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Conference on Human Health and Global Climate Change:
Summary of the Proceedings

EXECUTIVE SUMMARY

Observed changes in the Earth's climate over the past 100 years appear to be consistent with
theoretical models of greenhouse warming, according to the participants in a recent scientific
conference on Human Health and Global Climate Change, cosponsored by the National Science and
Technology Council (NSTC) and the Institute of Medicine (IOM).1 These models suggest that,
without major changes in environmental policy, we could expect to see even greater changes in global
climate over the next 100 years. These changes could produce alterations both in physical systems
(e.g., higher temperatures, heavier rainfall, and rising sea level) and in ecosystems (e.g., forests,
agriculture, marine ecologies, and the habitats of various insects and animals). In addition to the
global changes associated with greeiihouse warming, a continuing depletion of stratospheric ozone
would increase the amount of ultraviolet radiation that reaches the Earth's surface, causing increased
rates of skin cancer, cataracts, and immune suppression.

The focus of concern to the conference participants was the substantial risks to human health,
including both direct risks (e.g., death in heat waves or floods, skin cancer) and indirect risks (e.g.,
changes in food production or the distribution and incidence of vector-borne diseases) that are
believed to be associated with changes in global climate. The indirect risks appear to be the most
difficult to cope with, particularly those posed by emerging and reemerging infectious diseases such
as cholera, malaria, dengue fever, and Hantavirus. These risks are of particular concern in regions and
populations that are already vulnerable due to crowding, malnutrition, poor sanitation, and political or
economic instability.

The general agreement that emerged during the conference was that changes in the global
climate could pose significant risks to human health. Much remains to be done to clarify the exact
linkages between human activities, global climate change, and human health, but the lack of complete
data should not be used as an excuse for inaction. Instead, the precautionary principle should apply:. If
the risk to public health is great, even if there is uncertainty, both policy and action should be biased
in favor of precaution.

In discussing the policy implications of global climate change for human health in the United
States and the international community, participants identified a number of actions that should be

'The conference was held at the National Academy of Sciences on September 11-12, 1995, and
was attended by more than 300 people (see Appendix C).
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taken, including (a) the creation of a global surveillance and response network; (b) increased
coordination among nations and scientific disciplines; (c) multidisciplinary research on the links
between global climate change and human health; (d) improved environmental health training for
health professionals; and (e) an outreach program to inform and educate the public about the effects
of global climate change on human health. In the face of current fiscal constraints, these efforts must
be based on identifying and linking together existing activities, facilities, organizations, and funding
agencies.

BACKGROUND AND OVERVIEW

In October 1994, following a meeting with concerned scientists and medical experts (Eric
Chivian, Bob Shope, and Mary Wilson), Vice President Gore asked the Office of Science and
Technology Policy (OSTP) and the Council on Environmental Quality (CEQ) to organize a
conference on the potential human health risks posed by global climate change, and strategies to
address them-such as global health surveillance, public outreach, and education. Members of the
NSTC, OSTP and CEQ formed a working group to develop a preliminary agenda for the conference
and later requested that the IOM join in planning, organizing, and conducting the conference.
(Appendix A presents a list of the sponsoring agencies, the IOM steering committee, and conference
organizing staff.)

The purpose of the conference was twofold:

1. To bring together a diverse, interdisciplinary group of experts to address the potential
effects of global climate change and ozone depletion on the current and future incidence of disease,
heat stress, food and water supplies, and air pollution; and

2. To discuss initial strategies for improving research and development (R&D), global
health surveillance systems, health care and disease prevention, medical and public health community
education, international cooperation, and public outreach.

It is important to note that the focus of the conference was human health. Presenting evidence
of whether or not global climate change is, has, or will occur, was not the primary focus. Participants
were asked rather to work within an "if/then" type of scientific exercise: If global climate change
occurs, what are the potential adverse human health effects and what strategies should be developed
to address them?

The first day of the two-day conference was filled with scientific presentations and a plenary
discussion on the current state of knowledge about global climate change and its potential risks for
human health (see the agenda, Appendix B), including a presentation by Vice President Gore (see
Box 1). On the second day, participants discussed health policy implications and potential
intervention strategies in a series of panels. Each panel's findings were presented and discussed by the
conference participants in a final plenary session. Approximately 300 scientists, health care providers,
policymakers, academicians, federal and state officials, industry representatives, and others attended
the conference and participated in developing the strategies (see Appendix C).
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BOX 1 The Interplay of Climate Change, Ozone Depletion, and Human Health
Excerpts from Vice President Al Gore's remarks at the Conference on Human Health and
Global Climate Change, September 11, 1995

... I've spoken before about the radical changes that have occurred in our environment just in
my lifetime. As is often the case, when a fundamental change takes place, one can't point to
a single causal factor to explain it. In this case, I've come to believe that this radical change
in the relationship between civilization and the Earth has come about because of the
confluence of three factors at the same time, the first being the population explosion, which
is now adding the equivalent of one China's worth of people every ten years. The second
change is the scientific and technological revolution, which has dramatically magnified the
average impact that each of the billions of people on Earth can potentially have on the
Earth's environment. And the third factor, the most subtle in some ways but the most
important in other ways... there has been a change in dhinking about our duty to consider the
future consequences of our present actions and a sometimes willful assertion that we can't
possibly have any meaningful impact on the Earth's environment, therefore we shouldn't
think about it much less worry about it or study it in detail. Together, these three elements
have combined to produce what scientists, what some of you would call a discontinuity: a
fundamental change in the relationship between human civilization and the earth.

