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Foreword  

 
Estimating the potential costs of climate destabilization is not a trivial matter. Potential 

climate impacts have multiple consequences, some of which can be monetized while 

others are beyond the reach of standard economic tools. A full assessment of the 

implications of climate impacts often cannot be completed because many of the 

consequences are only partly known. 

 

This report summarizes data recently made available, through the portfolio of adaptation 

activities in the region, on some of the damages induced by climate destabilization. These 

include impacts from hurricane intensification, glacier retreat, and increased exposure to 

tropical vector diseases, coral bleaching, and composite costs of climate change in the 

particularly vulnerable Caribbean Basin.  

 

Other costs are becoming evident but they still cannot be estimated. Most worrisome 

among these are the potential implications from Amazon dieback which, if realized, will 

drastically affect the water cycle in the region as well as environmental services essential 

to economic activity in the region, with wider global implications.  

 

However, this is far from the whole story, which must also include the costs to other 

species. The region is host to unique ecosystems of global importance, including the 

Amazon rainforest, the coral reefs in the Caribbean, the high-mountain ecosystems of the 

Andes, and the vast coastal zones in the Gulf of Mexico. All of these habitats are 

seriously threatened by climate change. The region includes five of the worldôs ten most 

bio-diverse countries (Brazil, Colombia, Ecuador, Mexico, and Peru) and the worldôs 

single most biologically diverse area (the eastern slope of the Andes).  

 

Although the full implications of these impacts are yet to be estimated, this report 

presents some of what is already known, with information derived from activities in the 

adaptation to climate change portfolio in the region.  The report thus summarizes the 

value of damages induced by hurricane intensification, coral mortality, glacier retreat and 

warming of mountain ecosystems, increased incidence of tropical vector diseases, for 

specific areas of Latin America. The estimates range from tens of billion dollars as a 

result of increases in hurricane frequency and intensity in the Caribbean basin to a few 

million resulting from increased exposure to Malaria and Dengue in the Colombian 

piedmont.  The estimates correspond to different analysis and while grossly consistent in 

terms of future climate assumptions, no effort was made to homogenize the timing of the 

projections. 

 

The report refers to destabilization in the title as recognition, that the region is now facing 

impacts from major, destabilizing changes in its climate. The report does not include 

consideration of possible future adaptation actions, which may lower the impact and costs 

of climate destabilization in Latin America. The high costs potentially imposed by 

climate change underscore the importance of undertaking appropriate adaptation 

responses.  
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Climate Hotspots: Climate - Induced Ecosystem Damage in Latin 

America  

 

Walter Vergara 

World Bank 

 

Introduction. This chapter serves as an introduction to the rest of this document.  It 

introduces a typology of vulnerable ecosystems and a description of how these are being 

affected by climate impacts.   

 

The global path of CO2 already surpasses that anticipated under the worst-case SRES 

scenario (Figure 1). Thus, the current trend may result in a situation that exceeds the 

direst of anticipated consequences. Although there are uncertainties with regard to exact 

consequences, there is high confidence (IPCC 2007) that impacts from climate change, 

even under significantly more modest emission scenarios, will affect the functioning and 

integrity of key ecosystems worldwide. These impacts will add to the stress already 

resulting from local anthropogenic effects (Millennium Ecosystem Assessment 2007) and 

combined represent an unprecedented challenge to the global biosphere. While the 

impacts are being felt globally, some regions will be more affected than others. 

 

In particular, the effects of climate change
1
 will likely heavily impact Latin America and 

the Caribbean, where there remains a substantial, but intrinsically fragile, natural capital 

and where there are a number of climate-sensitive ecoregions. These climate-sensitive 

regions should be further characterized to reflect the relative vulnerability of dependent 

populations (not just humans) to climate impacts. The situation contrasts with a relatively 

modest volume of CO2 emissions generated in the subcontinent.
2
  

 

Before ensuing in a discussion on potential costs of climate impacts and required 

adaptation measures, there is a need to recognize that the best and probably cheapest 

approach to minimize the costs of adaptation is a forceful mitigation policy enacted, first 

of all, by the most energy-intensive societies. In setting up the proper framework for 

adaptation, dealing with adaptation costs without addressing mitigation is a losing 

proposition.  

