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Abstract: Through an empirical investigation of the historical relationship between the destination
climate and tourist arrivals in the Caribbean, this study presents the first revealed preference
evaluation of a climate index informed by tourists’ stated climatic preferences for coastal-beach
tourism (i.e., a sun-sand-surf or 3S travel market). The goal of this multi-organization collaboration
was to examine the potential application of a newly designed climate index—the Holiday Climate
Index (HCI):Beach—for three Caribbean destinations (Antigua and Barbuda, Barbados, Saint Lucia).
This paper provides an overview of the evolution of climate indices, including the development of
the (HCI):Beach. To test the validity of climate indices for a beach travel market, daily climate ratings
based on outputs from the Tourism Climate Index and the HCI were correlated with monthly arrivals
data from Canada (a key source market) at an island destination scale. The results underscore the
strength of the new index, with each destination scoring consistently higher using the HCI:Beach,
including a stronger relationship (R2) between index scores and tourist arrivals. These findings
demonstrate the value of combining stated and revealed preference methodologies to predict tourism
demand and highlight opportunities for future research.

Keywords: Tourism Climate Index (TCI); Holiday Climate Index (HCI); beach tourism; coastal
tourism; Caribbean; climate change

1. Introduction

Considered one of the most tourism dependent regions in the world, the Caribbean attracts over
26 million international land-based arrivals per year (2% of the global market) [1], which contributes
over $57 billion (or 15%) to the region’s GDP and employs over 2.4 million people [2]. A major tourism
resource, and one of the primary reasons visitors choose the Caribbean for their holidays, is the tropical
climate [3–5]. Caribbean air temperatures range from 25–33 ◦C, sea temperatures from 26–30 ◦C, with a
dry sunny season from December through April (i.e., peak tourism season) [6]. The regional climate is
projected to change, with the Caribbean anticipated to be among the first and worst to be impacted
by climate change [6,7], threatening the “very product” of Caribbean tourism [8]. Despite increasing
sectoral awareness of the vulnerability of tourism to climate change [9,10], the impacts faced by the
tourism sector at the regional and destination country scale remain uncertain [11], with the Caribbean
islands among the least understood [12]. Tourism stakeholders, including the Caribbean Tourism
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Organization (CTO) and the Caribbean Hotel and Tourism Association (CHTA), are prioritizing
new ways to utilize increasingly available climate information to inform decision-making that
minimizes climatic risk and maximizes opportunities and operational efficiencies [13]. Concurrently,
regional climate service providers, such as the World Meteorological Organization (WMO)-designated
Regional Climate Center (RCC) hosted by the Caribbean Institute for Meteorology and Hydrology
(CIMH), are responding to sectoral demand through support of the design and application of
climate-smart products and services [14,15] as part of the RCC’s region-wide implementation of the
Global Framework for Climate Services [16,17]. The region’s sole tourism-specific climate information
product, the quarterly Caribbean Tourism Climatic Bulletin, has been operationally coproduced since
2017 by the CTO, the CHTA, and the CIMH and offers qualitative consensus-based expert statements
of potential tourism impacts up to three months in advance based on a review of monitoring and
forecast products [18]. However, the application of integrated quantitative approaches, particularly
the development of tailored spatially and temporally explicit climate information products, which are
valuable tools that can aid public and private sector tourism decision makers [19], are needed in
the Caribbean. The CTO, in association with the CIMH, engaged an interdisciplinary international
research team, with the goal of examining the potential application of a newly designed climate index
for coastal tourism in the Caribbean region.

The relationship between climate and tourism demand has long been discussed in the tourism
literature [20–23], including the direct impact of climate change, which is projected to alter the length
and quality of tourism seasons in the Caribbean, raising the question as to whether the region will
become ‘too hot’ for tourism [4,24]. Tourism climate indices, which serve to characterize the holistic
suitability of a destination’s climate for tourism, have been widely applied to compare the climate
resources among destinations and project the potential impact of changing climate resources at
various geographical scales (destination, continental, global) (see [25] for a comprehensive overview).
Despite the prevalence and advancements of climate indices as a tool for evaluating climatic resources
for tourism, limited research compares index ratings with observed visitation patterns at the destination
scale. Multiple calls have been made in the literature to test the validity of indices with tourists and
other tourism industry performance indicators [24–27].

