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Abstract!

The tourist industry is widely recognised as the key engine of growth in the Caribbean,
representing a significant source of foreign exchange earnings and employment. The present
study provides an assessment of how climate change could likely impact on regional tourism
features. The analysis is undertaken by comparing historical tourism climatic indices to those
obtained under the various climate change scenarios. The results suggest that the biggest losers,
in terms of deteriorations in their climatic features, are likely to be the Caribbean, Central
America and South America.

Keywords: Tourism climate index; Climate Change; Caribbean
JEL Classification: C43; Q5; L83

Lewis-Bynoe is Director of the Economics Department at the Caribbean Development Bank
(bynoed @caribank.org). Howard is a Senior Economist at the Central Bank of Barbados
(sphoward @centralbank.org.bb). Moore is Lecturer in the Economics Department at the University of the West
Indies, Cave Hill Campus (winston.moore@cavehill.uwi.edu). We thank the participants at the Tenth Annual Sir
Arthur Lewis Institute of Social and Economic Studies Conference for useful comments. Only the authors and not
the Inter-American Development Bank, Caribbean Development Bank, Central Bank of Barbados or the University
of the West Indies are responsible for the content of this paper.

2



mailto:bynoed@caribank.org
mailto:sphoward@centralbank.org.bb
mailto:winston.moore@cavehill.uwi.edu

1. Introduction

The earth’s climate is projected to undergo significant changes during the twenty-first century.
The Inter-governmental Panel on Climate Change (IPCC), the United Nation’s agency in charge
of providing policymakers with an objective source of information about the phenomena, stated
in its Fourth Assessment Report ‘warming of the climate system is unequivocal’ (IPCC, 2007).
For the next two decades, a warming of about 0.2°C is expected for the earth’s surface. In
addition to rising temperatures across the globe, particularly in the northern latitudes, rising sea
levels (about 3.3 mm per year) are also forecasted due to thermal expansion, melting glaciers and

ice caps as well as polar ice sheets.

These forecasted climatic changes could potentially have implications for the tourist industry in
the Caribbean and around the globe. Climate can have physical, physiological and psychological
effects for visitors to a destination. For example, the air temperature can make the potential
activities of visitors to the Caribbean less enjoyable due to the discomfort of going outdoors.
Indeed, Lise and Tol (2002) in an examination of the Organisation for Economic Cooperation and
Development (OECD) group of countries reported that visitors tend to prefer temperatures of
around 21°C at their choice of holiday destination. The study therefore suggested that global

warming could lead to a shift away from some destinations that either become too hot or too cold.

Given the importance of climate to the sustainability of the tourism industry in the Caribbean,
this study attempts to provide an assessment of the likely future implications of climate change

for the relative comfort of visitors to the region. The paper calculates the tourism climate index
3



(TCI) proposed by Mieczkowski (1985) to measure the climatic attractiveness of the destination.
The index ranges from from -20 (impossible) to 100 (ideal) and attempts to capture those climatic
features that impact on the satisfaction individuals receive from visiting a particular destination.
The TCIs are calculated using historical climate data, as well as the most likely climate outcomes

under four potential emissions scenarios (IPCC, 2000).

This paper adds to the literature on climate change and tourism in three main areas. First, the
study calculates TCIs for a database of 289 countries and provides one of the most
comprehensive assessments of the relative attractiveness of various countries as tourist
destinations. Second, simulated TCI outcomes are obtained for observations from four climate
models and four emissions scenarios, representing 16 potential outcomes. This analysis would
provide tourism stakeholders an assessment of the changes in tourism features likely under
various climate change scenarios. Finally, the paper gives a comparative assessment of the likely
impact of climate change on tourism features within the Caribbean, and relative to other major

country groupings and tourist destinations.

The remainder of the paper is organised as follows. Section 2 provides a review of the literature
on climate change and tourism. Section 3 then outlines the methodological approach used to
calculate the TCIs for the various countries as well as provides a brief description of the database
employed. Section 4 analyses the historical as well as forecasted TCIs for the Caribbean as well
as other major regional groupings, while Section 5 summaries the main findings of the study and

provides some policy recommendations.



