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Preface

As part of the Enhancing Capacity for Adaptation to Climate Change in the UK
Caribbean Overseas Territories Project in October 2008 the Cayman Islands
National Climate Change Committee hosted a training workshop on how to
conduct a Vulnerability and Capacity Assessment for climate change issues likely
to affect these Islands. Given that the tourism sector formed a common
economic pillar in all the Overseas Territories, it was agreed that all the
Territories would carry out a climate change VCA on their national tourism sector.

Work on the Cayman Islands’ assessment commenced in November 2008 with
the first draft of the work plan for a full VCA crafted by the Department of
Environment and based on the work plan developed by the British Virgin Islands.
Throughout November and December 2008 the work plan was reviewed and
revised by the National Climate Change Committee. In wake of hurricane
Paloma in 2008 and its affect on Cayman Brac in particular, the Committee
discussed revising the unit of analysis for the assessment to only Grand Cayman
or even having a solely Seven Mile Beach focus. The Committee continued to
grapple with the realities of conducted extensive field work in the Sister Islands
and understand how to apply the methodology for a Rapid Assessment (RA)
rather than a full VCA. By December 2009 the decision had been taken to
attempt a RA on all three islands as sufficient recovery had been made post-
Paloma to allow participation by tourism agents in Cayman Brac and Little
Cayman. Furthermore, from a Geographical Information System perspective it
was thought to be simplest.

Four sub-committees concentrated on carrying out the work of the main VCA
components —Knowledge, Attitude & Perception (KAP) survey; National Climate
Assessment; Tourism Assessment; and Static Risk Maps. The effort from each
sub-committee forms the basis of this report on the Climate Change Vulnerability
and Capacity Assessment of the Cayman Islands’ Tourism Sector.

Members of the Committee engaged in discussion on earlier drafts of this report,
with particular emphasis on preliminary results from the sea-level rise scenarios
mapping exercise. This assessment is not meant to be exhaustive but serves as
a starting point for further investigations on the expected impacts of climate
change on the Cayman Islands and identification of additional measures to adapt
to or avoid the most adverse effects.

Lisa-Ann Hurlston-McKenzie

ECACC Project Focal Point
Sustainable Development Unit Manager
Department of Environment

June 2011



Overview of the Cayman Islands

Physical Characteristics

The Cayman Islands comprise three islands, Grand Cayman, Cayman Brac and
Little Cayman, located in the western Caribbean Sea (19° N 81° W) 150 miles
south of Cuba, 460 miles southwest of Miami, Florida and 167 miles northwest of
Jamaica (Map 1). Totalling only 102 sq miles, these low-lying islands are peaks
of the Cayman Ridge which extends from the Sierra Maestra mountain range of
Cuba. All three islands are separated from Jamaica by the Cayman Trench, the
deepest part of the Caribbean basin at more than 4.5 miles.

Map 1 Cayman Islands Location Map

,. 4::

' Little Cayman

Grand Cayman

Grand Cayman

Grand Cayman is the largest island covering 76 sg miles. It hosts the capital city
of George Town and district of the same name which is home to 52% of the
country’s population (2008). The island has an average elevation of 6 ft and
maximum height rising to 93 ft in the isolated central. Roughly 79% of Grand
Cayman’s shoreline is afforded considerable protection from damaging waves
and storm surge by fringing reefs.
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The North Sound is Grand Cayman’s most interesting topographic feature and is
an endearing natural characteristic to its 54,287 residents and 1.8 million annual
visitors (2008)’. A large reef-enclosed lagoon at 35 sq miles, the North Sound
was originally fringed with red and black mangrove species, but these areas have
given way to canal developments on the western, southern and northeast shores
and interiors beyond due to extensive dredging and wetland reclamation. By
1999 approximately 70% of the upland natural wetland and forested areas within
the western shores of the North Sound had been lost through alteration and
correspondingly 76% of the southern shores had been altered. Within the North
Sound itself some 454 acres (22.5 %) of the shallow transitional marine habitat
has been altered through dredging for upland wetland reclamation. A number of
very small uninhabited cays exist around the island including Sand Cay, Booby
Cay and Barkers Cay. Economically and recreationally important areas within
the North Sound include the fringing reef, Barkers and Rum Point/Kaibo areas,
Stingray City and Sandbar.

Seven Mile Beach along the western coast of Grand Cayman is a major tourism
asset. A series of pocket beaches, it is the longest stretch of white sandy beach
within the Cayman Islands, which in recent years has developed erosional hot
spots as a result of current weather conditions exacerbated by development
pressure on storm ridges or in the dynamic zone. Other tourism assets include
the historical district of Bodden Town which is home to St. James Pedro Castle,
the oldest remaining stone structure in the Cayman Islands. Like George Town,
Bodden Town remains one of the fastest growing districts in terms of population
and development. Situated in the West Bay region, the Cayman Turtle Farm is
not only a major tourism attraction, but holds particular significance for its
conservation of the green sea turtle population and the provision of local turtle
meat for traditional consumption. While Grand Cayman has a number of large
ponds and surrounding wetland systems, only Meagre Bay Pond and Colliers
Pond are officially protected as Animal Sanctuaries. Grand Cayman is also
home to the Queen Elizabeth 1l Botanic Park, which, though small in size,
showcases a variety of native habitats and floral and faunal species.

Cayman Brac

Grand Cayman is separated from its sister islands of Cayman Brac and Little
Cayman by 90 miles. Cayman Brac, 12 miles long and 2 miles at its widest
point, covers 15 sg miles and is so named for its central Bluff or ridge of older
Cayman Formation dolostone which rises directly from the sea to 150 ft at its
highest point at the Island’s eastern end. The remainder of Cayman Brac’s
shoreline is interspersed with ironshore, sandy and rock/rubble pocket beaches
typical of storm ridges created along exposed coastlines. The majority of
settlements and essential services are on the coast, 18% of which is protected by

1 ESO 2009. Ch. 11. Population and Vital Statistics and Ch. 14. Tourism. In: Statistical Compendium 2008.
Economics and Statistics Office, Cayman Islands Government, George Town, Grand Cayman.
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reef structures. However relocation of key infrastructural assets (power plant,
landfill, roads) and housing developments to the BIuff is starting to occur,
displacing agricultural lands and impacting some sensitive habitats and species.

Environmentally important features include Saltwater Pond at Dennis Point, the
only Animal Sanctuary on this island, the Brac Parrot Reserve under the
ownership of the National Trust, bluff edge habitat on the eastern end of the
Island important for nesting Brown Boobies and Tropicbirds, and a variety of
other environmentally significant dry forest and wetland areas. Other culturally
significant features include various caves which have served as hurricane
shelters for many generations of Brackers, as well as home to local species of
bats and are part of the island’s tourism offering.

As with the other Islands, Cayman Brac has no river systems. Surface water is
limited to brackish and freshwater ponds and associated wetlands. Natural
freshwater resources are limited to a few isolated water lenses on all three
islands. Rainwater collection for human consumption remains critical in Cayman
Brac, unlike Grand Cayman where desalinisation through the reverse osmosis
process provides the majority of potable water.

Little Cayman

Lying 5 miles west of Cayman Brac is Little Cayman, covering only 11 sg miles.
Having geological and physical characteristics akin to Cayman Brac but with
elevations in the eastern portion of the island reaching to just over 40 ft above
sea level, this 10 mile long by 1 mile wide-island is the most vulnerable of all
three islands with practically all settlement and services situated on the coast.
Between 1989 and 1999 the population density (persons per square mile)
increased more than three-fold. Blossom Village, with its charming historic
church and quaintness, is the only commercial centre on the island.
Approximately 76% of Little Cayman is reef-protected. Other natural buffers
include beach ridges, coastal mangroves and seagrass beds that also serve to
stabilize shorelines and dissipate wave energy.

Little Cayman has a series of tidally influenced coastal ponds and interconnected
wetlands along the north and south coasts. The Island’s largest pond, the Booby
Pond, is protected as an Animal Sanctuary and is the only listed Ramsar site in
the Cayman Islands. Owen Island in South Hole Sound and Point of Sand at the
southeastern end of the island are two of the most unique and recreationally
utilized areas of Little Cayman. Bloody Bay Marine Park near Jackson Point on
the north coast is extremely popular with divers which make up the lifeline of
tourism on this Island.

12



Map 2 Elevation of the Cayman Islands

Source: Lands & Survey Department data, Map produced by Department of Environment, 2010
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Ecosystems and Natural Resources

Major Habitat Classification

Habitat classifications for all three islands were recently completed under a
Darwin Initiative grant and form the basis of the Cayman Islands National
Biodiversity Action Plan 2009°. The following table lists the major marine, coastal
and terrestrial habitats of the Cayman Islands.

Table 1 Major Habitat Classifications for the Cayman Islands

MARINE HABITATS TERRESTRIAL HABITATS

Open sea Salt-tolerant succulents

Coral reefs Pools, ponds and mangrove
lagoons

Lagoons Dry shrubland

Seagrass beds Forest and woodland

Dredged seabed Caves

Artificial installations Farm and grassland

Urban and man-modified areas
Source: DaCosta-Cottam et al (2009)

Simplified habitat classifications are shown in maps 3, 4 and 5 along with marine
and terrestrial protected areas.

Protected Areas

First established in 1986 throughout the Cayman Islands, a system of marine
protected areas, known locally as Marine Parks, has afforded marine resource
protection to approximately one-third of the islands’ total coastal shelf area.

The Marine Parks system encompasses three major zones to accommodate
different types and levels of use:

e Environmental Zone - The highest level of protection. Only one of these
zones has been established on Grand Cayman, which constitutes 4,169
acres of mangrove and seagrass. Unique to only this zone is the
extension of the protection inland by approximately 1000 feet to include
tidally flooded coastal mangrove.

