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Potential Economic Impacts of Hurricanes in Mexico, Central 
America, and the Caribbean ca. 2020–2025 

 
J. Curry, M. Jelinek, B. Foskey, A. Suzuki, P. Webster 
Georgia Institute of Technology 
 
This report builds upon our previous report, “Landfalling Tropical Cyclones in Central 
America and the Caribbean: Past and Future” (June 15, 2007). Here we make specific 
projections of landfalling tropical cyclones for a five-year period ca. 2020–2025, 
accounting for the impacts of both natural variability and global warming on tropical 
cyclone frequency, intensity, and the cyclone tracks. Specific projections of the range of 
likely landfalling tropical cyclone characteristics are made for the following individual 
regions: Mexico, Central America and the Yucatan, Bahamas, Lesser Antilles, and 
Greater Antilles. 
 
In recent years, three different disaster risk analysis methodologies have been developed, 
each with slightly different objectives to consider the Disaster Deficit Index, Local 
Disaster Index, Prevalent Vulnerability Index, and Risk Management Index: the Disaster 
Risk Indexing Project (DRI), Hotspots, and the Americas Project. The DRI focuses on 
human vulnerability while Hotspots focuses on economic loss. On the other hand, the 
Americas Project focuses on possible economic losses, exposure and susceptibility, 
socioeconomic fragility and lack of resilience, and performance regarding risk 
management practices at the country level. The three indices share a common theory of 
disaster causality: exposure to hazard, the frequency or severity of the hazard, and the 
vulnerability of exposed elements. 
 
However, to our knowledge, none of these methodologies has been applied to future risk 
from tropical cyclones. The strategy adopted here is to use the available data and indices 
that have been calculated for the relevant countries and project forward the population 
and GNP. The calculated disaster indices, combined with projections of population and 
GNP, are used with damage estimates from past hurricanes and potential projections of 
future tropical cyclone activity to estimate the future risk. Since this strategy hinges on 
the availability of economic data, this methodology is only applied to countries where 
complete economic data are readily available: Antigua and Barbuda, Barbados, Bahamas, 
Belize, British Virgin Islands, Cuba, Dominica, Dominican Republic, Haiti, Grenada, 
Honduras, Jamaica, Mexico, Nicaragua, Puerto Rico, St Kitts and Nevis, St. Lucia and 
the Grenadines.  
 
Estimate of landfall activity ca. 2020–2025 
 
Decadal scale projections of future tropical cyclone (TC) activity must integrate in some 
way the climate model projections of externally forced century-scale climate change with 
what is known about natural modes of climate variability and their future changes. By 
2025, the tropical sea surface temperature (SST) is forecasted to increase by 0.6oC due to 
external forcing by greenhouse gases. Predictability of the natural modes of climate 
variability arises from the general predictability and persistence of multidecadal modes 
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such as the Atlantic Multidecadal Oscillation (AMO) and the Pacific Decadal Oscillation 
(PDO). The AMO is expected to remain in the warm phase, the PDO is expected to be in 
the negative phase (with greater frequency of La Niña), and the North Atlantic 
Oscillation (NAO) is expected to continue in the negative phase before shifting to a more 
predominantly positive phase during the 2020–2025 period. 
 
Figure 1 shows the time series of total North Atlantic tropical cyclones since 1920. The 
yellow shading indicates the warm phase of the AMO and the blue shading indicates the 
cool phase of the PDO (associated with greater frequency of La Niña), with green 
indicating the overlap. It is seen that the total number of tropical cyclones is elevated in 
the yellow and green regions. Conditions of warm AMO and cool PDO (green) are 
expected to persist until 2025. 
 
Figure 1. Time series of total North Atlantic tropical cyclones (the line represents a 
9-year Hamming filter). Yellow shading indicates the warm phase of the AMO, blue 

indicates the cool phase of the PDO, and green indicates their overlap. 
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The global warming signal in the tropical cyclone count is difficult to discern due to the 
convolution of the decadal climate signals with the global warming and the issue of 
undercounting in the earlier part of the data record. To provide an upper bound on the 
plausible increase of tropical cyclone frequency for a 0.6oC SST increase, we take two 
approaches. The first approach compares the two yellow periods in Figure 2 (1928–1945 
and 1994–2002), finding a scaled increase of 6.4 TCs for an equivalent 0.6oC temperature 
increase. This approach effectively eliminates the signal of the decadal scale natural 
variability, but is hampered by likely undercounting in the earlier part of the record. The 
second approach is to compare the 1968–1977 period (encompassing a minima in the 
SST) with the last 10 years (1997–2006), encompassing the warmest part of the 
temperature record and resulting in a scaled increase of 5.4 TCs for an equivalent 0.6oC  
SST increase. This approach has the advantage that the tropical cyclone count is 
presumed to be accurate during this period (the satellite era), while the disadvantage is 
that comparing these two periods introduces a bias from the AMO that may be more 
complex than the increase in SST. High-resolution climate model simulations produce a 
scaled annual increase in the number of tropical cyclones for a 0.6oC SST increase to 
range from 0–1. Thus, we bound the projected increase in North Atlantic TC frequency to 
be 0 to 5.  
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Figure 2. Time series of total North Atlantic tropical cyclones (blue) and sea surface 
temperature in the main development region (red) (lines represent a 9-year 

