulate and mainstream measures to adapt to anticipated
impacts of climate change.

Adaptation to climate change is possible, indeed unavoidable, in many cases. Adaptation
measures, whether planned or unplanned, have costs. In principle, adaptation measures should
be implemented where they cost less than the damage reduced. Coastal protection, for example,
may be cost-effective for low-lying settlements but not for vacant land. Planning may also
reduce adaptation costs; locating new buildings and infrastructure outside low-lying coastal areas
can reduce the cost of adapting to sea level rise.

It must be stressed that the above estimates, with one minor exception, assume no adaptation
measures are implemented. The economic cost of climate change will be the cost of the
adaptation measures implemented plus the value of the residual damage. The available
information is not sufficient to support estimates of the cost-effective use of various adaptation
measures and hence of the total cost of adaptation and the residual damages.

iv
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The opportunities to adapt to climate change and the potential to reduce climate change damage
vary by country. It is clear that adaptation will cost less than the potential damages for at least
some of the impacts of climate change in all countries. Thus, the economic cost should be
substantially lower than the high estimate of the potential economic impact in the absence of
adaptation actions.
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1. INTRODUCTION

1.1 Purpose

The World Bank is preparing a project (Mainstreaming Adaptation to Climate Change, MACC)
that would help countries in the Caribbean formulate and mainstream measures to adapt to
anticipated impacts of climate change. This report is an input to the preparation of that project.

The purpose of this report is to assess the potential economic impact of climate change on the
CARICOM countries. It develops estimates of potential economic impacts due to climate
change in the absence of adaptation actions. The study had a very tight schedule and limited
budget and so was limited to economic impacts that could be estimated from readily available
existing studies. No original research or data collection was undertaken.

Given the uncertainty of climate change, high and low climate change scenarios are specified.
The information available from existing studies is adjusted to reflect these climate scenarios.
The data and assumptions used to estimate the potential economic impacts of climate change are
also uncertain. Again the uncertainty is addressed through the use of values that yield low and
high estimates of potential impacts. The resulting low and high estimates span a very wide
range; an indication of the very approximate nature of the estimates.

The economic cost of climate change to CARICOM countries will be the cost of the adaptation
measures implemented plus the value of the residual damages. Very little information on the
costs of adaptation measures is available. The information is not sufficient to support estimates
of the cost-effective use of various adaptation measures and hence of the total cost of adaptation
and the residual damages. But the economic cost should be substantially lower than the high
estimate of the potential economic impacts of climate change in the absence of adaptation
actions.

The report develops estimates of potential climate change impacts for each of the CARICOM
countries -- Antigua & Barbuda, Bahamas, Barbados, Belize, Dominica, Grenada, Guyana,
Jamaica, St. Kitts, St. Lucia, St. Vincent and the Grenadines, Trinidad & Tobago. The cautions
relating to the very uncertain nature of the estimates apply with even greater force at the country
level.

1.2 Background

The Intergovernmental Panel on Climate Change (IPCC) concludes that emissions of greenhouse
gases and aerosols due to human activities continue to alter the atmosphere in ways that will
continue to affect the climate. Greenhouse gases remain in the atmosphere for a long time --
decades to millennia. Human actions to remove greenhouse gases from the atmosphere, such as
planting trees, have only limited potential to reduce the atmospheric stock of these gases. So
continued climate change is inevitable; only the magnitude of the change is in doubt.
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Climate change depends mainly upon the stock (concentration) of greenhouse gases in the
atmosphere. Due to the long atmospheric life of the gases and the limited ability to remove them
from the atmosphere, climate change persists for a long time and is effectively irreversible. Lags
inherent in the climate system mean that changes may not occur until decades after the emissions
occur and may persist long after concentrations stabilize. Sea level, for example, is expected to
continue to rise for 1,500 years after concentrations are stabilized.

Climate change involves a variety of changes including higher surface temperatures, changes to
the hydrological cycle including more frequent heavy rains and less total precipitation in some
regions, more intense and perhaps more frequent tropical storms, and more “El Nifio-like”
conditions. The warmer temperatures lead to thermal expansion of ocean waters and melting of
glaciers and ice on land, which causes the sea level to rise. Higher sea levels and more intense
tropical storms cause higher storm surges.

These changes are beginning to lead to damage to natural ecosystems and man-made
infrastructure. Beaches, mangrove stands, wetlands and other coastal lands will be lost to rising
sea levels and higher storm surges. Coral reefs may be lost due to higher water temperatures.
Fresh water supplies may be reduced, or increased, by long-term changes in rainfall patterns and
evaporation. There is a risk of damage to buildings, roads, sewer and water systems, port
facilities, and other infrastructure due to rising sea levels, higher storm surges, and more intense
tropical storms. Damage due to flooding in heavy rains could also rise. In many cases, the
impacts rise exponentially; a 10% increase in the intensity of a severe hurricane raises the
property damage by about 75%.'

Caribbean countries will be disproportionately affected by climate change. The
Intergovernmental Panel on Climate Change concludes that the adverse impacts of climate
change are expected to fall on developing countries and that small island states are at particular
risk of severe social and economic effects from sea-level rise and storm surges.” The CARICOM
countries are responsible for 0.16% of global CO, emissions. Climate change in the Caribbean
effectively depends upon greenhouse gas emissions by the rest of the world. Estimates of the
CARICOM share of global climate change damages are not available. But estimates of damages
due to climate change are generally higher for developing than developed countries.