2 DaCosta-Cottam, M., Olynik, J., Blumenthal, J., Godbeer, K.D., Gibb, J., Bothwell, J., Burton, F.J.,
Bradley, P.E., Band, A., Austin, T., Bush, P., Johnson, B.J., Hurlston, L., Bishop, L., McCoy, C., Parsons,
G., Kirkconnell, J., Halford, S. and Ebanks-Petrie, G. (2009). Cayman Islands National Biodiversity Action
Plan 2009. Cayman Islands Government. Department of Environment.
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e Marine Park Zones - Represent the next level of protection. Watersports
activities are permitted, but anchoring of vessels larger than 60 ft is not
allowed. A total of 3,677 acres of Marine Parks are found on all three
islands but this protection does not extend to any of the neighbouring
coastal habitats.

e Replenishment Zones - Essentially fisheries management zones found
on all three island, encompassing a total of 12,886 acres of lagoon and
shallow reef habitat. These zones provide protection to culturally important
conch (Strombus gigas) and lobster (Panulirus argus) populations.

Superimposed within the Marine Parks system, Wild Life Interaction Zones and
No Diving Zones have recently been developed to address and manage user
conflicts. In addition, important spawning aggregation sites (SPAGS) for the
Nassau grouper (Epinephelus striatus) are also designated.

Comparatively, terrestrial protection is limited to four Crown-owned mangrove
coastal ponds and their surrounding buffer habitat totalling 341 acres which have
been declared Animal Sanctuaries. Additionally, approximately 3,109 acres of
ecologically or culturally key terrestrial areas on all three islands has been
purchased or secured by the National Trust for the Cayman Islands. This
acreage is declared inalienable for the people of the Cayman Islands, indirectly
affording it a measure of protection through private ownership and a commitment
to manage these areas in their natural state.

15



Map 3 Habitat Classifications and Protected Areas for Grand Cayman

Source: Cayman Islands Department of Environment, 2010
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Map 4 Habitat Classifications and Protected Areas for Cayman Brac

Source: Cayman Islands Department of Environment, 2010
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Map 5 Habitat Classifications and Protected Areas for Little Cayman

Source: Cayman Islands Department of Environment, 2010
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Economy

The Cayman Islands, a country of 52,830 people (2009), has enjoyed one of the
highest standards of living in the Western Hemisphere with a gross domestic
product (GDP) per capita of CI$44,197 in 2009. The Islands have witnessed
tremendous economic growth from the development of financial services in the
late 1960s and tourism in the early 1970s as the key foreign exchange earning
sectors.

Economic success has been accompanied by rapid population growth - an
annual rate of over 4% since the 1980s - due to an influx of nhon-Caymanians to
service the finance and tourism sectors®, which employed 10.1% and 11.4% of
the total 2008 workforce, respectively”.

Construction and real estate activities round out the main economic sectors in
the Cayman Islands and are tied to both key sectors but also driven by demands
from an ever growing population.

The narrow revenue base from these economic activities at the best of times
must provide public services that citizens have come to expect as well as fund
new capital projects made necessary by an expanding population. Like many
small island developing states, recessionary periods prove extremely difficult for
these Islands to withstand as they suffer diseconomies of scale and lack
widespread economic diversification.  The current global recession has
significantly impacted all sectors of the Cayman Islands economy, with a further
deepening perhaps yet to come. This will have serious implications for
Government’s prioritization of climate change issues amidst addressing
immediate economic woes.

Population Centres & Critical Infrastructure

Population growth in the Cayman Islands since 1970 has been at an
unprecedented rate not often seen in a single generation. The Islands
experienced a 428% increase in population between 1970 and 2006, at an
average rate of 4.73% per year. At this rate, with all other socio-economic trends
being equal, the Islands could reach a population of 134,000 by 2026 (Figure 1)°.
This could have widespread implications for many areas of government policy
including climate change adaptation: from the siting of new public infrastructure

® ESO, 2009. Ch. 11. Population and Vital Statistics. In: Statistical Compendium 2008. Economics and
Statistics Office, Cayman Islands Government, George Town, Grand Cayman.

* ESO, 2009. The Cayman Islands’ Labour Force Survey Report Fall 2008. Economics and Statistics
Office, Cayman Islands Government, George Town, Grand Cayman, April 2009.

® Pedley, P., 2007. Population Scenarios: Past Trends and Future Possibilities. Policy Brief 05/07. Prepared
for the Chief Secretary and The Portfolio of Internal and External Affairs, December 2007.
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and communities to the capacity of the healthcare system to respond to various
climate and non-climate related cases.

Figure 1 Population of the Cayman Islands, 1970-2006
With the Average Growth Rate Trend of 4.73% per year Projected to 2026

Source: Pedley (2007)°

The majority of the population is concentrated in the districts of George Town,
West Bay and Bodden Town (Figure 2). While the Sister Islands’ population and
density per square mile has increased over the same period, its share of the
overall Cayman Islands population continues to decrease, much like North Side
and East End districts.

® Pedley, P., 2007. Population Scenarios: Past Trends and Future Possibilities. Policy Brief 05/07. Prepared
for the Chief Secretary and The Portfolio of Internal and External Affairs, December 2007.
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Figure 2 Population by District, 2008

Source: ESO (2009) Statistical Compendium 2008

The National Assessment of Living Conditions (NALC) assessed the welfare of
the Cayman Islands’ population in 2006/2007: 3.7% of the population (1955
individuals) or 3.1% of households (575 households) were found to be living
below the vulnerability line’. The highest level of income vulnerability is in
Cayman Brac.

As with most small islands, critical infrastructure (sea ports, airports, major
arterials, fuel terminals, utilities, emergency response and key government
facilities,) and economic activities that support the main population centres have
developed linearly along or within close proximity to the coast, many in hazard-
prone areas. The chapter on Country Vulnerability and Risk Profiles details the
existing threat from present-day climate hazards such as flooding from
hurricanes, storm surges and high winds and offers extensive spatial analyses of
the impacts of projected sea-level rise on critical infrastructure and other physical
assets within all three Cayman Islands.

" Kairi Consultants Ltd., 2008. Cayman Islands National Assessment of Living Conditions 2006/2007:
Volume | Main Report. Caribbean Development Bank, April 2008.
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Knowledge, Attitude and Perception (KAP) survey

Introduction

The Cayman Islands Climate Change survey for the Tourism Sector was
designed to give the National Climate Change Committee (NCCC) an idea of
how the tourism sector perceives climate change, the present and future
vulnerability of this sector to climate change issues, and the present and future
capability of the subsectors to deal with and adapt to natural disasters and
weather related hazards brought about by climate change. The survey is broken
down into 6 parts: demographic information, general climate change questions,
media use, business profile, climate change impacts, and climate change
adaptations. This chapter provides a summary of the results and brief analysis of
the survey responses. A complete survey report can be found in Appendix 1.

Results

Out of 100 businesses expected to participate in the survey 45 filled out the
guestionnaire of which only 40 (88.9%) surveys where considered complete.
This could allow the results to have unintentional bias and be skewed. Some
guestions were skipped either due to human error (unintentional missing of
guestion) or due to the fact that the person answering did not have the
knowledge or the authority to release the information.

Analysis

The survey was focused on the tourism sector so it was intended to cover all
subsectors: accommodations, attractions, restaurants, retail/gift shop,
transportation and water sport activities. However, only a select few responded to
the survey. From the responses, it would appear that the most numerous tourism
business in the Cayman Islands is the one related to accommodations at 36.5%,
followed by water sports at 34.1%. Responses from restaurants accounted for
9.8%, while attractions and retail/gift shop represented 7.3% and 7.3%,
respectively. At 4.9% of the responses, the transportation subsector does not
represent a large percentage of the tourism sector in this survey. It should be
borne in mind that the sample size was small (less than half the anticipated
respondents), and the survey was not filled out in the same proportions for all the
subsectors. Nevertheless, this result correlates with the opinions that the tourists
come to the Cayman Islands for diving and other marine recreation, the climate
and beach front hotels.
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The majority of surveys were completed by the manager or owner of the
establishment surveyed. In some cases the respondent was other staff. It is
assumed that this influenced the answers or lack of response to certain kinds of
information. For example, blank or no response was frequently given for the
following questions: are climate change issues incorporated in your business
plan?; what is the estimated recovery cost from previous impacts?; and what
percentage of your annual operational budget is anticipated to protect your
business from different threats? For these incomplete questions, it was assumed
that the person who filled out the survey form was not the one that takes the
decisions in the company.

The size of the workforce for the tourism businesses surveyed fluctuates from 2
to 800 employees. The mode workforce size, or the number which appears most
often, is 25 employees. The median workforce size, or the middle number in a
sorted list of numbers, is 14 employees. And the mean, or average on the
workforce, is 52 employees. However the average workforce is skewed as some
businesses are bigger than the others; there are businesses with only 2
employees in contrast with other that have 800. This bias also applies for all the
subsectors. For example, the accommodation subsector surveyed has a total
workforce of 1684 employees, compared with transportation that only has 21.

Generally, the participants believe that the Cayman Islands Government is the
primary entity responsible for addressing climate change. This was reflected in
the answers given by each subsector. For instance, 100% of the restaurant and
transportation subsector respondents think the ClI Government bears the
responsibility compared to 70% in the watersports subsector, while 67% of the
attractions subsector would agree with local Government. The other subsectors
chose local Government 50% of the time. They also included, in small percentile,
the UK Government and Business/industry. In terms of Other entities having
responsibility for addressing climate change, ‘All of Us’ was amongst the
responses suggested.