There is a scientific consensus on the most salient issues, a revisionist few not
withstanding: we know that human activities are causing the atmospheric concentrations of
greenhouse gases to increase dramatically in the atmosphere. Carbon dioxide has increased
nearly 30% since the industrial revolution, methane has more than doubled, and nitrous oxide
has gone up by 15 %. We also know that the current trends are leading to an even more
rapid accumulation of greenhouse gases and that, as this trend continues, the concentration of
greenhouse gases will continue to mount. Now in addition to the greenhouse gases, human
activities have increased the atmospheric concentrations of sulfate aerosols - the key
ingredient in acid rain - especially over industrialized areas in the Northern Hemisphere.
In just the last century, the Earth's temperature has risen by about a half a degree Centigrade
or one degree Fahrenheit. The nine warmest years this century have all occurred since 1980.
There are plenty of other measures - from the tree-ring record to the record in land-based
glaciers -- that all demonstrate that the current period is by far the hottest that we have been
able to measure. And the evidence is getting ever stronger that this warming now under way
is not due to natural variability, but to human activities.

The real question is: "What will happen in the future?" Without climate change
policies that limit global emissions of greenhouse gases, there is no doubt that the Earth's
climate will change. It's not a question of will it change, it is a question of when, by how
much, and where. The question of when is now being answered. It has already begun to
change significantly. And the best evidence is consistem with a prediction that, in the
lifetimes of people now living, we will commit the world to an increase of up to 3 and 4
degrees Centigrade - up to 8 degrees Fahrenheit. The scientists warn us that change is
coming.

How will global warming affect us? There are clearly profound implications at the
regional level for food security, water supplies, natural ecosystems, loss of land due to sea
level rise, and human health. A temperature increase of 2 to 8 degrees Fahrenheit is
projected to double heat-related deaths in New York City, and triple the number of deaths in
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Chicago, L.A. and Montreal. And an increase of 8 degrees Fahrenheit may be correlated
with an increase in the heat/humidity index of 12 to 15 degrees. The very young, the
elderly, and the poor will be the ones most at risk. So will those with chronic cardiovascular
and respiratory diseases. The past summer's stunning number of deaths in Chicago -- a
reported over 500 in just a few days -- make these hypotheses all too real.

Changing temperatures and rainfall patterns are predicted to also increase the spread
of infectious diseases. Insects that carry disease organisms may now move to areas that were
once too cold for them to survive. These new breeding sites and higher temperatures may
also speed reproduction. Diseases we had hoped were just a memory in this country are
suddenly a renewed threat. Cholera is resurgent in our hemisphere. After years of being
contained in much of the world, Dengue Fever has returned to countries that had not seen
the disease in 50 years. Malaria, too, is a global concern, and some of the new strains are
more troubling than any that have been seen. Malaria already infects several hundred million
people each year - mainly in the Tropics. But this July, for the first time in 40 years, more
than 100 people contracted malaria in a Russian city. And besides the return of old diseases,
there are new ones to the U.S. scene, such as the hantavirus in the Southwest.

But, unformnately, ignoring the news does not make it better. Closing your eyes to a
problem doesn't make it vanish. You can't simply wish ozone holes away. So it astounds
me, in light of all the data that has been collccted over the years, that some are once again
challenging the fact that there is ozone depletion. And what's even more amazing is that
some people are listening. Ladies and gentlemen, we have an extraordinary international
consensus: we have thousands and thousands of atmospheric measurements linking manmade
CFCs to global ozone depletion.

We all know that depletion of the ozone layer increases the amount of UV-B radiation
that reaches the Earth. And so now we have to confront the fact that the observed depletion
of ozone of 5-10% in summertime, when people are outdoors a lot, will increase
non-melanoma skin cancer in fair-skinned populations by about 10-20%.

In addition, there will be an increase in the incidence of cataracts and other eye
lesions, and cataracts are already the third largest cause of preventable blindness in the U.S.
These numbers would be much higher yet were it not for the success of the Montreal
Protocol. We must not forget though, that even with that world-wide action, it will be until
the middle of the next century before the ozone layer recovers.

Well, for the past 25 years, the United States has been committed to the bipartisan
effort to protect the environment... President Clinton has... fought to make sure that the
United States is at the forefront of a global environmental movement. We're striving to
return greenhouse gas emissions to 1990 levels by the year 2000. We're striving to convince
others to make as much progress as is possible. We're engaged in international negotiations
to address this global problem. We're helping to develop treaties not only for the protection
of our own nation, but for the health and welfare of the world community of which we are a
part. We know that science is essential to our understanding of global problems.

Ladies and gentlemen, the role of the scientific community in articulating clearly the
best accepted understanding of what we know and what we can say with sufficient confidence
to enable the American people to take prudent measures to safeguard our future is absolutely
critical.
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SUMMARY OF THETPROCEEDINGS

GREENHOUSE WARMING

Without the naturally occurring "greenhouse effect," Earth would be too cold to sustain life as
we know it. The greenhouse effect results from water vapor, carbon dioxide, and other trace gases in
the atmosphere that trap solar heat as it is reradiated from the Earth's surface. The net effect is to keep
the planet about 33'C (60'F) warmer than it would be otherwise. In the past century, however,
human activities have added substantially to this effect by releasing additional greenhouse gases into
the atmosphere, primarily through combustion of fossil fuels. Carbon dioxide concentrations have
increased nearly 30 percent, nitrous oxide about 15 percent, and methane approximately 100 percent.
The principal source of the emissions that produce the atmospheric concentrations has been the
burning of fossil fuels (coal, oil, and gas), although agriculture and deforestation contribute a share.