2. Literature Review

While long-term changes in climate are high on the global environmental agenda, based on a
general understanding of the potential changes in temperature and rainfall patterns that would
occur in the coming century, there is still some uncertainty regarding the societal costs of climate
change (e.g. Tol, 2002; Stern, 2006). This is a reflection of the problem of modelling the impact

of climate change on economic processes and decision-making.

One sector for which this type of analysis is especially critical is tourism. Many tourist activities
are dependent on weather conditions, and given the relative ease of adjusting their holiday
destinations, an assessment of the future climatic situation is vital for long-term planning. Using
the case of Israel’s winter sun resort of Eilat, Mansfeld, et al. (2007) assessed the relationship
between visitor comfort and climatic conditions. The results suggest that factors such as wind
velocity and cloudiness, along with their variability, can have a significant influence on visitor
satisfaction. Lise and Tol (2002) investigate how important climate is to the holiday destination
choice. The analysis is conducted using both micro and macro data. For the micro-assessment,
observations on over 6000 trips of Dutch visitors is used to identify how climate would have
impacted on their destination choice as well as holiday activities. On the other hand, the macro-
assessment employs time series observations on tourist numbers, destinations, expenditures, and
climate of the Organisation for Economic Cooperation and Development (OECD) countries. The
macro-assessment suggests that for visitors are attracted to destinations with beaches and a nice
climate that varies between 20.6°C and 21.1°C. These macro-based results are quite similar to

those obtained from the micro-database. Lise and Tol (2002) note that since individuals chose
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their destination based on their holiday plans, global warming could lead to significant changes in

tourist behaviour.

Given the important role climate can play in visitor destination choice, early studies focussed on
developing climate indices based on those found in climatology and human-biometeorology.
One of the earliest papers in this area, Davies (1968), developed a measure of weather that is
suitable for the summer season. The index is based on the mean daily maximum air temperature,
sunshine duration, and total precipitation during the months of June to August. The main
problem with this simple index is that it, to some extent oversimplifies the issue of tourism
comfort. For example, if it is quite windy at a particular destination, this might offset relatively
high temperatures. At some destinations, the best conditions for tourist activities may occur
outside of the summer period. In the Caribbean, for example, the tourist season tends to run from
December to March of April of the following year. In these situations, summer index is of

limited practical value (Yapp & MacDonald, 1978).

More recent literature in the area has attempted to explicitly take account of the interaction
between climate and comfort. Terjung (1968) developed a monthly comfort index using
subjectively defined categories of comfort. The index was calculated using observations on
temperature and relative humidity from 2000 meteorological stations across the globe.
Mieczkowski (1985), rather than using ad hoc ratings, assumed that the optimal state for tourist
activities was thermal neutrality. The index therefore developed a tourism climate index based
on thermal sensation, wind speed, rainfall, and sunshine duration. De Freitas (1990), on the other

hand, used the responses of beach users to assess the comfort of at a particular location. The
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authors found that the optimal temperature tended to be about ‘slightly warm’ and ‘warm’ rather
the more commonly assumed thermal neutrality. More recently, de Freitas, et al. (2008)
developed a second-generation tourism climate index that is both theoretically sound and
empirically tested. Similar to previous indices, the index uses observations on the sky condition,
precipitation, wind, and thermal variables. In contrast to previous studies, however, the index is
expressed as thermal sensation, ranging from very hot to very cold. Optimal conditions were

those that could be classified as slightly warm with clear skies or scattered cloud.

Given the important role that climatic conditions can play in tourist satisfaction and therefore
destination choice, evaluating the impact that climate change can have on particular destinations
can be of significant use to policymakers and other stakeholders. Harrison, et al. (1999) in their
examination of the potential effects of climate change on the Scottish tourist industry combined
digital topographic data in a Geographical Information System with more detailed maps of spatial
patterns of potential changes in the Scottish climate. The study concluded that climate changes
currently taking place have affected the pattern of visitor activity and threatened the financial

viability of tourism-related enterprises.

