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FOREWORD



Climate Change has become a subject on intense debate spanning the realm from science to politics. On the scientific arena much progress has been made in understanding how natural factors have contributed to the continuous oscillations between glacial and warm ages on Earth. In contrast, significant uncertainties still remain regarding the influence of anthropogenic factors on climate change.



Against this background of increasing knowledge and remaining uncertainty, the scientific effort to improve our understanding of the complex interactive processes that constitute the Earth’s climate continues, while policy-makers struggle to decide what human actions may be needed to adequately interact with climate change and climate variability.


THE U.S. COASTAL SOUTH ATLANTIC AND CARIBBEAN REGION



It is appropriate that the National Assessment (NA) process recognizes the special characteristics of our coastal and island regions, by calling for a workshop and a regional assessment effort for the U.S. Coastal South Atlantic and the U.S. Caribbean region.



These special characteristics of the region result from the evident transition area found at the coast line, where land meets ocean, where the effects of climatic processes far inland or over distant portions of the tropical oceans are felt, often with clashing consequences far beyond those reflecting purely regional parameters.



This point can be illustrated by recognizing that the coast line is the final destination of all surface flowing waters in the land, but at the same time it is the first line of defense against the impact of storm surges and ocean currents.



This specific region, as designated by the NA, includes the coastal areas of Florida including islands known as the Florida Keys, Georgia, North Carolina and South Carolina as well as the Caribbean islands of Puerto Rico and the U.S. Virgin Islands.



While no official NA definition has been given for coastal areas, it could be argued that at the very least such areas would include all coastal counties in the region, and the totality of all islands in it. A similarly logical argument would be, that the coastal areas should include all land from the coast line to one hundred miles inland; the hundred mile distance identifying a demarcation line where the effects of most over-ocean extreme events would still be felt, and the point where the transition from inland processes to coastal ones begins.



In the specific case of Florida it  would be absolutely logical to include the whole state in this region, given not only its special geographical characteristics as a narrow peninsula with no inland point more than 70 miles from the coast line, but also because of the interdependency of certain processes within the state. Chief among these are, the Kissimmee-Okeechobee-Everglades freshwater transport system, the ground water aquifers that extend across much of the state. To these must be added the bimodal characteristic of the state with respect to areas of hurricane cyclogenesis, which makes both coastlines vulnerable to storms originating in the Atlantic or in the Caribbean/Gulf of Mexico regions.


THE CLIMATE CHANGE AND EXTREME EVENTS WORKSHOP



Climate change has the potential, like many other natural hazards, of giving raise to disasters catching humankind by surprise. A parallel must be drawn here to extreme natural events, from earthquakes that strike for a few seconds and hurricanes that are tracked for days until they make landfall, to slowly evolving disasters such as the Dust Bowl that was many years in the making and still caught many by surprise.



The element of surprise inherent in disaster brought about by natural hazards is mainly a reflection of humankind lack of preparedness, or a result of ignorance regarding poorly understood natural processes or the true consequences of interaction of human activity with such hazards.



Although nature will always retain the capability of surprising humankind by surpassing even the best estimates of magnitude, location and frequency for given events, societies around the globe must strive to reduce the surprise factor to its minimum expression. This should be achievable to the degree that available information is converted into knowledge that is then distributed to all by way of educational and outreach activities.



Climate change, whether resulting from natural cycles or anthropogenic forcings, must not be allowed to spring devastating surprises around the globe. Toward this end, this workshop is an attempt to map out the state of knowledge and the need for future action regarding the potential regional effects of climate change on our coastal and island region.



For the purposes of this workshop extreme events are those that have the potential of bringing damage, meaning loss of life or material losses, to different sectors of activity or areas around the region.


QUESTIONS



In order to effectively contribute to the process of a NATIONAL ASSESSMENT this workshop chose to ask the following questions:


1. What are the current stresses being experienced in the region?


2. What effects may climate change have on these regional stresses?


3. How can regional stakeholders cope with these problems?


4. How can regional stakeholders mitigate the adverse regional effects of climate change?


5. What kind of information is needed for regional stakeholders to cope and mitigate?


6. How can we convert available information into practical knowledge?


7. How do we communicate this practical knowledge to regional stakeholders?


WORKSHOP THEMES



Being one in the series of OSTP/USGCRP workshops, the Climate Change and Extreme Events forum maintained consistency with many of the other workshops in the series by focusing its debate and dialog on the following themes:


1. Identified Global Trends in Climate Change and Climate Variability;


2. Existing Regional Stresses and Issues;


3. Interaction of Global Trends and regional Stresses and Issues;


4. Potential Regional Impacts and Opportunities from Climate Change and Climate Variability;


5. State of Knowledge on Climate Change and Climate Variability;


6. Information Needed to Understand Climate Change;


7. Coping with Climate Change and Climate Variability; 


8. Mitigating the Regional Impacts of Climate Change and Climate Variability;


9. What is the Cost of Climate Change and Climate Variability?


10. Identifying Manageable Human Influences and Needed Action.


STAKEHOLDERS AND SECTORS


Stakeholders:



The Climate Change and Extreme Events workshop sought effectiveness by addressing the role of the research and academic community in improving the state of knowledge and in tackling remaining uncertainties. Also by involving regional stakeholders and by focusing on their concerns about regional vulnerabilities and, potential impacts and opportunities and the need for action.



Undoubtedly all sectors of society could be considered stakeholders based on their vested interest in the region and its future. Regional authorities, industry and business, all types of local/regional public and private organizations, and the general public are all stakeholders.



However in the interest of maximizing the effectiveness of this workshop within the constraints of time an available resources, stakeholders were defined as those representing keystone sectors in the region. This means sectors with the potential for significant regional impact as they take advantage of opportunities, or cope with potentially adverse impacts from climate change and climate variability.



Major stakeholders representing such regional keystone sectors include:


1. Emergency Manager;


2. Water Managers;


3. Financial Industry Representatives;


4. Insurance Industry Representatives;


5. Tourism and Travel Industries Representatives;


6. Coastal/Marine Environment Managers;


7. Health Care Industry Representative;


8. The Everglades and Other Environmental Protection Managers;


9. Fisheries Managers;


10. Regional Utilities Managers;


11. Island Communities;


12. Regional Universities and Research Institutions.


Sectors:


Recognizing that even these selected stakeholder groups represented too wide a scope of interests to be effectively addressed during the workshop, the decision was made to focus dialog and debate on the following stakeholder sectors:


1. The Coastal/Marine Environment;


2. Water Resources;


3. The Health Sector;


4. Keystone Industries, i.e.: Tourism, Insurance, Banking, Agriculture;


5. The Urban Environment;


6. The Everglades.


WORKSHOP STEERING COMMITTEE


Margaret Davidson



Director, Coastal Services Center



National Oceanographic and Atmospheric Organization (NOAA)



(843) 974-6200



mdavidson@csc.noaa.gov


J. Michael Hall



Director, Office of Global Programs (OGP)



National Oceanographic and Atmospheric Administration (NOAA)



(301) 427-2089 x35



hall@ogp.noaa.gov


Christopher W. Landsea



Meteorologist, Hurricane Research Division


National Oceanographic and Atmospheric Administration (NOAA)



Atlantic Oceanographic and Meteorological Laboratory (AOML)



(305) 361-4357



landsea@aoml.noaa.gov


Stephen P. Leatherman



Director and Professor, International Hurricane Center



Director Laboratory for Coastal Research



Florida International University



(305) 348-1607



leatherm@fiu.edu


Roger Pulwarty



NOAA Climate Diagnostic Center (CDC)



Cooperative Institute for Research in Environmental Science



University of Colorado



( )



rcp@cdc.noaa.gov


Harold Wanless



Department of Geological Sciences



University of Miami



( )


Ricardo A. Alvarez



International Hurricane Center



Florida International University



(305) 348-1607



alvarez@fiu.edu

WORKSHOP AGENDA


CLIMATE CHANGE AND EXTREME EVENTS 


U.S. South Atlantic Coast & Caribbean Region


 (Atlantic Coastal Areas on Florida, N. Carolina, S. Carolina, Georgia,


 the U.S. Virgin Islands and Puerto Rico)


Organized by: The International Hurricane Center at Florida International University

Sponsored by: The U.S. Global Change Research Program, The White House Office of Science and Technology Policy, and The NOAA Office of Global Programs

July 21-23, 1998


Kovens Conference Center


Florida International University


Tuesday, July 21, 1998


15:00 – 16:00

Steering Committee Meeting/Rapporteurs Meeting


15:00 – 17:00

Registration at Kovens Conference Center


17:00 - 19:00

Welcoming Reception at Kovens Conference Center Banquet Hall





Welcoming Remarks: FIU President Modesto Maidique


Wednesday, July 22, 1998


8:15 – 9:00

Continental breakfast – Registration


9:00 – 12:00

PLENARY SESSION







Opening Remarks:
FIU Provost Mark Rosenberg

IHC Overview: 

IHC Director Stephen P. Leatherman

State of the Science:
USGRP Michael MacCracken


National Assessment: 
NASA Anthony Janetos


The Region:
NOAA CSS Margaret Davidson


The Federal Perspective: 
DOC Undersecretary James Baker

A Stakeholder’s View: 
Mr. Craig Wheeling

Administrative Matters:
IHC Assoc. Director Ricardo A. Alvarez

12:00 – 13:30
LUNCH at KOVENS CONFERENCE CENTER


Speaker: IHC Board President Mr. Robert Epling



Wednesday, July 22, 1998  continued ..


13:30 – 15:00
SESSION 1: 
CLIMATE CHANGE AND HURRICANES




Linkages between climate variability or climate change and hurricanes. What is the correlation between climate and hurricane intensities, frequencies, tracks or storm surge? Do El Niño events provide some of the answers? How may climate change affect our predictive capabilities?


13:30 – 15:10
SESSION 2: 
CLIMATE CHANGE AND WATER      






RESOURCES


Conflict between development and flood control and water resources for human activity, and for the environment. Potential effects of climate change on the Everglades, a critical ecological resource in this region. How will the hydrology of the Everglades be affected? Will the fresh water supply be affected by salt-water intrusion in this area? How will wildlife, including protected species, be impacted? What stresses will be placed on the life chain that depends on the Everglades-Florida Bay symbiosis?




15:30 – 17:10
SESSION 3: 
CLIMATE CHANGE – SEA LEVEL RISE 



AND COASTAL IMPACTS




How climate change has resulted in sea-level rise and how this, in turn, results in a wide range of potential impacts to coastal zones worldwide? Trends in sea-level rise will be analyzed. Potential negative impact to population and the built environment will be discussed. How changes have affected the marine environment placing ecosystems under severe, often fatal, stress? How resulting coral reef bleaching may accelerate resulting in loss of barrier reef and adverse effects on beaches and coastal areas?

Wednesday, July 22, 1998  continued ..


15:30 – 17:10
SESSION 4: 
CLIMATE CHANGE AND HEALTH 








ISSUES




Will global warming bring drought or heat waves that could severely affect the health of residents of this region? Will climate change bring a “tropicalization” of  temperate zones and could this, in turn,  result in increased outbreaks of certain diseases? How will all of this affect public health in our region and elsewhere? What will the effects be on the ecological health, as more pests attack crops and forest causing what may be irreparable damage? How changes in ocean water quality may affect seafood safety?

19:00 – 22:00
DINNER at THE BANKERS CLUB





One Biscayne – 14th Floor, Miami 


Speaker: William Talbert - Greater Miami-Dade Visitors and Convention Bureau



Thursday, July 23, 1998


8:00 – 8:45

Continental breakfast


8:45 – 10:25
SESSION 5  CLIMATE CHANGE AND ISLANDS

The special vulnerability of islands to the adverse effects of climate change. Sea-level rise, more frequent or intense hurricanes or drought, can have more severe impacts on islands than elsewhere. How these potential negative impacts would affect islands in our region, such as Puerto Rico, the U.S. Virgin Islands or the Florida Keys, and numerous barrier islands?

Thursday, July 23, 1998 continued ..


8:45 – 10:25   SESSION 6: 
CLIMATE CHANGE AND INSURANCE




From extreme hazard events to gradual adverse impact, many of the effects of climate change on the South Atlantic coastal regions, and on islands, carry the potential for increased injury and loss of life, and of actual structural damages, business disruption and other adverse economic implications. The insurance industry, already a major stakeholder, will have to analyze these potential impacts and their effects on itself. Also, mitigation measures to reduce the potential for damage will need to be analyzed.




10:45 – 12:15
SESSION 7:  
CLIMATE CHANGE AND SOCIO –








ECONOMIC IMPACT



What is the price we may have to pay both in human and economic terms as a result of climate change? What will be the cost of future disasters resulting from more intense or frequent natural hazards, brought about by climate change? How will the economic base of this region change as a result of climate change? What will be the impact on such important activities as tourism, agriculture, construction and insurance?


10:45 – 12:25   SESSION 8:         CLIMATE CHANGE & FUTURE   ACTION




How humankind may take actions to reduce, or change, the adverse effects resulting from climate change? How can we change what we are doing in order to mitigate potential adverse impacts from climate variability or climate change? Can we have control over some of these causes and, if so, can we act on them? When do we need to take actions?

Thursday, July 23, 1998 continued ..


12:25 – 13:40
LUNCH:  Speaker:  State DCA Mr. Douglas Buck


13:40 -  14:30
RAPPORTEURS MEETING


13:30 – 14:30
VIDEO PRESENTATIONS


VANISHING LANDS: IHC Director Stephen P. Leatherman


Assessment of Climate Change Impacts Through Spatial Data


 FIU -School of Computer Science Nagarajan Prabhakaran


14:30 – 16:30
PLENARY SESSION





CHAIR:  Climate Institute Mr. John Topping



Rapporteurs’ summary reports. General discussion. Stakeholders and Key Issues in the Region. Suggestions for a Plan of Action. Regional Findings as Foundation for Regional Assessment.  Integrating the Regional Assessment with the National Assessment.


CLOSING REMARKS: IHC Director Stephen P. Leatherman


  OPENING  PLENARY  SESSION 




PROGRAM EXERPTS:


1. The session was opened at 9:00 AM on Wednesday, July 22, 1998 by Plenary Chair  Stephen P. Leatherman, Director of the National Hurricane Center (IHC), who then proceeded to introduce Florida International University Provost Dr. Mark Rosenberg.


2. Mark Rosenberg: 


· Miami is a city "on the edge". 1000 new people arrive each week fueling a demographic explosion. This is a city with new leadership.


· Miami is literally on the edge when it comes to climate, weather and natural hazards.


· FIU has been here for 25 years. With 31,000 students and 1000 faculty members, its enrollment is growing every year.


· FIU is a comprehensive research university where sponsored research, both basic and applied, is growing at 20% per year. FIU has the objective of becoming a Research 1 type institution by the year 2000.


· FIU has adopted five main sectors to guide its academic and research efforts, these are:


· Health


· Urban


· International


· Information


· Environment


· As academicians and as members of the community, we at FIU have a vital stake and interest in research and in problem solving, and also in accountability, not only to the community, but also on the basis of research.


· FIU is proud to host the IHC, a Type 1 State Research Center that plays a crucial role in many themes concerned with U.S. coastal areas and the Caribbean.


· FIU is looking forward to the results of this workshop and stands ready to push ahead with the agenda that will be formulated here.


3. Stephen Leatherman:


· Many more people are affected by hurricanes on a yearly basis than are impacted by earthquakes. Cumulative losses are also higher for hurricanes than for earthquakes. In spite of this, federal funding for earthquake research is several times higher than that for hurricanes. It is essential to bring research funding levels for hurricanes on a par with funding for earthquake research.


· 40% of FEMA flood insurance policies are sold yearly in Florida. And insurance premiums are going up.


· The insurance industry has shown great interest in understanding the nature of hurricane risk. There is a need for the research sector to work with the insurance industry in this.


· The IHC is investing in tools and research to combat extreme events in this region. One specific tool to be used in this effort, is an airborne laser terrain mapper. The first of its kind purchased by the academic research sector, this laser will allow a high technological tool to be used in mapping vulnerable regions to better understand potential risks and to help with identifying mitigation measures.


· Another important project aims to deploy automated weather station, coupled with ham radio communication equipment, throughout the Caribbean basin to supplement the data gathering network of the NHC, with a system capable of providing real time surface observations to assist the NHC with its predictions of track and landfall.


· The IHC is uniquely positioned to look at the coastal impacts of extreme events, to conduct assessments of such potential effects on the region, and to work in identifying mitigation measures to reduce the potential for damage from such events.


· The impact of climate on coastal areas and on extreme events fits nicely into the IHC research agenda.


4. Michael MacCracken:


· Many years ago at a meeting here in Florida the question was " is climate an issue?" We now know that climate is an issue.


· Poet Archibald MacLeish once said that we are "..riders on this planet". When it comes to climate we no longer are just "riders", we are now "..drivers of this planet"


· Everyone now agrees there is a greenhouse effect that is fueled by natural and human emissions of greenhouse gases, including CO2 .


· CO2 atmospheric concentration has changed mainly as a result of human forcing.


· The U.S. emits 5 mt/person/year
 of CO2 into the atmosphere versus a world average of  1 mt/person/year, making this country the worst contributor.


· Human activity now contributes 6.0 billion metric tons of carbon per year to the atmosphere. This quantity would be enough to "green" the northern hemisphere every year.


· Climate is warming. The earth itself is warming including the ground (earth's crust), the oceans, the surface and the atmosphere. The rate of warming is unusually rapid.


· What about the future? If we continue using present technology for energy production, carbon contributed to the atmosphere by human activity will reach 60 billion metric tons by the year 2035, a tenfold increase from present day contributions.


· If a program to implement technological improvements in energy production human carbon contributions could be held instead to 20 billion metric tons per year by 2035.


· Another consequence of global warming is sea level rise. A best estimate is that sea level will rise by 50 centimeters by the year 2100 in comparison to a rise of 10 to 25 centimeters over the past 100 years.


· Other consequences may include increased precipitation in high latitudes, and a shift in ocean currents including the gulfstream resulting in sharply cooler climate over Europe.


· Main impacts of these changes in temperature, sea level and precipitation will have adverse impacts on health, agriculture, forests, water resources, coastal areas and other sectors.


· The Kyoto Protocol is a global effort at stabilizing emissions, but there is a polarized debate between nations around the world. Developing nations say "if you cut back our emissions you are risking our economic wellbeing", while Developed nations say "if you don't cut back your emissions you are risking our ecological wellbeing". This is a difficult issue that will require global cooperation and sacrifices by all for the good of everyone.


5. Anthony Janetos:


· What it may cost to change (improve) our energy efficiency. Just a few percentage points of GNP per year. This cost is within this country's capabilities, what is needed is the will to commit the resources to do it.


· The National Assessment of the Potential Consequences of Climate Variability and Change, the National Assessment (NA) for short, has the following goal: to analyze and evaluate the potential consequences of climate change and variability for the nation, in the context of other pressures on the public and the environment.


· The NA is based on the following principles:


· Scientific excellence


· Open process


· Broad participation


· Public-private partnership


· The components of the NA are:


· Regional activities:


 a) Workshops 


 b) Regional Assessments


· Sectoral analysis


· Synthesis Report


· A total of 20 regional workshops will be held, going back to 1997. Important issues are coming out of these workshops. A common subjects across regions has been the trends in precipitation and drought. Another one is what might happen to agriculture. There is agreement that an increase in CO2 is good for crops provided there is enough moisture and nutrients in the ground, but this is also good for weeds, so the issue may be more complicated than it appears.


· Five specific sectors have been chosen for analysis: a) coastal zones, b) agriculture, 


      c) forestry, d) health, e) water resources.


· The Synthesis Team will put together the Synthesis Report on the basis of climate scenarios that use historical data sets, are based of simulation results from the GCMs
 and are region and sector specific.

· Socio-economic scenarios of regional climate change/variability impacts by sector will be an essential component of the Synthesis Report.