There is a growing consensus in the scientific community that the increase in greenhouse
gases has contributed to a warming of the earth's surface by between 0.3* and 0.6'C (0.50 and 1. IF),
on average, over the past 100 years (see Figure 1). In some regions, particularly in the industrialized
areas of the Northern Hemisphere, this warming has been masked by increased concentrations of air
pollutants such as sulfate aerosols, which reflect solar radiation (and thus serve to counter-balance, in
part, the warming that might be seen otherwise). Nevertheless, the nine warmest years in this century
have occurred since 1980, and there is considerable evidence to support this warming trend (see
"References and Further Reading," p. 28): decreases in Northern Hemisphere snow cover and Arctic
sea ice, the retreat of glaciers in all of the world's mountain ranges, and a measurable rise in average
sea level-10 to 25 centimeters (4 to 10 inches) over the past 100 years-mainly due to thermal
expansion of water.

While emissions of greenhouse gases will certainly continue in the future, the exact amounts
will depend on population growth, economic development, energy technologies, and policy variables.
Nevertheless, according to the participants, it seems reasonable to expect that global emissions of
carbon dioxide will rise in the short term from the current level of approximately 6 billion tons of
carbon per year, to between 8 billion and 15 billion tons per year in 2025, and could range from 5
billion to 36 billion tons per year by 2100. This would mean that atmospheric concentrations of
carbon dioxide--which were 200 parts per million (ppm) during the last ice age and about 280 ppm
in preindustrial times-could rise from today's 350 ppm to anywhere from 500 to 900 ppm by 2100.

The scientific community has growing confidence in the ability of computerized general
circulation models to predict the climate impacts of such changes in greenhouse gases. These models,
which provide an increasingly good fit between theory and observation of past global climate
changes, indicate that, in a world with approximately twice the, current concentration of carbon
dioxide, the global mean temperature will increase by 1P to 4°C (20 to 7°F), with significant regional
variations (e.g., somewhat less warming in the Northern Hemisphere due to air pollution). Average
evaporation will also increase, and hence average precipitation, again with regional variations (more
rain in some places, especially in winter, less rain in others, especially in summer). Sea level will rise
by another 15 to 90 centimeters (6 to 35 inches) over the next 100 years.
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Participants noted that the impact of such changes on natural and human systems will be
mixed. Increased carbon dioxide concentrations would have a "fertilizer" effect for some plants, but
not for others, leading to changes in natural plant communities and ripple effects on animal species.
Overall, the balance would probably be tilted in favor of "weedy" species-those with higher rates of
reproduction and dispersal-to the detriment of biological diversity. Tropical forest communities will
be affected, and there will probably be some die-off in boreal forests as well. Temperature-related
changes in the oceans will affect the world's coral reefs and ocean fisheries. Global agricultural
production may be unchanged, although increased production in northern latitudes might be offset by
decreases in tropical regions where many populations are already malnourished. Coastal populations
may be dislocated by changes in sea level, and there will likely be increased numbers of other
"ecological refugees" as well.

Ozone Depletion

A thin layer of ozone high in the atmosphere (the stratosphere) protects life on earth, shielding
the surface by absorbing much of the ultraviolet radiation from the sun. However, surface ozone (in
the lower atmosphere or troposhpere) is a major component of urban smog and can also serve as a

FIGURE 1. Variations in average global temperature over the past 20,000 years and predictions for the
next century. (McMichael, 1993)
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greenhouse gas; the protective ozone layer resides some 10 to 40 kilometers, or 6 to 25 miles, above
the Earth's surface. Solar energy recombines diatoinic oxygen (02) into triatomic ozone (03); these
molecules are broken down to 02 by naturally occurring compounds containing nitrogen, hydrogen,
and chlorine; and the cycle begins again. In the past 50 years human activities have added millions of
tons of ozone-depleting chemicals to the atmosphere, primarily through the widespread use of
chlorofluorocarbons (CFCs) in refrigerators, spray cans, foam insulation, and cleaning compounds.

In theory, these ozone-depleting chemicals rise up in the atmosphere and destroy the ozone
layer faster than it is naturally restored. Indeed, in 1985, researchers reported dramatic declines in
ozone concentrations over Antarctica during the southern spring. This seasonal "hole" in the ozone
shield has grown larger and appeared earlier in subsequent years. Many other factors might contribute
to these findings, including sunspot cycles and the isolation and extreme cold of the Antarctic weather
system, but CFCs and other ozone-depleting compounds were clearly implicated.

More recent measurements have confirmed that ozone depletion is in fact a global
phenomenon, although it is less acute in the tropics and more pronounced toward the poles,
particularly in the Southern Hemisphere. At present there is a 5 to 7 percent ozone depletion over the
United States during the summer, when people are most likely to be outdoors; about 11 percent over
southern temperate areas; and more than 50 percent over Antarctica. Every 1 percent decrease in
ozone can lead to a 2 percent increase in nonmelanoma skin cancer. This phenomenon is expected to
continue for the next decades, despite international efforts to ban CFCs and to phase out other ozone-
destroying compounds. Peak ozone depletion will occur around the turn of the century, recovery is
expected to occur over the following 50-year period.

POTENTIAL HhUMAN HEALTH EFFECTS OF GLOBAL CLIMATE CHANGE

Conference participants noted that the anticipated human health risks caused by global climate
change will not be localized; instead, they will occur on a large scale, impinging on entire
populations. In addition to increasing the familiar, direct effects of climate (i.e., extreme weather
events such as heatwaves and floods), global change will also involve a variety of indirect risks
arising from the disturbance of natural systems (e.g., the ecology of infectious diseases, food
production, and fresh water supplies). Forecasting these risks is a complex, uncertain task, and
encompasses a long time horizon. (Box 2 summarizes a pair of presentations on El Nifio as an
analogue for long-term global climate change.)