Through an empirical investigation of the historical relationship between destination climate and
tourist arrivals in the Caribbean, this study presents the first revealed preference evaluation of climate
index informed by tourists’ stated climatic preferences for coastal-beach tourism (i.e., a sun-sand-surf
or 3S travel market). To test the validity of climate indices for this travel market, monthly arrivals
data at the Caribbean island destination scale were combined with daily climate ratings based on the
outputs from two well-cited tourism climate indices: The Tourism Climate Index (TCI) [28] and the
Holiday Climate Index (HCI) [25]. An overview of the evolution of climate indices for the tourism
sector is provided, followed by an outline of the development of the HCI:Beach index. Utilizing the
multi-national tourist climate preference survey data that is available in the literature, the differential
specification of the HCI:Beach from HCI:Urban is defined. Daily ratings for the TCI and HCI:Beach
are calculated for three Caribbean 3S destinations (Antigua and Barbuda, Barbados, Saint Lucia) and
correlated with monthly arrivals data from January 2008 to December 2017. The findings are discussed
in the context of previous index-based analyses, underscoring the need for tools and techniques that
can efficiently and effectively translate weather/climate products into salient information for sectoral
decision-making. Importantly, this research will underscore the strength of the new HCI:Beach and the
value of combining stated and revealed preference methodologies to predict tourism demand.

2. Evolution of Climate Indices for Tourism

Tourism climate indices aim to reflect the influence of annual climate distributions at a given
location, showing periods of peak climatic conditions as desired by tourists. Mieczkowski [28]
developed the Tourism Climate Index (TCI), which was the first composite index to evaluate the
suitability of climate for tourism activities and has subsequently become the most widely applied
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(see [25] for a comprehensive overview). The Mieczkowski index equation is given as TCI = 2 × (4CID
+ CIA + 2P +2S + W), where CID is the daytime comfort index (rating score from −6 to 10 based on a
combination of the maximum daily temperature and minimum daily relative humidity); CIA is the
daily comfort index (rating score from −6 to 10 based on a combination of the mean daily temperature
and mean daily relative humidity); P is the precipitation (rating score from 0 to 10 based on mm
of rain), and S is the sunshine (rating score from 0 to 10 based on hours of sunshine) and W is the
wind (rating score from 0 to 10 based on m/s wind speeds). The weights (multipliers) included in the
equation were subjectively determined and are not based on either tourist-stated climate preferences
or tourism data (revealed preference). This equation was established for general sightseeing and not
for specific tourism segments (e.g., beach/coastal tourism). Mieczkowski’s seminal paper showed the
January global TCI map and the distribution of index ratings, with areas within 10 and 30 degrees north
of the equator classified as excellent to very good/good and areas outside these boundaries shifting
from acceptable to unfavorable with increasing latitude. Similar TCI rating maps were provided
for all seasons. Subsequent studies have revealed several theoretical weaknesses of the TCI as an
indicator of climate suitability for tourism, including its inappropriate application for the specific
climatic conditions required by beach/coastal tourism [24,29–31]. A central weakness of the TCI is
the subjective rating and weighting scheme based on Mieczkowski’s expert opinion. For example,
the overemphasis on thermal comfort (50% of the index weight; 40% CID and 10% CIA) does not align
with stated preference studies that have found precipitation to be of equal importance, particularly for
a beach holiday [24,29,30,32]. The temperatures defined in the TCI as optimal for tourism also do not
reflect the stated preferences of beach tourists [24,30,31].

Concurrent to the development and application of the TCI, there has been a growing body
of research in applied climatology and biometeorology journals, with over 2000 climate indices
documented [33]. However, much like Meizkowski’s TCI, there is a heavy focus on thermal comfort.
For example, the physiological equivalent temperature (PET) is arguably one of most popular indices
(and widely applied in tourism studies), capturing a combination of daily air temperature, relative
humidity, wind velocity, mean cloud cover, and other variables [34–36]. Other indices include Air
Equivalent-Effective Temperature (EET—air temperature, relative humidity and wind velocity) and
Air Radiation Equivalent-Effective Temperature (REET—combination of air temperature, relative
humidity, wind velocity, and solar radiation intensity). However, these bioclimatic indices do not
reflect the specific needs and preferences of travelers, with tourists’ preferences in specific markets
like beach tourism found to be up to 18 ◦C warmer than the conventional bioclimatic indices [31,32].
Moreover, climate indices (TCI, PET, EET, REET), as currently used, do not consider factors that affect
destination choice, such as (real and perceived) risks associated with the region’s record of extreme
conditions (e.g., tropical storms, heavy rain, or wind), nor do they account for consideration of localized
adaptations that may change the climate resource and alter visitor comfort levels (e.g., higher air
temperatures can be off-set by air-conditioning, building design, landscaping designed to create shade,
increased availability of misters, and water-based recreational opportunities) [4].