Hamming filter). Yellow shading indicates the warm phase of the AMO, blue 
indicates the cool phase of the PDO, and green indicates their overlap. 
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Figure 3 shows total Caribbean and Central American landfalls. The color scheme is the 
same, with the addition of the North Atlantic Oscillation (NAO), the negative phase of 
which is represented in red and combines with the other colors to produce orange, purple, 
and brown. Of particular interest is the brown period that began in 2003 and is expected 
to continue for a few more years, before the NAO becomes predominantly positive. The 
negative phase of the NAO is seen to contribute to increased landfalls, particularly during 
the warm phase of the AMO. The period with the greatest average number of annual 
landfalls is from 1930 to 1942, during the warm phase of the AMO with conditions of 
negative NAO. 
 
Figure 3. Time series of North Atlantic tropical cyclones striking the Caribbean or 

Central America (the line represents a 9-year Hamming filter). Yellow shading 
indicates the warm phase of the AMO, blue indicates the cool phase of the PDO, and 

green indicates their overlap. The negative phase of the NAO is indicated in red, 
with overlapping colors of orange, purple, and brown. 

 
 

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

1920 1945 1970 1995 2020
Year

# 
Tr

op
ic

al
 C

yc
lo

ne
s 

 
 
 
 
 
 
 
 
 

 

Mark
Stamp

Mark
Stamp



21  LCR Sustainable Development Working Paper No. 32 

We seek to estimate the frequency of Central American and Caribbean landfalls for a 
five-year period ca. 2020–2025 in the following five zones: Mexico, Central America and 
the Yucatan, Bahamas, Lesser Antilles, and Greater Antilles. 
 
We accomplish this in two steps: by projecting the ratio of total Caribbean and Central 
American landfalls (TL) to North Atlantic TCs (TC), and then by distributing the 
landfalls among the five different regions. We consider a range of projected TC, 
accounting for range of 0 increase to an increase of 5 tropical cyclones. We assume that 
the ratio TL/TC for 2020–2025 is the same for the 1995–2006 period, accounting for the 
lowering of the ratio associated with the eastward extension of the tropical warm pool. 
The distribution of landfalls in the five different regions is determined by considering the 
distributions in two periods: 1946–1964 (green), which is the closest representation for 
natural variability, and the most recent active period (1995–2006), which reflects the 
influence of global warming. A comparison of the different distributions for these two 
periods (Table 1) indicates that the main shifts occur in Central America/Yucatan and the 
Greater Antilles. In Table 1, the 2020–2025 projection is determined by averaging the 
percentage of landfalls over the two periods. The two rightmost columns in Table 1 
reflect the projected average number of landfalling tropical cyclones in each of the five 
regions for the 2020–2025 period (based upon equal weighting of the landfall 
distributions for the two periods), bounded by a low estimate (based upon a zero increase 
in total TC count) and a high estimate of an increase of 5 TCs. 

 
Table 1. Projection of changes in landfalling tropical cyclones for defined zones in 

the Central America/Caribbean Basin, in context of the landfall distributions during 
1946–1964 and 1995–2006 

 

 
1946-1964 1995-2006 2020-2025

landfall %
2020-2025

Low 
2020-2025 

High 
Total N. Atlantic TCs 9.74 14.42 - 14.42 19.42 
Total CA/Carib. Landfalls 3.84 4.58 36% 5.19 6.69 
Mexico Landfalls 0.74 0.92 20% 1.04 1.34 
CA/Yucatan Landfalls 0.68 1.17 22% 1.14 1.47 
G. Antilles Landfalls 1.58 1.08 33% 1.71 2.21 
L. Antilles Landfalls 1.00 1.25 26% 1.35 1.74 
Bahamas Landfalls 0.74 0.83 19% 0.99 1.27 

 
 
Landfalling major hurricanes in the region are also influenced by the modes of natural 
variability. Figure 4 shows that although the region typically fluctuates between zero to 
one major hurricane landfall per year, spikes in these values occur when under the 
influence of a warm AMO, a cool PDO, and/or a negative NAO. It is also probable that 
the marked increase in recent years of major hurricane landfalls in the region is 
influenced by the increasing SSTs being forced by an increase in greenhouse gases. In the 
last four years, including 2007, two or more landfalls have occurred in three out of the 
four seasons. The lack of marked variability prior to recent years makes precise 
projections difficult, but it does appear that the combination of natural and anthropogenic 
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forcing mechanisms will lead to multiple landfalls by major hurricanes in the region for a 
typical year in the 2020–2025 period. 
 