Most of the respondents (51.3%) considered their businesses to be ‘a great deal’
at risk or vulnerable to climate change, succeeded by ‘somewhat’ at risk with
38.5%. Only 10.3% considered their businesses’ level of risk to climate change to
be ‘hardly at all.” Despite the overwhelming concern for business vulnerability,
60.5% of respondents noted that climate change issues are not currently
incorporated in their business plans. Slightly more than a fifth (21.1%) of the
businesses surveyed has incorporated climate change considerations into their
plans. Of the 18.4% that responded ‘do not know’ or are not sure, it is assumed
that the respondents lacked the pertinent information to complete this question.
Responses to this question were mostly provided by the accommodation
subsector where 46.2% of those businesses claim they have planned for climate
change.
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The total estimated recovery cost of damages that the businesses have incurred
from exposure to different kinds of impacts from weather-related events is
CI$5,685,000. ‘Damage to business property’ and ‘loss of income through
temporary closure of the business’ top the list in terms of expense with an
average cost of CI$296,333 and CI$139,083, respectively. The next expensive
recovery costs were found to be from ‘no work for employees’ at an average of
Cl$43,833 and ‘loss of income through temporary closure of supporting
businesses’ (e.g. hotels, restaurants, tours) averaged CI$26,250. Roughly
Cl$16,667 was the average cost resulting from ‘negative impact on image and
reputation’, while ‘loss of income through degradation of natural resources &
sites of operation’ (e.g. health of coral reefs, fisheries, etc.) generated an
average recovery cost of CI1$10,000. Finally, the less expensive impacts, but not
the least important, are ‘employees left permanently’ and ‘loss of access to sites
of operation’ (e.g. attractions, dive sites etc.), both with CI$5,000 recovery cost
each, and the ‘business had to be relocated’ costing CI$3,500.

It is important to clarify that only 14 out of 45 surveys had this question
answered, and not all of the respondents gave full information about the recovery
cost for all the impacts, even though they were affected by them. To emphasize,
when this cost is analyzed by each subsector, the attractions subsector was the
one that experienced the most expensive total recovery cost at Cl$2,205,500,
even though only 3 attraction businesses took the survey and only 2 of those
answered this question. By comparison, the estimated cost of damages to the
accommodation subsector was CI1$2,040,000, with only 7 of 15 respondents for
this subsector answered this question.

It is important to note that with 15.4% of the responses the percentage of
respondents’ annual operational budget over the next 3 to 5 years anticipated to
protect their businesses from different threats is never more than 25%. The
majority of businesses surveyed have less than 5% allocated for disaster
preparedness or climate change adaptation, while 17.9% of businesses have up
to 10% set aside in their operational budget for protective measures. The
remaining participants either do not know (30.8%) or do not have (2.6%) a
budget to protect their businesses from future threats. This was the case with the
transportation subsector in particular.
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Breakdown of the Individual Subsectors

Table 2 Responses to the KAP Survey by Individual Sub-sectors

Accommodation | Watersports | Restaurant | Attraction GRetall / Transportation
ift shop

Total Businesses 15 14 4 3 3 2
Respondent’s role in the business (%)
Owner 40 53.8 50 33.3 50
Manager 53.3 38.5 50 100 33.3
Operator 60 7.7 33.3
Other Staff 50
Workforce's size (# of employees)
Total 1684 121 115 82 21 40
Average 120 9 29 27 7 20
Primary responsibility for addressing
climate change (%)
Cayman Islands Government 50 70 100 66.7 50 100
UK Government 33.3 25
Business / Industry 25
Community organizations 10
Private Citizens 7.1
All of us 42.9 20
Business’ risk or vulnerability to climate
change (%)
A great deal 46.2 33.3 50 100 66.7 100
Somewhat 46.2 58.3 25 33.3
Hardly at all 7.7 8.3 25

Never thought about it

Are climate change issues incorporated in
your business plan?
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Yes 46.2 8.3 33.3

No 38.5 75 100 66.7 33.3 100
Do not know / not sure 15.4 16.7 33.1 33.3

Answered questions 13 12 4 3 3 1
Estimated cost of the recovery time

experienced from impacts 2,040,000 1,440,000 2,205,000

Total ($)

Answered questions 7 5 2

Percentage of the annual operational

budget over the next 3-5 years anticipate

spending to protect businesses from

threats

None 7.7

Under 5% 53.8 30.8 25 33.3

Up to 10% 23.1 154 66.7

Up to 25% 154 154 25 33.3

Up to 50%

Up to 75%

Over 75%

Do not know 7.7 30.8 50 66.7 100
Answered questions 13 13 4 3 3 1

Source: Department of Environment, 2010
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National Climate Assessment

The following is a synopsis of changes in observed and forecast weather and climate
variables for the Cayman Islands. The full report can be found in Appendix 2. The
PRECIS regional climate model (RCM) was utilized to produce predictions for
Temperature (maximum, average and minimum), Relative Humidity, Rainfall, Wind
Speed and Sea-Level Rise for the Cayman Islands from 2011 to 2099.

In comparing the observed changes in temperature with the forecast change we find
that the temperature forecast calls for a slower rate of temperature increase than
what has been observed over the past 39 years. A similar conclusion applies to the
forecast maximum temperature, minimum temperature and relative humidity. When
comparisons are carried out on wind speeds it is noted that the observed wind
speeds have increased slightly while the forecast is for a decrease in wind speed.
Each change in variable and associated implications are further explored below.

Additionally, a brief discussion on observed sea surface temperatures and water
temperature at depth is provided.

Surface Temperature

The temperatures for the Cayman Islands were recorded by the National Weather
Service at the Owen Roberts International Airport. The historic temperature record
from 1971 to 2009 was compared to projected temperatures from 2011 to 2099.

In the 39 years between 1971 and 2009, the Cayman Islands have experienced an
annual average temperature increase of 2.2°C or 0.06°C per year, with temperature
ranging from approximately 26.3°C to 28.5°C for this period. Model results show that
between 2011 and 2099 a further increase of 2.0°C to 2.7°C or 0.02°C to 0.03°C per
year is expected, with temperature ranging from 27.8°C in 2011 to 30.5°C by 2099.
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Figure 3 Average Annual Temperature, 2011-2099
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The historical record shows the average maximum temperature increased 0.4°C from
30.1°C in 1971 to 30.5°C in 2009 or 0.01°C per year. By 2099 this increase could be
as much as 2.8°C at a rate of 0.03°C per year, or a change from 28.2°C to 31°C.

As with other parts of the Caribbean, the average minimum temperature in the
Cayman Islands has also increased in the last 39 years by 2.9°C, or a change from
22.3°C to 25.2°C. In 2011 the average minimum temperature is expected rise to
27.6°C and likely to be 30.2°C by 2099, representing a further increase of 1.7°C to
2.6°C.

Implications:

Increased evaporation rates affecting freshwater aquifer recharge. This
in turn affects the availability of potable water abstracted from local
aquifers for the majority of the tourism, commercial, industrial and
residential areas.

General discomfort from higher maximum temperatures and potential for
increased incidents of heat stroke, especially amongst tourist and
recently resident populations.

With higher minimum temperatures, even outdoor night-time events
could become uncomfortable and thus less frequently planned.
Shortening the incubation period for the parasite that causes dengue
fever and creates the potential for higher transmission rates. This may
necessitate greater allocation of resources to control disease-carrying
mosquitoes as well as general nuisance species.
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Rainfall

The rainfall for the Cayman Islands recorded by the National Weather Service at the
Owen Roberts International Airport was from 1957 to 2008 and has been compared
with projections for 2011 to 2009.

The historic trend for rainfall in the Cayman Islands mirrors that found in the region.
Within the islands, annual rainfall totals decreased 32.8 mm (2 inches) in the 51
years between 1957 and 2008, at a rate of 0.66 mm (0.04 inches) per year. The
predicted change from 2011 to 2099 is for a further decrease of between 10 and 50
mm in annual rainfall totals depending on the Global Climate Model used in the
PRECIS model run.

Figure 4 Average Annual Rainfall, 2011-2099
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Source: National Weather Service, 2010
Implications:

e Potential for more frequent drought conditions which affect crops and
livestock, especially in the eastern districts of all three islands. This
could mean the need for increased well-pumping and storage capacity.

e Affect recharge rates of freshwater lens in all three islands and reduced
amount of water collected in cisterns by approximately 7.2% of the total
population®. To offset such losses, increased desalinated water
production would be required to be current and future population levels
and economic activity (e.g. tourism) with associated rise in energy
(currently diesel fuel) requirements and costs, and ultimately
greenhouse gas emissions related to this and other sectors.

& Cayman Islands National Survey of Living Conditions, 2007
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Humidity

The changes in the relative humidity recorded from 1978 to 2009 by the National
Weather Service at the Owen Roberts International Airport reveals an increase in
relative humidity of 1% in 31 years from approximately 76% to 77 %. Little to no
change is expected in relative humidity between 2011 and 2079, remaining fairly
constant around 79%.

Figure 5 Average Annual Humidity, 2011-2099
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Comfort Index

Outputs of temperature and humidity were combined to produce a comfort index,
which gives a rough idea of how “comfortable” one feels due to excess temperature

and humidity (25°C is the threshold at which it is considered comfortable or ideal to
live).

The estimated variation in the comfort index between 2011 and 2096, taking only
humidity, shows an increase from approximately 26.3°C to 28.5°C. Taking into
consideration both relative humidity and temperature reveals an increase from

approximately 23.5°C to 26.3°C. As a result, the total increase ranges from 2.2°C to
2.8°C.
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Figure 6 Average Annual Comfort Index, 2011-2099
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Implications:

e Increased discomfort for tourists, especially during hot and humid
summer months which is typically the slow season resulting in more
resource allocation to increasing air conditioning capacity at hotels,
guest houses, condos, restaurants, conference centres and public
facilities.

e Restaurants reliant on large outdoor seating areas may suffer reduced
patronage.

e Over time, tourists may opt to vacation elsewhere in the region (e.g.
mountainous islands with constant cool breezes) or outside of the
Caribbean region entirely.

e Further development of sports tourism potentially affected by rising
comfort index and the unpredictability of unsettled weather. Use index to
plan sporting events for certain times of the year.