Related to these studies are global models of tourism flows that include temperature as a
determinant of the flows of tourists between countries (Berritella, et al., 2004; Hamilton, et al.,
2003). Berrittella, et al. (2004) undertook a general equilibrium analysis of climate change
impacts on tourism. This paper studied the economic implications of climate-change-induced
variations in tourism demand, using a world CGE model. The model is first re-calibrated at some

future years, obtaining hypothetical benchmark equilibrium, which are subsequently perturbed by
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shocks, simulating the effects of climate change. They portray the impact of climate change on
tourism by means of two sets of shocks, occurring simultaneously. The first set of shocks
translates predicted variations in tourist flows into changes of consumption preferences for
domestically produced goods. The second set reallocate income across world regions, simulating
the effect of higher or lower tourists’ expenditure. Berrittella, et al. (2004) therefore suggests that

climate change would ultimately lead to a welfare loss, unevenly spread across regions.

Similarly, Hamilton, et al. (2005) estimated the tourists flow in 207 countries by HTM model
(Hamburg Tourism Model) using regional area, population, annual average air temperature, the
length of coast and average income. The model is then used to generate scenarios of international
tourist departures and arrivals for the period 2000-2075, with particular emphasis on climate
change. Hamilton, et al. (2005) predicts that with climate change, preferred destinations would
shift to higher latitudes and altitudes. Tourists from temperate climates would spend more

holidays in their home countries and therefore decrease worldwide tourism.

Hein (2007) considered the impact of climate change on tourism in Spain. The paper analysed
how the suitability of the Spanish climate for tourism will change, and how this will affect
tourism flows to Spain. The suitability of the climate for tourists is expressed through an
aggregated index, the TCI index. The impacts on tourist flows are modelled using a simple non-
linear equation, calibrated on the basis of the current monthly tourism flows in Europe. The
model showed that, ceteris paribus, climate change as forecasted with the Hadley model under

the IPCC SRES A1 scenario would lead to a reduction of total annual tourist flow to Spain of



20% in 2080 compared to 2004. Similar findings are obtained by Moore (2010) for the

Caribbean.

3. Empirical Approach

One of the most important elements of the destination experience is climate. Mieczkowski
(1985) conceptualised that tourist destinations are usually characterised by climatic conditions
that would be most comfortable for the average visitor. The author therefore developed a tourism
climate index (TCI) that was a weighted average of seven (7) climatic variables: (1) monthly
means for maximum daily temperature; (2) mean daily temperature; (3) minimum daily relative
humidity; (4) mean daily relative humidity; (5) total precipitation; (6) total hours of sunshine,
and; (7) average wind speed.? Table 1 provides the weights and influence of each of variables

used in the calculation of the index.

Table 1: Components of the Tourism Climate Index

Sub-Index Variables Influence on TCI Weight
Daytime Comfort | Maximum daily Represents thermal comfort when maximum tourist activity 40%
Index (CID) temperature; occurs

Minimum daily
relative humidity

Daily Comfort Mean daily Represents thermal comfort over the full 24 hour period, 10%
Index (CIA) temperature; including sleeping hours

Mean daily relative

humidity
Precipitation (P) Total precipitation | Reflects the negative impact that this element has on outdoor 20%

activities and holiday enjoyment

? Each variable was standardised to take values ranging from 5 for optimal to -3 for extremely unfavourable before
the index was calculated.
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Sunshine (S) Total hours of Positive impact on tourism; (can be negative because of the 20%
sunshine risk of sunburn and added discomfort on hot days)
Wind (W) Average wind Variable effect depending on temperature (evaporative 10%

speed

cooling effect in hot climates rated positively, while wind
chill in cold climates rated negatively)

The calculated TCI ranged from -20 (impossible) to 100 (ideal), with further descriptive rating

categories provided in Table 2. The TCI can be an effective tool to assess the supply and quality

of climate resources for tourism. However, it can also be used in decision making by travellers

and tour operators to select the best time and place, while officials in the industry could use an

index to assess a destination for possible tourism development.