Figure 4: Time series of major hurricanes striking the Caribbean or Central 
America. Yellow shading indicates the warm phase of the AMO, blue indicates the 
cool phase of the PDO, and green indicates their overlap. The negative phase of the 

NAO is indicated in red, with overlapping colors of orange, purple, and brown. 
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The increase in landfalling major hurricanes is indicative of a broader increase in 
average tropical cyclone wind speeds as sea surface temperature increases, as well 
as a shift in the intensity distribution toward a greater number of Category 4 and 5 
hurricanes. Figure 5 shows the change in North Atlantic hurricane intensity for the 
period since 1971 (unfortunately the quality of the prior data is highly uncertain), along 
with the sea surface temperature. The data are averaged into six-year increments to 
reduce the impact of the year-to-year variability associated with ENSO. Linear regression 
analysis indicates trend of 6.75% intensity increase associated with a 0.6oC SST increase. 
Due to some uncertainty in the data prior to 1983 (most likely a low bias), the true 
increase is likely to be somewhat lower. Figure 5 shows that the large increase in 
intensity is associated with the onset of the warm phase of the AMO ca. 1995. Thus, it is 
likely that both natural variability (primarily the AMO) and global warming are 
contributing to the intensity increase. A projection of the likely intensity increase ca. 
2020–2025 requires a separation of the AMO signal from the global warming signal, 
which is not possible given the short length of the reliable dataset. 
 

Figure 5. Time series of maximum hurricane intensity (blue) and sea surface 
temperature (red), averaged in six-year windows. Yellow shading indicates the 
warm phase of the AMO, blue indicates the cool phase of the PDO, and green 

indicates their overlap. 
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Our analysis (Webster et al. 2005) of the global tropical cyclone intensity data (of 
uncertain quality) since 1970 indicates an average increase in intensity of 6% for a 0.6oC 
SST. High-resolution climate models indicate a 2% intensity increase when scaled for a 
0.6oC SST increase, and potential intensity theory yields an increase of 2.7% (Emanuel) 
and 5.3% (Holland). Considering these results in the context of the North Atlantic 
intensity data, we bound the average intensity increase in the North Atlantic associated 
with 0.6oC global warming by 2–5%. This translates to a 6–16% increase in wind damage 
(which goes up as the cube of the wind speed increases) and a 15–40% increase in total 
damage (which goes up as the 7th power of wind speed increases, according to estimates 
from catastrophe modelers based on historical U.S. damage data). For the Central 
American/Caribbean region, we use an intermediate value of the 5th power of the 
intensity to estimate damage (where a 2–5% intensity increase corresponds to a 10–26% 
damage increase), although we recognize that this damage power may vary regionally 
based upon the type of damage (wind, flooding, storm surge) and the nature of the assets 
and economy in the region. 
 
Based upon this analysis, we delineate four different scenarios for the characteristics of 
regional landfalling tropical cyclones ca. 2020–2025, in terms of numbers and intensities: 
 
A1: no North Atlantic (NATL)8 frequency increase, 2% intensity increase; 
A2: no NATL frequency increase, 5% intensity increase; 
B1: 35% NATL frequency increase, 2% intensity increase; and 
B2: 35% NATL frequency increase, 5% intensity increase. 
 
Table 2 in turn shows total damage increase estimates for 2020–2025 for each scenario as 
well as an average of the four scenarios, scaled relative to the average values for the 
2001–2006 period. These factors are used in the next section in the projection of damages 
for the 2020–2025 period. The landfall A scenario corresponds to the “2020–2025 Low” 
column in Table 1, and the landfall B scenario corresponds to the “2020–2025 High” 
column. 
 
Table 2. Projected values for the four scenarios and scenario average of percentage 
frequency and average intensity increase of regional landfalling tropical cyclones, 

relative to average values for the 1995-2006 period 
 

 A1 
#/Damage 

A2 
#/Damage 

B1 
#/Damage 

B2 
#/Damage 

Average 
#/Damage 

Mexico 1.13/1.10 1.13/1.26 1.46/1.10 1.46/1.26 1.30/1.18 
C. America & Yucatan 0.97/1.10 0.97/1.26 1.26/1.10 1.26/1.26 1.12/1.18 
Greater Antilles 1.58/1.10 1.58/1.26 2.05/1.10 2.05/1.26 1.82/1.18 
Lesser Antilles 1.08/1.10 1.08/1.26 1.39/1.10 1.39/1.26 1.24/1.18 
Bahamas 1.19/1.10 1.19/1.26 1.53/1.10 1.53/1.26 1.36/1.18 