6. James Baker:


· I am here representing NOAA and on behalf of the Office of Science and Technology Policy (OSTP). Very pleased to be here and to acknowledge the very nice synergy that exists between the IHC and the National Hurricane Center (NHC).


· It has been said here that several years ago the question was: is climate an issue? Yet CNN just aired a one-hour special on global warming. So the issue of climate change is now part of the national news.


· Climate change is an issue that the Administration feels is very important. This is an important matter that touches all sectors of society.


· Climate change is really a critical issue, one that we must learn to deal with. This is an issue that will require everybody working together to deal with it.


· We must work together to make everyone understand what climate change is, and what are the stresses that it may cause. Also, how to mitigate the adverse impacts of climate change, and how to deal with future stresses.


· Climate is very variable, but we are seeing some trends: a) greenhouse emissions are growing at about 1% per year,  b) a doubling of CO2  means temperature increases, c) at 4x CO2 the world will much warmer than it is today.


· Better observing tools are needed.


· We need to understand that climate change is more than global warming and El Niño.


· It must also be understood that if we do nothing, we will witness major changes in climate in the future.


7. Margaret Davidson:


· There is something very special about this coastal and island region. About 75% of the population have moved to this region in the past 30 years. Because of this most people do not have a first hand connection with historical meteorology. What this means is that a lot of the population is not familiar with regional climate issues.


· The demography of the region is also changing. Now the average resident is older and the seasonal and temporary population, represented by tourism and "snow birds" has grown to very large numbers. The importance of tourism becomes critical because of its elasticity, meaning that it could change because of external factors. For example, a person may not defer a visit to a doctor, but could postpone a vacation if the economic situation is bad.


· The region is exposed to practically every natural hazard there is except major ice storms.


· Most eco-systems in the region are either storm dominated or drought dominated.


· Shallow water systems in the region are very fragile. They can be affected by storms and other natural hazards. For example after the wild fires that affected the region earlier this year there was a lot of carbon on the ground, but in addition the chemicals used to combat the fires ended up creating a water quality problem.


· Approximately 26% of our coastal (Atlantic and Gulf) barrier islands are in the region.


· Climate change has the potential for exacerbating threats to many sectors in the region including fisheries, tourism, coral reefs in addition to water and others.


· Talking of extreme events, these happen here and now in this region! Some of the most expensive repeat losses from extreme natural hazard events happen in this region.


· The real costs of Hurricane Andrew are much higher than the official figures.


8.  Craig Wheeling:

· It is important to look at the agricultural sector in South Dade County and at the impact it took from Hurricane Andrew. This is a window into the vulnerability of a sector in this region to climatic events.


· There are about 80,000 acres of agricultural land in South Dade dedicated to vegetables, fruit trees, tropical plants and nursery plants.


· One lesson learned is that it doesn't take a hurricane to create a lot of damage. A strong two-hour wind-storm could cause up to $300 million in damages to crops if it happens at the right time of the year.


· Hurricane Andrew caused more than $1.0 billion in losses to the South Dade agricultural sector due, first of all to direct damage to tress and plants from the winds and rain. Then there was a lot of damage due to consequential factors, i.e.: a) could not ship undamaged product due to unsolvable transportation problems,  b) could not pack or preserve a lot of product due to damaged facilities or lack of supplies to replace damaged ones.


· The lime industry in the area had 6500 acres planted at the time of Hurricane Andrew. A total of 5500 acres were lost to the hurricane.


· Mango trees were viewed as sure survivors in case of a hurricane, but the reality of it was that the tress proved more vulnerable than had been thought. Their root systems were severely damaged and haven't fully recovered yet. As a result mango production has never gone back to pre-Andrew levels.


· Avocado trees proved to be the best survivors. Although about 1/3 of the total avocado acreage was lost, most trees survived and by and large did rapidly get back to normal production.


· But agriculture is not only about plants and crops, above all it is about people. We learned that these extreme events can cause severe health problems for people, many of whom could not "just snap back" and continue as before.


· Agriculture is also about financial decisions and management, as much as it is about economic loss from extreme events.


· Brooks Farms was fortunate to have a very good insurance policy that basically saved the company to see other days of activity. Others were not as fortunate.


· Many lessons were learned from this event. The company has now diversified and branched out to other areas in Florida. Hurricane Andrew was taken as a large scale exercise for an extreme event, and the lessons learned have been taken and reflected in a new emergency plan emphasizing the continuity of function for the business.


· This experience has made this company, and many others in the agriculture industry, much more aware of the potential for damage from extreme climate events and of the need for more knowledge and information about the meaning of future climate change and variability.


SESSION 1

CLIMATE CHANGE AND HURRICANES




RAPPORTEUR'S REPORT:

by  
Ricardo A. Alvarez


Associate Director



International Hurricane Center



Florida International University

SUMMARY: this was a lively session attended by 47 workshop participants. The main question was: what links, if any, exist between global climate change and hurricanes? The session highlighted the fact that our state of knowledge is on the same level as our state of uncertainty. Many questions have been answered, but many other await answers. An important question that was asked: Climate Variations and Hurricanes: what might the future hold? (Landsea 1998), lead to such specific questions as: How will climate change affect: hurricane frequency? Hurricane average and maximum intensity? The area of hurricane formation and occurrence? Historical data research points toward the natural fluctuations in oceans’ temperatures as the main driver of hurricane variability. In the other hand, results of some simulations indicate 5%-10% increase in intensity is possible under 2° C global warming, and perhaps a 5% increase in frequency under 2xCO2 conditions. The session also discussed some of the difficulties inherent in present day GCMs, and existing stresses that include: a) increased vulnerability of coastal regions due to societal changes; b) difficulties with short term climate forecast;  c) present scale of models creates difficulties for regional assessments. With regard to potential consequences even the modest increases in frequency/intensity, suggested by some models, could result in major impact and damage.


QUESTIONS


1. It is known that the coupled ocean-atmosphere heat-transfer system has warmed over the past century as a causal effect of increased greenhouse gases in the atmosphere. What other reactions will be seen in the coupled ocean-atmosphere system as a result of climate change?


2. With strong scientific evidence that combined land/ocean global average surface temperatures have increased by 0.3° - 0.6° C over the last century, the question asked is: will this continued warming bring about more favorable parameters for cyclogenesis?


3.  What linkages, if any, are there between climate variability or climate change and hurricanes?


4. What is the correlation between climate and hurricane intensities, frequencies, tracks or levels of surge?


5. Do the effects of El Niño events on Atlantic cyclogenesis provide some answers?


6. Will climate change affect hurricane predictive capabilities and, if so, how?



These questions, and many other asked during the session, highlight the present state of knowledge and uncertainty regarding future climate change. From the session’s dialog it was apparent that there are no answers yet for many of the questions being asked.


PANEL CONTRIBUTIONS


1.  Chris Landsea, of the Hurricane Research Division of NOAA at the AOML, addressed the question of whether hurricane frequency and/or intensity are linked or not to global climate change. This issue is summarized below.



The coastal/island resident’s perspective of hurricane frequency/intensity may be influenced by damages witnessed over the past ten years. This is hardly surprising when the record shows 40% of all insured hurricane losses taking place from 1984 to 1993. Also the 1995 Atlantic hurricane season brought 19 named storms, a possible indication of increased frequency despite the El Niño influenced 1997 season of only 9 named storms in the Atlantic basin.



Although the indicators given above seem to point toward a trend of increased Atlantic hurricane intensity and frequency, other data from the historical record offer different conclusions. A review of major hurricane (categories 3 and higher) occurrence shows that from the mid 1940s to the mid 1960s there were an average of 3+/year. Then, the period from the mid-60s to the late 80s/early 90s was very quiet with an average of about 1.5/year, but as of 1995 there has been a definite increase in the number of annual major hurricanes in the Atlantic basin.



These empirical data appear to be linked to the Atlantic multi-decadal sea surface temperature (SST) which roughly shows a cycle of alternating 3 decades of warm SSTs and 2 decades of cold SSTs. From this it could be argued that multi-decadal hurricane variability in the Atlantic is linked to natural fluctuations in the ocean’s temperatures.



Recent studies using GCMs for simulations point toward a possible increase in annual hurricane intensity of the order of 5% to 10%,  under a global warming induced 2° C increase in temperature. However, other studies seem to indicate the threshold for cyclogenesis may shift to higher temperatures, as the warmer air is capable of holding more moisture.



Other model based simulations have concluded that annual Atlantic hurricane frequency may increase by 5% annually under 2xCO2  conditions (Royer et al 1998).  In summary: 


a) the apparent present trend toward more frequent and intense Atlantic hurricanes is part of the multi-decadal variability due mainly to natural fluctuations; 


b) at most the best simulations seem to indicate any increase in frequency may statistically translate to 0.5 additional storm per year in the Atlantic basin.


2. Robert Tuleya, of NOAA's Geophysical Fluid Dynamics Laboratory, addressed the use of models in simulating the effects of climate change upon the frequency and intensity of hurricanes, as well as the dilemmas inherent in present-day models and the need for improved models. This contribution can be summarized as follows:


GCMs, such as those used by the NHC, have been used to simulate changes in hurricane parameters as a result of an increase to 2xCO2 with the following results: 


a) small to negligible change in the area of cyclogenesis or occurrence (location);  


b) changes in frequency ranging from – 30% to + 50% from present averages, which renders these results unreliable;  


c) a hint of increased overall intensity.


While these results are by and large non-significant, it is important to note that the same GCMs have simulated an increase in the Maximum Potential Intensity (MPI) of the order of +10% to +20% for 2xCO2 conditions. This is a significant result.


Models used to simulate conditions under SSTs of +2.2° C, above present global averages, show an intensification of hurricane wind speeds of 3 to 6 m/s, a factor of 5% to 10%, and decreases in central pressure of the order of 7 to 15 mb, signifying more intense hurricanes.


While climate models are promising tools to study relationships between hurricane intensity and climate change, important modeling dilemmas and difficulties need to be overcome to improve the reliability of results. Some dilemmas and difficulties include:


a) high resolution models are capable of simulating very intense storms;


b) often these simulations are completed by assuming climate equilibrium;


c) low resolution models do not have the same capabilities for simulation;


d) regional climate modeling (higher resolution) would be needed for improved storm intensity simulation, but must overcome the difficulties inherent in integrating model resolution, model physics, ocean interaction and the atmospheric lapse rate, all of which require computational capabilities beyond what is commonly available.


3. Roger Pulwarty, of NOAA’s Climate Diagnostic Center, addressed societal perceptions and responses regarding vulnerability to hurricanes and the issue of climate change. This contribution may be summarized as follows:


There are important questions that must be asked to gauge society’s perception of vulnerability to hurricane and to the potential adverse impacts of climate change and variability.


Where are we coming from with respect to our perception of vulnerability, hurricanes and climate change? Where are we going? What is an extreme event? How have we dealt with the problem of hurricanes and the loss of life and damages caused by them? How long does it take a community to respond to hurricane impact?


There is empirical information indicating that over time hurricane impact is bringing increased dollar losses, because of damage to the built environment, but there is a decreased loss of life now than before. This is the result of better preparedness.


Research on the perception of individuals living in coastal areas with respect to their vulnerability to hurricanes shows that up to 55% of these people stated that “..the benefits of beachfront living certainly outweigh the risks..” This may have to do with the acceptability of risk or with risk uncertainty. This majority perception would help explain the surprise factor that often accompanies major damage or disasters resulting from hurricane impact.


KEY FINDINGS



Main conclusions from the exchange of knowledge and ideas during this session are listed below:


1. Higher present cost of storms is due to increased development along the coastal region, the most vulnerable to hurricane impact;


2. Climate modeling is a difficult science and there are uncertainties regarding results of simulations. However modeling in progress is indicating there may be a modest increase in hurricane frequency and intensity under continued global warming;


3. Although the consensus seems to be that a 5% annual increase in the number of Atlantic hurricanes is the only generally accepted simulation result, it is important to point out that such an increase could mean billions of dollars in actual damages if it results in landfall by a major hurricane;


4. Additional increases in losses from hurricanes are possible due to societal changes in the region, especially perceptions regarding risk uncertainty;


5. Regional approaches and strategies will become increasingly important to cope with the continued hurricane problem, and potential increases in frequency and intensity due to climate change;


6. Forecasting hurricanes requires a much shorter focus on climate (in the order of days). In contrast, models are attempting to forecast decadal or annual variability. Much work remains to resolve uncertainties inherent in the tremendous interannual variability of hurricanes.


RECOMMENDATIONS FOR ACTION



There was not much time left at the end of the session to discuss actions to be taken, but the few that were mentioned are listed below:


1. Develop higher resolution models to be used for regional assessments of climate change;


2. Education and community outreach programs could help transfer knowledge gained from the past and driven by experience;


3. Model improvement should target short-term hurricane forecasting;


4. Mitigation must become an everyday component of coastal development.


SESSION 2


CLIMATE CHANGE AND WATER RESOURCES




EDITOR’S NOTES:



by  
Ricardo A. Alvarez


Associate Director



International Hurricane Center



Florida International University

SUMMARY: if there is a common denominator for the different sectors identified as critical for the National Assessment (NA) water would certainly fit the bill. Existing stresses and future impacts in the health sector are affected by water its quality, and the abundance of scarcity of it. The same can be said of both the agriculture and the forestry sectors. Coastal and island stresses and impacts, including sea level changes, are affected or exacerbated by water. Similar examples could be cited relative to other sectors or fields of activity being studied as part of the climate change equation. Water has such importance that it is equated to life itself, based mainly on the fact that the human body is more than 70% water and a deficit of 10% to 12% could result in death, or because fresh water is considered as an essential natural resource needed by most, if not all, societal and environmental processes.  Planet Earth is called the "water planet" because two thirds of its surface are covered by about 1.4 x 109 cubic kilometers of water. This abundance of water however is relative, as only 2.53% of that amount is fresh water and only 0.3% of this amount is in the rivers and lakes that constitute the main source of supply for human activity. Tremendous stresses are being placed on our global water resources. For example, global water consumption this century (between 1900 and 1997) has risen more than sixfold --which is more than double the rate of population growth -- and continues to grow on a rapid pace. In this South Atlantic coastal and Caribbean island region there is a situation of unevenly distributed resources, and of competing, and often conflicting, demand for domestic, agricultural, recreational and power generation uses. Parts of the region have abundant supplies, in the form of surface and ground water reserves and plentiful precipitation patterns, and very low costs of distribution averaging $0.90/1000 gallons. In contrast, other parts of the region have practically ran out of ground water sources and must depend on precipitation, transportation from remote sources or on desalinization for their supply of fresh water often at costs of $7.50/1000 gallons or higher. Even in those parts of the region with abundant supplies stresses result from conflicting requirements, for example: the population growth and related urban development in Southeast Florida has been made possible by one of the largest public works projects in the world
 which has altered natural flows and must trow away large amount of fresh water into the ocean, to ensure the water table is maintained below a certain level. The more than 1800 miles of drainage canals and numerous flood controls structures that are part of this project, have been instrumental in reducing the area of the Everglades by two million acres to half its size of 50 years ago. The reduction in size of this invaluable resource and the redirection of flow have, in turn, affected the recharge of the aquifer that constitute the main supply of ground water for an area where 90% of all fresh water used comes from ground sources. The 1995 plan developed by Florida for its five water management districts states that "..in many areas of the state, the prospects for new...inexpensive, clean sources of water no longer exist" "..there are both quality and quantity problems" The plan also adds, "Ninety percent of the state's population depends on groundwater, and the groundwater is highly susceptible to contamination from municipal landfills, hazardous waste dumps, septic tanks and agricultural pesticides."  While these conditions are specific to Florida, they are not much different than those existing elsewhere in the region, but may pale in comparison with those prevalent in some of the islands. It is against this background that the climate variability and climate change equation must be viewed and eventually solved.


QUESTIONS



1. 
What regional effects will come from climate change and variability that may impact existing stresses in the water sector?


2. 
In a region where the hydrology is mainly driven by precipitation and influenced by such processes as evapotranspiration and the flow of surface and underground water, how will these hydrologic processes be affected by climate change and variability?


3. 
 Urban development, fueled by demographics and tourism, is an essential element of economic growth in this coastal and island region. As such, urban development is needed and welcome, but in the other hand it has become one of the biggest stressors on the water sector. Can the region continue to grow in this fashion, or should urban development be curtailed to reduce stresses on water resources even if this means slowing down economic growth?


4.
Sea level rise, a current consequence of climate change, and ground water withdrawals have resulted in salt water intrusion along coastal areas. Many freshwater well fields in coastal areas are already contaminated by salt water. What changes or mitigation measures might be needed to reduce these trends?


5.
One characteristic of the region is the interaction of conflicting water uses and demands over confined areas. For example, in Florida because it is a highly urbanized relatively narrow peninsula or in the islands because of their small territorial area urban, agricultural, industrial and recreational activities are conducted in close proximity to one another. This often results in pollution of fresh water sources by industrial, agricultural or urban runoff with potential adverse consequences to all sectors. Climate change may bring increased precipitation resulting in easier transport of pollutants by water, while decreased precipitation would result in increased concentrations of pollutants. What measures could be taken to reduce this exacerbation of vulnerability where water play a major role?


6.
Can regional residents take a business as usual approach, confronted as they are with these water sector stresses and the potential for future adverse impacts driven by climate change, or must they rise to the challenge of instituting mitigation measures? How much time is there to decide between these courses of action?


KEY FINDINGS AND RECOMMENDATIONS FOR ACTION


SESSION 3


CLIMATE CHANGE, SEA LEVEL RISE AND COSTAL IMPACTS




RAPPORTEUR'S REPORT:

By
Hugh Gladwin



Director, Institute for Public Opinion Research



Florida International University



Affiliated Faculty/International Hurricane Center


BACKGROUND: SOURCE OF CURRENT STRESS AND POTENTIAL CHANGE


This session contrasted with a number of others in that sea level change is already being experienced.  A number of other sessions, while giving evidence for concern over the effect of climate change on phenomena such as hurricanes and health, nevertheless noted that research has yet to determine the specific effects and trends which might be expected.  Sea level rise, on the other hand,  has been occurring for at least 100 years, and physical processes are fairly well understood which would translate global warming into a further acceleration of sea level rise.


From archaeological and geological measurements it is possible to determine what the sea level has been at a number of locations for the last 3,000 or so years.  Over this period until some time late in the last century the sea level rose at a rate of 0.2 millimeters per year.  This slow rate puts sea level rise at a rate where biological processes such as marsh accretion and coral growth can keep up.  Sea level rise at that rate was also within a same general scale as land raising or subsidence through geological processes.  After 1880 the rate of sea level rise has been observed to be between 1.5 and 2.0 millimeters per year.  Climate/ocean models suggest that the rise could increase to a rate of 6.0 to 9.0 mm within the next 100 years.


Thus for sea level rise current stresses resulting from climate change are already showing what the potential consequences will be.  The numbers are perhaps clearest for coastal erosion.  A typical beach erosion rate is 150 times sea level rise.  At the current 1.8 mm/year this translates into 2.7 meters of coastal loss due to erosion every decade.  An increase to 7 mm/year sea level rise would produce over 10 meters of erosion per decade.  Thus while in the coastal zone sea level rise is only one of many stresses, it is clearly implicated in erosion and habitat loss.


CASE STUDIES


The speakers at the session presented a number of case studies where clear effects of sea level rise are evident.  The impacts of sea level rise were analyzed in terms of possible mitigation of negative consequences.  In some cases mitigation is virtually impossible, in some cases it is very expensive or difficult due to scarce resources needed to mitigate, and in some cases it is possible but being hindered by government policy or market forces.


1. Situations where land or habitat loss is prohibitively expensive or impossible. Both of these cases are islands where, short of building an impermeable dike around them, no mitigation is possible.


Chesapeake Bay islands (used as an example of impacts on small islands):


For these islands before the late nineteenth century marsh accretion kept up with sea level rise, an equilibrium which has now been lost.  With the current rise salt marshes in islands are eroding, first evidenced by holes appearing in the marsh carpet, and eventually resulting in the disappearance of the island.  Clay soils make these islands particularly vulnerable, but similar processes face many small islands and island nations throughout the world.