Table 2: Rating Categories for Tourism Climate Index

TCI Score | Category

90 to 100 Ideal

80 to 89 Excellent

70t0 79 Very good

60 to 69 Good

50to 59 Acceptable

40 to 49 Marginal

30 to 39 Unfavourable

20to 29 Very unfavourable

10to 19 Extremely unfavourable

-20to 9 Impossible

The TCI therefore provides researchers with a numerical measure of the effects that climate can

have on a visitor’s experience. A change in the TCI of the destination or that of its major source

countries can therefore have an impact on the demand for travel.

The authors employ the

approach outlined by Mieczkowski (1985) to calculate the TCI for 289 countries. Following

Mieczkowski, the TCI is calculated as follows:

(1)  TCI = 2[(4xCID) + CIA + (2xP) + (2xS) + W]
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Data on historical climate outcomes (1961 to 1990) and various climate scenarios are obtained
from the Tyndall Centre for Climate Change Research. The database provides projections from
four models: (1) the Canadian Centre for Climate Modelling and Analysis Coupled Global
Climate Model, CGCM2, (Flato and Boer, 2001); (2) Australia's Commonwealth Scientific and
Industrial Research Organisation, CSIRO2, (CSIRO, 1996); (3) Parallel Climate Model, PCM,
(Washington, et al., 2000), and; (4) the UK’s Meteorological Office Hadley Centre Coupled
Model (HADCM3). Four emissions scenarios (Al, A2, B2 and B1) outlined by the IPCC are

also examined.

The emissions scenarios assume that the main driving forces of future greenhouse gas trajectories
will continue to be demographic change, social and economic development, and the rate and
direction of technological change. The Al and B1 scenarios are based on the low International
Institute for Applied Systems Analysis (IIASA) 1996 population projections: the world
population is expected to rise to 8.7 billion by 2050 and fall toward 7 billion by 2100 due to a
reduction in fertility as well as mortality. In contrast, the B2 scenario uses the long-term United
Nation’s (UN) Medium 1998 population projection of 10.4 billion by 2100, while the A2
scenario assumes a high population growth of 15 billion by 2100 owing to a significant decline in
mortality for most regions (see IPCC, 2000, for greater details). All scenarios exclude surprise or
disaster scenarios and do not consider additional climate initiatives, such as the United Nations
Framework Convention for Climate Change (UNFCCC) or the emissions targets of the Kyoto

Protocol.
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The four models and four emission scenarios provide 16 combinations of climate model and
emission scenarios that cover 93 percent of the possible range of global climate change envisaged
by the IPCC. Since each of the scenarios is just as likely, the average of the 16 scenarios is
employed, as well as one standard deviation below and above. These forecasted climate
indicators are used to calculate anticipated change in the TCI for 289 countries under

investigation.

4. Results

4.1 Historical TCI

Using the methodological approach outlined in the previous section the TCIs for major country
groupings are calculated and plotted in Figure 1. The TCIs for most countries show a clear
seasonal pattern: for North America, Western and Eastern Europe as well as the Pacific Islands,
the time of the year most conducive to tourist activities occurs between May and August, with the
peak period occurring in most cases between July and August. In contrast, in the cases of the
Caribbean, Middle East, Africa and Asia the favourable times for visiting these regions tend to
occur between December and April in any given year. The only outlier region was South
America, whose tourism climatic features did not match any other region. Their optimal climatic

features occurred during the months of August and November.

The results for the Historical TCI confirm that the best time to visit the Caribbean is between

December and April when climatic conditions would rate ‘Good’ and ‘Very Good’, while the
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remainder of the year would earn ratings of ‘Marginal’ and ‘Acceptable’. The comparative
unattractiveness of the May — November period stems from the increase in precipitation received
during this period coupled with the rise in temperature associated with the ‘summer’ months.
When ranking the attractiveness of regions based on climatic conditions, the Caribbean has
historically ranked third between December and May (behind Central America, the Middle East
and Eastern Europe), but falls to eighth and tenth during the June — August and September —
November quarters, respectively (see Table 6). The most attractive climate has been that of the
Middle East, which historically ranks between first and third, while the most unattractive region

has been the Pacific Islands.