Indices designed for the specific climatic conditions required by beach/coastal tourism have
emerged subsequent to the TCI, including the Beach Climate Index (BCI) [37] and Modified Climate
Index for Tourism (MCIT) [38], which modified the original TCI, and the Mean Historical Climate Index
for Cuba [39]. Regrettably, these indices have not made use of the growing literature on beach tourists’
preferences to develop the variable rating scales and relative weighting of climatic variables, and have
done limited to no empirical testing (e.g., based on single survey samples at best). The exception
is the Holiday Climate Index (HCI) [25], which was objectively designed to be specified for major
tourism segments and destination types, incorporating all three facets of climate important to leisure
tourism activities (as defined by [40]): Thermal comfort (TC), which is a combination of the maximum
temperature (◦C) and mean relative humidity (%); aesthetic (A) (cloud cover %); and physical (P),
which is a combination of the precipitation (mm) and windspeed (km/h). Each climatic variable in
the HCI is rated on a scale from 0 to 10, with an overall HCI index score of 0 (potentially dangerous
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for tourists, e.g., extreme heat/cold stress, very high winds or precipitation) to 100 (ideal for tourism).
Unlike other indices, an ideal rating in the HCI requires that all three facets (TC, A, P) are within the
range of conditions most preferred by the majority of tourists on a beach holiday, with excellent and
very good categories signifying that some facets are within the range of conditions ranked highest by
the majority of tourists, and scores less than 40 representative of conditions deemed unacceptable for a
beach holiday by the majority of tourists.

3. Design of the HCI:Beach

The HCI:Urban specification [25] was modified using the decade of research on coastal tourists’
stated climatic preferences (Table 1) to design HCI:Beach, which is represented using the following
equation: HCI:Beach = 2(TC) + 4(A) + (3(P) + W).

Both the TCI and HCI utilize an additive approach, whereby each of the sub-indices is weighted
to represent the proportional contribution of each climatic variable, with variable weights established
by expert judgement (TCI) or tourists’ stated preferences (HCI:Urban and HCI:Beach). As shown in
Table 2, the key difference between urban and beach tourists is that the majority of beach tourists
surveyed in the Caribbean state cloud cover to be the most important climatic resource (40% weighting),
with thermal comfort ranked third (20%) [24]. It is also important to note that in Mieczkowski’s original
index [28], the daytime comfort index was weighted as 40% of the index and evening comfort was
weighted as 10% of the index. Given that beach tourism is predominately a daytime activity, with air
conditioning almost universal in tourist accommodation in the 30 years since the TCI was developed,
evening comfort is not included as a separate weighted component in the HCI:Beach.

When comparing the thermal comfort rating of the TCI, HCI:Urban, and HCI:Beach (Table 3),
the greatest differences occur at higher temperatures, with beach tourists preferring warmer conditions.
For example, at 30 ◦C, the HCI:Beach rating is 10 versus a rating of 6 and 7 with the TCI and HCI:Urban,
respectively. For the aesthetic facet, the TCI uses the number of sunshine hours in a day versus
the HCI, which uses the percentage of cloud cover due to the absence of sunshine data from many
meteorological stations.



Atmosphere 2020, 11, 412 5 of 17

Table 1. Daily climatic optimal and unacceptable threshold conditions for beach tourism.

Sample Region
Temperature (◦C) Precipitation Sun/Cloud Conditions Wind (km h−1)

Source
Ideal Unacceptable Ideal Unacceptable Ideal Unacceptable Ideal Unacceptable

Canada (a)

New Zealand (a)

Sweden (a)

27
25
29

- - -
25% cloud

-
0%

- 1–9 - Scott et al. (2008) [23]

Belgium (b) 28 - - - >8 h sun
0% cloud - 1–9 - Moreno (2010) [35]

Europe (b) 27–32 <22; >37 0 h ≥2 h 25% cloud ≥75% cloud 1–9 ≥41 Rutty & Scott (2010) [24]

Germany (b,c) 27–32
25–32

<22; >36
<22; >34 0 h ≥2.5 h 25% cloud ≥75% cloud 1–9 ≥41 Wirth (2010) [36]

Caribbean (b) 27–30 <23; >34 <15 min ≥2 h 25% cloud ≥75% cloud 1–9 ≥41

Rutty & Scott (2013) [18]Temperate 27–30 <23; >34 <15min ≥2 h 25% cloud ≥75% cloud 1–9 ≥41

Tropical 30 <22; >35 0 h ≥5 h 25% cloud 100% cloud 1–9 ≥41

Canada (b) 27–30 <21; >33 <15 min ≥2 h 25% cloud ≥75% cloud 1–9 ≥41 Rutty & Scott (2015) [25]

United States (b) 28 >37 <5 min ≥2 h 29% cloud ≥70% cloud 21 ≥57 Atzori et al. (2018) [37]

Greece (b) 28-32 <22; >39 0 h ≥2.5 h 25% cloud ≥75% cloud 1–9 - Georgopoulou et al. (2019) [26]

(a) Youth traveler market segment (i.e., student sample); (b) Public traveler market segment (i.e., all age cohorts); (c) Senior traveler market segment (i.e., 56+ year old)
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Table 2. Comparison of the sub-index weights by climate index.