Pine Rocklands in the lower Florida Keys:


In these areas pines grow directly on rock on very low-lying islands.  This permit an area of high species diversity and a habit for endangered species (e.g. Florida Key Deer).  These pines depend on lenses of fresh water in the highest ground.  The gradual rise of salt water (2 mm/year) has gradually eliminated these reservoirs of fresh water, with the result that mangroves replace the pines.  A study of pine snags in mangroves near Sugarloaf Key indicates that two-thirds of the pine rocklands have been converted to mangroves through this process.


2. Situations where land or habitat loss can be mitigated at great cost or through use of resources in great demand.


In Europe there are a number of very ambitious and expensive public works programs designed to halt sea water incursions which are being accelerated by climate change.  Dikes in the Netherlands and the Thames barrier project in England are two examples.  The city of Venice has a major problem that is being addressed by the installation of moveable dams like the Thames barrier.  Cities like New Orleans and Tokyo elsewhere in the world face similar problems with large numbers of people living at or below sea level.


Constant efforts to replenish beaches with more sand and protect buildings located on vulnerable coastlines may not appear like massive public works programs equivalent to dikes and moveable dams employed in Europe, but over time they are.  Given the inexorable processes of beach erosion, the increasing cost of beach nourishment, and the lack of any alternative to continue high-density populations and economic activity on barrier islands, these are guaranteed to be ever more expensive programs.


Another case presented from south Florida concerns salinization of coastal wetlands between the Everglades and Florida Bay.  Incursions of salt water pushed these brackish wetlands back 1.5 kilometers between 1940 and 1994.  In this case the incursion could be mitigated by allowing the former flows of fresh water through the Everglades and into these area.  This use of water is very difficult to get: alternative routing of fresh water is in great demand for urban needs and for flood control.


3. Situations where coastal sea level rise vulnerability is accentuated by market forces or government policy.


A number of examples were given of high-risk construction along coastlines being encouraged by flood insurance.  The risk remained after construction but was transferred to the government.


A revealing case study was presented of a development on Key Biscayne.  Market forces--the great desire by wealthy people to live on the shore and large investment companies able to finance very rapid development--created the opportunity for development of a $1.5 billion residential complex on the island's Atlantic beachfront.  The vulnerability of the area was demonstrated in Hurricane Andrew.  The case study showed how these market forces moved the process so fast there was very little effective local review and consequent planning of the development to mitigate hurricane vulnerability.  While it is not clear whether global climate change will make future hurricanes more intense, sea level rise and coastal erosion will make developments like this increasingly vulnerable to all extreme weather events as they happen.  The time frame for development is very short.  Afterwards coastal populations and governments will have to deal with the long-term process of mitigating risk to the resulting coastline developments.


SESSION 4


CLIMATE CHANGE AND HEALTH ISSUES




RAPPORTEUR'S REPORT:



By
Ricardo A. Alvarez


Associate Director



International Hurricane Center



Florida International University

SUMMARY: this session was attended by 28 workshop participants. The charge for the session panelists and participants was framed by the Session Chair, William Keppler, M.D., who asked all to think of a fundamental principle of biochemistry: with temperature increase biological reactions intensify up to a certain level, there are more niches for flora and fauna to reach greater potentials. If global warming is a consequence of climate change, biochemical responses are to be expected. Research shows a definite link between climate events and microbial hazards. This links results from specific parameters such as: temperature and precipitation, which may affect estuary salinity and river flow. These, in turn, affect the incidence of toxins in fish, concentration of fecal bacteria in surface and ground water etc. In this respect increased precipitation and flooding may cause as much of a problem as lack of precipitation and drought. The health-care infrastructure and its importance to a community affected by disasters was introduced and highlighted. Issues of mental health and how stress-related problems are accentuated by extreme events were discussed. Research along these lines shows the incidence of child abuse, spousal abuse, alcoholism and suicide increase significantly in the aftermath of hurricanes and other extreme events. With respect to vector-borne diseases and the effects of climate change, it was indicated much work is still needed to determine, with some certainty, what links may exist if any. The vulnerability of special needs populations, specially the elderly and seasonal residents, to climate induced extreme events was identified as an area of concern.


QUESTIONS


1. What region specific extreme events could result from global climate change and variability, and how would these affect the health of different sector of the population?


2. What changes in infrastructure, and in the built environment, would be needed to reduce the potential for contamination of surface and ground waters that could be brought about by climate change induced conditions?


3. What lessons have been learned from past extreme events that could help in mitigating the potential for damage from future extremes, that may result from climate change and variability?


4. Do we know what climatic factors could be involved in outbreaks of vector borne diseases?


PANEL CONTRIBUTIONS

1. Erin Lipp, of the University of South Florida, illustrated the influence of climate events on microbial hazards to the coastal population by discussing existing links. 


Some of these links include:


a) Surface water, rivers et. al., as a means of transport for microbes and bacterial hazards is directly affected by changes in precipitation. Extreme precipitation increases river flow and with it the distribution of contaminants. Empirical data collected in certain areas of Florida show that increased flow resulting from storms carries 1000 times the normal concentration of fecal sanitary bacteria;


b) Data collected during the recent El Niño event show that the Peace River, in the Gulf coast of Florida, increased its flow from the normal 200 ft3/sec to 1400 ft3/sec as a result of increased precipitation brought about by this climate event;


c) Reduced precipitation or drought also has an adverse impact of surface waters, because it results in a larger than normal contribution of waste waters to the waterway flow, with a consequential increase in the concentration of bacteria;


d) The combination of altered precipitation and warming has measurable adverse impacts in the salinity of estuaries, and in the health of marine life such as oysters and other shell fish that are vulnerable to bacterial infections. For example, shellfish may become vulnerable to infection by vibrio vulnificus which can, in turn, affect humans even to the point of causing death within 24 hours of infected shell fish consumption by individuals with liver disease


Health authorities throughout the region would need to improve their understanding of climate change impacts, in order to continue using climatic variables to try to prevent human infections.


2. Fredd Messing, CEO of Baptist Health Systems, presented the stakeholder perspective of an administrator of a major health care provider in Florida. As such he characterized hospitals as part of a system that is on the receiving end of disaster [extreme events] consequences.


A case study was presented on the basis of Lessons Learned from the impact of Hurricane Andrew in South Florida. This process identified things that went wrong and why they did. From sharing this information, a parallel could be drawn to the type of analytical and decision making process that will need to be undertaken by mane stakeholders, and even policy makers, in the region when considering the potential effects from climate change and variability.


Many of the lessons learned address some of the failings with the emergency plan that existed at the time of Hurricane Andrew. These include the following:


a) An underlying assumption of the plan was that emergencies or disasters would be localized in nature. In reality, the impact of the hurricane was widespread affecting many over a wide geographical area;


b) Another subconscious assumption was that staff members, doctors included, would not be victims, therefore plans for continuity of function were based on availability of human resources that was unrealistic. In fact, Hurricane Andrew affected many staff members an doctors personally;


c) The emergency plan relied exclusively upon local vendors for supplies. When many of these suppliers became victims themselves, difficulties were created for the hospital hat affected its ability to continue to function in the aftermath of the disaster;


d) Post-disaster needs were grossly underestimated. For example, the average Emergency Room (ER) load is approximately 150 persons/day, but this went up to more than 600 persons/day in the aftermath of the event overwhelming ER resources at the hospital;


e) The importance of certain resources, especially as they relate to the self-sufficiency of the institution in the aftermath of extreme events, was not really understood. As a result, severe problems were experiences related to lack of air conditioning and dwindling supplies of water.


The message from this stakeholder is that more information is needed by this and other sectors regarding potential regional impacts of climate change and variability, so that proper preparedness and mitigation plans can be adopted.


3. Betty Morrow, of the Dept. of Sociology and Anthropology at FIU, brought the issues of psycho-social health and the concerns of special needs populations when confronted with extreme events resulting from climate change and variability.


Of special concern is the possibility that extreme temperature events, such as heat waves, may be accentuated as  a result of global warming. These extreme events pose especially high risk for the elderly, and those in poor health that are specially vulnerable. Recent heat wave incidents such as those in Texas and Chicago underscore this vulnerability, but more analysis is needed to estimate how many individuals either died or suffered adverse health consequences from such heat waves.


Research studies and empirical data collected in the aftermath of extreme events, such as hurricanes, floods and wild fires, consistently show that such events exacerbate existing societal and mental health problems. This becomes evident as the incidence of child abuse, spousal abuse, alcoholism and suicide go up not only in the immediate aftermath of a disaster or emergency, but often for several months afterward. 


Women’s reproductive health has been shown to be affected. In the other hand, how men are truly affected is not yet fully understood.


4. Paul Reiter, of the Dengue Unit, Centers for Disease Control, discussed the relationship between global climate change and the incidence of vector-borne diseases.


There seems to be a high level of uncertainty about vector-borne diseases in the context of global climate change. While global warming has been equated with the potential tropicalization of more temperate latitudes, it should be recognized that malaria is not entirely a tropical disease. In fact, the historical record shows outbreaks of malaria  have occurred in such extra-tropical countries as England and Canada.



The record shows outbreaks of dengue and yellow fever throughout the world that are unrelated to specific climate events, or even climate variability. This is not to say that there are no links between climate change, or global warming, and cases of such vector borne diseases, but they have not been clearly identified yet.



One conclusion that could be drawn from the current state of knowledge is, that it is unlikely that global warming per se will give rise to epidemics of mosquito-borne disease.


KEY FINDINGS


1. Precipitation extremes have a direct effect on the distribution of bacterial hazards either due to increased flow as a means of transport, or due to drought which results in increased concentrations of bacteria;


2. The combination of increased temperature and precipitation alters the salinity of estuaries resulting in direct impacts to coastal ecosystems, including marine flora and fauna;


3. While there are uncertainties as to the direct role global warming may play in breakouts of vector-borne disease, it is important to understand that climate events triggered by global warming may propitiate the conditions for vectors to proliferate;


4. As important as the vulnerability of human health to certain events or conditions, is the strength and preparedness of the health care infrastructure in the region;


5. Special attention needs to be given to the psycho-social health of regional residents, as this aspect of vulnerability has the potential for extended ramifications both in scope and over time.


RECOMMENDATIONS FOR ACTION


1. More research is needed to better understand how potential health threats may be linked to specific climate change events;


2. Regional decision-makers and policy-makers should consider changes in infrastructure, such as increasing green space in urban areas as a mean of promoting water percolation into the ground to reduce runoff. This measure should help in reducing the incidence of water transported bacteria. Other measures could include changes in sewage systems, from septic tanks to water treatment plants, as a way of protecting ground waters from contamination;


3. The health care sector should modify existing emergency plans to increase self-sufficiency in the aftermath of extreme events;


4. Communities should reinforce their counseling resources to be ready to deal with post-stress syndrome and other mental health problems related to extreme events;


5. Work is needed to assess the vulnerability of elderly and other special-needs segments of the regional population.


SESSION 5


CLIMATE CHANGE AND ISLANDS




RAPPORTEUR'S REPORT:



By
Richard S. Olson


WWW Eminent Scholar at the



International Hurricane Center and



Professor of Political Science



Florida International University

CLIMATE CHANGE, EXTREME EVENTS, AND ISLANDS


Current Major Stresses


The initial topic that this group addressed revolved around “Current Major Stresses” in the U.S. islands and Caribbean Basin area.  In toto, the group identified 10 major stresses.


The first identified stress is population growth, and it was noted that many island populations are set to double in less than 30 years, which inevitably places ever greater numbers of people in harm’s way.  That is, population growth has not only put greater numbers of people at risk, but also has pushed planned and unplanned development into ever more hazardous areas.


The second stress is income inequality both within and between islands.  Poverty is simply endemic to an excessive number of people, and it stands in stark and potentially explosive contrast to pockets of extraordinary and conspicuous wealth. 


The third stress is the changing demographic profile of population (more young, more old, fewer in the middle) and the increased presence (and awareness) of special needs populations.  This latter group, especially the physically and mentally challenged, require tailored plans to accommodate them in evacuation and post-impact scenarios.


The fourth stress relates to—and exacerbates—the first three.  Urbanization is increasing rapidly throughout the Caribbean Basin, and given the restricted urban spaces, this naturally increases population density.  In Puerto Rico, for example, the average population density is 1,000 people per square mile, but it is now 10,000 people per square mile in San Juan.  To this must be added land costs, which are rising almost everywhere and pushing economically marginal parts of the population, and even the middle classes, into more precarious areas.   


The fifth stress is a lack of land use planning or, at the very least, a lack of enforcement of land use regulations, which often goes under the rubric “unguided development.”  A more subtle version of the unguided development problem is a general following of good land use practices but then the granting of major variances on a parcel-by-parcel basis.  


The sixth stress is the twin of poor land use/building code regulations and their enforcement.  The very day that a substandard structure is allowed to be constructed, it becomes a hazard/disaster waiting to happen.


The seventh stress is a repeatedly demonstrated problem in the context of extreme events: the fragility of major infrastructure (e.g., roads, energy systems, communications).  Although occurring after this workshop, Hurricane Georges in the islands (including Puerto Rico) and Hurricane Mitch in Central America are object lessons about vulnerability.  Each could be considered “infrastructure disasters.”


The eighth identified stress revolved around water.  As population has grown and development has pushed ecosystems, water has become an issue on three dimensions: amounts, source reliability, and quality.  Twinned with those problems, of course, is the wastewater issue and, more graphically, septic contamination of groundwater and local bays and inlets, which is often quite visible from the air.


The ninth stress, ecosystem deterioration, is both broad and deep.  This stress is especially important as various islands pursue tourist as well as industrial development.  One particular—and very interrelated and complicated—ecosystem is at risk: coral reefs, mangroves, salt ponds, sea grasses, sand dunes, a virtual life-blood of island ecologies.


The tenth and last major identified stress involves insurance/reinsurance pool limits.  Admittedly a complicated issue, the problem is the limited ability of insurance companies to spread the risk in island nations.  The result is very high insurance premiums and low coverage, leaving most assets uninsured.  Reconstruction after disaster then becomes a major problem for most of the population.


Climate Change Effects on Current Stresses


The group then turned its attention to how climate change may affect the identified stresses.  The conclusion was two-fold.  First, in all cases, the current major stresses will be exacerbated by climate change.  Few if any will be ameliorated, at least in the short to middle term.  More importantly, climate change will almost certainly create new problems and/or new combinations of and interactions between existing stresses.


Regional Stakeholder Coping (Current)

The next group task was to focus on how regional stakeholders are currently coping with the set of problems.  The following appeared to be the principal mechanisms:  (1) denial, otherwise known as “what problems?”; (2) prayer/hope/wishful thinking, the “it won’t happen here” syndrome; (3) migration; (4) insurance, at least for those wealthy enough to afford it; (5) short-term preparedness but an almost complete neglect of long-term mitigation; and (6) related to number 5, a reliance on civil defense systems, the problem being that these are overwhelmingly response-oriented, not mitigation-oriented organizations.


Mitigation Strategies/Needs (Ideal)


The next to last group task was to identify optimal, admittedly ideal, mitigation alternatives.  The first came to be known in the group as “Maul’s Menu,” and it involved three components:  engineered retreat from vulnerable coastal and bay areas, island raising, and levees—few of which were seen as economically feasible, however.


The second was to improve what might be called the mitigation chain:  


Information(Knowledge(Policy (siting, building, servicing).


The third focused on development thinking and emphasized putting hazard mitigation “inside” development and redevelopment planning and permit processes.


The fourth was to stop encouraging hazardous development by (1) taxing assets placed in harm’s way or (2) at least removing subsidies that de facto encouraged greater risk.


With population growth, urbanization, and greater density in mind, the final optimal solution was a planned decentralization of cities and economic development.


Action Recommendations


The group closed its efforts with a series of—in fact eight—more practical action recommendations:  


1. Develop sub-regional, island, and site-specific modeling of climate change effects (e.g., more attention to precipitation and flooding, not simply sea level changes).


2. Develop scenario-based research interacting varied physical changes with socioeconomic and political aspects.


3. Increase public and public official awareness of the range of historical disaster experiences.


4. Increase public and public official awareness of future risk associated with climate change.


5. Improve mapping and risk analysis.


6. Improve monitoring and observation systems.


7. Improve alert, warning, and evacuation systems.


8. (At least) improve enforcement of existing regulation. 


SESSION 6


CLIMATE CHANGE AND INSURANCE




RAPPORTEUR'S REPORT:



By
Alan J. Parker, Director


Center for Tourism and Technology


School of Hospitality Management



Florida International University


The general themes of this session were:  


(a) How are casualty insurance rates determined? And,


(b) What is happening in mathematical modeling of weather disasters?  


The setting of the conference, in Miami, allowed the speakers to focus on the insurance aspects of Hurricane Andrew that devastated parts of Dade County.  Hurricane Andrew resulted in the largest insurance losses due to a weather disaster in our history and set the stage for better models for insurance losses.



The consensus of the speakers was that things would get worse regarding climate change.  As a consequence, claims against insurance companies will increase.  The major premise of the insurance companies in rate setting was that climate and weather were predictable and that was the basis for setting rates.  In the case of Hurricane Andrew, no hurricanes have hit South Florida in a thirty-year period.  As a consequence, insurance rates were reasonable and insurance companies competed for homeowner’s windstorm insurance since no serious claims had resulted in a thirty-year period.



The panel agreed that the assumption of constancy with regard to weather does not hold.  Models that look at the past, regardless of period (e.g. 20, 30 or 100 years) are not accurate predictors of the future.  Probabilistic models of expected losses are being developed by multidiscipline teams.  These new models are meeting with resistance from state insurance commissioners who have accepted statistical models of past data for the setting of casualty insurance rates. 



The insurance industry has responded to higher risk by increasing deductibles, surveying sites and making recommendations (loss mitigation), and transferring risk by reinsurance.  The insurance companies’ reaction to disasters are:


1. Stop selling insurance in the area or region.


This results in stresses to the region in the form of affordable insurance.  In Florida all companies stopped writing new policies for windstorm and in many cases renewals were not allowed.  The state created an insurance entity called the Florida JUA that issued over one million policies and created incentives for insurance companies to write new policies.


2. Look to the role of both the state and federal government.


This can range from disaster relief to taxation policy towards insurance companies.  As a result of tax policy on insurance companies, a surplus may be taxed, so legal veils have been erected by insurance companies to protect the surplus.


3. Make sure that high risk is high premium.


Rather than spreading the risk over large geographic areas, premiums are determined by local area.  This results in very high premiums in the local area.


4. The use of catastrophe modeling.


Mathematical models that are prospective as opposed to perspective are being used.  These models point to traditional solutions such as raising deductibles as well as former non-modeling variables such as building code enforcement.  As was seen in South Florida, a very good building code if not enforced by the governmental subunits can be of no use in mitigation.


5. Support of scientific research.


The insurance companies are supporting both weather and climate research as well as research on construction methods and materials.  The Institute for Building and Home Safety does research on materials used in homebuilding as well as how homes should be constructed in order to withstand disasters.



Since Hurricane Andrew, new sources to spread the risk of loss are being used.  States are developing catastrophe funds and catastrophe bonds are being sought through financial markets.



Although the bulk of the discussion was on casualty insurance, primarily windstorm, health insurance was also mentioned.  If global warming continues, diseases that are thought of as tropical (e.g. malaria) will spread and affect health insurance policies.



There was general agreement that politics, science, and insurance must come together in order to provide all stakeholders with a system that will be fair to all.  Coalitions must be formed so that improvements can be made in the system.
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Climate Change and Social, and Economic Issues


 Some Notes from the Session on Climate Change and Socio-Economic Impacts.