Although Figure 1 fits well with the traditional tourist season in the Caribbean, the calculated
TCIs for each Caribbean island are quite different. The TCI for each Caribbean island is plotted
in Figure 2. Relative to most other Caribbean countries, the TCI for the Bahamas and Cuba was
almost u-shaped, with the TCI reaching above 80 in the December to February months and
quickly falling off after this period. Indeed, Table 2 shows that during these months the Bahamas
are ranked 1 and 2 in terms of their TCI relative to other Caribbean islands. However, between
June and September their TCI ranking falls to last and second last amongst the 20 Caribbean
islands: during these months their TCIs falls to just above 40, the demarcation between a
marginal and unfavourable destination in terms of climate. The main reason behind this
significant deterioration was the daytime comfort index, which falls from around 3 during the

December to March months to as low as 1 in August.

13



Even though there is a clear seasonal factor in all the Caribbean countries under investigation, the
TCIs for most of the other Caribbean islands did not show any significant decline during the
traditional shoulder periods in the region. For example, the TCI for Barbados between December
and April ranged from 63 to 72, but only fell to a low of 44 in October. A similar pattern was
observed for most of the islands in the region. Due to their relatively flat TCIs, Table 2 shows
that the Dominican Republic, St. Kitts and Nevis, Dominica and Haiti had the highest average
TClIs for the year as a whole. On the other side of the spectrum, surprisingly the Virgin Islands
had the lowest average TCI — due to particularly bad summer months — followed closely by

Barbuda, Montserrat and Guadeloupe.

The historical analysis of tourism climatic features in the Caribbean matches fairly closely with
the traditional tourist season in the region. Between December and April, the region usually
receives more than 60 percent of its visitors for the entire year. This season also matches fairly
closely with a deterioration of the TCIs for many North American and Western European nations
and therefore explains why most of our visitors emanate from these regions. Given the important
role that climatic features can play in terms of determining tourism demand (see Moore, 2009),
the following section of this study calculates the TCIs for the Caribbean under various climate
change scenarios. The results from this analysis would allow regional policymakers to plan for

any potential fallout from a deterioration in tourism climatic features.
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4.2 Alternative Scenarios

The forecasted TCIs for the various regional groupings suggest that changes in future climatic
conditions could lead to drastic shifts in the tourism season. In general, the TCIs for most
regions are likely to deteriorate. The biggest losers, in terms of declines in their tourism features
are the Caribbean, Central America and South America: under all four of the potential scenarios,
these three regions suffered the greatest relative decline in their TCI. Indeed, under the Al
scenario, the TCIs for these three regions is projected to fall by an average of 20 points: the

annual average TCI for this group falls from 58 (Acceptable) to about 38 (Unfavourable).

In contrast, North America, Western Europe as well as Eastern Europe are projected to witness
the smallest average declines in their TCIs. Indeed, under the A2 climate change scenario, the
TCIs for these three groups is forecasted to rise by between 2-3 points. As a result of these
forecasted changes, North America as well as Western and Eastern Europe are likely to become
relatively more attractive for tourist activities. Indeed, the average TCI ranking under all of the
potential climate change scenarios for Western and Eastern Europe means that these two blocks
would now be ranked second and third behind the Middle East, while North America’s ranking

jumps from eighth to fifth.

Of note, all of the scenarios for the Caribbean show a deterioration in climate conditions in the
future, whereas all of the scenarios point to an improvement in the climatic conditions of all of
the major source regions for tourists to the Caribbean during the important winter season

(December — February). While the TCIs in Caribbean during the ‘winter’ months still manage to
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earn ratings of ‘marginal’ and ‘acceptable’, the ‘summer’ months become even more unpleasant,
ranging from ‘unfavourable’ to ‘very unfavourable’. This outturn is mainly the result of higher
temperatures as well as increased precipitation. The ranking of the Caribbean vis-a-vis the rest of
the world deteriorates in line with the worsening of climatic conditions, and the Caribbean

increasingly falls into the latter half of the rankings.