Most of the CARICOM countries are small islands, so coastal areas represent a relatively large
share of the total area. Much of the infrastructure is also located along the coast. Consequently
coastal areas will need to be protected or risk significant damage to infrastructure. Caribbean
countries are also relatively more vulnerable to increased hurricane damage than richer,
temperate countries. Tourism, which depends on the region's attractive climate and amenities, is
a large sector of the economy in many of the Caribbean countries. Agriculture is another
significant, climate-sensitive sector of the economy of many Caribbean countries. As a result a
large share of the economy of most Caribbean countries is vulnerable to climate change.

!'See Table 2.5.

? Houghton, et al., 2001, p. 12.
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The economic impact of to climate change is likely to be larger, in relative terms, than in many
richer countries. Since global emissions and atmospheric concentrations are still rising,
Caribbean countries will need to adapt and implement measures that minimize the impacts.
Regardless of the measures to adapt and minimize the adverse impacts, some damage due to
climate change will occur.

1.3 Methodology

To assess the potential impact of climate change on CARICOM countries in the absence of

adaptation actions we:

e Specified low and high climate change scenarios based on the literature

e Identified potential impacts of climate change in the Caribbean

e Developed estimates of the potential economic impacts of climate change on CARICOM
countries assuming no adaptation measures are implemented

e C(Collected available estimates of the costs of adaptation to climate change

These steps are discussed below.

Available information on the impacts of climate change is based on different projections of the
climate change assumed. To be meaningful an estimate of the potential economic impact of
climate change must relate to a specific climate change scenario. However, future changes to the
climate in the Caribbean are uncertain. To address this uncertainty, two climate change
scenarios -- a “low case” and a “high case” -- are specified. The climate change scenarios are
presented in Chapter 2.

Climate change has numerous consequences that can have economic impacts. Climate change
leads to higher temperatures and specific humidity, higher sea surface temperature, changes to
the hydrological cycle, sea level rise, and increased intensity of extreme weather events. These
changes, in turn, affect the region's resource base. Higher sea surface temperatures cause coral
bleaching and changes to fish stocks. Rising sea levels lead to coastal erosion, possible loss of
infrastructure, salt water intrusion into fresh water supplies. These effects have economic
consequences such as reduced value of dive tourism, changes to the value of fish landings, loss
of coastal lands, reduced value of coastal infrastructure such as port facilities, and changes to
fresh water supplies. The potential economic impacts due to climate change are summarized in
Chapter 3.

Despite an extensive search, we found no estimates of the economic impacts of climate change
for any sector or country in the region. We did find many useful pieces of information, such as
estimates of losses due to specific hurricanes and estimates of land loss due to sea level rise in a
specific country. That information has been used to prepare rough estimates of the economic
impacts of climate change in CARICOM countries in the absence of adaptation actions. The
available data are sketchy and numerous assumptions are required to develop the estimates of
potential economic impacts. Consequently, the results must be considered very rough initial
estimates of potential economic impacts in the absence of adaptation actions.
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The data and assumptions used to prepare the estimates of potential economic impacts are
described in Chapter 4. The economic impacts are expressed as impacts on the current (2000)
economy even though the climate change will not reach its full potential for some decades. This
is standard practice in the literature. The uncertainty in the data and assumptions is addressed
through the use of values that yield low and high estimates of potential impacts. The values that
yield low estimates are combined with the low climate change scenario and those that yield high
estimates are combined with the high climate change scenario. The resulting low and high
values span a very wide range; an indication of the very approximate nature of the estimates.

Options for adaptation to climate change, estimates of the costs of the adaptation measures, and
estimates of the avoided damages, where available, are presented in Chapter 5. The available
information on the costs of adaptation measures is even more limited than that relating to
potential economic impacts. The available information is not sufficient to support estimates of
the cost-effective use of various adaptation measures and hence of the total cost of adaptation
and the residual damages.

The ultimate economic cost of climate change to CARICOM countries will be the cost of the
adaptation measures implemented plus the value of the residual damage. This should be
substantially lower than the high estimate of the potential economic impact in the absence of
adaptation actions as estimated in Chapter 4. The estimates in Chapter 4 are useful as a starting
point for an identification and assessment of potential adaptation measures.
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2. Climate Scenarios

2.1 Observed Trends

Although there is much climatic variation between localities, some factors and characteristics are
common to most small islands -- mainly as a result of their insular nature and tropical location.
For instance, it is generally true that:

e The ocean exerts a strong influence on the climate of islands.

e Temperatures now are usually high, with mean annual values of 20°C and above.

e Diurnal and seasonal variations in temperature are low, with ranges around 5°C and less.

e Small island Caribbean states are strongly affected by tropical storms and hurricanes.

Average annual temperatures have increased by at least 0.5°C over the period 1900-1995 and in
some Caribbean countries by 1°C or more. Seasonal temperature data are consistent with the
higher average temperatures. Rainfall data for the same period show much greater seasonal,
interannual, and decadal-scale variability, although a declining trend in average annual rainfall --
on the order of 250 mm in some locations -- is evident.> Annual rainfall varies considerably
across the CARICOM countries from 750 to 1400 mm in Grenada to 1270 to 7620 in Dominica.

High interannual and subdecadal variations of tropical storms are evident (See Section 2.3).

2.2 Model Projections

Most small islands are too small to be identified with a grid point in global climate models. This
limits the ability to generate future projections of climate change for individual small islands.
However, some projected effects are regionally robust. Surface air temperatures can be expected
to rise in the future. Because oceans are expected to warm in the future, albeit at a slower rate
than land masses, small island states are also expected to experience moderate warming.”