Because it is unusually warm in one area of the world does not mean the entire planet is warming…Further, this summer’s temperatures have not been particularly unusual or record-breaking. Los Angeles hit a record of 109 degrees F in 1891, 11 degrees higher than it hit this year. Death Valley hit 134 degrees in 1913, five degrees warmer than its high this summer.


The Clinton administration has been using severe weather events that are a natural part of the change of seasons to play upon the fears of the American people and advance its political agenda. Such exploitation represents not only the worst of American politics, but the worst of environmental policies. 


David Ridenour, VP, National Center of Public Policy Research, for Knight Ridder News Service. Miami Herald, Viewpoint, Section L-1, September 13, 1998.



The above quote captures many of the problems facing attempts to educate and alert the public concerning global warming and climate change. It is remarkable, in the first place, that despite substantial scientific research and the preponderance of scientific opinion, a potentially influential policy analyst fails to acknowledge evidence of global warming that goes far beyond an examination of whether extremes. Second, it is perplexing that his argument dismisses the use of recent extreme weather events as evidence of global warming, while at the same time employing the paucity of recent extremes in the presumably climatologically significant locations of Los Angeles and Death Valley as evidence against global warming. Finally, the entire issue of global warming is summarily dismissed as a political ploy to further the Clinton administration’s political agenda. One is left to guess the nature of that dark political agenda (i.e., diverting public attention from the Lewinsky affair, promulgating government involvement in the business of big business, or some other dastardly liberal agenda). Regardless, in a matter of a few lines utilizing questionable reasoning and anecdotal data, the rather large body of scientific research and analysis substantiating global warming and climate change is dismissed as political hyperbole.



While there are undoubtedly many reasons for seeking to dismiss warnings of warming and climatic change, principal among these is the fear that combating global warming will strike at the very heart of how the business of business is accomplished in the United States. Evidence suggests that a cessation of greenhouse gas production today would do little to combat warming trends in the near future because of the damage already done, but if we continue on the “business as usual path,” global warming trends will be accelerated dramatically. The question becomes not if global warming is occurring, but how soon will the more dramatic climatic alterations become evident. 


In a world of bottom lines, where high yields are expected for short-term investments and capital is highly and globally mobile, long-term environmental consequences have little or no purchase on today’s business decisions and activities. The problem facing the scientific community is how to effectively get the message into public political discourse. Overcoming the thwarting efforts of powerful entrenched interests and the cultural and economic inertia so inherent in society is seemingly an impossibility at a time when action is critically needed. A little disinformation and dissonance, particularly from influential and powerful voices, is all it takes to ensure a lack of action by policy makers and the public. 


While the link between climate change and hurricane intensity and activity is far from certain, the potential is there and should be a subject of future research (Henderson-Sellers et al. 1998). More importantly however, are the political, social, and economic lessons that might be learned and applied from attempts to address the issues of hurricane risk and to mitigate hurricane impacts. Promoting hurricane resistant communities also demands changing the nature of how our communities are built and organized – changing the business of community development. As a result, many of the difficulties and problems encountered by those seeking to promote hurricane mitigation might offer insights for those facing global warming issues. 


The Climate Change and Extreme Events Workshop session entitled, Climate Change and Socio-Economic Impacts, focused on the impacts and problems associated with hurricanes and the lessons that might be applied to climate change and global warming. The findings and recommendations are outlined below.


Summary of Findings:


There is a tendency for disaster related policy initiatives to be driven by recent history and extreme events. Indeed, as has been pointed out many times, the period following an extreme event provides a window of opportunity when changes, particularly in building codes and other related policies can be introduced and adopted. However, this can be a two edged sword because of over-reactions due to misinterpretations of trends in the immediate aftermath of high-impact events. For example, following the major losses associated with Hurricanes Hugo and Andrew some suggested an upswing in hurricane activity based on examinations of the almost exponential increase in hurricane losses over the last few decades. These conclusions have played importantly in the insurance industry reactions and policy changes. However, a more careful analysis of storm activity has shown no evidence suggesting increasing frequency in hurricane activity for the Atlantic (Landsea 1993, 1996).


Roger Pielke Jr. presented analyses of hurricane losses that he and Landsea undertook which also bring into question some of perceptions of recent loss trends. They critically examined the trends in economic U. S. direct hurricane losses since 1925. Rather than simply controlling for inflation, hurricane losses were normalized for inflation, population, and wealth for the entire period. The resulting trends did not reflect an exponential increase in losses; indeed, the 1940s show substantially higher losses than the 1990s. This suggests that while recent loss trends have been dramatic, resulting in major market adjustments, we have in fact been extremely fortunate. What is most sobering however is that future losses could be even greater than those anticipated if a period like the 1940s were to be repeated. The clear implication is that efforts to build more hurricane resistant communities must be redoubled.


William Coulborne, a structural engineer with Greenhorne and O’Mara, argued that  much is know already about how to reduce significant losses to hurricanes. In particular, there exists significant knowledge about how to build homes and other buildings and infrastructure to withstand wind and flooding. In other words, it is technically possible to build homes, buildings and infrastructure that could substantially resist a period if hurricane activity like that of the 1940s. However, there is a general failure to implement this information, a failure to properly incorporate this information into our techniques producing the built environment. The simple fact is that, as discussed above, in the business of conducting business, hurricane mitigation does not figure highly into normal decision making. There are, at this point, too many barriers to incorporating hurricane measure into normal decision making.


Some of the barriers that were addressed during the workshop’s discussions ranged from the factors influencing policy maker decisions, shaping the legislation and code that is enacted, to homeowner decisions themselves. For example, the home building industry is a critical component to the national and local economies. It can be a driving force at the local level in terms of employment, manufacturing, raw-material production, etc. Currently this industry is highly resistant to any changes that might disrupt home building activities, such as building codes and products, as they are normally undertaken. The influence of this industry at the local and federal level, through organizations such as the National Association of Home Builders play critical roles financing elections and shaping or blocking legislation. And, if threatened with changes at the local level, they are able to reverse decisions at the state and even federal levels. Other barriers include the simple life cycle of homes, sometimes projected to be 30-70 years coupled with the mobility of our population. This relatively short life span inhibits large investments in mitigation, particularly when focusing on decisions made by home-owners, because the returns given current market parameters, average occupancy rates and hurricane return intervals are not sufficient to promote many mitigation actions. 


In response to the panel presentation subsequent discussion dealt with a host of recommendations and observations that might address these and other issues.


Some of the observations include:


· More education programs are needed. There remains much confusion, mis-communication, disinformation related to climate change and global warming, as evidenced by the initial quote. Clearly expanding and broadening education programs is a critical feature for insuring that these issues become part of the political discourse. Particular emphasis needs to focus on primary and secondary education as well as general course offerings as part of college and university programs. General public education, editorials, and the like should also be promoted.


· 
There is still a high degree of confusion about the potential consequences of climate change and global warming. This is particularly true at the regional or local level. Until the consequences can be more concretely spelled out it will be difficult to mobilize the population or even special interest groups at local and state levels. The arguments remain very abstract and difficult to grasp and address.


· Related to the above is the need to offer concrete actions that should be taken to address issues related to global warming and climate change. Researchers have found that, in the case of hurricane warning, warnings are much more likely to be heeded if they are consistently repeated and if concrete actions are suggested or given. Hence, much more is being undertaken to not only warning homeowners about hurricane risk, but also educate them about what should be done to their homes. While these programs are in their infancy, they may point to actions that should be taken by the climate change community.


· Careful examination of the potential consequences must be conducted prior to including them as one of the warnings. During the Workshop, for example, the potentials for vector borne disease, malaria in particular, was effectively refuted by research presented. The atmospheric and weather researchers must work more closely with health, social, and economic researchers to critically evaluate impacts and consequences prior to their inclusion in the climate/global warming documentation.


· Power brokers must be convinced to act in a manner more consistent with the threat of global warming and hurricane risk. Much more need to be done to convince power brokers to adopt and utilize techniques and methods that are mitigate against hurricane impact and global warming.  This may be easier in the case of hurricanes where it may be more easy to indicate potential impacts in terms of business disruption, revenue losses, rebuilding costs, loss of employees, loss of risk protection (insurance) and potential political cost and liabilities. However, similar factors related to the consequences global warming and climate change should also be explored.


· Develop a portfolio of mitigation incentive and disincentive programs that promote, encourage, and mandate mitigation initiatives. It will not be sufficient to focus on one type of incentive or disincentive policies/program, such as an insurance programs that offers reduced deductibles or premiums for shutters. That alone will not insure broad-based mitigation. Rather a broad based approach that attacks the problems from many angles, addressing the series of decisions made every day by consumers and business people everyday that have mitigative potential. Components might include: risk based property taxes, variable tax rates based on energy efficiency and green house gas production; reduced building fees for hurricane resistant /energy efficient structures, creative loan and mortgage programs for retrofitting as one purchases existing homes, etc.


· Revitalize public transportation programs and reward municipal comprehensive planning that promotes the utilization of public rather than private transportation.


· Stronger local initiatives, ordinances, construction requirements that include not only hurricane mitigation measures but also energy efficiency measures that will reduce greenhouse gas production. These might be called more coercive mitigation programs, but they need not always be structured as such.


· Broaden the examination of costs to include cultural, public health, psychological, social as well as the effects of repeated long-term exposure to traumatic events be they hurricanes or the effects of global warming and climate change. The Heinz Center in Washington D.C. for example is sponsoring the development of a more comprehensive report on the “true costs” of coastal storms. 


Research focused recommendations:


· Choice based research: Too often policy decisions are based on assumptions of how choices are made. However, the nature and parameters of choice will depend upon who or what is making the choice, an organization, community, or a household. We also need to better understand the factors influencing choice at each level of analysis. At the community level, for example what political and economic influenced govern the nature of choices that are made. How various policies reshape or configure choices within communities. 


· Structural Research: Despite significant knowledge into designing and building better homes and structures. The available research on the behavior of structures is still lacking, particularly as it relates to actual data of winds on existing structures. 


· Climate related research: much more needs to be done to understand the regional and meso-level consequences of global warming and climate change. For example, what are the likely consequences of global warming on hurricane genesis, intensity, and frequency? Furthermore, without developing specific techniques and methods for making regional and sub-regional predictions it will be difficult to model and discuss societal impacts, much less mobilize the population to combat factors contributing to global warming.


· Vulnerability analysis and consequences of global warming and climate change: The other part of any risk equation, in addition to exposure factors, is vulnerability (Blaikie et al 1995). In other words a better understanding of the social, economic, and political factors that shape the vulnerability or susceptibility of households, businesses, and communities to the impacts of physical hazards, be they hurricanes, global warming, or other climate related phenomena, must be better understood. In developing this understanding the consequences of global warming and climate change will also be furthered.


Emerging from the discussions following the panel was an overall perception that combating hurricane impact and global warming requires a fundamental rethinking of how we carry on the business of everyday life within our homes and communities. Perhaps the element linking these broad issues together is the difficult to define concept of sustainability. 
Hazard reduction, in its broadest sense, will require the creation of sustainable communities, communities that respect the physical/natural environment. Communities must be built to withstand the extremes of the environment without at the same time dramatically altering or harming it. Hazard reduction and sustainability are the dual pillars of future policy (see Hemispheric Congress documentation). 
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SUMMARY: this session focused mainly on how humankind may take actions to reduce or change the adverse effects resulting from climate change. The panelists; Christopher Howell (IRF), Ronald Jones (SERP/FIU), Ricardo A. Alvarez (IHC/FIU) and Deb Swim (LEAF), focused on varied aspects and dimensions of this problem. Howell primarily focused on hurricane mitigation measures and how important these are for a future action plan. One primary aspect of the presentation was the issue of social justice . Using the example of Caribbean region and other Southeastern disasters, Mr. Howell analyzed how the stakeholders had difficulty in coping with extreme events.  Ronald Jones focused on the issue of water management and its importance for this region. The importance of water management planning and infrastructure development implemented over the past 50 years, which have become outdated and outmoded due to the explosion in the growth of population and urban development. Water supply,  water pollution and flood control models and contingency planning models must take into account extreme and 100 year events to be meaningful and consequential. Several of the models on which planning was based  had failed to take into account the population growth. Ricardo Alvarez focused on the importance of mitigation and the role of education. One of the best ways for the regional stakeholders to cope with  the problem is by increased awareness through education. Education leading to the implementation of hazard mitigation measures could be one of the most cost-effective ways of limiting the adverse effects of extreme events. Deb Swim focused primarily on the role of power plants in pollution and on the importance of reducing global warming and the greenhouse effects through reduced emissions. This could be achieved in part through measures taken by power plants, such as converting to more effective methods of energy production and by providing incentives to the business/industry communities and the public at large to reduce energy consumption or to be more efficient in the use of eneregy. One of the paramount tasks in reducing the adverse effects of extreme climatic events is to help reduce or prevent their occurrence.


LIST OF FINDINGS AND RECOMMENDATIONS


1. Extreme events and climate change could, in time, make certain regions uninhabitable or make mitigation extremely costly;


2. However, population growth, property development and regulations [generally] ignore the damage potential from disasters, such as hurricanes, extreme precipitation, floods, fire and other climate change induced factors. More attention should be paid for initiating mitigation actions;


3. One of the premier requisites is an usable, real time, data collection [system] for immediate usage. The preeminence of technology for generating a web sites must be explored. Such web sites can serve the dual purpose of keeping the population informed of actual threats, as well as about the lessons learned from prior disasters;


4. For many island regions, extreme climate change could devastate the economy and destabilize the livelihood of the local population. This issue raises many concerns regarding social justice. The location of emergency shelters, transportation hurdles and maintenance of living standards after catastrophic events assume paramount importance. One important solution would be the establishment of some type of “rainy day fund” for individuals and a “catastrophic fund” for businesses. This rainy day fund should be [managed by] a non-profit organization;


5. Extreme climatic conditions in Florida [the coastal region] can cause water pollution, flooding, drainage problems and can pose health hazards and related problems, in addition to adversely affecting the local economy. Current contingency plans could be inadequate, throughout the region, as population and development growths have far exceeded projections. There is an immediate need for a viable restoration plan to tackle these potential problems;


6. There is a great need for a public education and information campaign. Disaster planning and emergency management should be part of the curriculum starting at the elementary school level and continuing into higher instructional levels with periodic updates;


7. Education and training is one of the most effective tools in the arsenal of mitigation. This educational effort should be formal as well as informal, using all available tools and media including newspapers, television and others. Video based educational offerings could be very useful in distributing knowledge on mitigation actions;


8. The focus of education and training should be to promote preparedness and loss reduction through the implementation of mitigation measures, rather than focusing on the costs associated with extreme events only;


9. Greenhouse effects and global warming could be effectively and substantially reduced by the actions of consumers and industry, such as power plants.  There has to be substantial investment in emerging technologies to reduce emissions. These efforts must not only be demand driven, but also supply driven. Barriers to substituting existing technology should be brought down. Alternative energy sources, such as solar should be strongly pursued.


Editor’s Notes:


Some additional comments emerging from this session included the following:


a) The pace and quantity of research must be increased by incorporating the use of higher resolution regional models. This should help resolve existing uncertainties with respect to forcings contributing to climate change, specially those that are anthropogenic;


b) It is cheaper to prevent than to fix problems. Humankind cannot afford to wait until there is absolute certainty that there is a problem, a proactive stance based on mitigation must be adopted in tackling potential impacts from climate change;


c) Incentives for energy conservation, and for using green energy, must be found and offered;


d) Modeling and simulations must be downscaled to the human level in order for policy-makers, decision-makers and regional stakeholders in general, to have tools that can be used in proactive decision making;


e) There is a need to create a culture of climate change through educational and community outreach efforts.
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FOREWORD 
 
 Climate Change has become a subject on intense debate spanning the realm from science 
to politics. On the scientific arena much progress has been made in understanding how natural 
factors have contributed to the continuous oscillations between glacial and warm ages on Earth. 
In contrast, significant uncertainties still remain regarding the influence of anthropogenic factors 
on climate change. 
 
 Against this background of increasing knowledge and remaining uncertainty, the 
scientific effort to improve our understanding of the complex interactive processes that constitute 
the Earth’s climate continues, while policy-makers struggle to decide what human actions may 
be needed to adequately interact with climate change and climate variability. 
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THE U.S. COASTAL SOUTH ATLANTIC AND CARIBBEAN REGION 
 
 It is appropriate that the National Assessment (NA) process recognizes the special 
characteristics of our coastal and island regions, by calling for a workshop and a regional 
assessment effort for the U.S. Coastal South Atlantic and the U.S. Caribbean region. 
 
 These special characteristics of the region result from the evident transition area found at 
the coast line, where land meets ocean, where the effects of climatic processes far inland or over 
distant portions of the tropical oceans are felt, often with clashing consequences far beyond those 
reflecting purely regional parameters. 
 
 This point can be illustrated by recognizing that the coast line is the final destination of 
all surface flowing waters in the land, but at the same time it is the first line of defense against 
the impact of storm surges and ocean currents. 
 
 This specific region, as designated by the NA, includes the coastal areas of Florida 
including islands known as the Florida Keys, Georgia, North Carolina and South Carolina as 
well as the Caribbean islands of Puerto Rico and the U.S. Virgin Islands. 
 
 While no official NA definition has been given for coastal areas, it could be argued that 
at the very least such areas would include all coastal counties in the region, and the totality of all 
islands in it. A similarly logical argument would be, that the coastal areas should include all land 
from the coast line to one hundred miles inland; the hundred mile distance identifying a 
demarcation line where the effects of most over-ocean extreme events would still be felt, and the 
point where the transition from inland processes to coastal ones begins. 
 
 In the specific case of Florida it  would be absolutely logical to include the whole state in 
this region, given not only its special geographical characteristics as a narrow peninsula with no 
inland point more than 70 miles from the coast line, but also because of the interdependency of 
certain processes within the state. Chief among these are, the Kissimmee-Okeechobee-
Everglades freshwater transport system, the ground water aquifers that extend across much of the 
state. To these must be added the bimodal characteristic of the state with respect to areas of 
hurricane cyclogenesis, which makes both coastlines vulnerable to storms originating in the 
Atlantic or in the Caribbean/Gulf of Mexico regions. 
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THE CLIMATE CHANGE AND EXTREME EVENTS WORKSHOP 
 
 Climate change has the potential, like many other natural hazards, of giving raise to 
disasters catching humankind by surprise. A parallel must be drawn here to extreme natural 
events, from earthquakes that strike for a few seconds and hurricanes that are tracked for days 
until they make landfall, to slowly evolving disasters such as the Dust Bowl that was many years 
in the making and still caught many by surprise. 
 
 The element of surprise inherent in disaster brought about by natural hazards is mainly a 
reflection of humankind lack of preparedness, or a result of ignorance regarding poorly 
understood natural processes or the true consequences of interaction of human activity with such 
hazards. 
 
 Although nature will always retain the capability of surprising humankind by surpassing 
even the best estimates of magnitude, location and frequency for given events, societies around 
the globe must strive to reduce the surprise factor to its minimum expression. This should be 
achievable to the degree that available information is converted into knowledge that is then 
distributed to all by way of educational and outreach activities. 
 
 Climate change, whether resulting from natural cycles or anthropogenic forcings, must 
not be allowed to spring devastating surprises around the globe. Toward this end, this workshop 
is an attempt to map out the state of knowledge and the need for future action regarding the 
potential regional effects of climate change on our coastal and island region. 
 
 For the purposes of this workshop extreme events are those that have the potential of 
bringing damage, meaning loss of life or material losses, to different sectors of activity or areas 
around the region. 
 