At the same time that the Caribbean region is experiencing unfavourable climatic conditions, the
conditions in the source markets are improving. The TCI for Northern America and Western
Europe improves somewhat during the winter months (these regions start to experience milder
winters), though some deterioration is experienced during the height of summer (June —
September). The combination of an improved winter season for the main source markets and the
deterioration during the same period for the Caribbean translates into very similar TClIs,
especially during December — February. This could make tourists indifferent during this period,
as climatic conditions in their home countries would be rated similarly as conditions in the

Caribbean.

Some of the Caribbean’s main competitors also experience changes in their climatic indices. For
example, Spain, the second leading tourist destination in the world according to the United
Nation World Tourism Organisation, experiences an improvement in climatic conditions during
winter months but deteriorates during the summer months. While Mexico, ranked tenth in the

world, worsens substantially during winter but improves during summer.
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5. Conclusions

The climatic features of the Caribbean have traditionally been one of the comparative advantages
of the region as a tourist destination. Based on a survey of 338 individuals, Uyarra, et al. (2005)
reports that warm temperatures, clear waters, and low health risks were the main environmental
features important to visitors to Bonaire and Barbados. Visitors to Bonaire, however, placed
more emphasis on marine wildlife attributes while those to Barbados reported that beach

characteristics were more important.

Given the importance of climate to visitors to the region, this study employs Mieczkowski’s
(1985) TCI to evaluate the relative historical attractiveness of the Caribbean. The TCI is also
calculated for four of the most likely climate change scenarios to provide policymakers in the
region a projection of how climate change could potentially affect the region’s tourism industry.
To evaluate the potential effect of not just potential substitution effects within the region, but
outside of the region as well, the TCIs are calculated for major country groupings as well as the

most popular tourism destinations according to the World Tourism Organisation.

The results for the Historical TCI validated that the December to April period was the best time
to visit the Caribbean. During this period, climatic conditions would usually rate as ‘Good’ or
‘Very Good’, while the remainder of the year would earn ratings of ‘Marginal’ and ‘Acceptable’.
The deterioration in the TCI during the May — November period stemmed from higher
temperatures as well as increased precipitation. Historically, at the global level the Caribbean has

historically ranked third between December and May (behind Central America, the Middle East
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and Eastern Europe), and between eighth and tenth during the June — August and September —

November quarters, respectively.

The climatic features of the Caribbean, however, could undergo significant changes as a result of
climate change. To evaluate the effects of these changes projected climate indicators from four
climate models and four emissions scenarios are used to calculated forecasted TCIs for world and
the Caribbean in particular for the end of the century. Under all four of the likely climate change
scenarios, the calculated TClIs decline in every major regional country grouping. The biggest
losers, in terms of dwindling TCIs are the Caribbean, Central America and South America.
While the TCIs in Caribbean during the ‘winter’ months still manage to earn ratings of
‘marginal’ and ‘acceptable’, the ‘summer’ months become even more unpleasant, ranging from
‘unfavourable’ to ‘very unfavourable’. This outturn is mainly the result of higher temperatures as
well as increased precipitation. The ranking of the Caribbean vis-a-vis the rest of the world
deteriorates in line with the worsening of climatic conditions, and the Caribbean increasingly

falls into the latter half of the rankings.
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Table 1: Historical TCls