The health effects of global climate change span a continuum from direct to indirect, as
shown in Figure 3. In the long run, the indirect effects of disturbing natural systems may have greater
cumulative impacts on human health, and most of those impacts will be adverse. As summarized in
the most recent assessment of the United Nations Intergovernmental Panel on Climate Change (IPCC,
1995) and by various speakers during the first day of the conference, the most likely and most serious
health risks and health effects of global climate change and ozone depletion would be adverse
changes in the following:

2The 1995 Nobel Prize for Chemistry was awarded to Molina and Rowland for this research.
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* heat stress;
* skin cancer, cataracts, and immune suppression;
* vector-borne infectious diseases;
* non-vector-borne infectious diseases;
• food production and nutritional health;
* water quality and quantity;
• air pollution and allergens;
"• weather disasters and rising sea level; and
"* social and demographic dislocations.

Infectious Disease

Climate influences the distribution, frequency, types, and severity of infectious diseases in
humans. The interaction between climate and infectious diseases derives from the impact of climate
on infectious organisms (such as bacteria and viruses), on the human host, and on vectors and
reservoir hosts and their ecosystems. Climate change can increase the probability of contact between
humans and infectious organisms.

Vector-Borne Infectious Diseases

Temperature and rainfall influence the abundance and distribution of insect vectors and
animals--one source of infectious diseases in humans. Global climate change is likely to affect the
geographic distribution of animals and insects and could expand transmission of infectious diseases
carried by mosquitoes (e.g., malaria, dengue, and yellow fever) and other vectors, such as ticks,
sandflies, and fleas. Altered distributions of vectors are likely to involve expansion of vector-borne
diseases into new geographic areas and populations and disappearance from other areas. For a vector-
borne disease to persist in an area, climatic conditions must support a complex interaction that may
involve plants, animals, insects and human activities.

Extreme events, such as flooding and hurricanes, that lead to displacement of populations into
crowded, temporary shelters, or movement into previously uncleared lands, could also contribute to
an increase in vector-borne infections.

Vector-borne diseases are already a major cause of illness and death in tropical countries,
where 2.4 billion people are at risk from malaria and 1.8 billion from dengue fever (see Table 1).
The numbers of people at risk from these and other diseases will increase with warmer
temperatures and humidity, particularly because these changes are occurring simultaneously with
changes in human behavior that increase the dangers of infectious disease--most notably
international travel, population growth, rapid urbanization, poor sanitation, and changes in land-
use patterns that increase habitat or bring humans in contact with insect or rodent vectors.
Climate-related migrations could also contribute to the dissemination of previously localized
diseases. Several vector-borne diseases have been increasing rapidly in recent years, including
some that were previously considered to be under control, such as dengue fever and malaria.
Strong support for public health programs both domestically and internationally would help to
reduce this risk.
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Non- Vector-Borne Infectious Diseases

Changes in water temperature and the resulting proliferation of aquatic microorganisms
would tend to increase the range and severity of cholera and other food- and water-related diseases
that can cause epidemics of diarrhea and dysentery. Cholera epidemics are typically associated with
seacoasts and rivers, for instance, where the cholera organism, Vibrio cholerae, survives by sheltering
under the mucous coating of tiny invertebrates called copepods. These hosts, in turn, respond both to
water temperature and to nutrients (fertilizer, wastewater) in stream runoff. Researchers are currently
evaluating the connection between water temperature, coastal currents, algal blooms, and subsequent
outbreaks of cholera like those in Peru in 1991 and Bangladesh in 1992.

Higher temperatures contribute to faster reproduction by disease organisms. Rates of genetic
mutation also increase in times of stress. Furthermore, disease-causing organisms are remarkably
resilient and can respond rapidly to changes in the physicochemical environment. Climatic and other
environmental changes are contributing to the selection and emergence of genetic strains that are
resistant to drugs and other controls.

Direct Effects on Human Health

Heat Stress

An increase in average temperature would probably be accompanied by an increase in the
number and severity of extreme heatwaves in some areas. This would cause an increase in illness and
death, particularly among the young, the elderly, the frail, and the ill, especially in large urban areas.
Climate change would exacerbate an already large urban heat island effect that exists in many large
cities. In fact, heat-related mortality may prove to be the largest direct health threat from global
climate change. The deaths of 708 people that were attributed to a heatwave in Chicago in the
summer of 1995 may be an extreme example, but it serves as a possible indicator of what might occur
if climate change scenarios are correct.

Mid-latitude cities that experience irregular, but intense, heatwaves appear to be most
susceptible--cities like St. Louis, Washington, D.C., and New York. Tropical and subtropical cities
seem to be less susceptible, in part because populations have acclimatized to the regularity of hot
weather (although a 1995 incident in New Dehli indicates the susceptibility of tropical populations as
well). People in mid-latitude cities might also acclimatize, and air wonditioning can mitigate perhaps
25 percent of heat-related mortality (while also requiring increased energy and refrigerant use,
thereby increasing greenhouse gas emissions). In addition, summer mortality increases might be
partially offset by declines in winter mortality. However, much of the research points to a substantial
increase in weather-related mortality under climate change conditions. Despite these uncertainties,
there is a clear need to develop an adequate warning system to alert the public and government
agencies when oppressive air masses are expected--extended periods of extreme high temperature,
light winds, high humidity, and intense solar radiation.
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TABLE 1 Major Tropical Vector-Borne Diseases and the Likelihood of Change of Their Distribution
with Climate Change

Likelihood
No. of People of Altered
Currently Distribution

Population at Infected or New Present with Climate
Disease Vector Risk (million)' Cases per Year Distribution Change

Malaria Mosquito 2,400b 300-500 million Tropics/Subtropics

Schistosomiasis Water Snail 600 200 million Tropics/Subtropics ++

Lymphatic Filariasis Mosquito 1,0940 117 million Tropics/Subtropics +

African Tsetse Fly 55d 250,000-300,000 Tropical Africa +
Trypanosomiasis cases/yr
(Sleeping Sickness)