 

                                                 
8 NATL refers to basin-wide totals. 
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Historical hurricane losses 
 
Data on historical hurricane losses during the 1979–2006 period were obtained primarily 
from the U.S. National Hurricane Center reports, and also from Wikipedia and additional 
references therein. Some storms during the period considered are not included in the 
damage statistics due to the unavailability of data. It is possible that insurance agencies, 
particularly MunichRe, have better hurricane loss data but these do not seem to be readily 
accessible. We have established a meaningful contact with MunichRe from which we 
may be able to obtain better information to improve this report once the agency considers 
the analysis presented in this report. 
 
To understand the damage that might accrue from future hurricanes, we consider the 
damage and loss of life caused by previous hurricanes. Here we adopt the normalized loss 
approach following Pielke et al. (2000). The normalized loss dataset accounts for 
inflation/deflation, wealth, and population. Accounting for inflation/deflation is necessary 
because the value of a currency varies over time. Increases in wealth and population 
mean that more people and more property are located in exposed areas and thus more can 
be lost. The damage for each hurricane normalized to 2007 dollars was determined using 
the following equation (after Pielke et al. 2000): 
 

Normalized Loss = Reported Damage * I * W * P 
 
The variables are defined as follows for a normalization to 2007 values: 
• Reported Damage – In 2007 U.S. dollar amounts. 
• I – An inflation factor determined by dividing the U.S. GDP Deflator in 2007 with the 

U.S. GDP Deflator in the year of hurricane landfall. 
• W – A wealth factor determined by dividing the GDP per capita for a country in 2007 

by the GDP per capita in the year of hurricane landfall. 
• P – A population factor determined by dividing the 2007 population of a country by 

the population in the year of hurricane landfall. 
 
To minimize the impacts of the assumptions made in the normalization, we consider 
hurricanes only from the last 30 years. Unfortunately, a number of very damaging 
hurricanes occurred during the previous warm period of the AMO (1926–1966) that 
could not be included in this analysis due to the incomplete economic data. Because of 
the relatively small physical size of the Caribbean islands, we assume that the entire 
country is exposed. Due to Mexico’s large size, we consider damage statistics separately 
for six states (grouped under “Gulf Coast”) that are influenced by Atlantic hurricanes, 
including Campeche, Quintana Roo, Tabasco, Tamaulipas, Veracruz, and Yucatan. The 
Central American countries considered here are vulnerable not only near the coasts, but 
also inland due to flooding and landslides. 
 
We focus on two different damage metrics: 
• Maximum Considered Events (MCE): for each country, the single tropical cyclone 

that caused the most damage and loss of life. 
• Cumulative Loss (CL): for each country, the accumulated damage from tropical 

cyclones over a 20-year period. 
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Table 3 presents the Maximum Considered Event (MCE) for each country during the 
1979–2006 period, which was the period for which credible damage data were available. 
Of the twenty countries considered here, a total of eight were hit directly by a major 
hurricane (Category 3 or greater). The single storm that caused the greatest amount of 
damage was Hurricane Mitch (1998), which was the MCE for a total of five countries 
(note: at the time of landfall, Hurricane Mitch was a tropical storm). Normalized damage 
for the MCEs exceeded US$1B for nine of the countries and lives lost per 100,000 
inhabitants exceeded 10 people for a total of seven countries. 
 
During the 1950–1978 period the following major hurricanes struck the region, for which 
we do not have adequate damage data: 
• 1971 Hurricane Edith: struck Nicaragua and Honduras 
• 1967 Hurricane Beulah: struck Mexico and the Yucatan 
• 1960 Hurricane Donna: struck the Lesser Antilles and Bahamas 
• 1955 Hurricane Janet: struck the Yucatan and Belize. 
 
Thus, the MCEs in Table 3 are for a 30-year period and this population of storms is not 
representative of the 50-year MCE. 
 