 

 

 

 

 

 

 

 

                                                 
1
 In addition, climate change can affect climate variability, which modifies weather patterns in a very short 

time period (4ï10 years). This of course can also have unexpected impacts on ecosystems and humans.  
2
 With about 5% of the global share (1.4 billion tons in 2004) Latin America is a modest emitter of fossil 

CO2 emissions.  LAC has 8%  and 7 % of the global population and GDP respectively. 
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Figure 1. Comparison of current path of emissions  

with worst-case SRE (A1F) scenario 1995ïJune 2008 

 
Source: Observed CO2 values (through June 2008) taken from NOAA ESRL 

http://www.esrl.noaa.gov/gmd/ccgg/trends 

IPCC values taken from IPCC-DDC. http://www.ipcc-data.org/ddc_co2.html 

 

 

Addressing the irreversible loss of ecosystem services and biodiversity impacts is 

probably the single largest item in adaptation costs in Latin America and the 

Caribbean. As an example, cold-climate species (mountain tapirs, mountain anurans, 

high-altitude Andean flora and others) are likely to see their habitat in the Andes 

drastically reduced as temperature increases 3 to 4ºC during this century. Likewise, many 

coral species in the Caribbean may be bleached into oblivion during the same period. As 

horrific as this is, extinctions are just one of the symptoms of the loss of functioning 

ecosystems induced by climate change. Potential climate-induced reductions in the 

Amazon Basin (dieback of forests induced by climate change) would drastically impact 

the entire biosphere. 

 

Destabilizing these ecosystems will have much wider implications for environmental 

services required by many species. All these impacts on agriculture, power and water 

supply, and infrastructure can also be traced back to impacts on nature. Therefore, this 

should be the starting point for an assessment of climate impacts, one that centers on the 

planet and not just on our use of it. 

 

Moreover, the issue of relative vulnerability is critical at this point because it is being 

used, in combination with socioeconomic indicators, to make decisions that will affect 

the allocation of financial resources for adaptation. It is thus of more than scientific 

interest to assess the relative magnitude and consequences of climate impacts in Latin 

America and the capacity to respond. Vulnerability to climate impacts is thought to 

reflect both the potential impact and the capacity to respond. The capacity to respond, or 

adaptive capacity, in itself a subjective notion, is intended to reflect a measure of 

institutional and economic ability to manage the anticipated impacts. Compounded 

http://www.esrl.noaa.gov/gmd/ccgg/trends
http://www.ipcc-data.org/ddc_co2.html
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climate impacts arguably have important consequences in Latin America that will exceed 

the regionôs adaptive capacity.  

 

Some of the impacts can be monetized (quantified in economic terms) and this report 

presents several examples of this quantification. However, a significant share of the 

impacts is felt by ecosystems and the damage inflicted is more difficult to evaluate. 

Although the economic services provided by these systems can be quantified, many of 

the effects are borne by numerous other species with little or no chance to adapt 

unassisted to quickly changing environmental conditions. We require the methodologies 

and tools to estimate such costs, but these need to be acknowledged upfront and efforts 

should be undertaken to develop the instruments that would allow us to properly consider 

the costs of adaptation for natural capital. 

 

Climate Hotspots 

 

To visualize these impacts on ecosystems, it is useful to discuss the notion of Climate 

Hotspots as those comprising ecosystems that are particularly affected by the physical 

consequences of climate change. Focusing on hotspots also helps in defining areas that 

require urgent attention or need to be highlighted to press for forceful climate action. 

 

In this working definition, Climate Hotspots are defined by a combination of: 

 

Immediacy. Impacts are already being felt or the effects are expected to take place in the 

near term; 

 

Irreversibility. The changes experienced by the affected ecosystems cannot be reversed; 

 

Magnitude. The impacts would render the affected ecosystem non-operational or the 

damage is so thorough that the ecosystem is no longer providing meaningful levels of its 

original environmental services, many of which are difficult to assess in financial terms; 

 

Consequences. The changes would imply considerable losses of natural and eventually 

financial capital.  