Dracunculiasis Crustacean 100* 100,000/yr South Asia/Arabian
(Guinea Worm) (Copepod) Peninsula/Central-

West Africa

Leishmaniasis Phlebotomine 350 12 million infected, Asia/Southern +
Sand Fly 500,000 new Europe/Africa/

cases/yr' Americas

Onchocerciasis Black Fly 123 17.5 million Africa/Latin America ++
(River Blindness)

American Triatomine 100' 18 million Central and South +
Trypanosomiasis Bug America
(Chagas'disease)

Dengue Mosquito 1,800 10-30 million/yr All Tropical Countries ++

Yellow Fever Mosquito 450 <5,000 cases/yr Tropical South ++
America and Africa

NOTE: + = likely, ++ - very likely, +++ - highly likely, and ? = unknown.

"Top three entries are population-prorated projections, based on 1989 estimates. 'WHO, 1995. 'Michael and Bundy, 1995.
" WHO, 1994a. *Ranque, personal communication. f Annual incidence of visceral leishmaniasis; annual incidence of cutaneous
leishmnaniasis is I million-i.5 million cases/yr (PAHO, 1994). 'WHO, 1995c.

SOURCE: IPCC, 1995.
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BOX 2. El Nihio: Analogue for Long-Term Global Climate Change?*

J. Michael Hall
Director, Office of Global Programs, National Oceanic and Atmospheric

Administration
and

Paul Epstein
Harvard Medical School

The El Nihio southern oscillation (ENSO) may represent an analogue not only for
larger-scale global climate change and its consequences, but also for the steps that
might be taken to monitor and respond to global climate changes that threaten human
health. Prevailing winds in the tropics create a pool of warm water in the western Pacific
Ocean, a region that drives much of the atmospheric heating that controls the world's
weather. Periodically, however, the trade winds relax or even reverse themselves,
releasing this pool of warm water and setting in motion changes in water temperature,
sea level, and coastal currents off South America that-because they happen around
Christmas-are known by the name of "El Nitio." This oscillation in atmospheric and
ocean conditions, which normally happens every 3 to 7 years, causes not only the
collapse of ocean fisheries in the eastern Pacific, but also characteristic changes in the
weather in other regions, including drought in northeastern Brazil and increased
precipitation in the southeastern United States (see Figure 2).

The international scientific community has linked a huge network of ocean buoys
and remote-sensing satellites to observe and study the dynamics of the ENSO
phenomenon. Interdisciplinary research and analysis have led to the creation of
multisector models that can predict the occurrence and effects of these changes. The
ENSO forecasts made by these models are already reliable enough to support major
policy decisions. In both Peru and Brazil, for example, governments are making
decisions about which crops to plant, and how many acres to cultivate, based on 12-
month forecasts of ENSO-related rainfall. More research and refinement will be needed
before these predictive models will be useful in regions outside the tropics and in sectors
other than agriculture, including public health. Nevertheless, this predictive approach to
short-term ENSO changes may have major relevance to the study of long-term changes
in the global climate.

ENSO-related algal blooms off Peru, for instance, are part of what appears to be
a global epidemic of algal blooms caused in part by warmer oceans everywhere. These
blooms represent "environmental reservoirs" for microbes, such as Vibrio cholerae, the
cause of cholera in humans. Similarly, insect and rodent populations also have increased
following the mild, wet winters associated with El Nifio, and this can have serious impacts
in areas where these animals act as pests in agriculture or as vectors for diseases such
as malaria and Lyme disease. Consequently, the ability to understand and anticipate the
relations between global climate changes, environmental responses, and threats to
human health may have significant value in developing early warning systems to protect
vulnerable populations. Multidisciplinary, multisectoral research to develop reliable
indicators could have extremely broad benefits for public health.

Excerpts from a special briefing at the Conference on Human Health and Global Climate
Change, September 11, 1995.
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FIGURE 2. Pictoral representation of global climate impact anamolies due to ENSO. (Provided by
NOAA, based on work of C. Ropelewski and collaborators)

Skin Cancer, Cataracts, and Immune Suppression

Ozone depletion can have both direct and indirect effects on ecological systems and human
health. Increased exposure to ultraviolet radiation (especially UV-B) can have harmful effects on
photosynthesis (on land and sea), with potentially disruptive impacts on food production and the
stability of ecosystems. The most important direct human health effect would be an increase in
nonmelanoma skin cancers, especially in fair-skinned populations. Such cancers are already a major
problem in the United States, with about 1 million new cases per year. Furthermore, current models
suggest a two percent increase in incidence for every one percent decrease in stratospheric ozone.

The current scenario for phaseout of CFCs predicts a 25 percent increase in skin cancer by
2050 at 50°N latitude, relative to the 1980 incidence. Melanoma is.4 less frequent but far more deadly
skin cancer, whose relationship to UV-B exposure remains uncertain. Both types of skin cancer have
a long lag time between exposure and disease; the effects of increased UV-B may not be seen until
after 2050. Increased UV-B can also be expected to increase the frequency of cataracts, which can
lead to blindness in all populations. Current estimates indicate a 0.3 to 0.6 percent increase in new
cataract cases for every 1 percent decrease in stratospheric ozone. Ozone depletion may also
contribute to the frequency, severity, and duration of some infectious diseases due to ultraviolet's
ability to suppress the immune system. There are many uncertainties about the effect of UV-B on
immune responses, although it appears that neither pigmentation nor sunscreens offer effective
protection.