Models do not all agree on the future changes to annual precipitation in the Caribbean, although
most show drying conditions. Recent records show trends towards increasing precipitation in the
northern Caribbean, e.g. northern Bahamian Islands and less in the southern Bahamas and in
most countries as far south as Suriname. Evaporation generally rises with temperature, but also
depends on other factors including vapour pressure, so evaporation rates will vary spatially and
temporally within the region, but less so than rainfall. Several models project an increase in
precipitation intensity and flash flooding for latitudes within which many small island states are
located. Increases in droughts also has been projected (See Section 2.3).’

* Nurse, et al., 1998, p. 339.
* Nurse, et al., 1998, p. 340.

> Nurse, et al., 1998, p. 341.



MARGAREE

Consultants

Sea level rise varies with factors such as the rate of warming, the efficiency of ocean circulation,
and local atmospheric effects, and currents, and hence is not uniform (See Section 2.3).

2.3 Climate Scenarios

As noted, scenarios of future climate are based mainly on the output of atmospheric — ocean
General Climate Models (or Global Circulation Models) AOGCM’s. These use mathematical
descriptions of atmospheric and oceanic motions, energy fluxes and water fluxes to simulate
past, present and future climates. Past and present climates are used to validate the models.
Future climate is driven primarily by forcing due to greenhouse gases and aerosols, which tend to
counteract the greenhouse effect. These human-induced influences now outweigh natural factors
that affect global climate such as changes in solar radiation or volcanic emissions.

The greenhouse gas and aerosol forcing is estimated by means of scenarios of future emissions.
These can have a very wide range depending on the future evolution of world populations,
economies, energy use, the sources of energy used, and extent of deforestation or afforestation.
Our present (2002) atmosphere has about 30% more CO, (the most abundant of the greenhouse
gases) than in pre-industrial times. IPCC’s range of emission estimates suggest that CO,
concentrations could be as much as triple pre-industrial by 2100 or could be less than double pre-
industrial concentrations by 2100. The outcome depends primarily on the rate of growth of
economies and of fossil fuel use and the vigour of measures to reduce the latter. This creates the
greatest uncertainty in projections of future climate.

However, most climate model analyses have used simply a projection of greenhouse gas and
aerosol forcing that increases at approximately the same rate as during the past decade. This also
results in a range of outcomes because of the differences between models. Most of the available
literature is based on such climate model analyses, and the following range of outcomes
generally reflects these model differences, except as specifically noted. In cases where recent
trends are consistent with projections, more confidence can be placed in the model outputs so
some recent trends are cited. However where results are available using a broader range of
future emission scenarios (the [IPCC-SRES scenarios) these have been used (e.g. for sea level
rise), and so reflect uncertainties in both future emissions and in the models.

To address the uncertainty associated with future climate change, two climate change scenarios -
- a ‘low case’ and a ‘high case’ scenario -- are specified. These two scenarios are estimates of
the range of potential economic impacts due to climate change to 2050 and 2080. These
scenarios are based on the third assessment report of the IPCC, Climate Change 2001. In
particular, the increase in tropical cyclone (hurricane) peak wind and peak rainfall intensity are
considered to be “likely” (65-90% confidence) by IPCC this century.

2.3.1 Temperature and Precipitation

Temperature increases by season for the two scenarios are shown in Table 2.1. The temperature
increase for the low scenario is 2°C and for the high scenario is 3.3°C. Night time temperatures
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are projected to rise more than daytime temperatures, thus narrowing the daily temperature range

by 0.3°C to 0.7°C.
Table 2.1
Temperature Increases by Season
Temperature Temperature
Increase (°C) Increase (°C)
Scenario 1 (low) | Scenario 2 (high)
Dec. — Feb.
2050 1.4 2.0
2080 2.0 3.3
June — August
2050 1.5 1.9
2080 2.0 33
Note: A decrease in the daily temperature range of 0.3°C
to 0.7°C is projected with greater warming at night than
during the day.

The precipitation scenarios are shown in Table 2.2. The low scenario shows decreases in
precipitation throughout the year, with larger reductions during the rainy season. Precipitation is
projected to rise under the high scenario, with a smaller increase during the rainy than during the
dry season. It should be noted that the low and high values in the case of rainfall do not reflect
low and high greenhouse gas emissions — they are simply the range of estimates from various
sources.

Table 2.2
Precipitation Changes by Season
Precipitation Precipitation
Change % Change %
Scenario 1 (low) | Scenario 2 (high)

Dec. — Feb.

2050 -1.5 +13.1

2080 -4.4 +24.4
June — August

2050 -18.4 +17.1

2080 -25.3 +8.9
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The variation among model outputs for precipitation as reflected in Table 2.2 is very
high. The median values for the scenarios suggest:

e less rain in the rainy season (-6.9% for 2050 and -8.2% for 2080), and
e more rain in the dry season (+5.9% for 2050 and +8.2% for 2080).

Three points tend to reinforce the likelihood of reduced precipitation, in the rainy season

at least:

e In general, the Caribbean receives less rain in El Nifio years and IPCC suggests that
future climate may be more “El Nifio-like”.

e Trends in rainfall over the past few decades have been mostly downward in the
Caribbean except for the northern islands of the Bahamas.

e Increased evaporation losses with higher temperatures will tend to overcome
small increases in rainfall, with a net negative moisture balance especially in the
rainy season.

2.3.2 Sea Level Rise

Climate change causes sea levels to rise due to thermal expansion of ocean waters and melting of
glaciers and ice on land. The range of mean sea level rise for the period 1990 to 2100 as
estimated by five models is 0.18 to 0.77 metres. For the full range of economic and energy
development in IPCC’s emission scenarios (SRES scenarios), mean sea level rise of 0.16 to 0.87
metres is anticipated by 2100. The mean sea level rise for earlier periods is shown in Table 2.3.