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 439 423 45.8 53.1 583 60.0 63.0 645 543 521 489 4138
Central America | 73.3 75.0 71.8 63.5 498 448 46.1 458 441 52,1 624 70.1
South America 553 555 56.2 549 555 56.1 603 628 63.1 610 61.7 56.7
Caribbean 69.9 73.1 71.0 639 525 484 488 454 442 464 53.0 64.1
Western Europe | 40.0 44.3 49.5 57.8 684 757 769 758 71.1 599 459 405
Eastern Europe 37.0 41.3 48.7 61.9 79.6 83.6 826 826 800 642 473 38.1
Middle East 67.6 70.6 759 769 71.5 667 638 663 703 76.1 783 712
Africa 67.7 65.5 619 613 61.1 635 626 61.6 602 622 664 67.8
Asia 62.3 612 57.6 513 46.6 418 394 390 458 492 56.0 60.8
Pacific Islands 39.0 40.2 38.8 44.1 48.1 53.1 537 551 527 488 451 415
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Table 2: TCls for A1 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 473 488 455 538 573 515 523 530 515 515 485 465
Central America | 53.9 545 48.6 415 309 236 254 269 215 28.0 428 504
South America 36.7 38.8 375 38.6 399 417 457 463 459 437 407 38.7
Caribbean 498 519 50.7 43.0 338 297 30.2 257 244 262 318 439
Western Europe | 429 480 520 602 695 712 663 652 684 63.0 493 442
Eastern Europe 417 456 543 67.6 772 T1.9 62.1 6277 739 69.7 512 421
Middle East 694 713 717 683 595 521 490 507 569 635 709 70.8
Africa 51.8 499 474 467 476 49.6 489 473 458 46.6 500 523
Asia 546 532 49.0 425 363 275 235 223 294 393 477 522
Pacific Islands 248 240 243 293 345 389 41.0 431 387 354 304 277
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Table 3: TCls for A2 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 50.6 473 490 574 605 568 610 623 530 556 50.1 493
Central America | 623 633 595 510 375 320 340 353 324 396 513 604
South America 448 462 455 455 4677 481 522 533 544 518 504 469
Caribbean 588 609 601 528 423 382 39.0 34.0 326 347 418 521
Western Europe | 43.8 493 539 628 747 778 740 726 751 66.7 509 451
Eastern Europe 424 466 557 698 84.1 794 702 704 81.8 727 523 423
Middle East 727 752 765 723 642 577 547 562 631 687 762 753
Africa 582 564 528 525 529 554 542 527 514 519 565 58.6
Asia 594 56.1 529 466 422 339 290 286 358 442 50.7 56.0
Pacific Islands 293 293 300 344 397 447 471 473 443 40.1 350 323
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Table 4: TCls for B1 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 463 463 450 50.8 558 545 563 523 528 515 475 448
Central America | 58.8 603 544 46.1 343 315 310 319 301 365 479 56.1
South America 424 441 434 443 438 475 501 517 524 472 457 43.6
Caribbean 563 583 564 486 387 350 351 299 297 316 381 49.6
Western Europe | 41.4 46.0 504 576 67.1 714 700 688 684 599 473 421
Eastern Europe 393 438 512 621 753 759 69.7 70.1 743 655 492 404
Middle East 673 709 71.0 713 621 554 519 545 6.1 669 726 69.8
Africa 5777 553 525 511 51,5 533 534 519 503 514 564 579
Asia 575 548 514 449 384 31.7 288 29.1 345 427 502 548
Pacific Islands 28.1 297 306 343 395 441 458 462 430 396 347 302
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Table 5: TCls for B2 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 463 453 450 513 558 525 565 530 520 51.0 475 453
Central America | 58.5 593 544 463 326 29.6 303 326 283 354 463 559
South America 40.8 425 415 431 428 465 492 499 508 478 450 432
Caribbean 543 572 555 476 381 339 335 29.0 282 304 36.0 48.0
Western Europe | 41.5 464 508 57.8 677 71.1 696 682 688 599 474 424
Eastern Europe 40.0 443 519 643 758 753 677 682 758 661 492 399
Middle East 676 703 714 705 619 546 523 539 609 663 725 69.7
Africa 557 542 517 502 502 529 526 51.1 492 504 552 571
Asia 575 548 507 448 386 313 287 278 334 421 497 548
Pacific Islands 271 289 286 333 385 427 446 46.1 430 38.6 334 303
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Table 6: Ranking in terms of Historical TCI