12
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Indirect Effects on Human Health

Food Production and Nutritional Health

Global climate change would have mixed effects on the productivity of agriculture, livestock,
and fisheries. In tropical and subtropical areas, global climate change may lead to droughts, flooding,
and the emergence of new plant diseases, decreasing food production in many areas where food
supplies are already insecure. Meanwhile, crop productivity may increase in other regions, mostly in
the higher temperate latitudes such as Canada, Siberia, and Patagonia. However, agricultural
projections are strongly dependent on assumptions about technological advances and patterns of
consumption.

Over 800 million people are chronically undernourished today, particularly in the developing
world, and malnutrition is an underlying cause of childhood mortality. With further population
growth, malnutrition may increase the vulnerability of these populations to endemic diseases and
epidemics. Some areas may need to change crops, planting practices, and diet, further increasing
vulnerability during the period of transition. Such regions might be helped by advance warning of
conditions that might cause crop failures.

Overall, models project the world may be able to produce enough food to feed future
populations. However, changes in regional patterns of production could be significant, and in the
long term, nutritional security can only be ensured through education and training, higher incomes,
favorable market mechanisms, political stability, and population controls.

Fresh Water Quality and Quantity

Great spatial and temporal variability characterize water availablility. Climate change may
exacerbate such variations. Today 1 billion people lack access to clean and abundant drinking water,
and even more are without adequate sanitation. Adjustments to water shortages can be managed
where physical infrastructure (reservoirs, pipelines, and canals) and water management institutions
exist. Increasing populations dependent on limited sources served by isolated systems are at more
risk. Landscapes may erode or stabilize as precipitation alters vegetative cover, thus affecting runoff
and transport of sediment and pollutants.

Air Pollution and Allergens

The same industrial processes that produce greenhouse gases will also produce increased
urban air pollutants, and they too can pose major health risks. Levels of fine particulates (from fossil
fuels and wood smoke) and ozone (from photochemical reactions) are known to be associated with
higher levels of hospital admissions for respiratory diseases. Fine particulates also appear to be
associated with admissions for heart disease and with general mortality. In the United States, where
air pollution is relatively low compared with Mexico City and some Asian cities, it nevertheless
contributes to 70,000 excess deaths and 1 million additional hospitalizations annually. In the future, as
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global increases in energy production lead to higher levels of particulates, and increases in
temperature and ultraviolet radiation accelerate the reactions that produce ozone and other secondary
pollutants, the health effects of air pollution on a global scale could be staggering. Higher
temperatures and humidity may also lead to higher concentrations of plant pollen and fungal spores
that cause allergic disorders such as asthma and hay fever.

Weather Disasters and Rising Sea Level

El Nifio is associated with increased rainfall and floods in some regions. Long-term climate
change over the entire planet may result in an increase in extreme weather events, such as droughts,
floods, and cyclones. These events could increase the number of deaths and injuries and the incidence
of infectious diseases and psychological disorders, as well as causing indirect effects through food
shortages and the proliferation of disease vectors.

A 40-centimeter rise in sea level would approximately double the number of people who are
currently exposed to flooding each year in areas like Bangladesh. It could also contribute to the loss
of coastal and delta farmland, as in Egypt, and to the destruction of food supplies. Rising sea level
also increases the vulnerability of costal cities, low-lying areas, and small islands to damage during
storms.

Social and Demographic Dislocations

Global climate change would alter patterns of employment, wealth distribution, and
population settlement throughout the world. Physical conflicts might also arise over depleted
environmental resources such as farmland, surface water, and coastal fisheries. Biodiversity would
also be affected (see Box 3). The greatest destabilizing effects would likely be experienced in areas of

FIGURE 3. Ways in which global climate change may affect human health. (Adapted from IPCC, 1995)
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Africa which are already highly vulnerable. At the same time, populations may be moving out of
tropical and coastal areas and into cooler wilderness areas where they will be exposed to new and
unfamiliar health threats.

From another point of view, the difficulty of responding to global climate change lies in the
rapid pace of the change-the projected rate of change is greater than has occurred on earth in the
past 10,000 years. Although it appears that some of the global climate changes may be dealt with by
the industrial world, adaptation will be more difficult in the developing world. The pace of global
climate change may be complicated by an inadequate pace of institutional change.

POLICY IMPLICATIONS

At the end of the first day of the conference, presentations were made on potential policy
implications for health surveillance, disease prevention, and health professional education. In
addition, a special address was made by Brian Atwood, administrator of the Agency for International
Development, on "Implications for International Cooperation" (see Box 4). These presentations
served as background and introduction for the breakout and working group panel discussions that
occurred on the second day; information from those presentations has been integrated into the panel
reports that follow.

Panel Reports

The second day of the conference was organized around six concurrent breakout and working
group panels that considered the policy implications of global climate change and human health. The
six panels were: (1) Global Surveillance and Response, (2) Disease Prevention, (3) Education for the
Medical and Public Health Communities, (4) International Cooperation, (5) Research and
Development Needs, and (6) Public Outreach and Risk Communication.

These panels were asked to work from the assumption that global climate change would
occur, and that its impacts on human health would be more or less as described in the foregoing
discussion. Working from that assumption, the panels were charged with addressing the question,
"What do we do about it?" That is, what strategic actions could, and should, be taken to anticipate
adverse health effects before they occur and to reduce or mitigate those effects when they do occur?
In addition, the panels were asked to identify both short-term (1 to 5 years) and long-term (5 to 25
years) strategies.