Wind Speed

Average wind speed between 1988 and 2009 increased from approximately 3.8
meters per sec to 5.1 meters per sec. This is an increase of 1.3 meters per sec in 22
years. In contrast, forecast models of average wind speed reveal a decrease from
approximately 5.5 meters per sec in 2011 to 5.0 meters per sec in 2099, which is a
decrease of 0.5 meters per sec.
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Figure 7 Average Annual Wind Speed, 2011-2099
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Implications:

e Could affect potential development or expansion of harnessing wind
energy for power generation causing possible reduction in efficiencies at
installed systems or loss of consumer and/or investor confidence in this
technology. This could potentially stifle planned or contracted wind-
generated electricity schemes and impact future economic development

reliant on such generation.

Sea-Level Rise

Cayman Islands annual tide data from 1976 to 1988 showed a correlation with

regional trends indicating that the islands are geologically stable and any relative

changes in sea levels are actually sea-level rise rather than land subsidence’.
Estimates of future sea-level rise utilizing the Model for the Assessment of
Greenhouse-gas Induced Climate Change (MAGICC) revealed an increase of 12 cm
(0.4 ft) to 80 cm (2.6 ft) in sea levels by 2100 from a 1990 baseline. This is a rise of

approximately 0.14 cm to 0.91 cm per year.

® Burton, F.J. 2009. Personal communication, 26 Sept 20009.
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Implications:

Salt water intrusion of wells, some of which are still relied upon for
potable and non-potable water use by 7.6% of the total population® as
well as the agricultural sector. Salinization could potentially affect
human health, livestock and some crops.

Increased effect of storm surge atop increased sea level will lead to
greater coastal flooding and in turn loss of coastal roads, buildings and
critical infrastructure for tourism, the economic cost of which is
estimated in Risk Profile building values map and analysis.

Loss of recreational areas and coastal real estate such as beaches which
also serve as coastal defences.

Sea Surface Temperatures

The graph below shows the maximum daily sea surface temperatures (SST) from
January 2001 to November 2010. While it does not show any significant upward
trend in the raw data although that is apparently what is happening. It does however
show how consistently close to the temperature threshold of regional corals the seas
around the Cayman Islands have been in this 9 year period.

10 Cayman Islands National Survey of Living Conditions, 2007
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Figure 9 Maximum Daily Sea Surface Temperatures, 2001-2010
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Implications:

e Potential for stronger hurricanes and coral bleaching of shallow water
species, both of which directly and indirectly affect reef resiliency and
overall reef health which in turn could permanently or temporarily
disrupt the local dive and watersports sectors.

Water Temperature at Depth

The following graph shows the monthly water temperatures recorded at 10m depth at
two dive sites along Grand Cayman’s northern coast from January 1996 to May
2007.
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Figure 10 Monthly Water Temperature at 10m depth, 1996-2007
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Implications:

Degradation of reef health and by association fish abundance and/or
diversity could have implications for revenues from dive and watersports
tourism as well as impact livelihoods from subsistence fishing. (The
latter activity is small but growing as the portion of the population reliant
upon this anecdotally has increased, especially given the effects of this
long global recession, i.e. loss of jobs and the corresponding purchasing
power for food.)
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Hurricanes

The Cayman Islands experienced 74 total storms between 1852 and 2008 with nine
major storms (category 3 or higher) directly impacting the Islands (Appendix 3). This
gives a return period of 17 years for major hurricanes. Records indicate that no
category 5 hurricane has directly hit the Cayman Islands but the last four major
storms have all been of category 4 strength with Hurricane lvan’s gusting wind speed
of 165 mph being the strongest direct hit.

Since 1995 the number of category 3 to 5 hurricanes in the Atlantic Basin is twice the
1970-1995 average due to steady rise in equatorial sea surface temperatures (SSTs)
(Figure 11)**. Between 2000 and 2009 there have been eight hurricanes reaching
category 5 intensity; a number never before observed in a 10-year period*?. A record
shattering 2005 Atlantic hurricane season saw the most named storms (28 in all),
most hurricanes (13), and most category 5 storms. No consensus among the
scientific community has been reached on whether the frequency of hurricanes will
increase in future, however there is general agreement that more category 4 and 5
storms is likely to occur. These systems will bring heavier rainfall and greater peak
wind intensities than presently experienced.

Observational data show a change in the tracking of hurricanes, such as the increase
in late season systems that develop in the western Caribbean and move eastward.
Many hurricanes including those reaching category 5 intensity have formed south
and west of Grand Cayman and tracked north and northeastward to threaten the
Cayman Islands*®. West to east tracking storms tend to move faster, testing regional
early warning systems and preparedness and response plans. Hurricanes such as
Wilma which intensified from a tropical storm to a category 5 hurricane in 24 hours
are expected to become more common*“.

1 Muir-Wood, R., 2008. “Climate Change & the Cayman Islands — Building Resilience.” Presentation to
Cayman Business Outlook, January 17" 2008.

12 Nurse, L. Senior Lecturer, Centre for Resource Management and Environmental Studies, UWI, Barbados.
Personal communication, 23 February 2010.

3 Trotz, N., 2008. Vulnerability and Capacity Assessment Workshop, Grand Cayman, Cayman Islands, 21-22
October 2008.

¥ Trotz, N., 2008. ProVention/ IFRC Caribbean Workshop on” Climate Change Community Resiliency in the
Caribbean.” Port of Spain, Trinidad, February 8 2008.
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Figure 11 Category 3 to 5 Atlantic Basin Hurricanes, 1901-2005 and 5-Year Running Average

Source: Risk Management Solutions (2007) in Muir-Wood (2008)*°

% Muir-Wood, R., 2008. “Climate Change & the Cayman Islands — Building Resilience.” Presentation to
Cayman Business Outlook 2008, January 17" 2008.
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Tourism Assessment

Macroeconomic variables

Tourism and financial services underpin the Cayman Islands’ economy. Over the last
seven years, tourists have spent on average US$524 million (stay-over and cruise) in
the Cayman Islands, equivalent to nearly US$17,000 for every resident. This is a
major contribution to the local economy, supporting a wide range of businesses and
generating employment opportunities for Caymanians and expatriates. In 2007 those
directly and indirectly employed in travel and tourism activities were 8,600 persons,
representing nearly 28% of total employment.

According to the World Travel and Tourism Council (WTTC), in 2010 the Cayman
Islands is expected to generate CI$515 million (US$618 million) towards the Gross
Domestic Product (GDP) from travel and tourism activities alone. From this
estimation the WTTC has predicted that of the CI$515 million, direct industry
contribution will be CI$123 million (US$147 million) which is equivalent to 5.5 % of
the total GDP. The direct industry employment is estimated to be 2,400 jobs,
representing 7.8% of all jobs (8,200) from this sector which accounts for 26.3% of
total jobs available within the economy. Both directly and indirectly the tourism sector
is expected to generate 22.3% or CI$274 million (US$329 million) of total exports
through earnings from international visitors. Capital investment in travel and tourism
is estimated at CI$238 million (US$286 million) or 47.4% of total investment in
2010%.

The economy is forecast to achieve annualized real growth by 2020 of 3.1% to
CI$909 million with roughly the same percentage of employment contribution as in
2007, equivalent to 9,500 jobs. Given the large expatriate workforce in this and other
sectors, the Islands have now become and are expected to remain a source for
remittances to populations in countries around the world.

Trends in the national Tourism sector

A review of the trends in the national tourism and travel sector perhaps reflect
regional declines in tourism activity as a result of the deep global economic
recession. Furthermore, catastrophic hurricanes have been shown to place these
island economies at risk of reduced earnings in the short to medium term.

The following table shows total visitor arrivals to the Cayman Islands between 1996
and 2008.

18 World Travel and Tourism Council, 2010. Travel and Tourism Economic Impact 2010: Cayman Islands.
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Table 3 Visitor arrivals in the Cayman Islands, 1996-2008

Air Arrivals Sea (Cruise Ship) Arrivals

Year Vistiors Percent Ship Visitors Percent

('000) Change Calls ('000) change
1996 373.2 3.1 525 800.3 17.2
1997 381.2 2.1 572 866.6 8.3
1998 404.2 6.0 518 871.4 0.6
1999 394.7 (2.4 623 1,035.5 18.8
2000 354.1 (10.3) 612 1,030.9 0.4
2001 334.1 (5.7 711 1,214.8 17.8
2002 302.8 9.4 732 1,574.8 29.6
2003 293.5 (3.1 825 1,819.0 155
2004 259.9 (11.4) 732 1,693.3 (6.9
2005 167.8 (35.4) 734 1,799.0 6.2
2006 267.3 59.3 802 1,930.1 7.3
2007 291.5 9.1 657 1,715.7 (11.2)
2008 302.9 3.9 570 1,553.1 (19.5)

Source: ESO (2009) Statistical Compendium 2008

During the period from 1999 to 2005 the number of visitors arriving by air decreased
year upon year. The opposite is true for cruise ship arrivals except in 2004 which can
be attributed to Hurricane Ivan (Figure 12). Between 2005 and 2008 the number of
air arrival passengers started to increase while cruise ship arrivals peaked in 2006
after which a noticeable decline continued throughout 2008.

Figure 12 Air & Sea Visitor Arrivals, 1996-2008
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In 2008, 6% of air arrival visitors were from Canada, 5% from the United Kingdom &
Ireland, 2% from Continental Europe, approximately 79.5% from the United States of
America, and the remaining 7.5% from the rest of the world (Figure 13).