Index Component Weather Variables TCI [22] HCI:Urban [19] HCI:Beach [18]

Thermal comfort (TC) Temp & Relative Humidity 50% * 40% 20%
Aesthetic (A) Cloud cover (%) 20% 20% 40%

Precipitation (P) Total precipitation (mm) 20% 30% 30%
Wind (W) Mean wind speeds (km/hr) 10% 10% 10%

Overall index score range −30 to 100 0 to 100 0 to 100

* 40% daytime and 10% evening comfort.

Table 3. Comparison of the thermal comfort rating schemes.

TCI HCI:Urban HCI:Beach

Rating THumidex (◦C) THumidex (◦C) Rating THumidex (◦C) Rating

0 ≥36.0
≥39.0 0 ≥39.0 0

37.0–38.9 2
38.0–38.9 2

1 35.0–35.9 37.0–37.9 4

2 34.0–34.9
35.0–36.9 4

36.0–36.9 5

3 33.0–33.9 35.0–35.9 6

4 32.0–32.9 33.0–34.9 5 34.0–34.9 7

5 31.0–31.9 31.0–32.9 6 33.0–33.9 8

6 30.0–30.9 29.0–30.9 7 31.0–32.9 9

7 29.0–29.9 27.0–28.9 8 28.0–30.9 10

8 28.0–28.9 26.0–26.9 9 26.0–27.9 9

9 27.0–27.9 23.0–25.9 10 23.0–25.9 7

10 20.0–26.9
20.0–22.9 9

22.0–22.9 6

9 19.0–19.9 21.0–21.9 5

8 18.0–18.9 18.0–19.9 7 20.0–20.9 4

7 17.0–17.9 15.0–17.9 6 19.0–19.9 3

6 16.0–16.9 11.0–14.9 5

5 10.0–15.9 7.0–10.9 4 18.0–18.9 2

4 5.0–9.9
0–6.9 3

17.0–17.9 1

3 0.0–4.9 15.0–16.9 0

2 −0.1–−5.9 −0.1–−5.9 2 10.0–14.9 -5

0 −6.0–−10.9

≤−6.0 1 ≤9.9 -10−1 −11.0–−15.9

−2 −16.0–−20.9

−6 ≤−21.0

The rating scheme developed for the HCI:Beach aesthetic facet assigns the highest score to days
with 15% to 25% cloud cover versus the TCI, which assigns the highest score for days with clear skies
(i.e., 0% cloud cover) (Table 4). The key difference between HCI:Beach and HCI:Urban is that beach
tourists prefer slightly more cloud cover, with slightly higher rankings assigned accordingly. For the
lowest rating of the aesthetic facet, the TCI assigns a score of 0 to daily sunshine hours (i.e., 100%
cloud cover), whereas the survey results demonstrate that tourists are accepting of all cloud cover
conditions, including 100% cloud cover, and therefore there is no score of 0 on the HCI:Urban or
HCI:Beach aesthetic scale.



Atmosphere 2020, 11, 412 7 of 17

Table 4. Comparison of the aesthetic facet rating schemes.

TCI HCI:Urban HCI:Beach

Rating S-hours CC (%) * CC (%) Rating CC (%) Rating

10 10 0.0–16.6 0.0–0.9 8 0–0.9 8

9 9 16.7–24.9 1.0–9.9 9 1.0–14.9 9

8 8 25.0–33.2 11.0–20.9 10 15.0–25.9 10

7 7 33.3–41.6 21.0–30.9 9 26.0–35.9 9

6 6 41.7–49.9 31.0–40.9 8 36.0–45.9 8

5 5 50.0–58.2 41.0–50.9 7 46.0–55.9 7

4 4 58.3–66.6 51.0–60.9 6 56.0–65.9 6

3 3 66.7–74.9 61.0–70.9 5 66.0–75.9 5

2 2 75.0–83.2 71.0–80.9 4 76.0–85.9 4

1 1 83.3–91.6 81.0–90.9 3 86.0–95.9 3

0 0 ≥91.7
91.0–99.9 2

≥96.0 2
100.0 1

* Sunshine hours were transformed to hours of sunshine for comparative purposes.

In terms of precipitation, there are significant differences between the TCI and HCI (Table 5).
For example, the HCI assigns a higher score under all amounts of rain greater than 0.5mm, such that
daily precipitation less than 3mm is scored a 9 in the HCI versus a rating of 5 to 9 with the TCI.
Another key difference is that when daily rain is greater than 25 mm, a penalty function is triggered
(assigning a rating of −1) to signal the overriding effect rain has on tourism demand, as shown in
revealed preference studies of beach tourists [41–45]. In terms of the HCI:Beach versus HCI:Urban,
both are similar, with the exception of the ratings for moderate precipitation amounts (6–11 mm),
with beach tourists more resilient to rain versus tourists on an urban holiday. Rutty and Scott [4]
hypothesize that this resilience is likely due to the predictable and cooling effect of late-afternoon
showers in the tropical locations where most coastal tourism surveys have been conducted. Additional
surveys in other prominent beach destinations that do not have this regular microclimate feature
remains a need for future research.