 
QUESTIONS 
 
 In order to effectively contribute to the process of a NATIONAL ASSESSMENT this 
workshop chose to ask the following questions: 
 
1. What are the current stresses being experienced in the region? 
 
2. What effects may climate change have on these regional stresses? 
 
3. How can regional stakeholders cope with these problems? 
 
4. How can regional stakeholders mitigate the adverse regional effects of climate change? 
 
5. What kind of information is needed for regional stakeholders to cope and mitigate? 
 
6. How can we convert available information into practical knowledge? 
 
7. How do we communicate this practical knowledge to regional stakeholders? 
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WORKSHOP THEMES 
 
 Being one in the series of OSTP/USGCRP workshops, the Climate Change and Extreme 
Events forum maintained consistency with many of the other workshops in the series by focusing 
its debate and dialog on the following themes: 
 
1. Identified Global Trends in Climate Change and Climate Variability; 
 
2. Existing Regional Stresses and Issues; 
 
3. Interaction of Global Trends and regional Stresses and Issues; 
 
4. Potential Regional Impacts and Opportunities from Climate Change and Climate Variability; 
 
5. State of Knowledge on Climate Change and Climate Variability; 
 
6. Information Needed to Understand Climate Change; 
 
7. Coping with Climate Change and Climate Variability;  
 
8. Mitigating the Regional Impacts of Climate Change and Climate Variability; 
 
9. What is the Cost of Climate Change and Climate Variability? 
 
10. Identifying Manageable Human Influences and Needed Action. 
 
 
 
STAKEHOLDERS AND SECTORS 
 
Stakeholders: 
 
 The Climate Change and Extreme Events workshop sought effectiveness by addressing 
the role of the research and academic community in improving the state of knowledge and in 
tackling remaining uncertainties. Also by involving regional stakeholders and by focusing on 
their concerns about regional vulnerabilities and, potential impacts and opportunities and the 
need for action. 
 
 Undoubtedly all sectors of society could be considered stakeholders based on their vested 
interest in the region and its future. Regional authorities, industry and business, all types of 
local/regional public and private organizations, and the general public are all stakeholders. 
 
 However in the interest of maximizing the effectiveness of this workshop within the 
constraints of time an available resources, stakeholders were defined as those representing 
keystone sectors in the region. This means sectors with the potential for significant regional 
impact as they take advantage of opportunities, or cope with potentially adverse impacts from 
climate change and climate variability. 
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 Major stakeholders representing such regional keystone sectors include: 
 
1. Emergency Manager; 
 
2. Water Managers; 
 
3. Financial Industry Representatives; 
 
4. Insurance Industry Representatives; 
 
5. Tourism and Travel Industries Representatives; 
 
6. Coastal/Marine Environment Managers; 
 
7. Health Care Industry Representative; 
 
8. The Everglades and Other Environmental Protection Managers; 
 
9. Fisheries Managers; 
 
10. Regional Utilities Managers; 
 
11. Island Communities; 
 
12. Regional Universities and Research Institutions. 
 
 
Sectors: 
 

Recognizing that even these selected stakeholder groups represented too wide a scope of 
interests to be effectively addressed during the workshop, the decision was made to focus dialog 
and debate on the following stakeholder sectors: 
 
1. The Coastal/Marine Environment; 
 
2. Water Resources; 
 
3. The Health Sector; 
 
4. Keystone Industries, i.e.: Tourism, Insurance, Banking, Agriculture; 
 
5. The Urban Environment; 
 
6. The Everglades. 
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WORKSHOP STEERING COMMITTEE 
 
 
Margaret Davidson 
 Director, Coastal Services Center 
 National Oceanographic and Atmospheric Organization (NOAA) 
 (843) 974-6200 
 mdavidson@csc.noaa.gov 
 
J. Michael Hall 
 Director, Office of Global Programs (OGP) 
 National Oceanographic and Atmospheric Administration (NOAA) 
 (301) 427-2089 x35 
 hall@ogp.noaa.gov 
 
Christopher W. Landsea 
 Meteorologist, Hurricane Research Division 
 National Oceanographic and Atmospheric Administration (NOAA) 
 Atlantic Oceanographic and Meteorological Laboratory (AOML) 
 (305) 361-4357 
 landsea@aoml.noaa.gov 
 
Stephen P. Leatherman 
 Director and Professor, International Hurricane Center 
 Director Laboratory for Coastal Research 
 Florida International University 
 (305) 348-1607 
 leatherm@fiu.edu 
 
Roger Pulwarty 
 NOAA Climate Diagnostic Center (CDC) 
 Cooperative Institute for Research in Environmental Science 
 University of Colorado 
 ( ) 
 rcp@cdc.noaa.gov 
 
Harold Wanless 
 Department of Geological Sciences 
 University of Miami 
 ( ) 
  
Ricardo A. Alvarez 
 International Hurricane Center 
 Florida International University 
 (305) 348-1607 
 alvarez@fiu.edu 
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WORKSHOP AGENDA 
 
 
 
CLIMATE CHANGE AND EXTREME EVENTS  
 

U.S. South Atlantic Coast & Caribbean Region 
 (Atlantic Coastal Areas on Florida, N. Carolina, S. Carolina, Georgia, 
 the U.S. Virgin Islands and Puerto Rico) 
 
 
Organized by: The International Hurricane Center at Florida International University 
 
Sponsored by: The U.S. Global Change Research Program, The White House Office of Science and Technology 
Policy, and The NOAA Office of Global Programs 
 
July 21-23, 1998 
 
Kovens Conference Center 
Florida International University 
 
 
Tuesday, July 21, 1998 
 
15:00 – 16:00  Steering Committee Meeting/Rapporteurs Meeting 
15:00 – 17:00  Registration at Kovens Conference Center 
17:00 - 19:00  Welcoming Reception at Kovens Conference Center Banquet Hall 
   Welcoming Remarks: FIU President Modesto Maidique 
 
     
Wednesday, July 22, 1998 
 
8:15 – 9:00  Continental breakfast – Registration 
 
9:00 – 12:00  PLENARY SESSION   
    
   Opening Remarks: FIU Provost Mark Rosenberg 

IHC Overview:   IHC Director Stephen P. Leatherman 
State of the Science: USGRP Michael MacCracken 
National Assessment:  NASA Anthony Janetos 
The Region: NOAA CSS Margaret Davidson 
The Federal Perspective:  DOC Undersecretary James Baker 
A Stakeholder’s View:  Mr. Craig Wheeling 
Administrative Matters: IHC Assoc. Director Ricardo A. Alvarez 

 
 
12:00 – 13:30 LUNCH at KOVENS CONFERENCE CENTER  

Speaker: IHC Board President Mr. Robert Epling  
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Wednesday, July 22, 1998  continued .. 
 
 
13:30 – 15:00 SESSION 1:  CLIMATE CHANGE AND HURRICANES 
 
 

Linkages between climate variability or climate change 
and hurricanes. What is the correlation between climate 
and hurricane intensities, frequencies, tracks or storm 
surge? Do El Niño events provide some of the answers? 
How may climate change affect our predictive 
capabilities? 
 

  
 
 

CHAIR:   
Mark Demaria – NOAA  AOML 

PANEL: 
  Chris Landsea – NOAA NHC 

Roger Pulwarty – NOAA CDC 
  Robert Tuleya  - GFDL 

 
RAPPORTEUR: 

Ricardo A. Alvarez  - IHC - FIU 
 
 
13:30 – 15:10 SESSION 2:  CLIMATE CHANGE AND WATER       
    RESOURCES 
 

Conflict between development and flood control and 
water resources for human activity, and for the 
environment. Potential effects of climate change on the 
Everglades, a critical ecological resource in this region. 
How will the hydrology of the Everglades be affected? 
Will the fresh water supply be affected by salt-water 
intrusion in this area? How will wildlife, including 
protected species, be impacted? What stresses will be 
placed on the life chain that depends on the Everglades-
Florida Bay symbiosis? 

 
 

 
 

C
 
PA
 
 
 
R
 

CHAIR:  
M. Ali Ebadian  - HCET – FIU 

PANEL:  
Ron Jones – SERP – FIU 

 Joette Lorion – Everglades 
 Jack Parker - FIU 
 Paul Trimble – SFWMD 
RAPPORTEUR: 
 James Lewis Free – FIU - NHC 
   
 

 

 
 15:10 – 15:30 REFRESHMENT BREAK
15:30 – 17:10 SESSION 3:  CLIMATE CHANGE – SEA LEVEL RISE  
   AND COASTAL IMPACTS 

 
 HAIR: 

Stephen P. Leatherman – HIC 
NEL: 

Bruce Douglas – UMD 
Richard Chitwood –Ocean Club 
Michael Ross – FIU SERP 

APPORTEUR: 
Hugh Gladwin – FIU IPOR 

How climate change has resulted in sea-level rise and 
how this, in turn, results in a wide range of potential 
impacts to coastal zones worldwide? Trends in sea-level 
rise will be analyzed. Potential negative impact to 
population and the built environment will be discussed. 
How changes have affected the marine environment 
placing ecosystems under severe, often fatal, stress? 
How resulting coral reef bleaching may accelerate 
resulting in loss of barrier reef and adverse effects on 
beaches and coastal areas? 
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Wednesday, July 22, 1998  continued .. 
 
 
 
15:30 – 17:10 SESSION 4:  CLIMATE CHANGE AND HEALTH  
      ISSUES 
 
 

Will global warming bring drought or heat waves that 
could severely affect the health of residents of this 
region? Will climate change bring a “tropicalization” of  
temperate zones and could this, in turn,  result in 
increased outbreaks of certain diseases? How will all of 
this affect public health in our region and elsewhere? 
What will the effects be on the ecological health, as 
more pests attack crops and forest causing what may be 
irreparable damage? How changes in ocean water quality 
may affect seafood safety? 

CHAIR: 
 William Keppler – FIU 
PANEL: 
 Erin Lipp – USF 
 Fred Messing – Baptist Hospital 
 Linda Quick – SFHHA 
 Paul Reiter – CDC 
RAPPORTEUR: 
 Ricardo A. Alvarez – IHC - FIU 

 
 
 
 

19:00 – 22:00 DINNER at THE BANKERS CLUB 
   One Biscayne – 14th Floor, Miami  
 

Speaker: William Talbert - Greater Miami-Dade Visitors and Convention Bureau  
 

 
 
 
Thursday, July 23, 1998 
 
8:00 – 8:45  Continental breakfast 
 
 
8:45 – 10:25 SESSION 5  CLIMATE CHANGE AND ISLANDS 

 
The special vulnerability of islands to the adverse effects 
of climate change. Sea-level rise, more frequent or 
intense hurricanes or drought, can have more severe 
impacts on islands than elsewhere. How these potential 
negative impacts would affect islands in our region, such 
as Puerto Rico, the U.S. Virgin Islands or the Florida 
Keys, and numerous barrier islands? 

CHAIR: 
 John Topping – Climate Institute 
PANEL: 
 George Maul – FIT 
 Bruce Potter – IRF 
 Havidan Rodriguez – UPR 
 
RAPPORTEUR: 
 Richard S. Olson – IHC - FIU 
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Thursday, July 23, 1998 continued .. 
 

8:45 – 10:25   SESSION 6:  CLIMATE CHANGE AND INSURANCE 
 
From extreme hazard events to gradual adverse impact, 
many of the effects of climate change on the South 
Atlantic coastal regions, and on islands, carry the 
potential for increased injury and loss of life, and of 
actual structural damages, business disruption and other 
adverse economic implications. The insurance industry, 
already a major stakeholder, will have to analyze these 
potential impacts and their effects on itself. Also, 
mitigation measures to reduce the potential for damage 
will need to be analyzed. 

 

CHAIR: 
 Graham Cook – AIR 
PANEL: 
 Franklin Nutter – RAA 
 John Tedeschi – Guy Carpenter 
 William Wilkins – John Alden Ins. 
 
RAPPORTEUR: 
 Alan Parker - FIU 

 
 

 
 
10:25 – 10:45 REFRESHMENT BREAK 

10:45 – 12:15 SESSION 7:   CLIMATE CHANGE AND SOCIO – 
      ECONOMIC IMPACT 
 

What is the price we may have to pay both in human and 
economic terms as a result of climate change? What will 
be the cost of future disasters resulting from more 
intense or frequent natural hazards, brought about by 
climate change? How will the economic base of this 
region change as a result of climate change? What will 
be the impact on such important activities as tourism, 
agriculture, construction and insurance? 
 
 

 
 

CHAIR: 
 Roger Pulwarty – NOAA –CDC 
PANEL: 
 William Coulborne – G&O 
 Charles Lanza – Miami-Dade OEM 
 Roger Pielke Jr. – UCAR 
 
RAPPORTEUR: 
 Walter Peacock  - IHC FIU 

 
 
10:45 – 12:25   SESSION 8:         CLIMATE CHANGE & FUTURE   ACTION 
 

How humankind may take actions to reduce, or change, 
the adverse effects resulting from climate change? How 
can we change what we are doing in order to mitigate 
potential adverse impacts from climate variability or 
climate change? Can we have control over some of these 
causes and, if so, can we act on them? When do we need 
to take actions? 

 
 
 
 

CHAIR: 
 Stephen P. Leatherman –IHC-FIU 
PANEL: 
 Christopher Howell – IRF 
 Ronald Jones – SERP – FIU 
 Deb Swim – LEAF 
RAPPORTEUR: 
 Krishnan Dandapani - FIU 
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Thursday, July 23, 1998 continued .. 
 
 
12:25 – 13:40 LUNCH:  Speaker:  State DCA Mr. Douglas Buck 
 

 
13:40 -  14:30 RAPPORTEURS MEETING 
 
13:30 – 14:30 VIDEO PRESENTATIONS 
 
VANISHING LANDS: IHC Director Stephen P. Leatherman 
 
Assessment of Climate Change Impacts Through Spatial Data 
 FIU -School of Computer Science Nagarajan Prabhakaran 

 
 
14:30 – 16:30 PLENARY SESSION  
 
   CHAIR:  Climate Institute Mr. John Topping   
 

Rapporteurs’ summary reports. General discussion. Stakeholders and Key Issues 
in the Region. Suggestions for a Plan of Action. Regional Findings as Foundation 
for Regional Assessment.  Integrating the Regional Assessment with the National 
Assessment. 
 
CLOSING REMARKS: IHC Director Stephen P. Leatherman 
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  OPENING  PLENARY  SESSION  
 

PLENARY SESSION PROGRAM 
 
Opening Remarks  Mark Rosenberg 

Provost Florida International University 
IHC Overview   Stephen P. Leatherman 

Director International Hurricane Center 
State of the Science  Michael MacCracken  

USGCRP 
National Assessment  Anthony Janetos  

NASA 
Regional Perspective  Margaret Davidson 

NOAA Coastal Services Center 
Federal Perspective  James Baker 
    Undersecretary Department of Commerce 
Stakeholder's View  Craig Wheeling 
    CEO Brooks Farms 
Administrative Matters Ricardo A. Alvarez 
    Associate Director International Hurricane Center 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROGRAM EXERPTS: 
 
 
1. The session was opened at 9:00 AM on Wednesday, July 22, 1998 by Plenary Chair  Stephen 

P. Leatherman, Director of the National Hurricane Center (IHC), who then proceeded to 
introduce Florida International University Provost Dr. Mark Rosenberg. 

 
2. Mark Rosenberg:  
 

♦ Miami is a city "on the edge". 1000 new people arrive each week fueling a demographic 
explosion. This is a city with new leadership. 

 
♦ Miami is literally on the edge when it comes to climate, weather and natural hazards. 
 
♦ FIU has been here for 25 years. With 31,000 students and 1000 faculty members, its 

enrollment is growing every year. 
 
♦ FIU is a comprehensive research university where sponsored research, both basic and 

applied, is growing at 20% per year. FIU has the objective of becoming a Research 1 type 
institution by the year 2000. 
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♦ FIU has adopted five main sectors to guide its academic and research efforts, these are: 
 

 Health 
 Urban 
 International 
 Information 
 Environment 

 
♦ As academicians and as members of the community, we at FIU have a vital stake and 

interest in research and in problem solving, and also in accountability, not only to the 
community, but also on the basis of research. 

 
♦ FIU is proud to host the IHC, a Type 1 State Research Center that plays a crucial role in 

many themes concerned with U.S. coastal areas and the Caribbean. 
 
♦ FIU is looking forward to the results of this workshop and stands ready to push ahead 

with the agenda that will be formulated here. 
 
 

3. Stephen Leatherman: 
 

♦ Many more people are affected by hurricanes on a yearly basis than are impacted by 
earthquakes. Cumulative losses are also higher for hurricanes than for earthquakes. In 
spite of this, federal funding for earthquake research is several times higher than that for 
hurricanes. It is essential to bring research funding levels for hurricanes on a par with 
funding for earthquake research. 

 
♦ 40% of FEMA flood insurance policies are sold yearly in Florida. And insurance 

premiums are going up. 
 
♦ The insurance industry has shown great interest in understanding the nature of hurricane 

risk. There is a need for the research sector to work with the insurance industry in this. 
 
♦ The IHC is investing in tools and research to combat extreme events in this region. One 

specific tool to be used in this effort, is an airborne laser terrain mapper. The first of its 
kind purchased by the academic research sector, this laser will allow a high technological 
tool to be used in mapping vulnerable regions to better understand potential risks and to 
help with identifying mitigation measures. 

 
♦ Another important project aims to deploy automated weather station, coupled with ham 

radio communication equipment, throughout the Caribbean basin to supplement the data 
gathering network of the NHC, with a system capable of providing real time surface 
observations to assist the NHC with its predictions of track and landfall. 

 
♦ The IHC is uniquely positioned to look at the coastal impacts of extreme events, to 

conduct assessments of such potential effects on the region, and to work in identifying 
mitigation measures to reduce the potential for damage from such events. 
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♦ The impact of climate on coastal areas and on extreme events fits nicely into the IHC 
research agenda. 

 
 

4. Michael MacCracken: 
 
♦ Many years ago at a meeting here in Florida the question was " is climate an issue?" We 

now know that climate is an issue. 
 
♦ Poet Archibald MacLeish once said that we are "..riders on this planet". When it comes to 

climate we no longer are just "riders", we are now "..drivers of this planet" 
 
♦ Everyone now agrees there is a greenhouse effect that is fueled by natural and human 

emissions of greenhouse gases, including CO2 . 
 
♦ CO2 atmospheric concentration has changed mainly as a result of human forcing. 
 
♦ The U.S. emits 5 mt/person/year1 of CO2 into the atmosphere versus a world average of  1 

mt/person/year, making this country the worst contributor. 
 
♦ Human activity now contributes 6.0 billion metric tons of carbon per year to the 

atmosphere. This quantity would be enough to "green" the northern hemisphere every 
year. 

 
♦ Climate is warming. The earth itself is warming including the ground (earth's crust), the 

oceans, the surface and the atmosphere. The rate of warming is unusually rapid. 
 
♦ What about the future? If we continue using present technology for energy production, 

carbon contributed to the atmosphere by human activity will reach 60 billion metric tons 
by the year 2035, a tenfold increase from present day contributions. 

 
♦ If a program to implement technological improvements in energy production human 

carbon contributions could be held instead to 20 billion metric tons per year by 2035. 
 
♦ Another consequence of global warming is sea level rise. A best estimate is that sea level 

will rise by 50 centimeters by the year 2100 in comparison to a rise of 10 to 25 
centimeters over the past 100 years. 

 
♦ Other consequences may include increased precipitation in high latitudes, and a shift in 

ocean currents including the gulfstream resulting in sharply cooler climate over Europe. 
 
♦ Main impacts of these changes in temperature, sea level and precipitation will have 

adverse impacts on health, agriculture, forests, water resources, coastal areas and other 
sectors. 

                                                           
1 mt = metric tons 
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♦ The Kyoto Protocol is a global effort at stabilizing emissions, but there is a polarized 
debate between nations around the world. Developing nations say "if you cut back our 
emissions you are risking our economic wellbeing", while Developed nations say "if you 
don't cut back your emissions you are risking our ecological wellbeing". This is a difficult 
issue that will require global cooperation and sacrifices by all for the good of everyone. 

 
 

5. Anthony Janetos: 
 
♦ What it may cost to change (improve) our energy efficiency. Just a few percentage points 

of GNP per year. This cost is within this country's capabilities, what is needed is the will 
to commit the resources to do it. 