 

This definition can be applied to some of the system-wide impacts in evidence in the 

region. These include: a) the bleaching of coral reefs, leading to an anticipated total 

collapse of the coral biome in the Caribbean Basin; b) the warming and eventual 

disabling of mountain ecosystems in the Andes; c) the subsidence of vast stretches of 

wetlands and associated coastal systems in the Gulf of Mexico; and d) the risk of forest 

dieback in the Amazon Basin (see Table 1 below). 
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Table 1. Some Climate Hotspots in Latin America 
Climate 

Hotspot 

Direct effect Immediacy Irreversibility Magnitude of 

physical impacts 

Economic 

consequence 

Coral Biome 

in the 

Caribbean 

Bleaching and 

mass mortality 

of corals 

Now Once 

temperatures 

pass the 

threshold for 

thermal 

tolerance, 

corals will be 

gone.  

Total collapse of 

ecosystem and 

wide-ranging 

extinction of 

associated species. 

Impacts on 

fisheries, 

tourism, 

increased 

vulnerability of 

coastal areas. 

Mountain 

ecosystems in 

the Andes 

Warming Now The thermal 

momentum in 

mountain 

habitats will 

result in 

significant 

increases in 

temperature, 

leading to 

major uni-

directional 

changes in 

mountain 

ecology.  

Disappearance of 

glaciers, drying-up 

of mountain 

wetlands, 

extinction of cold-

climate endemic 

species.  

Impacts on water 

and power 

supply, 

displacement of 

current 

agriculture and 

changes in 

planting patterns 

(with varying 

degrees of 

impacts 

depending on 

location, 

sesonality, and 

ability to adapt). 

Wetlands in 

the Gulf of 

Mexico 

Subsidence and 

salination; 

increased 

exposure to 

extreme 

weather  

This century Irreversible 

sea level rises 

will submerge 

coastal 

wetlands, 

affecting their 

ecology.  

Disappearance of 

coastal wetlands, 

displacement and 

extinction of local 

and migratory 

species. 

Impacts on 

coastal 

infrastructure, 

fisheries and 

agriculture. 

Amazon 

Basin 

Forest dieback This century If rainfall 

decreases in 

the basin, 

biomass 

densities 

would also 

decrease. 

Drastic change to 

the ecosystem, 

leading to potential 

savannah. 

Impacts on 

global water 

circulation 

patterns, 

agriculture, 

water and power 

supply on a 

continental scale 

 

 

Collapse of the coral biome in the Caribbean Basin 

 

Coral reefs are home to more than 25% of all marine species, making them the most 

biologically diverse of marine ecosystems and an equivalent to rainforests in land 

ecosystems. Corals are also very sensitive to changes in environmental conditions. When 

stressed by rising temperatures, corals are expected to lose the ability to conduct 

photosynthesis, eventually leading to their bleaching and death. Increased carbon dioxide 

concentrations in the atmosphere also lead to more acidic seas, which impairs the ability 

of corals to assimilate carbonates. Corals also play very important roles for other species, 
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providing the habitat for the spawning of many species and protection and mechanical 

support for other plants and animals.  

 

The warming of the Caribbean Sea has led to many impacts but scarcely any equals the 

intensity with which it has affected the coral reefs in this region (Wilkinson and Souter 

2008). Gradual and consistent increases in sea surface temperatures have yielded 

increasingly frequent bleaching events, the latest of which (2005) caused wide-scale 

bleaching throughout the region. As sea surface temperatures continue to increase, the 

ability of coral beds to withstand thermal shocks diminishes, leading to mass mortality. 

 

In the wake of coral collapse, major impacts are anticipated, including severe loss of 

biodiversity, impacts on fisheries, tourism, and coastal protection. Although the latter 

three can be reasonably monetized, the loss of species and ecosystem integrity is more 

difficult to evaluate, yet it may represent the most important of these consequences. One-

third of the more than 700 species of reef-building corals are already threatened with 

extinction. It is estimated that between 60 to 70 endemic species of corals in the 

Caribbean are also in danger (Carpenter et al. 2008). The costs of adapting corals to 

future environmental conditions in the Caribbean and protecting and recovering affected 

populations are likely to be very high, yet remain unassessed. The Bank is supporting 

efforts by the Caribbean Community Climate Change Center to develop a pilot for the 

recovery of coral populations affected by bleaching. This pilot could eventually provide 

some of the information required to make this assessment. 

 

The effects are immediate, major, and likely to be irreversible. The economic 

consequences for the countries in the region are severe. Clearly, the coral biome 

constitutes a Climate Hotspot even if the full value of the damage escapes quantification. 