The losses from smaller but more frequent events can be substantial, particularly for the 
most vulnerable countries. Data for the past 20 years are used to determine Cumulative 
Losses (CL) for each country. Three countries (Bahamas, Cuba, Puerto Rico) had more 
than 10 strikes during the period, while six countries (Belize, Dominica, Guatemala, 
Honduras, and St. Kitts/Nevis) had three or fewer strikes. A total of twelve countries had 
normalized damage exceeding $1B in 2007-equivalent dollars. The cumulative number of 
lives lost exceeded 1,000 for four countries: Dominican Republic, Haiti, Honduras, and 
Nicaragua. 
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Table 3. Maximum Considered Event for each country during the 1979–2006 
period. 9

 
 

Country Storm 

Normalized
Damage 

2007 US$M

Lives 
Lost per 

100,000 Pop. 
Mexico  
Gulf Coast10 2005 Wilma (5) 10,078 0.3 
C. America   

 Belize 
2000 Keith (4) 

2001 Iris (4)
362 
102

8.4 
21.0 

 Costa Rica 1998 Mitch ((TS)) 149 0.2 
 El Salvador 1998 Mitch ((TS)) 370 4.2 
 Guatemala 1998 Mitch (TS) 1,159 0.6 
 Honduras 1998 Mitch (1) 5,180 118.9 
 Nicaragua 1988 Mitch (TS) 2,940 77.0 
Greater Antilles  
 Cuba 2001 Michelle (4) 2,589 0.04 
 Dominican Rep. 1979 David (5) 7,247 34.1 
 Haiti 2005 Dennis ((2)) 1,431 0.6 
 Jamaica 1988 Gilbert (3) 4,213 2.1 
 Puerto Rico 1989 Hugo (3) 5,505 0.4 
Lesser Antilles  
 Antigua & Barbuda 1995 Luis ((4)) 1,369 4.2 
 Barbados 1980 Allen(3) 11 0 
 British Virgin Is. 1989 Hugo (4) 607 37.6 
 Dominica 1995 Luis ((4)) 71 1.5 
 Grenada 2004 Ivan ((3)) 920 36.3 
 St. Kitts & Nevis 1998 Georges (3) 645 11.9 
 St. Lucia 2004 Ivan ((3)) 9 0 
 St. Vincent & Gren. 2004 Ivan ((3)) 46 0 
Bahamas 2004 Frances (4) 671 0.3 

 
 
 

                                                 
9 The year and name of the storm are provided, and the intensity of the storm is indicated parenthetically by 
category number according to the Saffir-Simpson scale (a double parenthesis indicates that the storm did 
not directly hit the country). The estimated normalized damage is given in millions of 2007-equivalent U.S. 
dollars. The lives lost in the storm are expressed by 100,000 individuals. The year and name of the storm 
are provided, and the intensity of the storm is indicated parenthetically by category number according to the 
Saffir-Simpson scale (a double parenthesis indicates that the storm did not directly hit the country). The 
estimated normalized damage is given in millions of 2007-equivalent U.S. dollars. The lives lost in the 
storm are expressed by 100,000 individuals. 
10 Includes Campeche, Quintana Roo, Tabasco, Tamaulipas, Veracruz, and Yucatan. 
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Table 4. Cumulative Losses for each country during the 1979-2006 period.  
The estimated normalized damage is given in millions of 2007-equivalent U.S. dollars.  

The lives lost in the storm are expressed by 100,000 individuals. 
 

Country 
Total 

Cyclones 
Damage 

(2007 US$ M) 
Avg. Damage 

% of GDP 

Total
Lives 
Lost 

Avg .Lives 
Lost per 

100,000 pop. 
Mexico      
 Gulf Coast 16 47,315 5.29 380 2.4 
C. America       
 Belize 3 469 11.71 69 9.8 
 Costa Rica 4 168 0.37 42 0.3 
 El Salvador 2 370 2.00 253 2.2 
 Guatemala 1 1,159 3.86 68 0.6 
 Honduras 3 5,196 32.69 7,042 39.8 
 Nicaragua 6 5,176 25.29 3,957 16.2 
Greater Antilles      
 Cuba 14 8,042 2.35 38 0.03 
 Dominican Rep. 7 9,439 5.30 2,418 5.6 
 Haiti 7 2,495 22.87 4,721 8.5 
 Jamaica 7 4,675 12.17 72 0.4 
 Puerto Rico 12 11,365 0.94 48 0.1 
Lesser Antilles      
 Antigua & Barbuda 6 1,753 55.53 4 2.9 
 Barbados 5 11 0.09 1 0.4 
 British Virgin Is. 6 607 179.34 6 37.6 
 Dominica 3 71 21.46 1 1.4 
 Grenada 4 1,040 105.37 40 12.4 
 St. Kitts & Nevis 3 1,436 110.05 6 7.2 
 St. Lucia 5 14 0.52 22 5.8 
 St. Vincent & Gren. 4 64 6.96 5 1.4 
Bahamas 11 2,648 7.60 6 0.4 

 
A comparison of Tables 3 and 4 shows that the cumulative loss was dominated by a 
number of storms rather than a single event for the following countries: Bahamas, Cuba, 
Puerto Rico, St. Kitts and Nevis, and St. Lucia. 
 