Figure 13 Air Arrivals by Country of Origin, 2008

Source: ESO (2009) Statistical Compendium 2008

Average expenditure per stay-over visitor per night in 2008 was CI$162.44 while total
spending for cruise ship passengers was estimated at C1$101.13.

Accommodation in the Cayman Islands ranges from budget self-catering apartments
to luxury five-star resorts. A total of 4,484 bedrooms remained in operation as at
year-end in 2008 which surpassed the previous figure of 3,907. Similarly, the total
number of licensed tourism accommodation properties increased from 178 to 236 in
2007. At the start of the winter tourist season (December) 2009, there were a total of
4,563 rooms available for rent by visitors. These rooms were broken down into the
following: 438 within the category of villas and guesthouses; 2,094 within the
category of apartments and condos category; and 2,031 rooms within the hotel sector
(Appendix 4).

The occupancy rate in 2008 was 62.2% for hotels and 44.0% apartments, and the
average length of stay was 4.5 days for a hotel and 6.4 days for an apartment. The
occupancy rate slightly increased compared to that of 2007 but the average length of
stay has decreased (See Table 4). Actual use of accommodation improved as the
average hotel occupancy rate rose slightly from 61.7% in 2007 to 62.2% in 2008.
Apartments/condominiums occupancy rates also increased from 41.5% to 44.0%.
Therefore with respect to the average length of stay at local establishments, this
contracted for both hotels and apartments/condos from 4.7 days in 2007 to 4.5 days
from 6.7 in 2007 to 6.4 days, respectively.
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Table 4 Occupancy Rates and Length of Stay, 1990-2008

Source: ESO (2009) Statistical Compendium 2008

Of those surveyed in 2008, 48% of stay-over visitors, 22% of residents and 8% cruise
visitors spent US$150 or more per person on water sports activity (Figure 14).
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Figure 14 Customer Willingness to Spend on Water Sports Activity, 2008

Maximum amount spent (per person)} on water sports activity in the Cayman Islands
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Grand Cayman offers full service water sports activities with 95% of business being
stay-over visitors. Cayman Brac receives 75% repeat customers who come primarily
for in diving and snorkeling while diving and fishing activities are mostly taken up by
visitors to Little Cayman®’. Dive pressure on popular sites has been raised as a risk
to the sustainability of the current industry in the absence of proper management and
regulations in terms of carrying capacity per dive site.

A heavy reliance on the US customer based makes the Cayman Islands particularly
susceptible to influences affecting that market. For example, higher fuel prices will
inevitably be reflected in the cost of travel to these Islands. While it is left to be seen,
some in the region fear summer destinations in the US will become more attractive
and reduce the volume of travel to the Caribbean during the critical low season when
temperatures may be unbearable for North American visitors.

Expectations regarding the future development of the Tourism
sector

For many years plans have been underway to construct a cruise ship berthing facility
in George Town to revive the flailing industry locally. International airports on both
Grand Cayman and Cayman Brac are in need of upgrading to accommodate
Government and industry desires to increase the destination’s market share of
European visitors and flights from other long haul ports. This would also necessitate
expansion of the runway at Owen Roberts airport on Grand Cayman. Government is
exploring public-private ventures to get these very large capital projects underway. In

7 Deloitte, 2008. Cayman Islands Department of Tourism Water Sports Market Assessment, Department of
Tourism, November 26 2008.
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addition, a privately financed bulk cargo and storage development with cruise
berthing facilities is proposed in East End on Grand Cayman which would see
operations turned over to Government statutory entities in the future. Opposition to
the latter project in particular include concerns over bringing the sea further inland
and the potential for increased wave action. Climate change risk should be integrated
in environmental impact statements for all of these large-scale projects to ensure that
any negative effects associated with climate change and sea-level rise are avoided or
reasonably mitigated, i.e. ‘climate-proof’ these facilities. This in turn will protect the
massive investments in these projects and enhance the climate resiliency of critical
infrastructure upon which the tourism sector is highly dependent.

For years the Cayman Islands has won international accolades and awards for
having the best beaches and rated highest in customer satisfaction for diving and
snorkeling. Tourism authorities are eager to diversify the traditional ‘sun, sand and
sea’ products by developing niche markets such as wreck diving. The recent sinking
of the USS Kittiwake is Grand Cayman’s newest wreck attraction which some believe
will relieve dive pressure on the natural coral reefs that are threatened by increasing
sea temperatures and ocean acidification. There has also been a noted upturn in
underwater photography and technical diving activities that could be further
developed as niche markets.

Hosting destination weddings has become a key niche market for the Cayman
Islands with success thus featured in international television and print media. Local
professionals and businesses are gearing up to make these Islands the best in the
Caribbean for custom, luxury weddings. Not surprisingly, a wedding destination is
very reliant on its natural beauty and aesthetics of its built environment, both of which
can be severely impacted by catastrophic storm events such as that witnessed for
years after the passage of hurricanes Ivan and Paloma. Therefore, understanding
the natural threats to this burgeoning market in the face of changing climatic
conditions and managing the risks is incredibly important to the further development
of this market.

In line with recommendations from the National Tourism Management Plan 2009-
2013 and National Strategic Plan 1999-2008 (‘Vision 2008’), adventure tourism and
nature tourism are being promoted in Cayman Brac and Little Cayman, respectively.
As with destination weddings, these niche markets rely heavily on pristine, well-
managed environmental and natural resources which can be affected by a variety of
changes in climatic conditions. There is perhaps less in the way of ‘climate-proofing’
this sub-sector.

Financial, human & institutional capacity to deal with/adapt to
disasters and other climate change impacts

The Cayman Islands has a Strategic Framework for Disaster Risk Management
administered by the Hazard Management Cayman Islands agency. This framework is
intended to be the primary strategic tool for management of hazards that threaten the
Cayman Islands, including the many threats presented by climate change. It is
intended to capture the vision for disaster risk reduction and management and to
guide the national risk management program and government policies, roles and
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responsibilities. The engagement of all residents of the Cayman Islands in risk
management is a key objective as is involving multiple agencies in taking a proactive
all-hazard approach to managing risk. The strategy also seeks to align the country’s
approach with regional and international norms, including locally adapting best
practices, which will serve well for enhancing national and sectoral climate resiliency.

Central Government allocated CI$1,323,705 to National Disaster Preparedness and
Responses and Cl$418,466 appropriated for Disaster Tolerant Central Information
Technology Infrastructure in the 2009/10 budget. However reserve funds for dealing
with natural disasters have been inadequate, requiring additional sources. One such
source was the Cayman Islands National Recovery Fund (CINRF) established in the
aftermath of Hurricane Ivan to receive various on and off island donations to assist
with relief and reconstruction efforts for the injured, homeless, and destitute, many of
whom were uninsured. The trust received a $7 million EU grant for Hurricane Ivan
recovery. Following the devastation of Hurricane Paloma in 2008 some $1.2 million
was allocated from the fund for restoration efforts in Cayman Brac and Little Cayman.
The Board of Trustees intended for the CINRF to have an ongoing presence in the
Islands, not just in the aftermath of disaster, by implementing projects to enhance the
resiliency of communities through prevention measures such as education on home
improvements and designing for resiliency, and ensuring homeowners have
adequate insurance®®.

The amount appropriated for 2010/11 to the Ministry of Finance, Tourism and
Development to fund Tourism related activities is CI$27,157,548"°. This allocation
does not include specific programmatic funding for increasing climate resiliency in the
tourism sector even though Tourism managers foresee declining economic capacity
within the sector from the increased threat of storms and resultant damage to the
tourism plant?®®. The economic burden of climate change impacts to tourism is
thought to necessitate Government partnering with others to share future risk.

By comparison, a portion of the CI$216,742 designed in the current budget under the
Broad Outcome ‘Addressing Energy and the Environment’ to the Ministry of Health,
Environment, Youth, Sports and Culture is for national climate change adaptation and
mitigation planning?’. Climate change adaptation planning to date has primarily fallen
under the purview of the public-private National Climate Change Committee chaired
by the Department of Environment which is tasked with developing a climate change
policy and set of action plans. Work has been ongoing since late 2007 through the
UK-funded Enhancing Capacity to Climate Change (ECACC) Project, and has thus
far served to strengthen inter-agency co-operation and initiate dialogue at the various
level within government and with private sector associations and businesses.
Achieving Low-Carbon Climate-Resilient Development — the Cayman Islands’
Climate Change Policy has been finalized for submission to Cabinet by mid-2011. It
outlines consensus-based interventions to be implemented over the next 5 years
aimed at, among other things, creating a more environmentally responsible tourism

'8 Finley Josephs, CINRF Executive Director, “Daybreak”, Cayman27, 28 October 2009.

19 Bill for a Law to Appropriate Executive Financial Transaction for the Financial Year Ending 30 June 2010 (the
Appropriation (July 2009 to June 2010) Law, 2009)

20 DOE, 2009. Comment by Gloria McField-Nixon. In: Minutes of Ministry of Tourism Stakeholder
Consultation, 23 January 2009.

2 Cayman Islands Government, 2010/11Annual Plan and Estimates
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industry and enhancing the resilience of tourism infrastructure and facilities to climate
change impacts. In addition, a public education and outreach strategy was initiated
during the policy’s development and is intended to continue in tandem with its
implementation.

The KAP survey conducted on the tourism sector as part of this vulnerability and
capacity assessment showed that in terms of

% Financial capacity: Roughly two thirds of businesses surveyed utilized
general insurance as the primary protective measure from the impacts
associated with natural hazards, while just under one third of companies had
business continuity insurance. A third of the companies stated they would
spend up to 5% percentage of their annual budget over next 3 to 5 years on
protecting the business from future threats, while almost another third did not
know what percentage, if any, would be designated for such purpose. Only
15.4% of the businesses were prepared to spend up to a quarter of the budget
to implement coping and/or adaptive measures, while 2.6% of companies
surveyed did not intend to have a budget line item for adaptation.