Table 2.3
Mean Sea Level Rise

SRES Mean Sea Level Changes
Scenario 1 Scenario 2
(low) (high)
2050 0.08m 0.44m
2080 0.13m 0.70m
eventual 0.5m 2.0m

There is a long lag time from greenhouse gas emissions to sea level rise, so that mean sea level
would continue to rise for more than 1500 years. If emissions were held constant after 70 years
at twice pre-industrial levels, sea level would eventually rise to between 0.5 and 2.0 metres
above present levels.



MARGAREE

Consultants

To compare to observed sea level rise to date, the longest observed record in the region is from
Key West, Florida, where average increases of 0.17 m per decade have been observed since
1850. This is much more rapid than even the highest of the above projections for the Caribbean.
The high projections thus seem more compatible with the observations to date. However, this
should be tempered with the note that the northern Caribbean mean sea level increase, during the
relatively short Topex/Poseidon satellite mission (1993-1998), was substantially greater than for
the Southern Caribbean.

2.3.3 Extreme Events
Storm Surges

It is not the mean sea level that damages beaches and shorelines and causes major floods, but the
extreme high water under storm surges, tides, and waves. Probability analysis shows that for a
location about one metre above present mean sea level and a sea level rise of 20 cm, storm
surges and tidal flooding which now occur every 10 years on average, would occur twice per
year -- a twenty-fold increase.

To indicate the potential magnitude of storm surge inundation, model calculations for a category
5 (most severe) hurricane approaching the Bahamas from the east, indicate a “maximum
envelope of water” (MEOW) 5.2 m deep moving on shore in the Nassau area. The observed
MEOW in the Bahamas from hurricane Andrew (category 4) was 2.4 to 3.0 m.°

Tropical Storms and Hurricanes
Will tropical storms and hurricanes become more frequent or severe in a changing climate?

The historical record indicates that the:

e Number of hurricanes plus tropical storms (that did not reach hurricane intensity) in Atlantic-
Caribbean basin has increased from 7 to 10 per year since 1886.

e Number of hurricanes alone shows no long-term trend, but annual numbers are affected by
the state of ENSO (fewer during El Nifio and more during La Nina conditions), so a more “El
Nifio-like” climate would mean fewer hurricanes and less precipitation.

e Number of hurricanes reached the unprecedented number of 4 during 1999.

The climate change scenarios are presented in Table 2.4. The trend in the number of tropical
storms and hurricanes is uncertain, so the number remains at 10 per year for both scenarios. The
number of severe hurricanes (category 4 and 5 storms) is assumed to be 2 in the low case and to

® Rolle, The Bahamas Meteorological Service, personal communication.

" Martin and Weech, 2001.
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equal the 1999 level of 4 in the high case. The intensity (maximum wind speed) of the strongest
hurricanes is projected to rise by 5% in the low scenario and by 15% in the high scenario.®

Table 2.4
Tropical Storms and Hurricanes
Scenario 1 | Scenario 2
(low) (high)
Number of tropical storms and
hurricanes per year, 2050 and 10 10
2080
Number of severe hurricanes per
year, 2050 and 2080 2 4
Increased wind speed of the
strongest hurricanes, 2050 and 5% 15%
2080

Table 2.5 provides an estimate of the increase in insured losses with changes in hurricane
intensity (maximum wind speed) for the United States. The losses increase exponentially -- a
5% increase in maximum wind increases damages by approximately 35% and a 15% increase in
maximum wind speed increases damages by roughly 135%.

Table 2.5
Loss Potential in Future Hurricanes

Estimated Estimated 1990 Insured Losses
1990 if Maximum Wind Speed Increases by
Storm | Class | Year Insured
Losses
(000°s) 5% 10% 15%
$4,902,705 | $6,514,172 | $8,542,428
Hugo 4 1989 $3,658,887 34% 78% 133%
$3,382,775 | $4,312,884 | $5,685,853
Alicia 3 1983 | $2,435,589 39% 77% 133%
$4,120,733 | $5,438,332 | $7,095,008
Camille 5 1969 | $3,086,201 34% 76% 130%
Source: Clark, 1997.

8 Houghton, et al., 2001.
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Heavy Rains

Despite a decline in total rainfall, there has been an increase in rain intensity on rain days in
Guyana, Suriname and some islands. Such heavy rains are due to tropical waves and upper level
troughs in the inter-tropical convergence zone and cause local flooding. There were 46 cases of
such events between 1955 and 2000 (46 years) in Barbados, most of which caused floods and a
few of which caused wind damage.

Further increases in rain intensities are projected with one-day average rains increasing on
average 0.5 mm (low) to 1.0 mm (high). The 20-year return period heavy one-day rainfalls over
the Caribbean are approximately 80 mm/day on average (1973-93). These are expected to
increase by an average over the region of 15 mm/day (20%) by 2050 and 35 mm/day (40%) by
2090. These estimates are used as the low scenario in Table 2.6. No other literature is available
as the basis for the high scenario.’

Table 2.6
Heavy Rains
Scenario 1 | Scenario 2
(low) (high)

One day average rainfall, 2050 and
2080 +0.5 mm +1.0 mm
20 year return period one-day
rainfall

2050 95mm

2080 110 mm

The number of flooding events from short duration intense rainfalls and the amount of flooding
per event are thus projected to increase, even though total rainy season rainfall is likely to
continue to decline.

? Zwiers and Kharin, 1998 and Kharin and Zwiers, 2000.

11



MARGAREE

Consultants

3. Potential Economic Impacts of Climate Change

This chapter summarizes the anticipated impacts of climate change on island ecosystems and
socioeconomic sectors to identify the potential economic impacts.'?