 

 

Rapid warming of high-mountain ecosystems in the Andes 

 

Glaciers, mountain moorlands (páramos, neo-tropical high elevation wetlands) and cloud 

forests are experiencing abrupt climate change (Ruiz et al. 2008; Vergara et al. 2007). 

Analyses of ensemble products from global circulation models appear to indicate that the 

rate of warming may be faster at higher altitudes in the Andes (Bradley et al. 2006). 

Other analyses of field data confirm this trend. As discussed in the section on glaciers in 

this report, there is a well-documented major loss in ice cover in the Andes and 

substantial evidence that the associated glacier retreat is accelerating. Glacier retreat 

diminishes the mountainsô water regulation capacity, making it more expensive to supply 

water for human consumption, power generation, or agriculture, as well as for ecosystem 

integrity in associated basins. Impacts on economic activities can be monetized (see 

Vergara et al. 2007, and the chapter on glaciers in this report). However, the loss of 

integrity of high-mountain habitats is more difficult to evaluate. The combination of 

higher temperatures and altitudinal changes in dew points also affect high-altitude species 

with little room to move up.  

 



10  LCR Sustainable Development Working Paper No. 32 

 

High-mountain ecosystems, including páramos and snowcapped terrain, are among the 

environments most sensitive to climate change. These ecosystems have unique endemic 

flora and provide numerous and valuable environmental goods and services. Although 

understanding of glacier retreat and its consequences has significantly increased, the 

consequences of climate change on the functioning of páramos and cloud forests require 

additional work.  

 

Data recently made available (Ruíz et al. 2007) suggest that climate impacts have already 

altered the circulation patterns responsible for producing and moving water vapor to the 

region. These changes have probably contributed to the disappearance of high-altitude 

water bodies as well as to the increased occurrence of natural and human-induced 

mountain fires. It could also be behind some of the reductions in populations of mountain 

flora and fauna in the Andes. Thus, understanding the p§ramosô function and response to 

climate change remains a critical priority.  

 

Likewise, an analysis of páramo dynamics, supported by the Bank, points to worrisome 

temperature trends (for example, see Ruiz et al. 2008, Figure 2). These seem to indicate 

positive anomalies on the order of 0.6ºC per decade, affecting the northern, more humid 

section of the Andes. Other work, undertaken by IDEAM in Colombia as part of the 

Integrated National Adaptation Plan (INAP), is assessing changes in the carbon sinks of 

these ecosystems, induced by warmer soil temperatures.  

 

Changes in the altitudinal location of dew points, a consequence of warming of the 

troposphere, will also affect the relative formation of clouds and horizontal precipitation 

and eventually lead to disruption of cloud forests, which today in the Andes house an 

important fraction of global biodiversity. Rapid warming may also lead to an increase in 

the rate of desertification of mountain habitats. Combined, these impacts constitute a 

serious threat to water supply and critical habitats in the region. The changes are current 

(immediate) and cumulative, likely to be irreversible, and occur region-wide. 
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Figure 2. Observed temperature trends (observatory analysis) in the perimeter of 

the Los Nevados Natural Park in Colombia
3
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Source: Ruiz et al. 2008. 

 

Loss of wetlands in the Gulf of Mexico 

 

Wetlands provide many environmental services, including regulation of the hydrological 

regime; human settlement protection through flood control; protection of the coastal 

region; help in mitigating storm impacts; control of erosion; conservation and 

replenishing of coastal groundwater tables; reduction of pollutants; regulation and 

protection of water quality; retention of nutrients, sediments, and polluting agents; 

sustenance for human communities settled along the coast; and habitats for wildlife. 

 

Wetlands in the Gulf of Mexico have been identified by Mexicoôs National Institute of 

Ecology (INE) as one of the ecosystems that are most critical and threatened by 

                                                 
3
 Observed trends (observatory analysis) in minimum (top left quadrant), mean (top right quadrant), 

maximum temperatures (bottom left quadrant) and mean diurnal temperature range (bottom right quadrant). 