% Human capacity: Less than half of companies surveyed had instituted staff
training on disaster response and management in order to protect their
businesses from the types of impacts previously experienced. Half of the
companies stated that they are challenged by limited access to information on
suitable adaptation measures for their businesses. While a third find the
absence of human resources with necessary skills and expertise within their
company to be hindering their ability to effectively implement protective
measures against future threats.

« Institutional capacity: For most respondents, the Cayman Islands
Government bears the responsibility in the country for addressing climate
change issues. This lack of accountability in the industry is reflected in the
fact that roughly a fifth of businesses had actually incorporated climate change
considerations into their business plans. Encouragingly, half of the companies
have disaster management and response plans, while just over a quarter have
business continuity plans. Half of the businesses stated that the challenge to
implement suitable protective measures was that the necessary technology to
do so was cost prohibitive.

Distribution of all Tourism assets in relation to hazard zones and
value of assets

Typical of most Caribbean islands, the majority of tourism assets in the Cayman
Islands, and critical infrastructure the industry relies upon, are located within the
vulnerable coastal zone. Within this document, an extensive set of static risk maps
showing the vulnerability of existing accommodation, critical facilities, roads and other
tourism infrastructure to flooding from rainfall events and hurricanes, as well as
impacts from anticipated sea-level rise.
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Structural integrity of private assets and public infrastructure
critical to Tourism

Young and Gibbs’ 2005 assessment® of Hurricane Ivan’s impact on Grand Cayman
found that structures built to the Cayman Building Code — comparable to strong
codes in the south and southeast USA - weathered hurricane winds (135 mph
sustained, 165 mph gusts) very well. Older unreinforced masonry buildings were far
more vulnerable to wind damage. Loss of roofs and roof coverings from wind,
rainwater ingress through plastic box-eaves and wave-induced flooding of ground
floors were among the foremost damage categories. Damage to code-compliant
buildings was mainly non-structural or a result of siting issues, i.e. coastal properties
devastated by wave action. The accommodation sector fared well structurally
however given their predominantly coastal locations, especially on exposed sections
of west, south and east coasts, suffered severe damage to ground floor units from
storm surge flooding, or incurred significant losses resulting from rainwater ingress to
upper floors.

New critical infrastructure such as hurricane shelters, hospitals and schools, are
required to be constructed to withstand a category 5 hurricane. For the most part,
these facilities in Grand Cayman performed well structurally during Hurricane Ivan.
Similarly roads are built to good standards in the Cayman Islands, although some on
Grand Cayman'’s south coast proved particularly vulnerable to Ivan’s storm surge and
waves and have been reinforced by seawalls or realigned further inland for added
protection. For fiscal year 2009/10 CI$100,000 was allocated from Government
coffers to the National Roads Authority for Storm Water Management and Mitigation
of Tidal Inundation to address existing issues. Telecommunications cables and water
lines buried next to roads that suffered surge and wave impact were similarly affected
and had to be replaced lengthening service disruption. Even pre-stressed concrete
electricity distribution poles broke under Ivan's battering winds. However this
technology has not been abandoned. Despite these issues, Grand Cayman is
considered to have excellent infrastructure resilience.

Hurricane Paloma, with sustained winds of 145 mph, passed directly over the Sister
Islands in 2008, severely impacting infrastructure and causing over CI$8 million in
damages to hotel buildings alone?®. Paloma’s intense wind caused 90% of all
buildings on Cayman Brac to suffer varying degrees of damage, and loss of roofs at
some hotels and structural damage at others. As a result Cayman Brac’s total room
stock was withdrawn from operations for the entire high tourist season. By
comparison, Little Cayman’s hotels suffered only minor damage to roofs and once
electricity restoration and road clearance was complete were in operation 3 weeks
after the passage of the hurricane. Government buildings comprised the largest
affected infrastructure subsector in Cayman Brac, suffering mainly roof and some
structural damage largely due to lack of enforcement of approved building standards.

2Young, S. and T. Gibbs, 2005. Impact of Hurricane Ivan in Grand Cayman: A technical review of the hazards
and their effects. Prepared for the UK Department for International Development, 18 February 2005.

2 ECLAC 2009. Cayman Islands: Macro Socio-economic Assessment of the Damage and Losses Caused by
Hurricane Paloma. LC/CAR/L.193. ECLAC and UNDP, 2 April 2009.
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Cultural tourism assets such as heritage sites and architecturally important home
styles throughout the Cayman Islands are wooden structures at great risk from wind
damage. Many of these are located in Cayman Brac and historic centres on Grand
Cayman. Higher intensity storms anticipated in future will continue to pose a threat to
these structures requiring constant restoration and safeguarding of these assets.

Photo 1 Roof damaged Caymanian-style home from Hurricane Paloma, Cayman Brac,
November 2008. Credit: Unknown

Past economic losses from storms and hurricanes

Direct hits from hurricanes have had devastating socio-economic consequences on
the Cayman Islands. Table 5 highlights damages and losses from the most costly
events such as Hurricane lvan in 2004 - locally referred to as ‘lvan the Terrible’ —
which severely impacted the southern and eastern coasts of Grand Cayman leaving
total losses of CI1$2.8 billion in its wake. This represented 183% of the country’s GDP
in 2003 and is by far the most devastating hurricane to hit the Cayman Islands®.
Hurricane Paloma - the second strongest November Atlantic hurricane on record -
caused total losses of CI$154 million with the passage of its eyewall over the eastern
end of Cayman Brac®.

However hurricanes do not have to directly hit the Cayman Islands to cause
substantial impact. Large cyclones that produced destructive storm surges and wave
action such as late-season Category 4 Michelle passed 130 miles west of Grand
Cayman in 2001 causing US$28 million (CI$22.4) in damages®.

2 ECLAC 2005. The Impact of Hurricane Ivan in the Cayman Islands. LC/CAR/L.25. ECLAC and UNDP, 10
January 2005.

% ECLAC, 2009.

%6 Beven, J., 2002. Tropical Cyclone Report: Hurricane Micelle 29 October — 5 November 2001. National
Hurricane Center, 23 January 2002.
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Table 5 Losses from hurricanes and tropical storms affecting the Cayman Islands

Year | Hurricane | Category CPA Loss Percentage of
SEWCINIES CI$M GDP Year

1988 Gilbert 24 to GCM

2001 Michelle IV 130 to GCM 22 1.5 (2001)
2004 Ivan \Y, 22 to GCM 2,800 183.0 (2003)
2008 Paloma v 9toLYC 154 7.4 (2008)

N/A = Not Available
CPA = Closest Point of Approach (has to be below 75 statute miles to be considered a direct hit)

Source: Hurlston-McKenzie et al (2010)%”

Meteorological analysis suggests that lvan was a 1 in 100-year storm event and is
not the worst-case scenario for Grand Cayman as it passed to the south rather than
directly over the east end of the island. A 100-year storm could be succeeded by
another 100-year event the following year and not necessarily 99 years in the future.
The Cayman Islands’ extraordinary population growth over the last four decades and
the extent of infrastructure at risk resulted in severe economic impact from Ivan, the
likes of which may be more frequent as global climate change is expected to
influence the development of more south-tracking systems such as Ivan®.

Damage to Tourism Plant

The tourism sector incurred roughly 16% of the total losses resulting from Hurricane
Ivan (Figure 15). This translated to CI$281.5 million in damages to hotels and
condos from storm surge-induced flooding (75% of the damage cost) and wind
damage, permanently withdrawing room stock as some properties have not reopened
or have been diverted to other uses, e.g. residential housing®.

The indirect impact of hurricanes in terms of lost revenue starts with preparation
activities and continues through down time for rebuilding. In the case of Ivan, loss of
stay-over tourism in 2004 was CI$72 million which extended into 2005. While hotels
have loss of business insurance to compensate for lost room rentals during this time,
few condos, apartments and guesthouses have such a safety net which, coupled with
a high level of underinsurance affecting the ability to undertake repairs, could lead to
permanent business closures®®. Many tourism properties have strata arrangements
which can further delay reopening due to insurance settlement and reconstruction
issues. The next major hurricane has implications for insurance coverage, particularly
with the possible threat of uninsurability looming over the Cayman Islands.

%" Hurlston-McKenzie, L-A et al, 2010. Climate Change Issues for the Cayman Islands: Towards A Climate
Change Policy. A Technical Report of the National Climate Change Committee, November 2010.

%8 Young and Gibbs, 2005.

* ECLAC, 2005

% ECLAC, 2005.
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Figure 15 Damages and Losses in the Cayman Islands from Hurricane lvan, 2004

Source: Brown (2008)3%!

Indirect damages from a decline in cruise tourism included loss of port fees and
visitor expenditure during closure of port facilities and the rebuilding of tourism
infrastructure (ground transport, restaurants, attractions, etc.). No cruise ships visited
between 9 September and 1 November 2004 as a result of direct damages to the
port and facilities that support cruise ship activities, resulting in CI$25 million lost
revenue from cruise tourism.

Overall visitor expenditure in 2004 was CI$435 million which dropped to CI$294
million the following year, demonstrating the hurricane’s devastating impact on this
sector. By 2006 visitor revenue was CI$424 million, near pre-lvan levels, a testament
to the resiliency and rapid recovery of the sector and its key businesses. However,
the lvan experience is sobering considering this level of exposure to even more
severe category 4 and 5 hurricanes may become the norm (in La Nifia years).