3.1 Marine Ecosystems
3.1.1 Coral Reefs

Coral reefs represent one of the most important resources of tropical islands. They are sources of
food, particles for beach sand, and building materials; function as natural breakwaters; and play a
critical role in the formation and maintenance of reef islands, shores and beaches. They are
habitats for a variety of marine communities and they serve as spawning and nursery grounds for
numerous species of reef fish. Reefs also function as protective barriers for beaches and coasts
by reducing incident wave energy. They also generate significant revenue for many island
economies through avenues such as tourism.

The climate change effect of greatest potential significance to coral reefs is likely to be an
increase in seawater temperature. Corals have narrow temperature tolerances (approximately 25-
29°C) and salinity tolerances (about 32-36 ppm). In some islands, some species of corals
currently live at or near their threshold of temperature tolerance. Corals respond to the combined
effects of irradiance and water temperature elevation by paling in colour, or bleaching. If the
temperature elevation is substantial over an extended period (e.g., 3-4°C for over 6 months),
significant coral mortality is likely. Projections suggest that the incidence of bleaching will rise
rapidly within the next few decades, with the highest rate of increase occurring in the Caribbean.

ENSO events already have been associated with extensive coral bleaching in the Caribbean in
the 1990s. Human stresses (e.g., nutrient loading and other types of chemical pollution,
sedimentation from land-based activities, damage due to anchoring of boats) limit the innate
capacities of corals to adapt to climate change. Where reef structures have been weakened by
anthropogenic stresses, as in the Caribbean, the ability of reefs to keep pace with sea-level rise is
reduced. Rising atmospheric CO, concentrations may reduce the ability of reef plants and
animals to make the limestone skeletons that build the reefs.

3.1.2 Mangrove Communities

Mangroves provide important functions as protection against storms, tides, cyclones, and storm
surges and serve as more “filters” against the introduction of pests and exotic insects. Sediment
flux is important in determining mangrove response to rising sea levels. Most islands in the
Caribbean have microtidal, sediment-starved environments, so they are expected to suffer

10 The chapter is based on Nurse, et al., 1998 and Nurse, et al., 2001.
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reductions in the geographical distribution of mangroves. Where the rate of shoreline recession
increases, mangrove stands are expected to become compressed and suffer reductions in species
diversity. Since they require large amounts of fresh water to reach their full growth potential,
mangroves in the Caribbean may be affected more by reduced seasonal precipitation than by
higher temperatures and sea levels.

3.2 Terrestrial Ecosystems

Some small islands still have substantial forests. The tropical forests on small islands have an
important influence on local and regional climates. Forests are of socioeconomic importance as
sources of timber, fuel and non-wood products. Forests also provide habitats for wildlife,
reservoirs for conservation of biological diversity, reduce soil erosion, and provide a basis for
ecotourism.

Forests may be affected more by human activity, such as deforestation, than by climate change.
Changes in soil water availability (the combined effects of temperature and rainfall) are more
important than temperature change alone. Forests are particularly vulnerable to extremes of
water availability -- droughts or floods -- and will decline rapidly if conditions move toward one
of these extremes. On the other hand, increased CO, concentrations may enable some forest
species to use water and nutrients more efficiently and could even increase productivity — up to
the point the CO; fertilization effect saturates.

The biodiversity of islands could be adversely affected by climate change. A wide range of
changes might be expected, including alterations in population size, species distribution, species
composition, and the geographical extent of habitants and ecosystems, as well as an increase in
the rate of species extinction.

Small islands are variable in their biodiversity. Some islands are very rich, while low-reef
islands tend to have both low biodiversity and low endemism. In general, small islands in
absolute figures tend to have high terrestrial diversity and endemism. One of every three known
threatened plants is an island endemic. Approximately 23% of bird species found on islands are
threatened. This situation is believed to be linked closely to increasing population pressure and
habitat alteration.

Additional stresses, such as the projected effects of climate change, could further adversely
affect island biodiversity. Some species may not be able to tolerate higher temperatures and
changes in precipitation (drier or wetter climate). Species higher on the food chain will be
directly affected by the change in climate and indirectly affected by changes in their food
sources.

Establishment of terrestrial, marine, or coastal reserves helps to preserve endangered habitats and

ecosystems and maintain biological diversity while increasing the resilience of these systems to
cope with climate change.
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3.3 Hydrology and Water Resources

Barbados, Antigua and Barbuda, and Grenada are among the driest countries per capita in the
world. In the islands of the eastern Caribbean, the annual rainfall regime is characterized by wet
and dry seasons. In some countries (e.g., Antigua and Barbuda, Barbados, Grenada), as much as
65% of the annual rainfall may occur during the wet season (June to December). There is
growing evidence that hydrological variability might be associated with the occurrence of mega-
scale climate anomalies, such as those associated with the ENSO phenomenon. If climate
change results in a more “El Nifio-like” climate, precipitation is likely to be lower, which could
have serious consequences for water supplies and agriculture in many nations.

Coral islands and atolls are particularly sensitive to changes in groundwater recharge because
almost all of their water supply comes from groundwater sources. In Barbados groundwater
recharge is restricted to the three wettest months of the year and only 15-30% of the annual
rainfall reaches the aquifer. In The Bahamas and Barbados the freshwater lenses are affected
periodically by salinity intrusions caused by overpumping and excess evapotranspiration. Sea-
level rise increases the intrusion of saltwater into the freshwater lens. Salinity levels have
increased in several coastal aquifers in Trinidad and Tobago due to rapid drawdown exacerbated
by sea-level rise.