Circles denote the location of weather stations; red dots depict increasing trends; black dots depict 

decreasing trends; yellow solid line delineates the perimeter of the Los Nevados Natural Park; grey solid 

line shows the Claro Riverôs high altitude basin. 
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anticipated climate changes. Data published on projected forced hydro-climatic changes, 

as part of IPCC assessments (Milly et al. 2005) indicate that Mexico may experience 

significant decreases in runoffs, on the order of minus 10 to 20% nationally, and up to 

40% over the Gulf Coast wetlands, as a result of global climate change. Mexicoôs third 

national communication (NC)
4
 and other studies have documented ongoing changes in 

the wetlands of the Gulf and have raised urgent concerns about their integrity. Other 

studies have indicated that the wetlands in this region are particularly vulnerable to 

subsidence and saline intrusion, both forced by climate change.
5
 These impacts would 

further aggravate the countryôs water budget and critically affect the integrity of coastal 

wetlands. The threat is worrisome because the Gulf of Mexico possesses one of the 

regionôs richest ecosystems (Caso et. al. 2004).  

 

Located along the lower reach of the Gulfôs main water tributaries, the Gulf wetlands are 

considered the countryôs most productive ecosystem (INE 2007). The Gulf of Mexico is 

home to more than 75% of all coastal wetlands in Mexico. Forty-five percent of all 

shrimp, 90% of the countryôs oysters, and no less than 40% of commercial fishing 

volume originate in these geo-forms. The mangrove surface calculated for the Gulf of 

Mexico totaled 545,000 ha in 2000 but is being lost at a rate of at least 1% annually since 

1976 (with higher estimates of 2.5% per year; INE 2005). Global circulation models 

coincide in identifying the Gulf of Mexico as a coastal region highly vulnerable to 

climate-induced impacts.
6
 Although other coastal areas will also be prone to similar 

impacts, the biological and economic value of the region justifies it as a Climate Hotspot.  

 

Figure 3. Projected heat waves and precipitation changes in the Gulf of Mexico 

under Scenario A2 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

                                                 
4
 INE. 2007. Third National Communication to the UNFCCC. 

5
 Note, however, that aside from climate change there are other important reasons why wetlands are 

deteriorating in the Gulf of Mexico (i.e., industrial purposes). 
6
 Recent results of the work with the Earth Simulator, supported by the Bank as part of the preparatory 

work for Mexico: adaptation to climate impacts in the Gulf of Mexico and other modeling tools confirm the 

magnitude of the challenge. 

 

Source: Data developed by INE during preparation of Adaptation to Impacts in the Gulf of 

Mexico Wetlands 
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Risk of Amazon dieback 

 

The Technical Summary of the Fourth Assessment Report of the UNFCC, reflecting 

a consensus view, indicates a potential Amazon loss of between 20 and 80% as a result of 

climate impacts induced by a temperature increase in the basin of between 2.0 and 3.0ºC. 

The IPCC also indicates a likelihood of major biodiversity extinctions as a consequence. 

If this loss takes place, it would be one of the most profound potential impacts of 

climate change in the twenty-first century and it would affect the ecosystem 

integrity of the large Amazon Basin. Temperature increases and disruption in 

precipitation cycles would seriously hamper the workings of the Amazon as a forest 

ecosystem, reducing its capacity to retain carbon, increasing its soil temperature, and 

possibly forcing the Amazon through a gradual process of savannization. However, 

Amazon dieback will not only be a result of climate change but it would also contribute 

to it and accelerate global warming by the release of carbon dioxide into the atmosphere. 

Thus, the Amazon dieback is not a unidirectional impact of climate change but it can 

result in a vicious feedback loop that will also affect the hydrological cycle and that could 

trigger the process of desertification over other areas of Latin America. 

 

Although there is no agreement in the scientific community on the likelihood and pace of 

this savannization process, some models indicate a drastic reduction in biomass cover as 

a result of reductions in rainfall in the western Amazon (up to a 90% reduction by the end 

of the century; Cox 2008). These predictions were reinforced in 2005 when large sections 

of southwestern Amazonia experienced an intense drought (among the most severe of the 

last hundred years). The drought severely affected settlements along the river and its 

western and southwestern tributaries. The causes of the drought were clearly not related 

to El Niño,
7
 but at the time of its occurrence there was an anomalously warm tropical 

North Atlantic, and a reduced intensity in northeast trade wind moisture transport into 

southern Amazonia during the peak summertime season was experienced. The weakened 

upward motion over this section of Amazonia resulted in reduced convective 

development and rainfall (Alves et al. 2008). 