Table 5. Comparison of the physical facet of precipitation rating schemes.

TCI HCI:Urban HCI:Beach

Rating Precipitation (mm) Precipitation (mm) Rating Precipitation (mm) Rating

10 0.00–0.49 0 10 0 10

9 0.50–0.99

0.01–2.99 9 0.01–2.99 9
8 1.00–1.49

7 1.50–1.99

6 2.00–2.49

5 2.50–2.99

4 3.00–3.49

3.00–5.99 8 3.00–5.99 8
3 3.50–3.99

2 4.00–4.49

1 4.50–4.99

0 ≥5.00

6.00–8.99 5 6.00–8.99 6

9.00–11.99 2 9.00–11.99 4

12.00–24.99 0 12.00–24.99 0

≥25.00 −1 ≥25.00 −1
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For wind, the TCI has four different rating schemes for wind (normal, trade wind, hot climate,
wind chill), each with a unique rating based on daily maximum temperatures. Given that the purpose
of this study is to assess beach tourism, the wind chill is excluded in the comparison to HCI (Table 6).
Since temperature (thermal comfort) and aesthetics are already accounted for in the other sub-indices,
HCI:Urban and HCI:Beach include only one rating scheme with eight wind speed categories but
slightly different wind speed scores.

Table 6. Comparison of the physical facet of wind rating schemes.

TCI HCI:Urban HCI:Beach

Wind
(km/hr)

Normal
(<−23.9 ◦C)

Trade Wind
(24–32.9 ◦C)

Hot
Climate
(≥33 ◦C)

Wind
(km/hr) Rating Wind

(km/hr) Rating

≤2.88 10 4 4 =0 8 0–0.5 8

2.89–5.75 9 5 3
0.1–9.9 10 0.6–9.9 10

5.76–9.03 8 6 2

9.04–12.23 7 8 1
10.0–19.9 9 10.0–19.9 9

12.24–19.79 6 10 0

19.80–24.29 5 8 0
20.0–29.9 8 20.0–29.9 824.30–28.79 4 6 0

28.80–38.51 3 4 0

≥38.52 0 0 0 30.0–39.9 6 30.0–39.9 6

40.0–49.9 3 40.0–49.9 3

50.0–69.9 0 50.0–69.9 0

≥70.0 −10 ≥70.0 −10

4. Methods

Since the onset of mass tourism in the mid-20th century, the Caribbean has been a popular holiday
destination and is now considered one of the most economically tourism-dependent regions in the
world [2]. Although Caribbean islands offer a variety of natural and cultural tourism attractions,
the 3S tourism product has dominated for decades [3,5]. The Caribbean has therefore been a focus of
several tourist climate preference studies [24,31,46–48] and was selected for the first application of the
HCI:Beach because of its continuing importance as a global beach destination.

Climate data for the period of January 2008 to December 2017 was made available through the
Caribbean Institute for Meteorology and Hydrology (CIMH). Destination observations were provided
at the daily level and included temperature, rainfall, relative humidity, windspeed, and cloud cover.
However, due to data limitations, specifically a lack of windspeed and cloud cover data, only Antigua
and Barbuda, Barbados, and Saint Lucia were included in this study, which represents approximately
5% (1.3 million) of the regional tourism arrivals. The distribution of annual temperatures is highly
consistent across the Caribbean region as a whole (e.g., annual temperatures range of less than 2 ◦C in
the extreme south to 5 ◦C at high elevations in the far north), with less than a 2.5 ◦C difference in mean
or maximum monthly temperatures and less than 4mm in the mean monthly precipitation at any time
throughout the year across the three study sites [49]. For the three islands with available windspeed
and cloud cover data, there is similarly very little variability, with less than a 7 km/h and 8% difference
in monthly windspeeds and cloud cover, respectively.

The TCI, HCI:Urban, and HCI:Beach were calculated at a daily scale for each of the three
destinations and then correlated with monthly land-based arrivals. Canada is a key source market for
the Caribbean region, with a growth rate that outperformed all other source markets (+5.7%) in 2018,
with a total of 3.9 million visits (or 15% of the total Caribbean arrivals) [50]. Given the importance of
Canada as a key source market for the Caribbean, Canadian monthly tourism arrivals data for the same
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timeframe as the climate dataset (January 2008 to December 2017) were obtained from the Caribbean
Tourism Organization (CTO). The arrivals data were processed from visa information forms submitted
by travelers upon entry to each Caribbean country. Data provided by the CTO were disaggregated
by residency status at the destination country. Expatriate visitors were excluded from the analysis to
limit possible bias (i.e., traveling for non-leisure purposes). Residents from the Canadian provinces of
Manitoba and Saskatchewan were combined to form the Prairie region (218,804 departures), and the
eastern maritime provinces (Prince Edward Island, Nova Scotia, New Brunswick, and Newfoundland)
were combined to form the Atlantic region (246,983 departures). Ontario (3,068,096), Quebec (667,595),
Alberta (358,520), and British Columbia (177,305) were all assessed as individual provinces.