Rivers are the main source of potable water in Dominica and are also harnessed for power
generation. Declining flows due to more extended periods of drought have become a matter of
serious national concern. Saltwater intrusion up the estuaries of rivers is also augmented by sea
level rise.

3.4 Agriculture

On many islands agricultural production is already stressed as a consequence of high population
densities and growth rates. Few studies have been conducted specifically on the effects of
climate change on agriculture in small islands. Climate change could cause heat stress, reduce
soil moisture, increase soil temperature, increase evaporation, or change the rainfall patterns in
ways that adversely affect agricultural production. Hurricanes, floods and droughts, which may
become more intense and/or more frequent with climate change, can also affect crop agriculture
adversely. Higher CO, concentrations may have a beneficial effect on some crops, but the net
effect of climate change is unlikely to be beneficial.

Islands tend to produce and export a limited range of agricultural commodities and to import a
wide range of food products. Rosenzweig and Parry and Reilly, et al. find that production of
major crops will shift toward the poles. The “cooler” areas gain competitive advantage at the
expense of “warmer” areas where the developing countries tend to be located. Reilly, et al.
estimate that world prices for most crop commodities would fall relative to baseline prices. The
commodities whose prices are projected to rise and fall, and the extent of the change, depend
upon the climate model. Export revenues will vary with changes in output and world prices for
export commodities. Import costs will vary with world prices for imported goods. Thus, the
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economic impact depends upon the effects of climate change on agriculture globally as well as
domestically.

3.5 Fisheries

Fishing on most islands is largely artisinal or small-scale commercial. The modest temperature
increases projected are not anticipated to have a widespread adverse effect on island fisheries.
Fish production would suffer if mangroves, seagrasses or coral reefs are lost or damaged due to
sea-level rise and/or temperature change since those ecosystems function as nurseries and forage
sites for a variety of commercially important species.

3.6 Coastal Infrastructure and Settlement

Major coastal impacts will result from accelerated sea-level rise, including coastal erosion, saline
intrusion and sea flooding. Islands will respond dynamically in variable and complex ways to
sea-level rise and climate changes. For example, the extent to which relative sea-level rise
affects coastal recession rates will depend on many factors, including (though not limited to) the
rate of sediment supply relative to submergence; the width of existing fringing reefs; the rate of
reef growth; whether islands are anchored to emergent rock platforms; whether islands are
composed primarily of sand or coral rubble; the presence or absence of natural shore-protection
structures; the presence or absence of biotic protection; the health of coral reefs; and, especially,
the tectonic history of the island. In general, however, rising seas and more severe tropical
storms will adversely affect shore regions due to erosion and flooding.

In most of the eastern Caribbean states, more than 50% of the population resides within 2 km of
the coast. Thus large populations and supporting infrastructure are located close to mean sea
level. As a result critical infrastructure tends to be located in or near coastal areas. The
projected sea-level rise will increase the vulnerability of that infrastructure, especially during
extreme events. Due to the concentration of population in these areas, damage to important
infrastructure would be disruptive to economic, social and cultural activities.

The Caribbean region suffered considerable damage from severe hurricanes in the 1980s and
1990s. As a direct result, many insurance and reinsurance companies withdrew from the market.
Those that remained imposed onerous conditions for coverage -- including very high deductibles;
separate, increased rates for windstorms; and insertion of an “average” clause to eliminate the
possibility of underinsurance.

3.7 Tourism
Tourism is one of the most important sectors of the economies of many small island states in the

Caribbean. It tends to be concentrated in the coastal zones. Tourism is so vital to many of the
countries that when there is a contraction in the industry, the rate of national economic growth
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declines. In such circumstances, the budgetary allocations for essential services (e.g., health,
education and welfare) may be reduced due to the decline in tourism earnings.

Assessing the significance of tourism to a country's economy has been difficult because tourism
is not one of the standard industries for which data are collected. In small countries tourism
spending can exceed total GDP because a substantial share of the goods and services purchased
by tourists are imported. The World Travel and Tourism Council recently developed the Travel
and Tourism Satellite Accounts (TSA) to permit a better assessment of the contribution of
tourism to a country's economy.'' This approach aggregates resident and visitor spending on
lodging, travel, meals, etc. with investment spending by developers for facilities and public
outlays for related transport infrastructure, promotion, sanitation and the like. Through input-
output modeling, direct tourism industry impacts are calculated for comparative purposes with
non-tourist sectors, and then direct and indirect impacts are aggregated to determine tourism’s
overall economy-wide impact.

TSA estimates for 2001 indicate the economic impact of tourism in the Caribbean region is
greater than in any other region in the world. Tourism accounts for roughly 17% of total
Caribbean GDP, over 21% of all Caribbean capital formation, nearly 20% of total regional
exports, and roughly 16% of total employment, some 2.5 million jobs. In The Bahamas and the
smaller islands of the Lesser Antilles tourism’s importance is significantly greater than these
regional ratios indicate because the aggregate calculations are dominated by the influence of the
larger more diversified economies of the Greater Antilles. In St. Lucia, for example, TSA
estimates that tourism was responsible for 56% of GDP, 60% of total investment, 65% of total
exports, and 44% of total employment in 2001. In The Bahamas tourism represented 50% of
GDP and in Barbados the industry accounted for 47% of GDP in 2001. In the least tourist-
developed CARICOM country, Trinidad and Tobago, tourism accounted for 12% of GDP, 13%
of capital formation and exports, and 8% of total employment in 2001.