 

The Amazon rainforest plays a crucial role in the global climate system. It helps to drive 

atmospheric circulation in the tropics by absorbing energy and recycling about half of the 

rainfall that falls upon it. Furthermore, tropical rainforests are estimated to account for 

over 40% of global net primary productivity and the Amazon basin accounts for a 

significant fraction of this total (Melillo et al. 1993). Despite large-scale deforestation, it 

still seems likely that the region continues to act as a net sink for anthropogenic CO2 

emissions. Impacts derived from dieback include the reduction of moisture delivered to 

the Central and Northern Andes and effects on the functioning of the northern plains in 

Brazil and Argentina. However, the largest predicted decrease of precipitation in 

                                                 
7
 El Niño-Southern Oscillation (ENSO) is related to climate variability. According to NOAA, El Niño is an 

oscillation of the ocean-atmosphere system in the tropical Pacific having important consequences for 

weather around the globe. These consequences include increased rainfall across the southern tier of the US 

and in Peru, which has caused destructive flooding, and drought in the West Pacific, sometimes associated 

with devastating brush fires in Australia. 



14  LCR Sustainable Development Working Paper No. 32 

 

continental regions, outside of the tropics, as a result of reduction in biomass density in 

the Amazon is seen in North America (Avissar and Werth 2005). 

 

Figure 4. Schematic of the structure of the Bank-supported  

Risk Analysis of Amazon Dieback 

  
 

Amazon dieback is a severe potential climate change impact in Latin America, yet its 

prospects are poorly understood. The resilience of the forest to the combined pressures of 

deforestation, land use changes, and human-induced fires, coupled with climate change, 

is therefore of great concern. 

 

The Bank is supporting the assessment of the risk of Amazon dieback induced by climate 

impacts. The structure of the task, which includes the downloading of Earth Simulator 

data for end-of-century climate in the basin, the development of a probability 

development function for rainfall as a function of CO2 concentration, and the assessment 

of biomass response to these changes through the application of the LPJ model and a 

consequence analysis, is depicted in Figure 4. Recent results from the application of the 

Earth Simulator are already available and some of the data indicate a projected reduction 

in rainfall during the dry season and an increase in consecutive dry days (Figure 5). 
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Figure 5. Anomaly in consecutive dry days (CDD) predicted through the  

Earth Simulator for end of century, Scenario A2 

 

 
Source: Kitoh A.,2008. 

 

 

Relative Vulnerability  

 

Do all of these at-risk ecosystems make the region particularly more vulnerable than 

others? The wide geographical coverage and diverse character of these impacts seem to 

indicate so. The combination of large-scale loss of functioning ecosystems (home to a 

significant share of global biodiversity), the significant potential impacts on power and 

water supply, and the very likely increased costs in health and food make the region a 

priority in the climate change adaptation agenda. It is obvious that few other impacts may 

rival in costs the consequences of Amazon collapse, desertification of the Andes, and 

destruction of coral reefs. The lack of adaptation strategies, responses, and programs 

could make the costs of these impacts higher. 

 

The magnitude of the population that could be affected and its ability to cope with the 

potential impacts is a question that currently cannot be answered with certainty. 

Subsequent sections of this report present cost data for very specific situations. An 

estimate of costs induced by the intensification of hurricanes in the Caribbean Basin is 

presented by Judith Curry and colleagues. The aggregated costs of climate impacts in the 

Caribbean are presented by Natsuko Toba, based on an earlier report by Erik Haites. An 

analysis of potential consequences of coral loss and the costs of glacier retreat, illustrated 

by impacts on the cost of water and of power supply in Peru, are presented in reports by 

Walter Vergara and colleagues, (the latter, expanding on an analysis published in 2007). 

The costs associated with increased exposure to tropical vector diseases in Colombia are 

estimated by Javier Blanco and Diana Hernández. The analysis, although limited by the 
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scope and availability of data, paints an emerging picture of significant and growing 

economic consequences of climate impacts.  

 

The report includes other impacts, including the analysis of the current status of the coral 

biome and the trends in sea level rise with its potential impacts on coastal infrastructure 

and ecosystems, despite the lack of associated monetization of such impacts. 