For all three of the climate indices, a combination of daily temperature and relative humidity
for the thermal comfort component is required. Based on the findings from Anderson et al. [51] that
nearly all thermal comfort indices are very highly correlated with each other, the Canadian Humidex
(or humidity index) was selected to calculate the thermal component of the TCI, HCI:Urban, and
HCI:Beach because it is the standard index used by Canadian meteorologists to describe how hot the
weather feels to the average person [52]. This is also consistent with the work of Scott et al. [11] and
Matthews et al. [27], who used the Canadian Humidex in their tourism index optimization research.

The R-squared (R2) coefficient (i.e., linear regression model) was used to test the relative strength
of the relationships between arrivals and the climate index ratings. R2 values are expressed herein
as values between 0.00 and 1.0, with a value of 0.0 indicative that none of the variability in the data
around its mean is explained by the linear model versus a value closer to 1.0 being indicative that the
variability in the data can be fully explained by the model. R2 values were classified along a five-point
scale ranging from weak (0.0–0.2), modest (0.2–0.4), moderate (0.4–0.6), moderately strong (0.6–0.8),
to strong (>0.8).

5. Results

The most popular months to visit the Caribbean, based on monthly mean arrivals data, are
from December to March, with the lowest arrivals during the summer months (June, July, August,
September) (Figure 1). Next, the TCI, HCI:Urban, and HCI:Beach index scores were calculated for
each day in the 10-year study period for Antigua and Barbuda, Barbados, and Saint Lucia to assess the
empirical relationship between index scores and arrivals. For each country, the monthly index value
is the mean of daily scores. As shown in Figure 1, there is little annual variability in the TCI scores,
with scores ranging from 32 to 63 (unfavorable to good). The lowest TCI scores occur in July and
October (scoring 30–35), which is the result of both the higher weight placed on the thermal comfort
sub-index, as well as the higher temperatures that occur during these months, which is not considered
as optimum for sightseeing tourism. The highest scores occur during the peak tourism season from
December to March (acceptable to good) when average daytime high temperatures are 27 to 29 ◦C.
Importantly, unlike the HCI, not a single month in any of these three Caribbean destinations score as
excellent using the TCI, which stands in direct contrast with the mean monthly arrivals data.

When using the HCI index (HCI:Urban and HCI:Beach, respectively) for the three destination
countries, each island scores consistently high (good to excellent) and better reflects the arrivals data to
the region. The HCI:Beach scores the highest of the three indices, ranging from 60–87 (good to excellent)
for most months of the year, with a slight decline in scores between June and November (58–63 or
acceptable to good) due to higher temperatures and increased precipitation of the rainy season.

In addition to the HCI:Beach scoring consistently higher based on the mean monthly index
values, it also scores the highest when examining the daily distribution of climatic resources (Figure 2).
The boxplot highlights the interquartile range (25%–75%) for the number of days with different index
scores across the three Caribbean destinations, with the TCI scoring the lowest overall, followed by
HCI:Urban and then HCI:Beach. Importantly, only the daily index scores for the TCI consider the three
destinations as having marginal to unfavorable climates versus the HCI:Beach, with daily scores from
good to excellent.
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Figure 1. Mean monthly scores at Caribbean destinations for the (a) Tourism Climate Index (TCI),
(b) Holiday Climate Index(HCI): Urban, and (c) HCI: Beach.

Moreover, Figure 3 highlights that the daily index scores using the TCI does not accurately describe
the Caribbean climate as a main tourism attraction, with 44% of the days in Antigua and Barbuda, 55%
of days in Barbados, and 58% of days in Saint Luca scoring between impossible to unacceptable (0–39),
and only 1% of the days in Antigua and Barbuda considered ideal for tourism, with no days in Barbados
and Saint Lucia considered ideal. Using the HCI index, none of the days are considered impossible for
tourism, with less than 10% of the days scoring as unfavorable. The HCI:Beach consistently scores all
three destinations the highest, with up to 41% of the days in Antigua and Barbuda considered excellent
for tourism, followed by Saint Lucia (21%) and Barbados (15%).
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Figure 2. Daily index scores for TCI, HCI:Urban, and HCI:Beach for Caribbean destinations (whiskers
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Figure 3. Percent of daily index scores in each category for TCI, HCI:Urban, and HCI:Beach for
Caribbean destinations.