 
♦ The National Assessment of the Potential Consequences of Climate Variability and 

Change, the National Assessment (NA) for short, has the following goal: to analyze and 
evaluate the potential consequences of climate change and variability for the nation, in 
the context of other pressures on the public and the environment. 

 
♦ The NA is based on the following principles: 
 

 Scientific excellence 
 Open process 
 Broad participation 
 Public-private partnership 

 
♦ The components of the NA are: 
 

 Regional activities: 
 a) Workshops  
 b) Regional Assessments 

 Sectoral analysis 
 Synthesis Report 

 
♦ A total of 20 regional workshops will be held, going back to 1997. Important issues are 

coming out of these workshops. A common subjects across regions has been the trends in 
precipitation and drought. Another one is what might happen to agriculture. There is 
agreement that an increase in CO2 is good for crops provided there is enough moisture 
and nutrients in the ground, but this is also good for weeds, so the issue may be more 
complicated than it appears. 

 
♦ Five specific sectors have been chosen for analysis: a) coastal zones, b) agriculture,  
      c) forestry, d) health, e) water resources. 

 
♦ The Synthesis Team will put together the Synthesis Report on the basis of climate 

scenarios that use historical data sets, are based of simulation results from the GCMs2 
and are region and sector specific. 

                                                           
2 GCM = Global Circulation (Climate) Model 
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♦ Socio-economic scenarios of regional climate change/variability impacts by sector will be 
an essential component of the Synthesis Report. 

 
 

6. James Baker: 
 

♦ I am here representing NOAA and on behalf of the Office of Science and Technology 
Policy (OSTP). Very pleased to be here and to acknowledge the very nice synergy that 
exists between the IHC and the National Hurricane Center (NHC). 

 
♦ It has been said here that several years ago the question was: is climate an issue? Yet 

CNN just aired a one-hour special on global warming. So the issue of climate change is 
now part of the national news. 

 
♦ Climate change is an issue that the Administration feels is very important. This is an 

important matter that touches all sectors of society. 
 
♦ Climate change is really a critical issue, one that we must learn to deal with. This is an 

issue that will require everybody working together to deal with it. 
 
♦ We must work together to make everyone understand what climate change is, and what 

are the stresses that it may cause. Also, how to mitigate the adverse impacts of climate 
change, and how to deal with future stresses. 

 
♦ Climate is very variable, but we are seeing some trends: a) greenhouse emissions are 

growing at about 1% per year,  b) a doubling of CO2  means temperature increases, c) at 
4x CO2 the world will much warmer than it is today. 

 
♦ Better observing tools are needed. 
 
♦ We need to understand that climate change is more than global warming and El Niño. 
 
♦ It must also be understood that if we do nothing, we will witness major changes in 

climate in the future. 
 
 

7. Margaret Davidson: 
 

♦ There is something very special about this coastal and island region. About 75% of the 
population have moved to this region in the past 30 years. Because of this most people do 
not have a first hand connection with historical meteorology. What this means is that a lot 
of the population is not familiar with regional climate issues. 

 
♦ The demography of the region is also changing. Now the average resident is older and the 

seasonal and temporary population, represented by tourism and "snow birds" has grown 
to very large numbers. The importance of tourism becomes critical because of its 
elasticity, meaning that it could change because of external factors. For example, a person 
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may not defer a visit to a doctor, but could postpone a vacation if the economic situation 
is bad. 

 
♦ The region is exposed to practically every natural hazard there is except major ice storms. 
 
♦ Most eco-systems in the region are either storm dominated or drought dominated. 
 
♦ Shallow water systems in the region are very fragile. They can be affected by storms and 

other natural hazards. For example after the wild fires that affected the region earlier this 
year there was a lot of carbon on the ground, but in addition the chemicals used to combat 
the fires ended up creating a water quality problem. 

 
♦ Approximately 26% of our coastal (Atlantic and Gulf) barrier islands are in the region. 
 
♦ Climate change has the potential for exacerbating threats to many sectors in the region 

including fisheries, tourism, coral reefs in addition to water and others. 
 
♦ Talking of extreme events, these happen here and now in this region! Some of the most 

expensive repeat losses from extreme natural hazard events happen in this region. 
 
♦ The real costs of Hurricane Andrew are much higher than the official figures. 
 

 
8.  Craig Wheeling: 
 

♦ It is important to look at the agricultural sector in South Dade County and at the impact it 
took from Hurricane Andrew. This is a window into the vulnerability of a sector in this 
region to climatic events. 

 
♦ There are about 80,000 acres of agricultural land in South Dade dedicated to vegetables, 

fruit trees, tropical plants and nursery plants. 
 
♦ One lesson learned is that it doesn't take a hurricane to create a lot of damage. A strong 

two-hour wind-storm could cause up to $300 million in damages to crops if it happens at 
the right time of the year. 

 
♦ Hurricane Andrew caused more than $1.0 billion in losses to the South Dade agricultural 

sector due, first of all to direct damage to tress and plants from the winds and rain. Then 
there was a lot of damage due to consequential factors, i.e.: a) could not ship undamaged 
product due to unsolvable transportation problems,  b) could not pack or preserve a lot of 
product due to damaged facilities or lack of supplies to replace damaged ones. 

 
♦ The lime industry in the area had 6500 acres planted at the time of Hurricane Andrew. A 

total of 5500 acres were lost to the hurricane. 
 
♦ Mango trees were viewed as sure survivors in case of a hurricane, but the reality of it was 

that the tress proved more vulnerable than had been thought. Their root systems were 
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severely damaged and haven't fully recovered yet. As a result mango production has 
never gone back to pre-Andrew levels. 

 
♦ Avocado trees proved to be the best survivors. Although about 1/3 of the total avocado 

acreage was lost, most trees survived and by and large did rapidly get back to normal 
production. 

 
♦ But agriculture is not only about plants and crops, above all it is about people. We 

learned that these extreme events can cause severe health problems for people, many of 
whom could not "just snap back" and continue as before. 

 
♦ Agriculture is also about financial decisions and management, as much as it is about 

economic loss from extreme events. 
 
♦ Brooks Farms was fortunate to have a very good insurance policy that basically saved the 

company to see other days of activity. Others were not as fortunate. 
 
♦ Many lessons were learned from this event. The company has now diversified and 

branched out to other areas in Florida. Hurricane Andrew was taken as a large scale 
exercise for an extreme event, and the lessons learned have been taken and reflected in a 
new emergency plan emphasizing the continuity of function for the business. 

 
♦ This experience has made this company, and many others in the agriculture industry, 

much more aware of the potential for damage from extreme climate events and of the 
need for more knowledge and information about the meaning of future climate change 
and variability. 
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SESSION 1 
 
CLIMATE CHANGE AND HURRICANES 
 
 
 
 
 
 
 
 
 
 

SESSION RAPPORTEUR 
 
Ricardo A. Alvarez 
IHC/FIU 

SESSION PANELISTS 
Christopher Landsea NOAA/AOML 
 
Roger Pulwarty  NOAA/CDC 
 
Robert Tuleya GFDL 

SESSION CHAIR 
 
Mark DeMaria 
NOAA/NHC 

 
RAPPORTEUR'S REPORT: 
 
by   Ricardo A. Alvarez 
 Associate Director 
 International Hurricane Center 
 Florida International University 

 
SUMMARY: this was a lively session attended by 47 workshop participants. The main question 
was: what links, if any, exist between global climate change and hurricanes? The session 
highlighted the fact that our state of knowledge is on the same level as our state of uncertainty. 
Many questions have been answered, but many other await answers. An important question that 
was asked: Climate Variations and Hurricanes: what might the future hold? (Landsea 1998), lead 
to such specific questions as: How will climate change affect: hurricane frequency? Hurricane 
average and maximum intensity? The area of hurricane formation and occurrence? Historical data 
research points toward the natural fluctuations in oceans’ temperatures as the main driver of 
hurricane variability. In the other hand, results of some simulations indicate 5%-10% increase in 
intensity is possible under 2° C global warming, and perhaps a 5% increase in frequency under 
2xCO2 conditions. The session also discussed some of the difficulties inherent in present day 
GCMs, and existing stresses that include: a) increased vulnerability of coastal regions due to 
societal changes; b) difficulties with short term climate forecast;  c) present scale of models 
creates difficulties for regional assessments. With regard to potential consequences even the 
modest increases in frequency/intensity, suggested by some models, could result in major impact 
and damage. 

 
QUESTIONS 
 
1. It is known that the coupled ocean-atmosphere heat-transfer system has warmed over the past 

century as a causal effect of increased greenhouse gases in the atmosphere. What other 
reactions will be seen in the coupled ocean-atmosphere system as a result of climate change? 

 
2. With strong scientific evidence that combined land/ocean global average surface 

temperatures have increased by 0.3° - 0.6° C over the last century, the question asked is: will 
this continued warming bring about more favorable parameters for cyclogenesis? 

 
3.  What linkages, if any, are there between climate variability or climate change and 

hurricanes? 
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4. What is the correlation between climate and hurricane intensities, frequencies, tracks or 

levels of surge? 
 
5. Do the effects of El Niño events on Atlantic cyclogenesis provide some answers? 
 
6. Will climate change affect hurricane predictive capabilities and, if so, how? 
 
 These questions, and many other asked during the session, highlight the present state of 
knowledge and uncertainty regarding future climate change. From the session’s dialog it was 
apparent that there are no answers yet for many of the questions being asked. 
 
 
PANEL CONTRIBUTIONS 
 
1.  Chris Landsea, of the Hurricane Research Division of NOAA at the AOML, addressed the 
question of whether hurricane frequency and/or intensity are linked or not to global climate 
change. This issue is summarized below. 
 
 The coastal/island resident’s perspective of hurricane frequency/intensity may be 
influenced by damages witnessed over the past ten years. This is hardly surprising when the 
record shows 40% of all insured hurricane losses taking place from 1984 to 1993. Also the 1995 
Atlantic hurricane season brought 19 named storms, a possible indication of increased frequency 
despite the El Niño influenced 1997 season of only 9 named storms in the Atlantic basin. 
 
 Although the indicators given above seem to point toward a trend of increased Atlantic 
hurricane intensity and frequency, other data from the historical record offer different 
conclusions. A review of major hurricane (categories 3 and higher) occurrence shows that from 
the mid 1940s to the mid 1960s there were an average of 3+/year. Then, the period from the mid-
60s to the late 80s/early 90s was very quiet with an average of about 1.5/year, but as of 1995 
there has been a definite increase in the number of annual major hurricanes in the Atlantic basin. 
 
 These empirical data appear to be linked to the Atlantic multi-decadal sea surface 
temperature (SST) which roughly shows a cycle of alternating 3 decades of warm SSTs and 2 
decades of cold SSTs. From this it could be argued that multi-decadal hurricane variability in the 
Atlantic is linked to natural fluctuations in the ocean’s temperatures. 
 
 Recent studies using GCMs for simulations point toward a possible increase in annual 
hurricane intensity of the order of 5% to 10%,  under a global warming induced 2° C increase in 
temperature. However, other studies seem to indicate the threshold for cyclogenesis may shift to 
higher temperatures, as the warmer air is capable of holding more moisture. 
 
 Other model based simulations have concluded that annual Atlantic hurricane frequency 
may increase by 5% annually under 2xCO2  conditions (Royer et al 1998).  In summary:  
 

a) the apparent present trend toward more frequent and intense Atlantic hurricanes is part of 
the multi-decadal variability due mainly to natural fluctuations;  
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b) at most the best simulations seem to indicate any increase in frequency may statistically 
translate to 0.5 additional storm per year in the Atlantic basin. 

 
2. Robert Tuleya, of NOAA's Geophysical Fluid Dynamics Laboratory, addressed the use 
of models in simulating the effects of climate change upon the frequency and intensity of 
hurricanes, as well as the dilemmas inherent in present-day models and the need for improved 
models. This contribution can be summarized as follows: 
 

GCMs, such as those used by the NHC, have been used to simulate changes in hurricane 
parameters as a result of an increase to 2xCO2 with the following results:  

 
a) small to negligible change in the area of cyclogenesis or occurrence (location);   
b) changes in frequency ranging from – 30% to + 50% from present averages, which 

renders these results unreliable;   
c) a hint of increased overall intensity. 
 
While these results are by and large non-significant, it is important to note that the same 

GCMs have simulated an increase in the Maximum Potential Intensity (MPI) of the order of 
+10% to +20% for 2xCO2 conditions. This is a significant result. 

 
Models used to simulate conditions under SSTs of +2.2° C, above present global 

averages, show an intensification of hurricane wind speeds of 3 to 6 m/s, a factor of 5% to 10%, 
and decreases in central pressure of the order of 7 to 15 mb, signifying more intense hurricanes. 

 
While climate models are promising tools to study relationships between hurricane 

intensity and climate change, important modeling dilemmas and difficulties need to be overcome 
to improve the reliability of results. Some dilemmas and difficulties include: 

 
a) high resolution models are capable of simulating very intense storms; 
b) often these simulations are completed by assuming climate equilibrium; 
c) low resolution models do not have the same capabilities for simulation; 
d) regional climate modeling (higher resolution) would be needed for improved storm 

intensity simulation, but must overcome the difficulties inherent in integrating model 
resolution, model physics, ocean interaction and the atmospheric lapse rate, all of 
which require computational capabilities beyond what is commonly available. 

 
3. Roger Pulwarty, of NOAA’s Climate Diagnostic Center, addressed societal perceptions 
and responses regarding vulnerability to hurricanes and the issue of climate change. This 
contribution may be summarized as follows: 
 

There are important questions that must be asked to gauge society’s perception of 
vulnerability to hurricane and to the potential adverse impacts of climate change and variability. 

 
Where are we coming from with respect to our perception of vulnerability, hurricanes and 

climate change? Where are we going? What is an extreme event? How have we dealt with the 
problem of hurricanes and the loss of life and damages caused by them? How long does it take a 
community to respond to hurricane impact? 
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There is empirical information indicating that over time hurricane impact is bringing 
increased dollar losses, because of damage to the built environment, but there is a decreased loss 
of life now than before. This is the result of better preparedness. 

 
Research on the perception of individuals living in coastal areas with respect to their 

vulnerability to hurricanes shows that up to 55% of these people stated that “..the benefits of 
beachfront living certainly outweigh the risks..” This may have to do with the acceptability of 
risk or with risk uncertainty. This majority perception would help explain the surprise factor that 
often accompanies major damage or disasters resulting from hurricane impact. 
 
KEY FINDINGS 
 
 Main conclusions from the exchange of knowledge and ideas during this session are 
listed below: 
 
1. Higher present cost of storms is due to increased development along the coastal region, the 

most vulnerable to hurricane impact; 
 
2. Climate modeling is a difficult science and there are uncertainties regarding results of 

simulations. However modeling in progress is indicating there may be a modest increase in 
hurricane frequency and intensity under continued global warming; 

 
3. Although the consensus seems to be that a 5% annual increase in the number of Atlantic 

hurricanes is the only generally accepted simulation result, it is important to point out that 
such an increase could mean billions of dollars in actual damages if it results in landfall by a 
major hurricane; 

 
4. Additional increases in losses from hurricanes are possible due to societal changes in the 

region, especially perceptions regarding risk uncertainty; 
 
5. Regional approaches and strategies will become increasingly important to cope with the 

continued hurricane problem, and potential increases in frequency and intensity due to 
climate change; 

 
6. Forecasting hurricanes requires a much shorter focus on climate (in the order of days). In 

contrast, models are attempting to forecast decadal or annual variability. Much work remains 
to resolve uncertainties inherent in the tremendous interannual variability of hurricanes. 

 
 
RECOMMENDATIONS FOR ACTION 
 
 There was not much time left at the end of the session to discuss actions to be taken, but 
the few that were mentioned are listed below: 
 
1. Develop higher resolution models to be used for regional assessments of climate change; 
 
2. Education and community outreach programs could help transfer knowledge gained from the 

past and driven by experience; 
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3. Model improvement should target short-term hurricane forecasting; 
 
4. Mitigation must become an everyday component of coastal development. 
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EDITOR’S NOTES:  
 
by   Ricardo A. Alvarez 
 Associate Director 
 International Hurricane Center 
 Florida International University 
 

SUMMARY: if there is a common denominator for the different sectors identified as 
critical for the National Assessment (NA) water would certainly fit the bill. Existing stresses and 
future impacts in the health sector are affected by water its quality, and the abundance of scarcity 
of it. The same can be said of both the agriculture and the forestry sectors. Coastal and island 
stresses and impacts, including sea level changes, are affected or exacerbated by water. Similar 
examples could be cited relative to other sectors or fields of activity being studied as part of the 
climate change equation. Water has such importance that it is equated to life itself, based mainly 
on the fact that the human body is more than 70% water and a deficit of 10% to 12% could result 
in death, or because fresh water is considered as an essential natural resource needed by most, if 
not all, societal and environmental processes.  Planet Earth is called the "water planet" because 
two thirds of its surface are covered by about 1.4 x 109 cubic kilometers of water. This abundance 
of water however is relative, as only 2.53% of that amount is fresh water and only 0.3% of this 
amount is in the rivers and lakes that constitute the main source of supply for human activity. 
Tremendous stresses are being placed on our global water resources. For example, global water 
consumption this century (between 1900 and 1997) has risen more than sixfold --which is more 
than double the rate of population growth -- and continues to grow on a rapid pace. In this South 
Atlantic coastal and Caribbean island region there is a situation of unevenly distributed resources, 
and of competing, and often conflicting, demand for domestic, agricultural, recreational and 
power generation uses. Parts of the region have abundant supplies, in the form of surface and 
ground water reserves and plentiful precipitation patterns, and very low costs of distribution 
averaging $0.90/1000 gallons. In contrast, other parts of the region have practically ran out of 
ground water sources and must depend on precipitation, transportation from remote sources or on 
desalinization for their supply of fresh water often at costs of $7.50/1000 gallons or higher. Even 
in those parts of the region with abundant supplies stresses result from conflicting requirements, 
for example: the population growth and related urban development in Southeast Florida has been 
made possible by one of the largest public works projects in the world3 which has altered natural 

                                                           
3 The Central and Southern Florida Flood Control Project: executed by the U.S. Army Corps of Engineers (COE) 
and maintained/managed by the South Florida Water Management District (SFWMD) 
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flows and must trow away large amount of fresh water into the ocean, to ensure the water table is 
maintained below a certain level. The more than 1800 miles of drainage canals and numerous 
flood controls structures that are part of this project, have been instrumental in reducing the area 
of the Everglades by two million acres to half its size of 50 years ago. The reduction in size of 
this invaluable resource and the redirection of flow have, in turn, affected the recharge of the 
aquifer that constitute the main supply of ground water for an area where 90% of all fresh water 
used comes from ground sources. The 1995 plan developed by Florida for its five water 
management districts states that "..in many areas of the state, the prospects for new...inexpensive, 
clean sources of water no longer exist" "..there are both quality and quantity problems" The plan 
also adds, "Ninety percent of the state's population depends on groundwater, and the 
groundwater is highly susceptible to contamination from municipal landfills, hazardous waste 
dumps, septic tanks and agricultural pesticides."  While these conditions are specific to Florida, 
they are not much different than those existing elsewhere in the region, but may pale in 
comparison with those prevalent in some of the islands. It is against this background that the 
climate variability and climate change equation must be viewed and eventually solved. 

 
 
QUESTIONS  
 
1.  What regional effects will come from climate change and variability that may impact 
existing stresses in the water sector? 
 
2.  In a region where the hydrology is mainly driven by precipitation and influenced by such 
processes as evapotranspiration and the flow of surface and underground water, how will these 
hydrologic processes be affected by climate change and variability? 
 
3.   Urban development, fueled by demographics and tourism, is an essential element of 
economic growth in this coastal and island region. As such, urban development is needed and 
welcome, but in the other hand it has become one of the biggest stressors on the water sector. 
Can the region continue to grow in this fashion, or should urban development be curtailed to 
reduce stresses on water resources even if this means slowing down economic growth? 
 