 

There is a growing discussion on the need to allocate scarce adaptation resources in areas 

that are not only likely to receive the brunt of impacts but also for populations that lack 

the capacity to respond. Clearly, there is a significant advantage in implementing 

adaptation strategies and programs in these areas. However, provided that impacts are 

comparable for different regions, the following questions on how to allocate adaptation 

resources emerge: Should adaptation resources be allocated on the basis of lack of 

capacity to respond? Is it not better to invest resources at the start of large adaptation 

programs, in those areas that could use them more expeditiously and arguably with better 

results? Would it not also make financial sense to invest in protecting critical ecosystems 

already affected by climate impacts and whose collapse will literally impoverish the 

Earth? These are questions that require further dialogue and a timely response. 
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Potential Economic Impacts  of Hurricanes in Mexico, Central 

America, and the Caribbean ca. 2020 ï2025  

 
J. Curry, M. Jelinek, B. Foskey, A. Suzuki, P. Webster 

Georgia Institute of Technology 
 

Introduction  

 

This report builds upon our previous report, ñLandfalling Tropical Cyclones in Central 

America and the Caribbean: Past and Futureò (June 15, 2007). In this report the authors 

make specific projections of landfalling tropical cyclones for a five-year period ca. 2020ï

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. 

 

Methodology 

 

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. 2020ï2025 
 

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 
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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 0.6
o
C 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 

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 2020ï2025 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. 

 
 

 

 

 

 

 

 

 

 

 

 

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 0.6
o
C SST increase, we take two 

approaches. The first approach compares the two yellow periods in Figure 2 (1928ï1945 

and 1994ï2002), finding a scaled increase of 6.4 TCs for an equivalent 0.6
o
C 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 1968ï1977 period (encompassing a minima in the 

SST) with the last 10 years (1997ï2006), encompassing the warmest part of the 

temperature record and resulting in a scaled increase of 5.4 TCs for an equivalent 0.6
o
C  

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 
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scaled annual increase in the number of tropical cyclones for a 0.6
o
C SST increase to 

range from 0ï1. Thus, we bound the projected increase in North Atlantic TC frequency to 

be 0 to 5.  

 

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. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
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We seek to estimate the frequency of Central American and Caribbean landfalls for a 

five-year period ca. 2020ï2025 in the following five zones: Mexico, Central America and 

the Yucatan, Bahamas, Lesser Antilles, and Greater Antilles. 

 

This is accomplished 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 2020ï2025 is the same for the 1995ï2006 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: 1946ï1964 (green), which is the closest representation for 

natural variability, and the most recent active period (1995ï2006), 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 2020ï2025 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 2020ï2025 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 

1946ï1964 and 1995ï2006 

 

 
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 
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projections difficult, but it does appear that the combination of natural and anthropogenic 

forcing mechanisms will lead to multiple landfalls by major hurricanes in the region for a 

typical year in the 2020ï2025 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. 
 
 

 

 

 

 

 

 

 

 

 

 

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 0.6
o
C 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. 

2020ï2025 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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An 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 0.6
o
C 

SST. High-resolution climate models indicate a 2% intensity increase when scaled for a 

0.6
o
C 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 0.6
o
C global warming by 2ï5%. This translates to a 6ï16% increase in wind damage 

(which goes up as the cube of the wind speed increases) and a 15ï40% increase in total 

damage (which goes up as the 7
th
 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 5
th
 power of the 

intensity to estimate damage (where a 2ï5% intensity increase corresponds to a 10ï26% 

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, four different scenarios are delineated for the characteristics of 

regional landfalling tropical cyclones ca. 2020ï2025, 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 2020ï2025 for each scenario as 

well as an average of the four scenarios, scaled relative to the average values for the 

2001ï2006 period. These factors are used in the next section in the projection of damages 

for the 2020ï2025 period. The landfall A scenario corresponds to the ñ2020ï2025 Lowò 

column in Table 1, and the landfall B scenario corresponds to the ñ2020ï2025 Highò 

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 1979ï2006 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 ï In 2007 U.S. dollar amounts. 

¶ I ï 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 ï 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 ï 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 (1926ï1966) 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 Mexicoôs large size, we consider damage statistics separately 

for six states (grouped under ñGulf Coastò) 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: 

Å Maximum Considered Events (MCE): for each country, the single tropical cyclone 

that caused the most damage and loss of life. 

Å 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 

1979ï2006 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 1950ï1978 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. 

 