Damage to Tourism Product

As the Cayman Islands’ tourism product is primarily built around ‘sun, sand and sea’
and thus reliant on natural attractions such as beaches, coral reefs and fisheries, the
degradation or loss of these assets from beach erosion, coastal land loss and coral
bleaching is of tremendous concern. For years a few properties at erosion ‘hot spots’
on Seven Mile Beach (SMB) have had to contend with temporary and sometimes
extensive beach losses, and the cost of continually rebuilding damaged facilities (e.g.
seawalls, swimming pools, cabanas) located too close to the sea. After Hurricane

31 Brown, N., 2008. Climate Change in the UK Overseas Territories: An Overview of the Science, Policy and
You. Joint Nature Conservation Council, Peterborough, UK.
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Ivan, Government undertook a beach renourishment project at the southern end of
SMB at the cost of CI$220,000 for 7,000 cubic yards (2,000 cy of which was from
Government’'s own stockpile). This was just one of many attempts by properties
along this section of beach that has had to be implemented.

Photo 2 Post-hurricane lvan beach renourishment project at southern end of Seven Mile Beach, 2005.
Credits: DOE

The Beach Review and Assessment Committee (BRAC) Report 2003 addressed
beach nourishment needs and requisite contingency planning for Seven Mile Beach
specifically in relation to continued beach retreat resulting from sea-level rise and
major hurricanes. Despite Government and the tourism sector being aware of the
extent of lost revenue from serious beach erosion on SMB, to date no funding
sources have been identified to draft and implement contingency plans which identify
sources and stockpile locations of equivalent beach quality sand, appropriate
placement methodology, etc.®>. Cancun after hurricane Wilma is a good example of
huge beach nourishment efforts that will likely have to be continued on a regular
basis, and the situation may be similar for SMB*3. If that is the case then funding
sources for this and other adaptation and contingency measures need to be identified
sooner rather than later.

Public-private commitment and resources are needed to address this issue. Possible
Government funding sources include taxes derived from travel although there is a
need to clarify how these funds are utilized, which requires dialogue with the Portfolio
of Finance®**. However climate change is admittedly not a high priority; when it
comes to budgeting it is the first to be cut in terms of financing programmes®®. For
effective adaptation Government must get away from viewing climate change as a
“programme” but rather a fact of life, otherwise the budget dilemma will be resolved

2 DOE, 2009. Comments by Gina Ebanks-Petrie. In: Minutes of 2nd Meeting of the NCCAWG, 18 January
2008.

% DOE, 2009. Comment by Dr. Robert Muir-Wood. In: In: Minutes of 2nd Meeting of the NCCAWG, 18
January 2008.

* DOE, 2009. Comment by Gloria McField-Nixon. In: Minutes of Ministry of Tourism Stakeholder
Consultation, 23 January 2009.

% DOE, 2009. Comment by Ronnie Dunn. In: Minutes of Ministry of Finance Stakeholder Consultation, 23
January 2009.
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through the cost of inaction®®. A Stern-type review for the Overseas Territories would
be useful to finance departments and budget managers in translating the risks and
impacts from climate change science into dollars and cents.

Product quality tied to environmental conditions that do not meet visitors’
expectations has been assessed in other Caribbean tourism destinations. A study in
Barbados showed tourists’ reduced willingness to pay for erosion-impacted
beaches®’. Similarly, willingness to pay for diving on coral-bleached reefs decreased
in Bonaire®. Currently overall customer satisfaction with the scuba diving, snorkeling
and fishing products in the Cayman Islands rates highly - 3.61, 3.52 and 3.12,
respectively out of 4 (Figure 16)*°. It is not known if or how much revenue from these
activities may have been lost locally from severe bleaching events like that withessed
in 1998 and 2009 or from the wider ecological implications on local fisheries.
However, it is clear that without proper management of diving pressure, nutrient
loading and other anthropogenic stressors on these systems, the quality and rating of
marine attractions will decline*® — a risk the Cayman Islands can ill afford even
without the threat of climate change.

Figure 16 Customer Satisfaction with the Cayman Islands’ Water Sports Product, 2008

Fishing

Jet skiing/ Wave Running
Sailing

Parasailing

Kayaking

Snorkeling 3.52

Scuba Diving 3.61

Rating: {1=Poor, 2=Fair, 3=Good, 4=Excellent)

Source: Department of Tourism Water Sports Market Demand Survey, 2008

Other attractions and tourism activities at risk include Stingray City-Sandbar tours
which are currently affected by unsettled weather conditions and in recent years
more frequent closures of these sites for safety reasons (Table 6). While these

% DOE, 2009. Comment by Gina Ebanks-Petrie. In: Minutes of Ministry of Finance Stakeholder Consultation,
23 January 2009.

87 Uyarra, M.C., I.M. Cote, J.A. Gill, R.R.T. Tinch, D. Viner, and A.R. Watkinson, 2005. Island-specific
preferences of tourist for environmental features: implications for tourism-dependent states. Environmental
Conservation (32): 11-19.

% Uyarra et al, 2005.

% Deloitte, 2008. Water Sports Market Assessment, November 26, 2008.

“* Deloitte, 2008.
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occurrences primarily affect lost revenue to charter boat operators, there are knock-
on effects for ground transport and other sub-sectors. Structural damage or
temporary closures to some land-based sites are climate risk factors. Hurricane Ilvan
badly affected natural attractions in some areas of the Botanic Park and devastated
the great house at Pedro St. James which did not open for some time. As with the
accommodation sector, delays due to insurance settlements and difficulties in finding
gualified contractors to start repair work is a concern, particularly for the very
vulnerable National Museum building which requires the involvement of specialists in
historical building conservation and rehabilitation.

Table 6 Potential Climate Change Impacts on Tourism Infrastructure and Amenities

Attraction at Risk
Stingray City / Sandbar

Beaches

Dive tourism

Botanic Park

Blow Holes

Hell
Pedro St. James

Cayman Turtle Farm

Cl National Museum

Pirates Weeks Festival
Maritime Heritage Trail

Heritage Sites
(Lighthouses, Mission House)

Effect of Climate Change

Sea level rise
Increased storminess;
change in wind patterns

Sea level rise

Sea level rise
Increased storminess
Stronger hurricanes

Increased sea temperatures

Increased drought

¢ Wind damage
e Increased temperature

Sea level rise

Increased rainfall intensity

Increased storm intensity,
wind and rainfall

Increased storm intensity,
wind and rainfall
Increased temperature

Sea level rise, increased
storminess, storm surge and
hurricanes

Increased storminess, rainfall
Stronger hurricanes, wave
action

Change in wind patterns
Increased storm intensity,
wind and rainfall

More intense rainfall events
Higher temperatures

Impact on Attraction
o Deeper sites, ability to stand
at Sand Bar reduced
o Reduced no. of trips due to
sea state conditions
o Reduced area, overcrowding,
user conflicts
Deeper sites
Reduced no. of trips
Physical damage to reefs
Coral bleaching, die-off or
disease

e Irrigation issues
e Reduced site attractiveness
¢ Risk of heat stress to visitors

e Submerged cavities, no
dramatic pictures

¢ Flooding

¢ Flooding, wind-borne debris,
damage to structures &
property

e Event cancellations

e Flooding, damage to
structures & exhibits

o Water quality affected within
turtle & other enclosures

o Damage to structures &
property from flooding and
wind-borne debris

o Event cancellations

¢ Destruction, dislodgement or
burial of historic shipwrecks
and artefacts

e Wind and water damage

¢ Flooding

e Terminate, deterioration of
structures

Source: Hurlston-McKenzie et al (2010)
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While product diversification has started to take place, which is a good adaptive
measure, some of the niche tourism being explored (e.g. outdoor music and culinary
events) is still very weather dependent, especially if large indoor facilities do not exist
to accommodate them. In recent years event postponements or cancellations have
become more common, with the annual Pirates Week festival now held in November
instead of October due to rainy weather, Taste of Cayman postponed for months for
similar reasons, and Art@Governors 2009 postponed by one month due to wind
conditions associated with a strong Nor'wester.

Some tourism managers fear the Caribbean is being perceived as an unsafe
destination for weather hazards and believe that regional tourism interests will have
to collaborate to address this perception in key markets**. Even those who do travel
to the region can become a liability. As travel insurance does not cover “acts of
God,” some costs were borne by overseas tour operators to fly tourists back home
during Hurricane Ivan*?. Government’s capacity to continue expensive airlift
operations before and after a storm is becoming stretched, especially in an economic
decline. The Ivan experience has also shown that sectors such as tourism and
financial services which employ significant numbers of expatriate workers need to
participate in shelter and evacuation planning processes, and develop a coordinated
plan to cover this activity with the national emergency agency in future events*:.

Future economic losses

From storms and hurricanes

Since 1990 the Cayman Islands has had hurricane damages averaging 10-15% of
GDP*. Hurricane Ivan’'s total impact on the

economy in 2004 was CI$2.8 billion, or 183% of

GDP in 2003, the highest ever UN ECLAC has

encountered in the region. With ever-growing

infrastructure exposed to stronger hurricanes

expected, it is likely damages and losses to this

extent may become more common place.

In a 2008 Tuft University study the costs for the

Cayman Islands associated with increased

hurricane damages, loss of tourism revenue and

infrastructural damages due to sea level rise by  photo 3 Tropical Storm Warning Flags.
Credits: HMCI

“! DOE, 2009. Comment by Gloria McField-Nixon. In: Minutes of Ministry of Tourism Stakeholder
Consultation, 23 January 2009.

42 BBC News Online. “Travel firms count cost of Ivan,” 12 September 2004

8 McCarthy, G., 2005. “Resilience Through Recovery.” A Presentation by the Hon. Chief Secretary of the
Cayman Islands to the Deputy Governors and Chief Secretaries Conference, Bermuda, May 2005.