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 7 8 9 8 5 5 4 4 6 6 7 7
Central America 1 1 2 3 8 9 9 8 10 6 3 2
South America 6 6 6 7 6 6 6 5 4 4 4 6
Caribbean 2 2 3 2 7 8 8 9 9 10 6 4
Western Europe 8 7 7 6 3 2 2 2 2 5 9 9
Eastern Europe 10 9 8 4 1 1 1 1 1 2 8 10
Middle East 4 3 1 1 2 3 3 3 3 1 1 1
Africa 3 4 4 5 4 4 5 6 5 3 2 3
Asia 5 5 5 9 10 10 10 10 8 8 5 5
Pacific Islands 9 10 10 10 9 7 7 7 7 9 10 8
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Table 7: Ranking based on the A1 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 6 6 8 4 4 4 3 3 4 4 5 5
Central America 3 2 6 8 10 10 9 8 10 9 7 4
South America 9 9 9 9 6 6 6 6 5 6 8 9
Caribbean 5 4 4 6 9 8 8 9 9 10 9 7
Western Europe 7 7 3 3 2 2 1 1 2 3 4 6
Eastern Europe 8 8 2 2 1 1 2 2 1 1 2 8
Middle East 1 1 1 1 3 3 4 4 3 2 1 1
Africa 4 5 7 5 5 5 5 5 6 5 3 2
Asia 2 3 5 7 7 9 10 10 8 7 6 3
Pacific Islands 10 10 10 10 8 7 7 7 7 8 10 10
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Table 8: Ranking based on the A2 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 6 7 8 4 4 4 3 3 5 4 8 6
Central America 2 2 3 7 10 10 9 8 10 9 4 2
South America 7 9 9 9 6 6 6 5 4 6 7 7
Caribbean 4 3 2 5 7 8 8 9 9 10 9 5
Western Europe 8 6 5 3 2 2 1 1 2 3 5 8
Eastern Europe 9 8 4 2 1 1 2 2 1 1 3 9
Middle East 1 1 1 1 3 3 4 4 3 2 1 1
Africa 5 4 7 6 5 5 5 6 6 5 2 3
Asia 3 5 6 8 8 9 10 10 8 7 6 4
Pacific Islands 10 10 10 10 9 7 7 7 7 8 10 10
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Table 9: Ranking based on the B1 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 6 6 8 5 4 4 3 4 4 4 6 6
Central America 2 2 3 7 10 10 9 8 9 9 5 3
South America 7 8 9 9 6 6 6 6 5 6 8 7
Caribbean 5 3 2 6 8 8 8 9 10 10 9 5
Western Europe 8 7 7 3 2 2 1 2 2 3 7 8
Eastern Europe 9 9 6 2 1 1 2 1 1 2 4 9
Middle East 1 1 1 1 3 3 5 3 3 1 1 1
Africa 3 4 4 4 5 5 4 5 6 5 2 2
Asia 4 5 5 8 9 9 10 10 8 7 3 4
Pacific Islands 10 10 10 10 7 7 7 7 7 8 10 10
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Table 10: Ranking based on the B2 Scenario

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
North America 6 7 8 4 4 5 3 4 4 4 5 6
Central America 2 2 3 7 10 10 9 8 9 9 7 3
South America 8 9 9 9 6 6 6 6 5 6 8 7
Caribbean 5 3 2 6 9 8 8 9 10 10 9 5
Western Europe 7 6 6 3 2 2 1 1 2 3 6 8
Eastern Europe 9 8 4 2 1 1 2 2 1 2 4 9
Middle East 1 1 1 1 3 3 5 3 3 1 1 1
Africa 4 5 5 5 5 4 4 5 6 5 2 2
Asia 3 4 7 8 7 9 10 10 8 7 3 4
Pacific Islands 10 10 10 10 8 7 7 7 7 8 10 10

31




Figure 1: Historical TCls for Six Major Regions
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Figure 2: Historical TCls for the Caribbean
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Figure 3: Forecasted TCI for the Caribbean
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Figure 4: Forecasted TCI for Western Europe
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Figure 5: Forecasted TCI for North America
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Figure 5: Forecasted TCI for Mexico
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Figure 6: Forecasted TCI for Spain
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