Climate change will affect tourism in many ways, directly and indirectly. Loss of beaches to
erosion; inundation; degradation of ecosystems (e.g., coral reefs); and damage to infrastructure
could undermine the tourism resource base of island states. Since a high proportion of tourism in
small island states is motivated by the desire of visitors to escape cold winters, milder winters in
temperate zones due to climate change could reduce tourism. And warmer temperatures in the
Caribbean could make it a less attractive destination. Tourism could also be hurt by measures,
such as levies on greenhouse gas emissions by airlines, that increase air fares. Dislocation in the
tourism sector would have severe repercussions for the economic, political, and sociocultural life
of many small islands.

3.8 Human Health

Researchers generally agree that most of the impacts of climate change on human health in low
latitude countries are likely to be adverse on the whole. The relationship between climate change
and potential impacts on human health is very complex. The actual impacts will depend on

TWTTC, 2001.
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many factors, including present health status, quality of available health care services, and
availability of financial and technical resources.

Should climate change increase the frequency and/or severity of extreme weather events such as
droughts, floods, landslides, and hurricanes, it is likely that more deaths, injuries, cases of
infectious diseases, and psychological disorders would result. Elevated mean temperature also
could lead to greater frequency of heat waves and higher incidence of heat stress with related
illness and mortality. Climate change could increase the geographical range of disease agents;
changes in the life-cycle dynamic of vectors and infective agents, in aggregate could result in
more efficient transmission of many vector-borne diseases such as dengue fever and malaria.

3.9 Summary

Caribbean countries must be classified as vulnerable to the effects of climate change and sea-
level rise -- not simply because of their size or elevation alone but because of strong linkages
between these and other physical characteristics, natural resources, and socioeconomic
structures. While there may be some beneficial impacts on some crops and due to lower prices
for imported food, the potential adverse impacts are more numerous and appear to be more
significant.

Many Caribbean countries face an annual threat from hurricanes. Most have extensive,
vulnerable, low-lying coastal plains; some (e.g., Barbados, Antigua and Barbuda, St. Kitts, and
Bahamas) are heavily dependent on groundwater supplies; and for many, tourism is the most
vital economic sector. A higher incidence of flooding and inundation, beach and coastal land
loss, reef damage, salinization of the freshwater lens, and disruption of tourism and infrastructure
would create economic and social crises in a number of these islands.

The relationship between climate change and economic impacts is summarized in Table 3.1. For
some climate change impacts the relationship is quite simple -- infrastructure may be lost due to
sea-level rise. Other relationships are very complex. The health of coral reefs is affected by
periods of higher water temperatures, sea-level rise, and possibly atmospheric CO;
concentrations. Deterioration of coral reefs has impacts on fisheries, tourism, beaches, coastal
erosion, and the amenity value of the reefs.

Of course, adaptation to climate change is possible. Facilities damaged by hurricanes or floods
can be repaired or replaced. Coastal regions can be protected. Freshwater supplies can be
conserved and augmented through desalination. Farmers can adapt by growing heat- or drought-
resistant crops and by irrigating crops. Natural ecosystems can be protected and, in some cases,
restored. Such adaptation measures have costs, although they may be small relative to the
damages avoided. In addition, per capita incomes are likely to rise significantly over the next 50
to 80 years so the adaptation measures will become more affordable.
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Table 3.1. Relationship between Climate Change and Economic Impact

Anticipated climate
change impact

Induced impact on
natural resource base

Economic impact

Higher temperatures and
humidity

Health effects - heat stress,
dengue, water-borne
diseases

Increased illness
Increased mortality
Loss of production
Higher public health
expenditures

Heat stress on crops

Loss of agricultural output

Sea level rise

Coastal erosion

Loss of land and ecosystems
Loss of infrastructure
Impacts on tourism

Saline water intrusion

Reduced supply of potable
water and water for agriculture

Loss of coral reefs

Impact on tourism
Impact on fisheries

Impact on beaches and coastal
erosion

Loss of amenity value

Reduced mangrove stands

Less protection against storms,
tides, storm surges

Less protection against pests
and exotic insects

Loss of species diversity
Impact on fisheries

Loss of amenity value

Precipitation - evaporation
balance

Drier conditions and
increased wind erosion

Loss of agricultural output and
assets

Drier conditions reduce
freshwater supplies

Reduced supply of potable
water and water for agriculture

Drier conditions reduce
mangrove stands

Less protection against storms,
tides, storm surges

Less protection against pests
and exotic insects

Loss of species diversity
Impact on fisheries

Loss of amenity value

Lower soil moisture leads
to loss of forests

Loss of timber, fuel and other
products

Increased soil erosion

Loss of biodiversity

Reduced ecotourism

Loss of amenity value
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More episodes of higher
sea surface temperature

Coral bleaching

Impact on tourism

Impact on fisheries

Impact on beaches and coastal
erosion

Loss of amenity value

Changes to fish stocks

Reduction in fisheries assets

Increased intensity of
hurricanes

Loss of life

Reparation costs

Costs of damage to tourism,
agriculture, forestry, and
general infrastructure

Increased occurrence of
extreme weather events

More frequent droughts
and floods affect forests

Loss of timber, fuel and other
products

Increased soil erosion

Loss of biodiversity

Reduced ecotourism

Loss of amenity value

More frequent droughts
and floods affect the design
of water supply systems

Reduced supply of potable
water and water for agriculture

More frequent droughts
and floods affect

Loss of agricultural output

agriculture

Fertilization effect for e Increased productivity for
Higher atmospheric CO, some Crops some crops
concentrations Possible reduced ability to | e

make skeletons for reefs

Impact on tourism

Impact on fisheries

Impact on beaches and coastal
erosion

Loss of amenity value
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4. Economic Impacts of Climate Change on CARICOM Countries

This chapter develops estimates of the potential economic impact of climate change on the
CARICOM countries in the absence of adaptation actions. The estimates are based on data
readily available existing studies; no original research or field work was undertaken. The
available data are sketchy and numerous assumptions are required to develop estimates of the
potential economic impacts.