* Bueno, R., C. Herzfeld, E. Stanton and F. Ackerman, 2008. The Caribbean and Climate Change: The Costs of
Inaction. Stockholm Environment Institute, US Center and Global Development and Environment Institute,
Tufts University, May 2008.
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2025 was estimated at 8.8% of GDP, 20.1% of GDP by 2050, and 53.4% of GDP by
the year 2100%.

The Cayman Islands was included in another study under The Caribbean
Catastrophe Risk Insurance Facility’'s Economics of Climate Adaptation Initiative
conducted in partnership with the McKinsey Group, Caribbean Community Climate
Change Centre and UN ECLAC in 2010*°. Current and future expected losses from
three climate risks - hurricane-induced winds, coastal flooding from storm surge and
inland flooding from both hurricanes and tropical systems - for three climate
scenarios using global and regional circulation models based on IPCC SRES A2
were assessed. The potential loss was then estimated using an approach similar to
that applied for calculating insurance premiums. The current climate risk for the
Cayman Islands is already high - 5% of local GDP - with expected losses of up to 7%
by 2030 in the high climate change scenario (Figure 17).

Comparatively, this is one of the highest loss jurisdictions of all the Caribbean
countries studied. While the contribution of coastal flooding from storm surge

remains at about 45% of the total damage potential across all scenarios, expected
loss nearly triples from US$126 million in 2009 to US$309 million by 2030.

Figure 17 Annual Expected Loss from Climate Risks 2009 and 2030

Source: CCRIF (2010)

“> Bueno et atl, 2008
“ CCRIF, 2010. Enhancing the Climate Risk and Adaptation Fact Base for the Caribbean: preliminary results of
the ECA Study, CCRIF, Grand Cayman, Cayman Islands.
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Impact of climate change mitigation policies and consumer behaviour

The Cayman Islands tourism sector’s resilience is owed to a loyal repeat visitor base
during the high season, mostly from North America. However there is potential for
this market share to be eroded due to circumstances beyond local control, namely
rising airfares coupled with threats of reduced air service to the region as a result of
climate change mitigation regulations and policies from outside the region to
safeguard the aviation sector against deepening economic recession. Moves are
well advanced to bring aviation emissions from international flights landing in the
European Union under regulation and into the formal carbon market by 2012. EU
aviation emissions account for 3% of its total CO, emissions, and are estimated to
double within a decade if not capped. US air carriers Delta and United are thought to
have the highest carbon shortfalls under this cap and trade system (the total being
200 million tonnes of CO,) with 3.5 and 3.3 million tonnes respectively*’. Airlines that
can afford to do so could purchase additional permits from the European market or
invest in clean development mechanism projects to offset their carbon shortfalls.
Although no similar US regulation is presently proposed, US-owned airlines might
have to raise prices generally to cover cost of flying into European cities.

The Cayman Islands has traditionally been an expensive destination to access and
could see a downturn in air arrivals as consumers opt to travel to less expensive
destinations through short-haul flights or using “greener” modes of transport (car or
train). More frequent warmer mid-latitude winter temperatures could see even loyal
repeat visitors chose cheaper vacations closer to home. While resorts are already
targeting the off-season traveller looking for a better experience at an attractive rate,
the hotter days, heat waves and unpredictable extremes of this time of year may
affect comfort levels of visitors to the region or their health whilst here placing
increased demands on the health care system.

Local tourism managers are also concerned that if an aviation tax is not tied to
specific project funding, informed consumers will find this objectionable and their
choice of a more transparent destination will affect revenue for local programmes.
Thus Governments pursuing transitions to low-carbon economies should find other
mechanisms to curb consumer behaviour apart from taxation*®. While the Cayman
Islands is actively looking both at Central America (specifically Panama) and
eventually South America as secondary markets*®, this could have implications for
the spread of malaria and dengue from inter-regional travel.

47 \/oosen, P., 2009. “Airlines will be first US industry to confront cap and trade,” Greenwire, 12 August 2009.
“8 DOE, 2009. Comment by Gloria McField-Nixon. In: Minutes of Ministry of Tourism Stakeholder
Consultation, 23 January 2009.

* Knipp, S., 2009. “Tourism sector cautiously optimistic,” Cayman Net News, February 20, 2009.
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Country Vulnerability and Risk Profiles

Country vulnerability and risk profiling is considered in this chapter using studies
conducted to date on current climate hazards that threaten the Cayman Islands. A
historic view of inland flooding from rainfall and the extent of primarily storm surge-
flooding from Hurricane Ivan on Grand Cayman are presented in light of similar
climatic events and associated impacts occurring in the future. Finally, the physical
and socio-economic impacts of projected sea-level rise are portrayed in this section
through an extensive array of static risk maps and accompanying tables.

Present-Day Vulnerability

Current Vulnerability of Grand Cayman to Natural Hazards

Areas on Grand Cayman vulnerable to present-day climate hazards such as flooding
from hurricanes, storm surges and high winds were identified in a preliminary
vulnerability assessment conducted by the Natural Disasters Assessment Consulting
Group in 2009%° and ranked in relation to level of exposure of these hazards (Table
7). Map 6 is a geographical representation of the level of exposure to these hazards
and the level of physical vulnerability of the critical infrastructure identified in the
assessment. No similar assessments have been conducted for Cayman Brac or
Little Cayman to date.

Table 7 Areas and Level of Exposure to Natural Hazards in Grand Cayman

Source: NDAC (2009)

%0 National Disasters Assessment Consulting Group, 2009. Preliminary Vulnerability Assessment of Grand
Cayman, Cayman Islands. A Report to the Government of the Cayman Islands, June 2009.

56



Map 6 Areas showing the vulnerability and exposure of critical facilities to natural hazards in Grand Cayman

Source: National Disaster Assessment Consulting Group (2009)

57



It is interesting to note that the majority of the 48 critical facilities identified have a
low level of vulnerability (Figure 18). Those emergency response facilities with a
high level of vulnerability include the West Bay Fire Station, Bodden Town Clinic
and Bodden Town Police station. The only Government facility with a high level
of vulnerability is the George Town dock and port. Two utilities are similarly
categorized and are the Texaco and ESSO fuel terminals.

Figure 18 Percentage of the Level of Vulnerability of Critical Facilities

on Grand Cayman

Moderate Moderate exposure to at least floods and storm surges. The facility is located in a
Vulnerability zone that is impacted by hurricane categories 4 and 5 that take place approximately

every 100 years.

Very high exposure to floods and storm surges and to a lesser degree to tsunamis.
Very High The facilities located in a zone where coastal flooding and wave action are the
Vulnerability highest during hurricanes of categories 1 and 2 (and above). On average these kinds
of hurricanes hit the Cayman Islands every 2.23 years.

Source: NDAC (2009)
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Inland Flooding From Rainfall on Grand Cayman

Inland flooding resulting from moderate to heavy rainfall events is quite common
and predictable in many areas on Grand Cayman under current climatic
conditions. Climate change is expected to bring heavier rainfall incidents thus
exacerbating the impact on existing hot spots and will likely create new areas of
flooding concern if left unmitigated.

The following map illustrates key areas on Grand Cayman prone to flooding and
has been reproduced from the Stormwater Management Committee (SWMC)
Report, October 9, 2003. It is important to note that given the date of this report,
some of the commercial/industrial areas typically affected by flooding have since
been addressed. However, a good portion of the residential areas identified have
yet to receive corrective action.
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Map 7 Areas of Inland Flooding from Rainfall on Grand Cayman Identified by the SWMC, Oct. 2003
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Flooding from Hurricane Ivan on Grand Cayman

Climate change is expected to increase the intensity of hurricanes, which means
the Cayman Islands will likely experience heavier rainfall and wind speeds
associated with the passage of category 3, 4 and 5 hurricanes in the future. An
historic event such as Hurricane lvan in 2004

According to Young and Gibb (2005), the severity of impact was due to Grand
Cayman being under an increasingly intense outer eyewall which allowed for
increasing wind speed. Sustained winds of 135 mph (a low to moderate
Category 4 storm) and gusts to over 165 mph caused catastrophic structural
damage to old, poorly designed, long-spanned galvanized roofs or other roof
types with flawed design or construction. Homes and commercial buildings built
to code weathered hurricane winds very well. However with maximum wind
speed increases of 5%, 10%, 15% (corresponding to 1, 2, and 3°C sea-surface
temperature rises respectively) expected in future, insured losses from
hurricanes are set to increase exponentially (Clark, 1997), e.g. if maximum wind
speeds are 15% higher, insured wind losses would more than double.

lvan was an unusually slow-moving hurricane (5 mm per hour) by the time it
reached Grand Cayman, dumping 16.5 inches of rain at a peak rate of 1.5 inches
(38 mm) per hour. Many low-lying areas could not handle the deluge. More
significantly, storm surge flooding reached 9 ft above sea level. Wave damage at
20 ft above sea level where no reef protection existed was catastrophic (e.g. at
Mariner's Cove and Ocean Club)*.

The monetary loss from lvan water damage far outstripped that for wind damage.
Flood damage was not catastrophic but widespread, with over 70% of Grand
Cayman flooded from a few inches to as much as 10 ft (Map 8)°%. Ivan caused
ClI$281.5 million in damages to hotels and condos from storm surge-induced
flooding (75% of the damage cost) and wind damage, permanently withdrawing
room stock as some properties have not reopened or have been diverted to other
uses, e.g. residential housing™. Loss of stay over tourism in 2004 as a result of
lvan was CI$72 million which extended into 2005.

*1 Young and Gibbs, 2005
%2 Simpson, Robson & Smith, 2008
¥ ECLAC, 2005
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Photo 4 Depth and extent of flood water a day after the passage of Hurricane Ivan, 13 September
2004. Credit: Unknown.

62



Map 8 Flooding from Hurricane lvan on Grand Cayman, Sept. 2004

Source: Simpson, Robson & Smith, 2009
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