Vulnerability indices 
 
Each country has different economic and social characteristics, which combine to 
determine the country’s vulnerability to natural hazards. Arguably the most sophisticated 
measure of vulnerability was established in a program of the Inter-American 
Development Bank and applied to a number of countries in Latin America (Cardona et al. 
2004). The Prevalent Vulnerability Index (PVI) assesses inherent socioeconomic 
vulnerability, and the Risk Management Index (RMI) is an indicator of disaster risk 
management performance. These indices have been analyzed for twelve countries in 
Latin America, but only five of these countries overlap with the countries analyzed in this 
study: Dominican Republic, Jamaica, Guatemala, El Salvador, and Costa Rica. Due to the 
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limited availability of Cardona’s risk indices for the countries considered in this analysis, 
these indices are not used further in the quantitative analysis of damage from tropical 
cyclones. 
 
To interpret the vulnerability for all 20 of the countries considered here, we examine the 
Human Development Index (HDI). Values of HDI greater than 0.8 indicate high human 
development, while values between 0.5 and 0.8 indicate medium human development and 
values below 0.5 indicate low human development. A total of six countries in the region 
are classified as high (Antigua and Barbuda, Bahamas, Barbados, Costa Rica, Cuba, St. 
Kitts and Nevis), while only Haiti is classified as low development. Most of the countries 
are classified as medium development. 
 
Table 5. Values of the Human Development Index (HDI) for each country or region 

(2002 values) 
 

Country/ Region HDI Country/ Region HDI Country/ Region HDI 
 
Antigua and Barbuda 0.800 El Salvador 0.72 St. Lucia 0.777 

Bahamas 0.815 Grenada 0.745 
St. Vincent and the 
Grenadines 0.751 

Barbados 0.888 Haiti 0.463 Campeche (Mexico) 0.819 

Belize 0.737 Honduras 0.672 
Quintana Roo 
(Mexico) 0.824 

Costa Rica 0.834 Jamaica 0.764 Tabasco (Mexico) 0.768 
Cuba 0.809 Nicaragua 0.667 Tamaulipas (Mexico) 0.811 

Dominica 0.743 Puerto Rico 
0.942 
(1998) Veracruz (Mexico) 0.742 

 
Dominican Republic 0.738 St. Kitts and Nevis 0.844 Yucatan (Mexico)   0.778 
 
The vulnerability of the countries to hurricane losses when sorted by HDI is given in 
Figures 5–6, considering the lives lost per 100,000 inhabitants and the normalized 
damage per GDP, both for the Maximum Considered Events (MCE) and Cumulative 
Losses (CL). A general observation is that less developed countries are proportionally 
more affected by weather hazards, although there is only one country (Haiti) with a low 
development ranking. With the exception of high development countries for lives lost in 
the MCE, countries of all development rankings are impacted substantially by hurricanes 
(both MCE and CL). 
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Figure 6. Bar charts for the Maximum Considered Events showing a) the lives lost 
per 100,000 inhabitants and b) damage per GDP, averaged by the three HDI 

categories (high, medium, low development) 
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Figure 7. Bar charts for the Cumulative Losses showing a) the lives lost per 100,000 

inhabitants and b) damage per GDP, averaged by the three HDI categories  
(high, medium, low development) 
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Loss from Hurricanes ca. 2020–2025 
 
Estimations of the potential future loss from hurricanes require that the projections be 
made not only for hurricane activity but also for population and GDP. Population and 
GDP projections were obtained from the United Nations Statistical Division. An 
additional source for GDP projections was also used (see reference list), and the GDP 
value used here was an average of the two values. 
 
Both the increased population and GDP are normalized by the 2007 values. The 
Economic Loss Potential (ELP) is determined as the product of the normalized values of 
population and GDP. Table 6 provides projections for the increased population and GDP 
for each country, with the countries sorted by the HDI. All of the countries are projected 
to have at least a 23% increase in Economic Loss Potential. The countries with the 
greatest increase in Economic Loss Potential are Nicaragua, Belize, and the Dominican 
Republic, countries with medium human development and presumably high levels of 
socioeconomic vulnerability. 
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Table 6. Projections of population and GDP increase for 2020  
plus Economic Loss Potential, normalized by 2007 values 

 
Country HDI Pop GDP ELP Country HDI Pop GDP  ELP 
Mexico    Haiti 0.463 1.22 1.01 1.23
 Gulf Coast 0.792 1.14 1.30 1.49  Jamaica 0.764 1.12 1.11 1.24
C. America 
& Yucatan    Puerto Rico 0.942 1.11 1.35 1.50

 Belize 0.737 1.21 1.38 1.67
Lesser 
Antilles   

 Costa Rica 0.834 1.24 1.12 1.39
 Antigua & 
Barbuda 0.800 1.16 1.15 1.33

 El Salvador 0.720 1.19 1.12 1.33  Barbados 0.888 1.05 1.28 1.34
 Guatemala 0.649 1.27 1.05 1.33  Dominica 0.743 1.01 1.18 1.19