The following summaries reflect the individual group chairs' sense of the participants'
discussion in their respective working groups, further illuminated by the material presented in plenary
sessions on the preceding day.
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Global Surveillance and Response3

The emergence of new diseases and the reemergence of familiar diseases represent a serious
threat to many regions and, indeed, in a shrinking world, to the entire human species. In the future,
therefore, it will be critical to have in place an integrated, worldwide surveillance and response
mechanism for emerging infectious diseases. The purpose of such a system would be to shorten the
time between the detection of the first case and the implementation of effective measures for
treatment, prevention, and control. To the degree possible, therefore, it should also include
surveillance for the various changes in climate and environment that may provide early warning signs
of the possible outbreak of disease.

The vital elements of such a system are (a) a rapid and comprehensive communications
network; (b) accurate, reliable, laboratory-based diagnosis capabilities in host countries or regional
centers; and (c) a mechanism for rapid response. The functioning of this system would also be aided
by heightened cooperation among national and international health organizations. In the end, the
creation of an integrated, worldwide system to monitor the occurrence and emergence of disease
could become the most important intemational health policy initiative of the twenty-first century.

The breakout panel reported that the most important problem in this area is the creation and
maintenance of a critical mass of multidisciplinary expertise. Short-term strategies to address this
problem include personnel exchanges, cross-training, and the establishment of a Vice Presidential
Fellowship Program. Long-Term strategies include the encouragement of multidisciplinary training at
all levels of relevant fields.

The panel also endorsed earlier reports calling for the creation of an international consortium
to address climate-related issues. One difficulty in doing this is the need for political will and
interagency and global coordination. A short-term strategy. would be to compile an inventory of
existing resources and facilities that might become part of the effort, including sites and projects
studying the environment and climate that could provide remote-sensing data and other indicators for
health surveillance. There was no consensus on which agency should serve as the focal point for this
coordination within the United States, although the Centers for Disease Control and Prevention, the
NAS, the 1OM, and the interagency Committee on International Science Engineering and Technology
(part of NSTC) were offered as candidates. There was agreement, however, that the United States
could not carry out this mission alone; it will be necessary to work with the resources, facilities, and
institutions of other countries and international organizations.

Finally, the importance of global surveillance and response was discussed as being critical to
national security because military forces might need to be deployed to virtually any area of the world
on short notice. Knowledge of emerging diseases and their potentiMal impact on military operations is
of great importance in the preparation of countermeasures to avoid such threats, reduce their impact,
and provide a rapid response to outbreaks.

3Dr. Ruth Berkelman, deputy director, National Center for Infectious Diseases, Centers for
Disease Control and Prevention, cochaired this panel and summarized their discussion and findings.
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Strategies (see also Table 3).

Short-term strategies:
0 Create and maintain a critical mass of multidisciplinary expertise.
0 Commission the NAS or the IOM to conduct a study of the problem.

Long-term strategies:
0 Encourage multidisciplinary training at all levels of relevant fields.

Disease Prevention4

The reemergence in the Americas of infectious diseases that had been controlled in the past,
such as cholera, plague, and dengue, as well as the emergence of new infectious agents, such as Hanta
and Guanarito viruses, E. coli:0:157, and cryptosporidia, have had a direct impact on health policy
and prevention efforts. Over the past several years, governmental and nongovernmental organizations
have been working closely to modify health policy to place more emphasis on disease prevention. A
major concern of these efforts are the changing dynamics of disease transmission, which are
influenced by migration, land use, and environmental degradation.

Many lines of action are being examined as ways to prevent diseases. One requirement for
any response will be flexible management within the health sector closest to the vulnerable population
to allow it to adapt to changing patterns of disease. In addition, the wide impact of infectious diseases
such as AIDS requires a policy of increased intersectorial cooperation-that is, there must be fluid and
open communication and management of health problems among health, environmental, and
agricultural sections, supported by competent research that is based on careful policy analysis.
Participants believed that policy reform, combined with broad public support gained by effective use
of the mass media, will allow us to confront the health problems caused by global climate change and
environmental degradation.

Policies for disease prevention and control usually involve three responses: (1) removal of the
hazardous exposure, (2) early detection (and investigation of the occurrence of diseases), and (3)
treatment and control measures, such as prophylactic therapy. Primary prevention might include
vaccinating children or draining stagnant pools where mosquitoes breed. In dealing with the health
effects of global climate change, however, it would require preventing and even reversing greenhouse
warming itself. This kind of "preprimary" or "primordial" prevention would be desirable but was
beyond the scope of this conference. Nevertheless, there are still many actions that might be taken to
mitigate the health effects of global climate change, especially in terms of anticipating what those
effects will be and which populations are most at risk.

Secondary prevention involves surveillance and early screening--the collection, analysis, and
dissemination of pertinent data-and tertiary prevention involves responses-plans and facilities for
rapid diagnosis and effective treatment to keep a disease from progressing. Secondary and tertiary

4Dr. Jonathan Patz, research associate, Johns Hopkins School of Public Health, cochaired this
panel and summarized their discussion and findings.
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BOX 3. Ecology, Epidemiology and Climate Change*

Thomas E. Lovejoy
Smithsonian Institution

Altered levels of greenhouse gases like C02 constitute an important environmental
change by themselves in addition to those changes driven by the altered levels. Field
studies of the effects of elevated C02 on natural communities are limited at this point. Bert
Drake's two-species marsh community at the Smithsonian Environmental Research
Center-the longest running field experiment-shows that plants with a C4 photosynthetic
pathway (e.g., a sedge) have a definite competitive edge over C3-pathway species (e.g., a
grass). Within a group of C4 or C3 plants, however, it is not possible to predict in advance
how various species will respond to higher levels of C02. An initial study of part of a tree
subjected to 2 months of elevated C02 in a Panamanian rainforest led to yellowing of its
leaves and reduced photosynthesis. It appears that the excessive accumulation of
carbohydrates inhibits photosynthesis, with consequent high irradiation stress,
photodamage, and loss of chlorophyll. The rest of the tree seems incapable of drawing off
the excess photosynthates. This is, of course, different from a tree experiencing a C02
increase occurring over years and decades or a tree that grows up in a high-CO2
environment.