To address the uncertainty inherent in the data and assumptions, values that will yield low (high)
estimates are applied to the low (high) climate change scenario. The resulting low and high
estimates are very rough initial estimates of potential economic impacts in the absence of
adaptation actions. The low and high estimates span a very wide range; an indication of the very
approximate nature of the estimates.

It must be stressed that the estimates in this chapter assume no adaptation measures are
implemented. They are useful as a starting point for an identification and assessment of potential
adaptation measures. The World Bank is preparing a project (Mainstreaming Adaptation to
Climate Change, MACC) that would help countries in the Caribbean formulate and mainstream
measures to adapt to anticipated impacts of climate change.

The economic cost of climate change to CARICOM countries should be substantially lower than
the high estimate developed in this chapter. It will be the cost of the adaptation measures
implemented plus the value of the residual damage. Information on the costs of adaptation
actions, where this is readily available from existing studies, is presented in Chapter 5. The
available information is not sufficient to support estimates of the cost-effective use of various
adaptation measures and hence of the total cost of adaptation and the residual damages.

The estimates developed in this chapter are expressed as impacts on the current (2000) economy
even though the climate change will occur gradually over 50 to 80 years. This is standard
practice in the literature. It avoids the enormous uncertainties associated with projecting
economic development 50 to 80 years into the future. Since the population and value of
infrastructure are likely to be larger in the future, imposing the impacts on the current economy
probably understates the future damages in dollar terms. But if climate sensitive sectors decline
as a share of total economic activity, economic impacts as a percentage of GDP could decline.

Estimates of the economic impacts of climate change on various sectors are developed in turn.
The method used to estimate the economic impacts is described for each sector. Monetary
values reported in the literature are converted to US dollars using the market exchange rate for
the relevant year and are converted to 1999 US dollars using the US GDP implicit price index."

2 1deally, values would be converted to US dollars using purchasing power parity exchange rates, but we did not
find purchasing power parity exchange rates for CARICOM currencies. Although purchasing power parity
exchange rates are not available, the effect would probably be small relative to the range between the low and high
estimates.
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4.1 Hurricanes and Tropical Storms

All Caribbean countries are vulnerable to tropical storms and hurricanes. The number and
intensity of the storms that hit a given country each year varies widely, with the more northerly
islands generally experiencing storms more frequently. Most tropical storms and hurricanes pass
to the north of St. Vincent."> US data show 186 tropical storms and hurricanes over 129 years in
the Bahamas (average of 1.44 per year of which 0.68 are hurricanes and 0.75 are tropical
storms).'* Dominica averages a direct strike or close range hit (within 60 miles) by a cyclonic
storm system every 3.82 years (0.26 storms per year).15

A country may incur damage due to heavy rains, high winds or storm surges even if it is not
directly hit by a hurricane. While St Lucia has not had a direct hit since hurricane Allen in 1980,
it experienced flooding due to tropical storm Debbie in 1994 and damage due to large waves and
swells from hurricane Lenny even though the storm remained hundreds of miles away.'®
Between 1980 and 1990, five tropical storm systems of varying intensity affected St. Vincent and
the Grenadines, but none of the storms were direct hits."”

Data on damage due to hurricanes and tropical storms during the years 1982 through 2001 was
compiled by country, converted to 1999 US dollars, extrapolated to cover missing data, and
divided by 20 to get an estimate of the annual damage by country.'® The data are summarized in
Table 4.1. The table also includes figures for all natural disasters for the 30 years from 1970
through 1999, originally from the same database, as reported by Auffret, in italics.

The data on the total number of storms are quite consistent with those for total natural disasters
given the different periods covered. This is not surprising since the basic source is the same
database and the number of non-climate natural disasters is small in the Caribbean. However,
the data for this study include several storms reported in national communications to the
UNFCCC that are not included in the database. The deaths per year due to storms also are
similar to those for natural disasters allowing for the different periods covered for the same
reason. Differences could also be due to the adjustment for missing values if the data reported
by Auffret did not incorporate such adjustments.

13 St. Vincent, 2000, p. 40.

' Bahamas, 2001, pp. 13-14.

'> Dominica, 2001, p. xv.

1 St. Lucia, 2001, p. 42.

17 St. Vincent, 2000, p. 40.

' Data on damages, deaths or injuries was missing for some storms. In such cases the average value for storms in
that country was used. For example, damage data was available for 3 of 8 storms listed for Antigua and Barbuda.
The average damage for those three storms was about 1999US$228,000. This average was used as the damages for

the other five storms. The same procedure was applied to deaths and injuries although the number of missing values
was smaller for those variables than for damages.
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Table 4.1. Damage due to Hurricanes and Tropical Storms 1982-2001

sSIE (2 |8 |2 |8 |5 |2 |E |2 |8 2% S
PEI2 £ 2 [E E 2 |E 512 5 |E3 =
Zala (A g8 |1 O |5 2 |& & E = 5
Storms per year 0.40, 0.25 0.15 0.35| 0.25| 0.10 0.25] 0.701 0.35] 0.35 0.35 0.20 3.70
0.23] 0.13 0.17 0.23 0.13 0.63| 0.23 0.27) 0.300 0.27 2.60

Damage per year

(1999 US$ million)  1$87.2/$56.4/$20.2/$21.9 $2.4| $0.6 $7.4/$107.4$27.0/$119.0) $2.7/$0.01] $452.2

(1998 USS million) $3.5] 89.71 $4.9 $4.4 $1.0 $566.3$10.4 $51