The results of the regression analysis (Table 7) indicate that there is a mild to moderate fit at
the monthly level for arrivals from Canadian source markets to the three destinations for the TCI
and HCI:Urban. The HCI:Beach outperforms the other two indices in every case except for travel to
Antigua and Barbuda from Quebec, whereby HCI:Beach ties TCI and HCI:Urban, as well as travel to
Antigua and Barbuda from the Martimes, with HCI:Beach outperforming HCI:Urban but not the TCI
(marginal difference of R2 = 0.47 vs. 0.48, respectively). For Canadian arrivals as a whole, there is a
moderately strong relationship found between the TCI and arrivals to Saint Lucia (R2 = 0.63) and even
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stronger for HCI:Beach (R2 = 0.69). Moderate correlations are also noted for all indices and arrivals to
Antigua and Barbuda and Barbados, but with the strongest relationship recorded with the HCI:Beach.

Table 7. Relationship (R2) between monthly mean index scores and total monthly arrivals at Caribbean
destinations from Canadian source markets (2008–2017; n = 120 months for each destination *).

Source Market
TCI HCI:Urban HCI:Beach

Antigua and
Barbuda Barbados Saint

Lucia
Antigua and

Barbuda Barbados Saint
Lucia

Antigua and
Barbuda Barbados Saint Lucia

British
Columbia 0.39 0.21 0.36 0.41 0.24 0.34 0.45 0.32 0.42

Quebec 0.38 0.35 0.44 0.38 0.41 0.45 0.38 0.51 0.51
Prairies 0.43 0.41 0.49 0.47 0.44 0.49 0.45 0.51 0.54
Ontario 0.58 0.32 0.62 0.58 0.37 0.57 0.60 0.45 0.67
Alberta 0.42 0.19 0.44 0.45 0.22 0.42 0.46 0.30 0.51

Maritimes 0.48 0.19 0.24 0.44 0.19 0.22 0.47 0.24 0.29
Canada Total 0.57 0.41 0.63 0.57 0.44 0.59 0.58 0.56 0.69

* Barbados data ends in December 2016 (n = 108 months).

Range Classification Code
<0.20 =Weak/slight

0.20 to 0.39 =Mild/modest
0.40 to 0.59 =Moderate
0.60 to 0.79 =Moderately strong

>0.80 =Strong

6. Discussion

The HCI was developed to address the key limitations of the TCI [25], including the subjectivity
in the index’s weighting and rating systems, overconcentration on the thermal sub-index, absence
of an overriding physical variable, and the widespread application of the index across destinations
despite increasing empirical evidence of the specific climatic requirements of major tourism segments.
The HCI:Beach meets all the recommended elements of a robust index set out by de Freitas et al. [26],
in that it is theoretically sound (e.g., integrates the effects of thermal, physical, and aesthetic climate
variables), is based on tourists’ climatic preferences for specific tourism segments (i.e., thresholds and
weighting for HCI:Beach are based on existing studies summarized in Table 1), is simple to calculate
with widely available data (e.g., requiring standard meteorological data that is readily available from
national datasets), easy to understand (e.g., simple rating system of 0–100 with an associated descriptor
of climatic condition from impossible-ideal), and perhaps most importantly, it is empirically tested
(comparing mean monthly and daily scores with tourist arrivals).

When comparing the HCI:Beach to the TCI and HCI:Urban to assess current climatic resources
for three popular beach destinations in the Caribbean, each location was scored consistently higher
by the HCI:Beach, including a stronger relationship (R2) between index scores and tourist arrivals.
As discussed, according to TCI, not a single month in these three destination countries has even a
very good climate for tourism and December is considered marginal to good. These descriptions of
the climate resources of the region do not align with tourist perceptions, peak tourism arrivals, nor
marketing during the high season. The structural design of the indices is the cause for the differences,
particularly the difference in the weighting of the thermal comfort sub-index and the overriding impact
of precipitation in the summer months of June-August. These findings align with the growing body of
stated preference research, with survey results consistently underscoring the importance of physical
parameters in addition to a wider range of thermally acceptable conditions in a beach environment
(Table 1).

In an online survey disseminated by the Caribbean Tourism Organization [53], 96% of regional
and national tourism sector planners indicated that a climate information product that can help inform
how climatic conditions in the Caribbean impact tourism arrivals would be highly useful for making
operational and/or strategic decisions. The HCI:Beach could therefore be employed to help guide
destination marketing efforts (e.g., optimize specific marketing advertisements for activities that align
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with the climatic preferences), as well as inform capacity and pricing (e.g., to forecast occupancy and
plan human resources accordingly). An important constraint to the widespread operationalization of
the HCI:Beach in the wider Caribbean is the limited availability of data needed to calculate climate
indices for all destination countries in the Caribbean (e.g., daily wind speed and cloud cover data was
only available for Antigua and Barbuda, Barbados, and Saint Lucia).