4. Sea level rise, a current consequence of climate change, and ground water withdrawals 
have resulted in salt water intrusion along coastal areas. Many freshwater well fields in coastal 
areas are already contaminated by salt water. What changes or mitigation measures might be 
needed to reduce these trends? 
 
5. One characteristic of the region is the interaction of conflicting water uses and demands 
over confined areas. For example, in Florida because it is a highly urbanized relatively narrow 
peninsula or in the islands because of their small territorial area urban, agricultural, industrial and 
recreational activities are conducted in close proximity to one another. This often results in 
pollution of fresh water sources by industrial, agricultural or urban runoff with potential adverse 
consequences to all sectors. Climate change may bring increased precipitation resulting in easier 
transport of pollutants by water, while decreased precipitation would result in increased 
concentrations of pollutants. What measures could be taken to reduce this exacerbation of 
vulnerability where water play a major role? 
 
6. Can regional residents take a business as usual approach, confronted as they are with 
these water sector stresses and the potential for future adverse impacts driven by climate change, 
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or must they rise to the challenge of instituting mitigation measures? How much time is there to 
decide between these courses of action? 
 
 
KEY FINDINGS AND RECOMMENDATIONS FOR ACTION 
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BACKGROUND: SOURCE OF CURRENT STRESS AND POTENTIAL CHANGE 

This session contrasted with a number of others in that sea level change is already being 
experienced.  A number of other sessions, while giving evidence for concern over the effect of 
climate change on phenomena such as hurricanes and health, nevertheless noted that research has 
yet to determine the specific effects and trends which might be expected.  Sea level rise, on the 
other hand,  has been occurring for at least 100 years, and physical processes are fairly well 
understood which would translate global warming into a further acceleration of sea level rise. 

From archaeological and geological measurements it is possible to determine what the 
sea level has been at a number of locations for the last 3,000 or so years.  Over this period until 
some time late in the last century the sea level rose at a rate of 0.2 millimeters per year.  This 
slow rate puts sea level rise at a rate where biological processes such as marsh accretion and 
coral growth can keep up.  Sea level rise at that rate was also within a same general scale as land 
raising or subsidence through geological processes.  After 1880 the rate of sea level rise has been 
observed to be between 1.5 and 2.0 millimeters per year.  Climate/ocean models suggest that the 
rise could increase to a rate of 6.0 to 9.0 mm within the next 100 years. 

Thus for sea level rise current stresses resulting from climate change are already showing 
what the potential consequences will be.  The numbers are perhaps clearest for coastal erosion.  
A typical beach erosion rate is 150 times sea level rise.  At the current 1.8 mm/year this 
translates into 2.7 meters of coastal loss due to erosion every decade.  An increase to 7 mm/year 
sea level rise would produce over 10 meters of erosion per decade.  Thus while in the coastal 
zone sea level rise is only one of many stresses, it is clearly implicated in erosion and habitat 
loss. 

 29



CASE STUDIES 
The speakers at the session presented a number of case studies where clear effects of sea 

level rise are evident.  The impacts of sea level rise were analyzed in terms of possible mitigation 
of negative consequences.  In some cases mitigation is virtually impossible, in some cases it is 
very expensive or difficult due to scarce resources needed to mitigate, and in some cases it is 
possible but being hindered by government policy or market forces. 

 

1. Situations where land or habitat loss is prohibitively expensive or impossible. Both of 
these cases are islands where, short of building an impermeable dike around them, no mitigation 
is possible. 

 

Chesapeake Bay islands (used as an example of impacts on small islands): 

For these islands before the late nineteenth century marsh accretion kept up with sea level 
rise, an equilibrium which has now been lost.  With the current rise salt marshes in islands are 
eroding, first evidenced by holes appearing in the marsh carpet, and eventually resulting in the 
disappearance of the island.  Clay soils make these islands particularly vulnerable, but similar 
processes face many small islands and island nations throughout the world. 

 

Pine Rocklands in the lower Florida Keys: 

In these areas pines grow directly on rock on very low-lying islands.  This permit an area 
of high species diversity and a habit for endangered species (e.g. Florida Key Deer).  These pines 
depend on lenses of fresh water in the highest ground.  The gradual rise of salt water (2 
mm/year) has gradually eliminated these reservoirs of fresh water, with the result that mangroves 
replace the pines.  A study of pine snags in mangroves near Sugarloaf Key indicates that two-
thirds of the pine rocklands have been converted to mangroves through this process. 

 

2. Situations where land or habitat loss can be mitigated at great cost or through use of resources 
in great demand. 

In Europe there are a number of very ambitious and expensive public works programs 
designed to halt sea water incursions which are being accelerated by climate change.  Dikes in 
the Netherlands and the Thames barrier project in England are two examples.  The city of Venice 
has a major problem that is being addressed by the installation of moveable dams like the 
Thames barrier.  Cities like New Orleans and Tokyo elsewhere in the world face similar 
problems with large numbers of people living at or below sea level. 

Constant efforts to replenish beaches with more sand and protect buildings located on 
vulnerable coastlines may not appear like massive public works programs equivalent to dikes 
and moveable dams employed in Europe, but over time they are.  Given the inexorable processes 
of beach erosion, the increasing cost of beach nourishment, and the lack of any alternative to 
continue high-density populations and economic activity on barrier islands, these are guaranteed 
to be ever more expensive programs. 

Another case presented from south Florida concerns salinization of coastal wetlands 
between the Everglades and Florida Bay.  Incursions of salt water pushed these brackish 
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wetlands back 1.5 kilometers between 1940 and 1994.  In this case the incursion could be 
mitigated by allowing the former flows of fresh water through the Everglades and into these area.  
This use of water is very difficult to get: alternative routing of fresh water is in great demand for 
urban needs and for flood control. 

 

3. Situations where coastal sea level rise vulnerability is accentuated by market forces or 
government policy. 

A number of examples were given of high-risk construction along coastlines being 
encouraged by flood insurance.  The risk remained after construction but was transferred to the 
government. 

A revealing case study was presented of a development on Key Biscayne.  Market forces-
-the great desire by wealthy people to live on the shore and large investment companies able to 
finance very rapid development--created the opportunity for development of a $1.5 billion 
residential complex on the island's Atlantic beachfront.  The vulnerability of the area was 
demonstrated in Hurricane Andrew.  The case study showed how these market forces moved the 
process so fast there was very little effective local review and consequent planning of the 
development to mitigate hurricane vulnerability.  While it is not clear whether global climate 
change will make future hurricanes more intense, sea level rise and coastal erosion will make 
developments like this increasingly vulnerable to all extreme weather events as they happen.  
The time frame for development is very short.  Afterwards coastal populations and governments 
will have to deal with the long-term process of mitigating risk to the resulting coastline 
developments. 
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SUMMARY: this session was attended by 28 workshop participants. The charge for the session 
panelists and participants was framed by the Session Chair, William Keppler, M.D., who asked 
all to think of a fundamental principle of biochemistry: with temperature increase biological 
reactions intensify up to a certain level, there are more niches for flora and fauna to reach greater 
potentials. If global warming is a consequence of climate change, biochemical responses are to be 
expected. Research shows a definite link between climate events and microbial hazards. This 
links results from specific parameters such as: temperature and precipitation, which may affect 
estuary salinity and river flow. These, in turn, affect the incidence of toxins in fish, concentration 
of fecal bacteria in surface and ground water etc. In this respect increased precipitation and 
flooding may cause as much of a problem as lack of precipitation and drought. The health-care 
infrastructure and its importance to a community affected by disasters was introduced and 
highlighted. Issues of mental health and how stress-related problems are accentuated by extreme 
events were discussed. Research along these lines shows the incidence of child abuse, spousal 
abuse, alcoholism and suicide increase significantly in the aftermath of hurricanes and other 
extreme events. With respect to vector-borne diseases and the effects of climate change, it was 
indicated much work is still needed to determine, with some certainty, what links may exist if 
any. The vulnerability of special needs populations, specially the elderly and seasonal residents, 
to climate induced extreme events was identified as an area of concern. 

 
 
QUESTIONS 
 
1. What region specific extreme events could result from global climate change and variability, 

and how would these affect the health of different sector of the population? 
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2. What changes in infrastructure, and in the built environment, would be needed to reduce the 
potential for contamination of surface and ground waters that could be brought about by 
climate change induced conditions? 

 
3. What lessons have been learned from past extreme events that could help in mitigating the 

potential for damage from future extremes, that may result from climate change and 
variability? 

 
4. Do we know what climatic factors could be involved in outbreaks of vector borne diseases? 
 
 
PANEL CONTRIBUTIONS 
 
1. Erin Lipp, of the University of South Florida, illustrated the influence of climate events 
on microbial hazards to the coastal population by discussing existing links.  
 

Some of these links include: 
 
a) Surface water, rivers et. al., as a means of transport for microbes and bacterial hazards 

is directly affected by changes in precipitation. Extreme precipitation increases river 
flow and with it the distribution of contaminants. Empirical data collected in certain 
areas of Florida show that increased flow resulting from storms carries 1000 times the 
normal concentration of fecal sanitary bacteria; 

 
b) Data collected during the recent El Niño event show that the Peace River, in the Gulf 

coast of Florida, increased its flow from the normal 200 ft3/sec to 1400 ft3/sec as a 
result of increased precipitation brought about by this climate event; 

 
c) Reduced precipitation or drought also has an adverse impact of surface waters, 

because it results in a larger than normal contribution of waste waters to the waterway 
flow, with a consequential increase in the concentration of bacteria; 

 
d) The combination of altered precipitation and warming has measurable adverse 

impacts in the salinity of estuaries, and in the health of marine life such as oysters and 
other shell fish that are vulnerable to bacterial infections. For example, shellfish may 
become vulnerable to infection by vibrio vulnificus which can, in turn, affect humans 
even to the point of causing death within 24 hours of infected shell fish consumption 
by individuals with liver disease 

 
Health authorities throughout the region would need to improve their understanding of 

climate change impacts, in order to continue using climatic variables to try to prevent human 
infections. 
 
2. Fredd Messing, CEO of Baptist Health Systems, presented the stakeholder perspective of 
an administrator of a major health care provider in Florida. As such he characterized hospitals as 
part of a system that is on the receiving end of disaster [extreme events] consequences. 
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A case study was presented on the basis of Lessons Learned from the impact of 
Hurricane Andrew in South Florida. This process identified things that went wrong and why they 
did. From sharing this information, a parallel could be drawn to the type of analytical and 
decision making process that will need to be undertaken by mane stakeholders, and even policy 
makers, in the region when considering the potential effects from climate change and variability. 

 
Many of the lessons learned address some of the failings with the emergency plan that 

existed at the time of Hurricane Andrew. These include the following: 
 
a) An underlying assumption of the plan was that emergencies or disasters would be 

localized in nature. In reality, the impact of the hurricane was widespread affecting 
many over a wide geographical area; 

 
b) Another subconscious assumption was that staff members, doctors included, would 

not be victims, therefore plans for continuity of function were based on availability of 
human resources that was unrealistic. In fact, Hurricane Andrew affected many staff 
members an doctors personally; 

 
c) The emergency plan relied exclusively upon local vendors for supplies. When many 

of these suppliers became victims themselves, difficulties were created for the 
hospital hat affected its ability to continue to function in the aftermath of the disaster; 

 
d) Post-disaster needs were grossly underestimated. For example, the average 

Emergency Room (ER) load is approximately 150 persons/day, but this went up to 
more than 600 persons/day in the aftermath of the event overwhelming ER resources 
at the hospital; 

 
e) The importance of certain resources, especially as they relate to the self-sufficiency of 

the institution in the aftermath of extreme events, was not really understood. As a 
result, severe problems were experiences related to lack of air conditioning and 
dwindling supplies of water. 

 
The message from this stakeholder is that more information is needed by this and other 

sectors regarding potential regional impacts of climate change and variability, so that proper 
preparedness and mitigation plans can be adopted. 
 
3. Betty Morrow, of the Dept. of Sociology and Anthropology at FIU, brought the issues of 
psycho-social health and the concerns of special needs populations when confronted with 
extreme events resulting from climate change and variability. 
 

Of special concern is the possibility that extreme temperature events, such as heat waves, 
may be accentuated as  a result of global warming. These extreme events pose especially high 
risk for the elderly, and those in poor health that are specially vulnerable. Recent heat wave 
incidents such as those in Texas and Chicago underscore this vulnerability, but more analysis is 
needed to estimate how many individuals either died or suffered adverse health consequences 
from such heat waves. 
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Research studies and empirical data collected in the aftermath of extreme events, such as 
hurricanes, floods and wild fires, consistently show that such events exacerbate existing societal 
and mental health problems. This becomes evident as the incidence of child abuse, spousal 
abuse, alcoholism and suicide go up not only in the immediate aftermath of a disaster or 
emergency, but often for several months afterward.  

 
Women’s reproductive health has been shown to be affected. In the other hand, how men 

are truly affected is not yet fully understood. 
 
4. Paul Reiter, of the Dengue Unit, Centers for Disease Control, discussed the relationship 

between global climate change and the incidence of vector-borne diseases. 
 

There seems to be a high level of uncertainty about vector-borne diseases in the context 
of global climate change. While global warming has been equated with the potential 
tropicalization of more temperate latitudes, it should be recognized that malaria is not entirely a 
tropical disease. In fact, the historical record shows outbreaks of malaria  have occurred in such 
extra-tropical countries as England and Canada. 
 
 The record shows outbreaks of dengue and yellow fever throughout the world that are 
unrelated to specific climate events, or even climate variability. This is not to say that there are 
no links between climate change, or global warming, and cases of such vector borne diseases, but 
they have not been clearly identified yet. 
 
 One conclusion that could be drawn from the current state of knowledge is, that it is 
unlikely that global warming per se will give rise to epidemics of mosquito-borne disease. 
 
 
KEY FINDINGS 
 
1. Precipitation extremes have a direct effect on the distribution of bacterial hazards either due 

to increased flow as a means of transport, or due to drought which results in increased 
concentrations of bacteria; 

 
2. The combination of increased temperature and precipitation alters the salinity of estuaries 

resulting in direct impacts to coastal ecosystems, including marine flora and fauna; 
 
3. While there are uncertainties as to the direct role global warming may play in breakouts of 

vector-borne disease, it is important to understand that climate events triggered by global 
warming may propitiate the conditions for vectors to proliferate; 

 
4. As important as the vulnerability of human health to certain events or conditions, is the 

strength and preparedness of the health care infrastructure in the region; 
 
5. Special attention needs to be given to the psycho-social health of regional residents, as this 

aspect of vulnerability has the potential for extended ramifications both in scope and over 
time. 
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RECOMMENDATIONS FOR ACTION 
 
1. More research is needed to better understand how potential health threats may be linked to 

specific climate change events; 
 
2. Regional decision-makers and policy-makers should consider changes in infrastructure, such 

as increasing green space in urban areas as a mean of promoting water percolation into the 
ground to reduce runoff. This measure should help in reducing the incidence of water 
transported bacteria. Other measures could include changes in sewage systems, from septic 
tanks to water treatment plants, as a way of protecting ground waters from contamination; 

 
3. The health care sector should modify existing emergency plans to increase self-sufficiency in 

the aftermath of extreme events; 
 
4. Communities should reinforce their counseling resources to be ready to deal with post-stress 

syndrome and other mental health problems related to extreme events; 
 
5. Work is needed to assess the vulnerability of elderly and other special-needs segments of the 

regional population. 
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CLIMATE CHANGE, EXTREME EVENTS, AND ISLANDS 
 
Current Major Stresses 
 

The initial topic that this group addressed revolved around “Current Major Stresses” in 
the U.S. islands and Caribbean Basin area.  In toto, the group identified 10 major stresses. 
 

The first identified stress is population growth, and it was noted that many island 
populations are set to double in less than 30 years, which inevitably places ever greater numbers 
of people in harm’s way.  That is, population growth has not only put greater numbers of people 
at risk, but also has pushed planned and unplanned development into ever more hazardous areas. 
 

The second stress is income inequality both within and between islands.  Poverty is 
simply endemic to an excessive number of people, and it stands in stark and potentially explosive 
contrast to pockets of extraordinary and conspicuous wealth.  
 

The third stress is the changing demographic profile of population (more young, more 
old, fewer in the middle) and the increased presence (and awareness) of special needs 
populations.  This latter group, especially the physically and mentally challenged, require 
tailored plans to accommodate them in evacuation and post-impact scenarios. 
 

The fourth stress relates to—and exacerbates—the first three.  Urbanization is increasing 
rapidly throughout the Caribbean Basin, and given the restricted urban spaces, this naturally 
increases population density.  In Puerto Rico, for example, the average population density is 
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1,000 people per square mile, but it is now 10,000 people per square mile in San Juan.  To this 
must be added land costs, which are rising almost everywhere and pushing economically 
marginal parts of the population, and even the middle classes, into more precarious areas.    
 

The fifth stress is a lack of land use planning or, at the very least, a lack of enforcement 
of land use regulations, which often goes under the rubric “unguided development.”  A more 
subtle version of the unguided development problem is a general following of good land use 
practices but then the granting of major variances on a parcel-by-parcel basis.   

 
The sixth stress is the twin of poor land use/building code regulations and their 

enforcement.  The very day that a substandard structure is allowed to be constructed, it becomes 
a hazard/disaster waiting to happen. 
 

The seventh stress is a repeatedly demonstrated problem in the context of extreme events: 
the fragility of major infrastructure (e.g., roads, energy systems, communications).  Although 
occurring after this workshop, Hurricane Georges in the islands (including Puerto Rico) and 
Hurricane Mitch in Central America are object lessons about vulnerability.  Each could be 
considered “infrastructure disasters.” 
 

The eighth identified stress revolved around water.  As population has grown and 
development has pushed ecosystems, water has become an issue on three dimensions: amounts, 
source reliability, and quality.  Twinned with those problems, of course, is the wastewater issue 
and, more graphically, septic contamination of groundwater and local bays and inlets, which is 
often quite visible from the air. 
 

The ninth stress, ecosystem deterioration, is both broad and deep.  This stress is 
especially important as various islands pursue tourist as well as industrial development.  One 
particular—and very interrelated and complicated—ecosystem is at risk: coral reefs, mangroves, 
salt ponds, sea grasses, sand dunes, a virtual life-blood of island ecologies. 
 

The tenth and last major identified stress involves insurance/reinsurance pool limits.  
Admittedly a complicated issue, the problem is the limited ability of insurance companies to 
spread the risk in island nations.  The result is very high insurance premiums and low coverage, 
leaving most assets uninsured.  Reconstruction after disaster then becomes a major problem for 
most of the population. 
 
Climate Change Effects on Current Stresses 
 

The group then turned its attention to how climate change may affect the identified 
stresses.  The conclusion was two-fold.  First, in all cases, the current major stresses will be 
exacerbated by climate change.  Few if any will be ameliorated, at least in the short to middle 
term.  More importantly, climate change will almost certainly create new problems and/or new 
combinations of and interactions between existing stresses. 
 
Regional Stakeholder Coping (Current) 
 

The next group task was to focus on how regional stakeholders are currently coping with 
the set of problems.  The following appeared to be the principal mechanisms:  (1) denial, 
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otherwise known as “what problems?”; (2) prayer/hope/wishful thinking, the “it won’t happen 
here” syndrome; (3) migration; (4) insurance, at least for those wealthy enough to afford it; (5) 
short-term preparedness but an almost complete neglect of long-term mitigation; and (6) related 
to number 5, a reliance on civil defense systems, the problem being that these are 
overwhelmingly response-oriented, not mitigation-oriented organizations. 
 
Mitigation Strategies/Needs (Ideal) 
 

The next to last group task was to identify optimal, admittedly ideal, mitigation 
alternatives.  The first came to be known in the group as “Maul’s Menu,” and it involved three 
components:  engineered retreat from vulnerable coastal and bay areas, island raising, and 
levees—few of which were seen as economically feasible, however. 
 