 Honduras 0.672 1.28 0.98 1.25  Grenada 0.745 1.11 1.25 1.39

 Nicaragua 0.667 1.32 1.41 1.86
 St. Kitts & 
Nevis 0.844 1.07 1.36 1.46

Greater 
Antilles    St. Lucia 0.777 1.12 1.39 1.56

 Cuba 0.809 1.02 1.32 1.35
 St. Vincent 
& Gren. 0.751 1.06 1.45 1.54

 Dominican 
Republic 0.738 1.18 1.40 1.65 Bahamas 0.815 1.17 1.07 1.25

 
The projected damage ca. 2020–2025 from hurricanes is determined by multiplying the 
2007 values of MCE and CL/4 by the normalized values of ELP and a factor that 
accounts for the scenarios of hurricane activity during the 2020–2025 period. The factors 
for the change in hurricane activity are determined using the data in Table 2. The factor 
for the MCE is related only to the increase in average wind speed; here we use the 5th 
power of the wind speed to estimate the damage, so the factor for a 5% increase in 
average intensity is 1.26. For the CL, the factor is determined by multiplying the 
fractional increase in landfall frequency (# in Table 2) by the factor for the increase in 
average intensity. 
 

Table 7. Multipliers for increases in hurricane activity ca. 2020–2025 (relative to 
2007) for MCE and CL under 4 scenarios for the 5 different regions 

 

 A1 
MCE/CL 

A2 
MCE/CL 

B1 
MCE/CL 

B2 
MCE/CL 

Mexico 1.10/1.24 1.26/1.42 1.10/1.60 1.26/1.84 
C. America & Yucatan 1.10/1.07 1.26/1.22 1.10/1.39 1.26/1.58 
Greater Antilles 1.10/1.74 1.26/1.99 1.10/2.26 1.26/2.58 
Lesser Antilles 1.10/1.19 1.26/1.36 1.10/1.53 1.26/1.75 
Bahamas 1.10/1.31 1.26/1.50 1.10/1.68 1.26/1.93 

 
Table 8 and 9 give projected damage for the 2020–2025 period in millions of 2007 U.S. 
dollars for the scenario average and four different scenarios, respectively. The greatest 
projected losses are for Puerto Rico, the Dominican Republic, and the Gulf Coast of 
Mexico. The high projected losses in these two countries arise from the high expected 
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landfall incidence in the Greater Antilles and the high values of the Economic Loss 
Potential, driven primarily by relatively large projected increases in the GDP.11

 
 

Table 8. Projected damage ca. 2020–2025 in millions of 2007 U.S. dollars, for the 
scenario average. Values in parenthesis for each region are the projected hurricane risk 

factors from Table 7. 
 
 

  Scenario Average 
Country ELP MCE CL 
Mexico (1.18) (1.53)
Gulf Coast 1.49 15542 91298
C. America  (1.18) (1.32)
 Belize 1.67 714 257
 Costa Rica 1.39 245 77
 El Salvador 1.33 581 162
 Guatemala 1.33 1819 507
 Honduras 1.25 7641 2135
 Nicaragua 1.86 6453 3165
Greater Antilles (1.18) (2.14)
 Cuba 1.35 4125 5815
 Dominican Rep. 1.65 14110 8342
 Haiti 1.23 2077 1644
 Jamaica 1.24 6165 3105
 Puerto Rico 1.50 9744 9131
Lesser Antilles (1.18) (1.46)
 Antigua &  
 Barbuda 1.33

 
2149 

 
850

 Barbados 1.34 18 6
 Dominica 1.19 100 31
 Grenada 1.39 1509 527
 St. Kitts & Nevis 1.46 1112 764
 St. Lucia 1.56 17 9
 St. Vincent  
 & Grenadines 1.54

 
84 

 
36

Bahamas (1.18) (1.61)
 Bahamas 1.25 990 1272

 
 

                                                 
11 Note again that, given the lack of alternate data sources, there is a level of uncertainty in the data. 
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Table 9. Projected damage ca. 2020–2025 in millions of 2007 U.S. dollars, for the 4 
different scenarios. Values in parenthesis for each region are the projected hurricane risk 

factors from Table 7. 
 