Although positive correlations between tourism climate indices and tourist arrivals have also been
found in other studies (e.g., Japan [54], China [55]), tourism climate indices have not yet been designed
specifically to predict tourism demand and do not generate quantitative predictions about tourism
arrivals to specific destinations. Therefore, the application of indices like the TCI, which also have
known conceptual limitations and do not represent some salient tourism market segments like beach
tourism, to projections of arrivals under changed climate scenarios (e.g., Mediterranean, Southeast
Asia, South Pacific) remain uncertain at best. The development of data-driven climate indices for
specific tourism markets (domestic and international), particularly those considered to be particularly
influenced by climate variability, remains an important area of continued research and climate services
development, with positive correlations between arrivals data and indices an initial movement in the
right direction.

Research has found that the outbound tourism demand is also sensitive to seasonal and
inter-annual climate variability, variably pushing demand from home to destination countries [23,56–60].
Because virtually all applications of climate indices for tourism have assessed the conditions at the
destination (i.e., climate-pull factor) without climate-push factors at source markets, an opportunity
also exists to test the relationship between climate indices and source markets to understand better how
climate-push factors might drive arrivals to a destination that is climatically different. For example,
a low HCI rating in a source market (a hypothesized stronger push) can be utilized in an analysis of
arrivals from that source market to a particular destination (e.g., from Canada to a Caribbean island).
Such research would also be a valuable step towards furthering our understanding of the complex
tourism—Climate relationship.

An assessment of the future climatic conditions in the Caribbean using the HCI:Beach is another
productive research avenue moving forward, particularly given the high vulnerability of the Caribbean
region to projected climate change. However, it is important to note that although econometric
studies have generally concluded that arrivals to the Caribbean will decline as temperatures increase
throughout the century [61–63], studies that have surveyed or observed tourists’ response to thermal
conditions in the Caribbean have found tourists to be very resilient to high temperatures (e.g., thermally
comfortable in temperatures up to 39 ◦C) [31], with a range of coastal microclimates to meet tourists’
different thermal preferences [4]. It is therefore likely that the changes in physical climatic resources
(i.e., precipitation and wind speed) resulting from projected increases in higher intensity storms
(i.e., category 4 and 5 storms) [64] will be particularly important to assess. The lower HCI:Beach scores
during the summer months are partially influenced by the rain and wind associated with tropical
storms during the hurricane season in the region (June–November). Hurricanes are known to adversely
affect tourist arrivals in the region, such that the 2017 hurricane season (hurricanes Harvey, Irma,
and Maria) resulted in an estimated loss of 2.5% of expected visitors, with a slow recovery in some
destinations to result in depressed tourism arrivals for up to four years [65]. Neither Barbados or
Saint Lucia were negatively impacted by the 2017 hurricane seasons (i.e., minimal to no damage),
with marginal damage on Antigua as a result of Harvey (i.e., category 2 tropical storm winds and rain)
and severe damage to both tourism and community infrastructure on Barbuda from Irma (category
5 storm). Regrettably, there is very limited research on tourists’ perceptions of hurricanes and the
impact of hurricanes on destination choice (past, current, or future). One exception is a survey of
tourists in Anguilla, which found that 40% of respondents considered the hurricane season when
choosing a destination, and tourists were less likely to choose vacation destinations where hurricane
risk is perceived to increase [47]. There is also insufficient research on how hurricane forecasts and
landfalls in one part of the Caribbean influence visitation in other regions (i.e., is a forecast as disruptive
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to arrivals as an actual landfall and are arrivals diverted to unaffected destinations, reducing the overall
impact on the regional economy). Additional research on how hurricane forecasts and landfalls impact
the behavioral response of tourists is warranted.

7. Conclusion

Through an examination of the historical relationship between destination climate and tourist
arrivals in the Caribbean, this is the first empirical study to validate a climate index that is informed by
tourists’ stated climatic preferences for coastal-beach tourism. By applying the HCI:Beach index in a
region that has been consistently under studied in both tourism and climate (change) research [7,8],
the results from this study add to the limited body of research on index comparison and validation
research [25]. The novel HCI:Beach performed comparatively better than both the HCI:Urban and TCI,
with a greater percentage of days scoring between good to ideal for tourism and a stronger relationship
(R2) between index scores and tourist arrivals. The HCI:Beach therefore more accurately reflects the
tourism arrivals data for the Caribbean region and highlights the importance of climate as a primary
tourism product for the region. Importantly, the identification of positive correlations between arrivals
data and climate indices represents an initial step in continued development of a climate-driven tourism
demand modeling framework for Caribbean tourism. Although currently limited, as the literature
on tourists’ stated and revealed preferences continues to develop, it is imperative to integrate these
findings into the HCI:Beach specification to further refine and validate the index. Relatedly, as climate
data becomes increasingly available, the application of the HCI:Beach to other popular coastal-beach
tourism markets at varying temporal and spatial scales, including an assessment of future climatic
conditions, remains an important area for continued research.
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