The second was to improve what might be called the mitigation chain:   
 

Information→Knowledge→Policy (siting, building, servicing). 
 

The third focused on development thinking and emphasized putting hazard mitigation 
“inside” development and redevelopment planning and permit processes. 
 

The fourth was to stop encouraging hazardous development by (1) taxing assets placed in 
harm’s way or (2) at least removing subsidies that de facto encouraged greater risk. 
 

With population growth, urbanization, and greater density in mind, the final optimal 
solution was a planned decentralization of cities and economic development. 
 
Action Recommendations 
 

The group closed its efforts with a series of—in fact eight—more practical action 
recommendations:   
 
1. Develop sub-regional, island, and site-specific modeling of climate change effects (e.g., more 

attention to precipitation and flooding, not simply sea level changes). 
 
2. Develop scenario-based research interacting varied physical changes with socioeconomic and 

political aspects. 
 
3. Increase public and public official awareness of the range of historical disaster experiences. 
 
4. Increase public and public official awareness of future risk associated with climate change. 
 
5. Improve mapping and risk analysis. 
 
6. Improve monitoring and observation systems. 
 
7. Improve alert, warning, and evacuation systems. 
 
8. (At least) improve enforcement of existing regulation.  
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The general themes of this session were:   
 
(a) How are casualty insurance rates determined? And, 
 
(b) What is happening in mathematical modeling of weather disasters?   
 
The setting of the conference, in Miami, allowed the speakers to focus on the insurance 

aspects of Hurricane Andrew that devastated parts of Dade County.  Hurricane Andrew resulted 
in the largest insurance losses due to a weather disaster in our history and set the stage for better 
models for insurance losses. 

 
 The consensus of the speakers was that things would get worse regarding climate change.  
As a consequence, claims against insurance companies will increase.  The major premise of the 
insurance companies in rate setting was that climate and weather were predictable and that was 
the basis for setting rates.  In the case of Hurricane Andrew, no hurricanes have hit South Florida 
in a thirty-year period.  As a consequence, insurance rates were reasonable and insurance 
companies competed for homeowner’s windstorm insurance since no serious claims had resulted 
in a thirty-year period. 
 
 The panel agreed that the assumption of constancy with regard to weather does not hold.  
Models that look at the past, regardless of period (e.g. 20, 30 or 100 years) are not accurate 
predictors of the future.  Probabilistic models of expected losses are being developed by 
multidiscipline teams.  These new models are meeting with resistance from state insurance 
commissioners who have accepted statistical models of past data for the setting of casualty 
insurance rates.  
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 The insurance industry has responded to higher risk by increasing deductibles, surveying 
sites and making recommendations (loss mitigation), and transferring risk by reinsurance.  The 
insurance companies’ reaction to disasters are: 
 
1. Stop selling insurance in the area or region. 
 

This results in stresses to the region in the form of affordable insurance.  In 
Florida all companies stopped writing new policies for windstorm and in many 
cases renewals were not allowed.  The state created an insurance entity called 
the Florida JUA that issued over one million policies and created incentives for 
insurance companies to write new policies. 
 

2. Look to the role of both the state and federal government. 
 

This can range from disaster relief to taxation policy towards insurance 
companies.  As a result of tax policy on insurance companies, a surplus may be 
taxed, so legal veils have been erected by insurance companies to protect the 
surplus. 

 
3. Make sure that high risk is high premium. 

 
Rather than spreading the risk over large geographic areas, premiums are 
determined by local area.  This results in very high premiums in the local area. 

 
4. The use of catastrophe modeling. 

 
Mathematical models that are prospective as opposed to perspective are being 
used.  These models point to traditional solutions such as raising deductibles as 
well as former non-modeling variables such as building code enforcement.  As 
was seen in South Florida, a very good building code if not enforced by the 
governmental subunits can be of no use in mitigation. 

 
5. Support of scientific research. 

 
The insurance companies are supporting both weather and climate research as 
well as research on construction methods and materials.  The Institute for 
Building and Home Safety does research on materials used in homebuilding as 
well as how homes should be constructed in order to withstand disasters. 

 
 Since Hurricane Andrew, new sources to spread the risk of loss are being used.  States are 
developing catastrophe funds and catastrophe bonds are being sought through financial markets. 
 
 Although the bulk of the discussion was on casualty insurance, primarily windstorm, 
health insurance was also mentioned.  If global warming continues, diseases that are thought of 
as tropical (e.g. malaria) will spread and affect health insurance policies. 
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 There was general agreement that politics, science, and insurance must come together in 
order to provide all stakeholders with a system that will be fair to all.  Coalitions must be formed 
so that improvements can be made in the system. 
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Climate Change and Social, and Economic Issues 
 Some Notes from the Session on Climate Change and Socio-Economic Impacts. 
 

 
Because it is unusually warm in one area of the world does not mean the entire 
planet is warming…Further, this summer’s temperatures have not been 
particularly unusual or record-breaking. Los Angeles hit a record of 109 degrees 
F in 1891, 11 degrees higher than it hit this year. Death Valley hit 134 degrees in 
1913, five degrees warmer than its high this summer. 
The Clinton administration has been using severe weather events that are a 
natural part of the change of seasons to play upon the fears of the American 
people and advance its political agenda. Such exploitation represents not only the 
worst of American politics, but the worst of environmental policies.  

David Ridenour, VP, National Center of Public Policy Research, for 
Knight Ridder News Service. Miami Herald, Viewpoint, Section L-1, 
September 13, 1998. 

 
The above quote captures many of the problems facing attempts to educate and alert the 

public concerning global warming and climate change. It is remarkable, in the first place, that 
despite substantial scientific research and the preponderance of scientific opinion, a potentially 
influential policy analyst fails to acknowledge evidence of global warming that goes far beyond 
an examination of whether extremes. Second, it is perplexing that his argument dismisses the use 
of recent extreme weather events as evidence of global warming, while at the same time 
employing the paucity of recent extremes in the presumably climatologically significant 
locations of Los Angeles and Death Valley as evidence against global warming. Finally, the 
entire issue of global warming is summarily dismissed as a political ploy to further the Clinton 
administration’s political agenda. One is left to guess the nature of that dark political agenda 
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(i.e., diverting public attention from the Lewinsky affair, promulgating government involvement 
in the business of big business, or some other dastardly liberal agenda). Regardless, in a matter 
of a few lines utilizing questionable reasoning and anecdotal data, the rather large body of 
scientific research and analysis substantiating global warming and climate change is dismissed as 
political hyperbole. 
 

While there are undoubtedly many reasons for seeking to dismiss warnings of warming 
and climatic change, principal among these is the fear that combating global warming will strike 
at the very heart of how the business of business is accomplished in the United States. Evidence 
suggests that a cessation of greenhouse gas production today would do little to combat warming 
trends in the near future because of the damage already done, but if we continue on the “business 
as usual path,” global warming trends will be accelerated dramatically. The question becomes 
not if global warming is occurring, but how soon will the more dramatic climatic alterations 
become evident.  
 

In a world of bottom lines, where high yields are expected for short-term investments and 
capital is highly and globally mobile, long-term environmental consequences have little or no 
purchase on today’s business decisions and activities. The problem facing the scientific 
community is how to effectively get the message into public political discourse. Overcoming the 
thwarting efforts of powerful entrenched interests and the cultural and economic inertia so 
inherent in society is seemingly an impossibility at a time when action is critically needed. A 
little disinformation and dissonance, particularly from influential and powerful voices, is all it 
takes to ensure a lack of action by policy makers and the public.  
 

While the link between climate change and hurricane intensity and activity is far from 
certain, the potential is there and should be a subject of future research (Henderson-Sellers et al. 
1998). More importantly however, are the political, social, and economic lessons that might be 
learned and applied from attempts to address the issues of hurricane risk and to mitigate 
hurricane impacts. Promoting hurricane resistant communities also demands changing the nature 
of how our communities are built and organized – changing the business of community 
development. As a result, many of the difficulties and problems encountered by those seeking to 
promote hurricane mitigation might offer insights for those facing global warming issues.  
 

The Climate Change and Extreme Events Workshop session entitled, Climate Change 
and Socio-Economic Impacts, focused on the impacts and problems associated with hurricanes 
and the lessons that might be applied to climate change and global warming. The findings and 
recommendations are outlined below. 
 
Summary of Findings: 
 

There is a tendency for disaster related policy initiatives to be driven by recent history 
and extreme events. Indeed, as has been pointed out many times, the period following an extreme 
event provides a window of opportunity when changes, particularly in building codes and other 
related policies can be introduced and adopted. However, this can be a two edged sword because 
of over-reactions due to misinterpretations of trends in the immediate aftermath of high-impact 
events. For example, following the major losses associated with Hurricanes Hugo and Andrew 
some suggested an upswing in hurricane activity based on examinations of the almost 
exponential increase in hurricane losses over the last few decades. These conclusions have 
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played importantly in the insurance industry reactions and policy changes. However, a more 
careful analysis of storm activity has shown no evidence suggesting increasing frequency in 
hurricane activity for the Atlantic (Landsea 1993, 1996). 
 

Roger Pielke Jr. presented analyses of hurricane losses that he and Landsea undertook 
which also bring into question some of perceptions of recent loss trends. They critically 
examined the trends in economic U. S. direct hurricane losses since 1925. Rather than simply 
controlling for inflation, hurricane losses were normalized for inflation, population, and wealth 
for the entire period. The resulting trends did not reflect an exponential increase in losses; 
indeed, the 1940s show substantially higher losses than the 1990s. This suggests that while 
recent loss trends have been dramatic, resulting in major market adjustments, we have in fact 
been extremely fortunate. What is most sobering however is that future losses could be even 
greater than those anticipated if a period like the 1940s were to be repeated. The clear 
implication is that efforts to build more hurricane resistant communities must be redoubled. 
 

William Coulborne, a structural engineer with Greenhorne and O’Mara, argued that  
much is know already about how to reduce significant losses to hurricanes. In particular, there 
exists significant knowledge about how to build homes and other buildings and infrastructure to 
withstand wind and flooding. In other words, it is technically possible to build homes, buildings 
and infrastructure that could substantially resist a period if hurricane activity like that of the 
1940s. However, there is a general failure to implement this information, a failure to properly 
incorporate this information into our techniques producing the built environment. The simple 
fact is that, as discussed above, in the business of conducting business, hurricane mitigation does 
not figure highly into normal decision making. There are, at this point, too many barriers to 
incorporating hurricane measure into normal decision making. 
 

Some of the barriers that were addressed during the workshop’s discussions ranged from 
the factors influencing policy maker decisions, shaping the legislation and code that is enacted, 
to homeowner decisions themselves. For example, the home building industry is a critical 
component to the national and local economies. It can be a driving force at the local level in 
terms of employment, manufacturing, raw-material production, etc. Currently this industry is 
highly resistant to any changes that might disrupt home building activities, such as building 
codes and products, as they are normally undertaken. The influence of this industry at the local 
and federal level, through organizations such as the National Association of Home Builders play 
critical roles financing elections and shaping or blocking legislation. And, if threatened with 
changes at the local level, they are able to reverse decisions at the state and even federal levels. 
Other barriers include the simple life cycle of homes, sometimes projected to be 30-70 years 
coupled with the mobility of our population. This relatively short life span inhibits large 
investments in mitigation, particularly when focusing on decisions made by home-owners, 
because the returns given current market parameters, average occupancy rates and hurricane 
return intervals are not sufficient to promote many mitigation actions.  
 

In response to the panel presentation subsequent discussion dealt with a host of 
recommendations and observations that might address these and other issues. 
 
Some of the observations include: 
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- More education programs are needed. There remains much confusion, mis-communication, 
disinformation related to climate change and global warming, as evidenced by the initial 
quote. Clearly expanding and broadening education programs is a critical feature for insuring 
that these issues become part of the political discourse. Particular emphasis needs to focus on 
primary and secondary education as well as general course offerings as part of college and 
university programs. General public education, editorials, and the like should also be 
promoted. 

 
- There is still a high degree of confusion about the potential consequences of climate change 

and global warming. This is particularly true at the regional or local level. Until the 
consequences can be more concretely spelled out it will be difficult to mobilize the 
population or even special interest groups at local and state levels. The arguments remain 
very abstract and difficult to grasp and address. 

 
- Related to the above is the need to offer concrete actions that should be taken to address 

issues related to global warming and climate change. Researchers have found that, in the case 
of hurricane warning, warnings are much more likely to be heeded if they are consistently 
repeated and if concrete actions are suggested or given. Hence, much more is being 
undertaken to not only warning homeowners about hurricane risk, but also educate them 
about what should be done to their homes. While these programs are in their infancy, they 
may point to actions that should be taken by the climate change community. 

 
- Careful examination of the potential consequences must be conducted prior to including them 

as one of the warnings. During the Workshop, for example, the potentials for vector borne 
disease, malaria in particular, was effectively refuted by research presented. The atmospheric 
and weather researchers must work more closely with health, social, and economic 
researchers to critically evaluate impacts and consequences prior to their inclusion in the 
climate/global warming documentation. 

 
- Power brokers must be convinced to act in a manner more consistent with the threat of global 

warming and hurricane risk. Much more need to be done to convince power brokers to adopt 
and utilize techniques and methods that are mitigate against hurricane impact and global 
warming.  This may be easier in the case of hurricanes where it may be more easy to indicate 
potential impacts in terms of business disruption, revenue losses, rebuilding costs, loss of 
employees, loss of risk protection (insurance) and potential political cost and liabilities. 
However, similar factors related to the consequences global warming and climate change 
should also be explored. 

 
- Develop a portfolio of mitigation incentive and disincentive programs that promote, 

encourage, and mandate mitigation initiatives. It will not be sufficient to focus on one type of 
incentive or disincentive policies/program, such as an insurance programs that offers reduced 
deductibles or premiums for shutters. That alone will not insure broad-based mitigation. 
Rather a broad based approach that attacks the problems from many angles, addressing the 
series of decisions made every day by consumers and business people everyday that have 
mitigative potential. Components might include: risk based property taxes, variable tax rates 
based on energy efficiency and green house gas production; reduced building fees for 
hurricane resistant /energy efficient structures, creative loan and mortgage programs for 
retrofitting as one purchases existing homes, etc. 
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- Revitalize public transportation programs and reward municipal comprehensive planning that 

promotes the utilization of public rather than private transportation. 
 
- Stronger local initiatives, ordinances, construction requirements that include not only 

hurricane mitigation measures but also energy efficiency measures that will reduce 
greenhouse gas production. These might be called more coercive mitigation programs, but 
they need not always be structured as such. 

 
- Broaden the examination of costs to include cultural, public health, psychological, social as 

well as the effects of repeated long-term exposure to traumatic events be they hurricanes or 
the effects of global warming and climate change. The Heinz Center in Washington D.C. for 
example is sponsoring the development of a more comprehensive report on the “true costs” 
of coastal storms.  

 
Research focused recommendations: 
 
- Choice based research: Too often policy decisions are based on assumptions of how choices 

are made. However, the nature and parameters of choice will depend upon who or what is 
making the choice, an organization, community, or a household. We also need to better 
understand the factors influencing choice at each level of analysis. At the community level, 
for example what political and economic influenced govern the nature of choices that are 
made. How various policies reshape or configure choices within communities.  

 
- Structural Research: Despite significant knowledge into designing and building better homes 

and structures. The available research on the behavior of structures is still lacking, 
particularly as it relates to actual data of winds on existing structures.  

 
- Climate related research: much more needs to be done to understand the regional and meso-

level consequences of global warming and climate change. For example, what are the likely 
consequences of global warming on hurricane genesis, intensity, and frequency? 
Furthermore, without developing specific techniques and methods for making regional and 
sub-regional predictions it will be difficult to model and discuss societal impacts, much less 
mobilize the population to combat factors contributing to global warming. 

 
- Vulnerability analysis and consequences of global warming and climate change: The other 

part of any risk equation, in addition to exposure factors, is vulnerability (Blaikie et al 1995). 
In other words a better understanding of the social, economic, and political factors that shape 
the vulnerability or susceptibility of households, businesses, and communities to the impacts 
of physical hazards, be they hurricanes, global warming, or other climate related phenomena, 
must be better understood. In developing this understanding the consequences of global 
warming and climate change will also be furthered. 

 
 

Emerging from the discussions following the panel was an overall perception that 
combating hurricane impact and global warming requires a fundamental rethinking of how we 
carry on the business of everyday life within our homes and communities. Perhaps the element 
linking these broad issues together is the difficult to define concept of sustainability.  Hazard 
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reduction, in its broadest sense, will require the creation of sustainable communities, 
communities that respect the physical/natural environment. Communities must be built to 
withstand the extremes of the environment without at the same time dramatically altering or 
harming it. Hazard reduction and sustainability are the dual pillars of future policy (see 
Hemispheric Congress documentation).  
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LIST OF FINDINGS AND RECOMMENDATIONS 
 
1. Extreme events and climate change could, in time, make certain regions uninhabitable or 

make mitigation extremely costly; 
 
2. However, population growth, property development and regulations [generally] ignore the 

damage potential from disasters, such as hurricanes, extreme precipitation, floods, fire and 
other climate change induced factors. More attention should be paid for initiating mitigation 
actions; 

 
3. One of the premier requisites is an usable, real time, data collection [system] for immediate 

usage. The preeminence of technology for generating a web sites must be explored. Such 
web sites can serve the dual purpose of keeping the population informed of actual threats, as 
well as about the lessons learned from prior disasters; 

 
4. For many island regions, extreme climate change could devastate the economy and 

destabilize the livelihood of the local population. This issue raises many concerns regarding 
social justice. The location of emergency shelters, transportation hurdles and maintenance of 
living standards after catastrophic events assume paramount importance. One important 
solution would be the establishment of some type of “rainy day fund” for individuals and a 
“catastrophic fund” for businesses. This rainy day fund should be [managed by] a non-profit 
organization; 

 
5. Extreme climatic conditions in Florida [the coastal region] can cause water pollution, 

flooding, drainage problems and can pose health hazards and related problems, in addition to 
adversely affecting the local economy. Current contingency plans could be inadequate, 
throughout the region, as population and development growths have far exceeded 
projections. There is an immediate need for a viable restoration plan to tackle these potential 
problems; 

 
6. There is a great need for a public education and information campaign. Disaster planning and 

emergency management should be part of the curriculum starting at the elementary school 
level and continuing into higher instructional levels with periodic updates; 

 
7. Education and training is one of the most effective tools in the arsenal of mitigation. This 

educational effort should be formal as well as informal, using all available tools and media 
including newspapers, television and others. Video based educational offerings could be very 
useful in distributing knowledge on mitigation actions; 

 
8. The focus of education and training should be to promote preparedness and loss reduction 

through the implementation of mitigation measures, rather than focusing on the costs 
associated with extreme events only; 

 
9. Greenhouse effects and global warming could be effectively and substantially reduced by the 

actions of consumers and industry, such as power plants.  There has to be substantial 
investment in emerging technologies to reduce emissions. These efforts must not only be 
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demand driven, but also supply driven. Barriers to substituting existing technology should be 
brought down. Alternative energy sources, such as solar should be strongly pursued. 

 
Editor’s Notes: 
 
Some additional comments emerging from this session included the following: 
 
a) The pace and quantity of research must be increased by incorporating the use of higher resolution 

regional models. This should help resolve existing uncertainties with respect to forcings contributing 
to climate change, specially those that are anthropogenic; 

 
b) It is cheaper to prevent than to fix problems. Humankind cannot afford to wait until there is absolute 

certainty that there is a problem, a proactive stance based on mitigation must be adopted in tackling 
potential impacts from climate change; 

 
c) Incentives for energy conservation, and for using green energy, must be found and offered; 
 
d) Modeling and simulations must be downscaled to the human level in order for policy-makers, 

decision-makers and regional stakeholders in general, to have tools that can be used in proactive 
decision making; 

 
e) There is a need to create a culture of climate change through educational and community outreach 

efforts. 
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