   A1 A2 B1 B2 
Country HDI ELP MCE CL MCE CL MCE CL MCE CL 
Mexico   (1.10) (1.24) (1.26) (1.42) (1.10) (1.60) (1.26) (1.84) 
Gulf Coast 0.792 1.49 15316 79665 15767 

 
79665 15316 102930 15767 102930 

C. America    (1.10) (1.07) (1.26) (1.22) (1.10) (1.39) (1.26) (1.58) 
 Belize 0.737 1.67 665 209 762 239 665 272 762 309 
 Costa Rica 0.834 1.39 228 63 261 71 228 81 261 92 
 El Salvador 0.720 1.33 541 132 620 150 541 171 620 194 
 Guatemala 0.649 1.33 1696 412 1942 470 1696 535 1942 609 
 Honduras 0.672 1.25 7123 1737 8159 1981 7123 2257 8159 2566 
 Nicaragua 0.667 1.86 6015 2575 6890 2936 6015 3345 6890 3803 
Greater Antilles   (1.10) (1.74) (1.26) (1.99) (1.10) (2.26) (1.26) (2.58) 
 Cuba 0.809 1.35 3845 4723 4404 5401 3845 6134 4404 7003 
 Dominican Rep. 0.738 1.65 13153 6775 15067 7748 13153 8799 15067 10046 
 Haiti 0.463 1.23 1936 1335 2218 1527 1936 1734 2218 1979 
 Jamaica 0.764 1.24 5747 2522 6582 2884 5747 3275 6582 3739 
 Puerto Rico 0.942 1.50 9083 7416 10405 8481 9083 9632 10405 10996 
Lesser Antilles   (1.10) (1.19) (1.26) (1.36) (1.10) (1.53) (1.26) (1.75) 
 Antigua &  
 Barbuda 0.800 1.33 

 
2003 

 
694 

 
2294 

 
793 

 
2003 

 
892 

 
2294 

 
1020 

 Barbados 0.888 1.34 16 4 19 5 16 6 19 7 
 Dominica 0.743 1.19 93 25 107 29 93 33 107 37 
 Grenada 0.745 1.39 1407 430 1611 492 1407 554 1611 632 
 St. Kitts&Nevis 0.844 1.46 1036 624 1187 713 1036 802 1187 917 
 St. Lucia 0.777 1.56 15 7 18 8 15 9 18 10 
 St. Vincent  
 & Grenadines 0.751 1.54 

 
78 

 
29 

 
89 

 
33 

 
78 

 
37 

 
89 

 
43 

Bahamas   (1.10) (1.31) (1.26) (1.50) (1.10) (1.68) (1.26) (1.93) 
 Bahamas 0.815 1.25 923 985 1057 1241 923 1263 1056 1597 

Note: HDI =Human Development Index. MCE=Maximum Considered Events, represents the surge event 
or sudden loss risk. CL=Cumulative Loss, represents the total loss risk. ELP= Economic Loss Potential. 
Note that ELP is the product of the normalized values of population and GDP; which is used rather than 
GDP to more properly reflect the true loss potential, which is greater than just GDP. 
 
 
Future work 
 
This report has described a methodology for projecting future damage from tropical 
cyclones in the Central America/Caribbean region, and has presented some preliminary 
estimates. The report concludes that cumulative loss in Mexico’s Gulf ranges between 79 
and 102 billion dollars, for the 2020-2025 period. For Cuba the corresponding loss range 
is 4.7 to 7.0 billion dollars. There are however two remaining key issues: the 
methodology and the data. A summary of the outstanding issues with the methodology 
presented is given below. 
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• Research is continuing to understand the historical data record so as to better separate 
the influences of natural variability and global warming particularly with regard to 
landfall location. 

• The Monte Carlo model of hurricane tracks based on Bayesian statistics can be used 
to generate synthetic datasets of future landfall distributions, which also include 
increases in hurricane size and duration (in addition to increases in frequency and 
intensity). 

• Assessment of the return time for the maximum considered event. 
• The economic data on historical hurricane damage12 are not complete, and it is hoped 

that a more thorough investigation of a variety of sources and possible access to 
insurance databases would improve the completeness and accuracy of these data. 

• The method for normalizing historical damage (accounting for changes in population, 
GDP, and inflation) needs further examination and possible improvement. 

• Investigation of the relationship between damage and hurricane intensity is needed 
for each country. 

• Improved GDP projections are desired, and are undoubtedly available from World 
Bank sources. 

• Improved intrinsic socioeconomic vulnerability indices (such as those proposed by 
Cardona) are desired for all of the countries. 

 
Making full use of this type of analysis for a cost/benefit analysis of proposed adaptation 
strategies requires that the methodology be extended to include a more complete 
macroeconomic analysis; similarly, it requires a thorough assessment of the local 
geographic vulnerabilities. Understanding the full potential impact of global warming on 
losses from hurricanes requires a more complete economic and fiscal loss analysis. 
Assessment of the local physical vulnerability from hurricanes requires assessments for 
each country of the nature of local geographic vulnerabilities to storm surge, landslides, 
flooding, and winds. A country-by-country analysis of all these combined factors is 
needed.  
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