Of course, climate change will include not only C02 elevation but also changes in
temperature regimes, rainfall, and other hydrological patterns. There are almost no field
experiments yet that combine more than a single one of these factors. Nonetheless, it is
clear from the above findings that it is a mistake to think of elevated C02 alone as a benign
fertilizing factor for plants. .Rather, it is important to recognize that elevated C02 and
associated climate change will instigate a cascade of effects that will ripple through natural
communities with hard-to-envision epidemiological consequences.

Paleoecological evidence relating to climate change during glacial/interglacial
swings indicate rates of dispersal for plant species, especially trees, that are much slower
(1/10th) than those projected by climate models. It is simply not known whether species
could move faster. In addition, it is well known in North America and Europe, and to a
lesser extent in the less studied tropics, that biological communities disassembled during
those climate changes and different species moved at different rates and in different
directions. Ultimately, species assembled in communities of different composition. The
implications for epidemiology are difficult to envision, although worrisome.

Climate change, whether human or naturally driven, will take place in landscapes
that have been highly modified by human activity. This will dramatically lower opportunities
for dispersal and consequently generate considerable extinction of species-that is, a
reduction in biological diversity.

What are the implications for human health? It is hard to be precise and to provide
a lot of detail. Nonetheless, an abundance of changing relationships between species will
undoubtedly affect epidemiology. Some changes, of course, may be beneficial, but the
balance are likely to be detrimental because weedy species such as white-tailed deer will
be favored over nonweedy species. It seems reasonable to anticipate epizootics and
epidemics without any precedents.

In addition, loss of biodiversity will impoverish the potential of biotechnology to
contribute to the wealth of nations and will similarly diminish the potential of the life
sciences to contribute to human health, wealth, and well-being.

"Excerpts from a special briefing at the Conference on Human Health and Global
Climate Change, September 11, 1995.
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prevention strategies are needed in most if not all nations. However, the creation of a global
surveillance and response capability will require unprecedented international collaboration, including
a softening of the traditional boundaries between sectors, agencies, and nations. Nongovernmental
organizations and the media also have a important role to play in educating the population, without
frightening them, and possibly changing some of their more destructive behaviors (see "Public
Outreach and Risk Communication," p. 24).

The breakout group recommended that prevention activities focus on anticipatory, rather than
reactionary measures. It identified six priority areas that overlap and incorporate those of other
breakout groups:

1. targeted, integrated surveillance that focuses on transitional zones and vulnerable
populations;

2. changes in medical education that incorporate environmental health into curriculum and
board exams;

3. international cooperation through information sharing and surveillance networks;
4. methodological research to evaluate prevention and intervention programs and to

identify vulnerable populations, transition areas, and other risk factors;
5. public education and outreach aimed at policymakers as well as vulnerable popu-lations,

especially children and the elderly; and
6. public health infrastructure to conduct (a) research and (b) vaccine and exposure

reduction programs.

Strategies (see also Table 3).

Short-term strategies:
• Compile an inventory of existing resources and facilities to study the environment and

climate that could provide remote-sensing data and other indicators for health surveillance.

Long-term strategies:
° Refocus or develop the public health infrastructure.

Education for the Medical and Public Health Communities5

Despite increasing evidence that global climate change and ozone depletion may have serious
consequences for human health, there is little understanding, both among policymakers and the
public, of the extent of this potential threat. Physicians and public health professionals should be
central figures in helping to promote an understanding of the health effects associated with climate

5Dr. Max Lum, director, Office of Health Communications, National Institute of Occupational
Safety and Health, cochaired this panel and summarized their discussion and findings.
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change, but they are by and large uninformed about the topic, as their education does not, in general,
cover the relationship of global environmental change to human health.

Physicians, nurses, and other health professionals have a vital role to play in responding to the
health effects of global climate change. At present, however, physicians do not receive adequate
training in occupational and environmental medicine, much less in the medical problems arising from
global climate change, such as tropical diseases appearing in temperature zones. In the United States,
for example, although two-thirds of medical schools include occupational and environmental health
in their curricula, the average student receives only 6 hours of exposure to these subjects over 4 years
of study. The situation is somewhat better in schools of public health. Yet for both medical and public
health students in the United States there is essentially no time available in the curriculum to address
the potential human health consequences of global climate change. For most professionals their
principal source of information on global environmental health are articles in the scientific literature
and conferences sponsored by nonprofit organizations.

The breakout group agreed that health professionals should play a critical role in addressing
the health effects of global climate change. The central questions panelists posed were (a) what do
health professionals already know, (b) what do they want to know, and (c) what should they know.
As a short-term strategy, the group recommended that the IOM and NAS conduct a study to identify
core competencies and training mechanisms in the area of human health effects of global climate
change, similar to a recent IOM study of environmental medicine (1995).

Global climate and health issues should be incorporated into medical board exams, reflecting
the importance of this subject for the training of physicians. The IOM and NAS might also broker
efforts to promote faculty development in this area and to create centers of excellence in medical
schools that would develop curricula in human health and global climate change. The group also
recommended conducting a study to identify existing government and industry programs that protect
workers from the effects of ultraviolet exposure. Such an activity could also increase awareness of the
hazards of stratospheric ozone depletion.

These efforts should be coordinated with those of professional, educational, and public
service organizations. Health professionals should also help in developing educational materials and
in presenting information to policymakers and the general public to help increase understanding of
the health implications of environmental policies. These efforts should include the special needs of
populations such as migrant workers and minorities that might not have adequate access to health care
information. In the long term, it will be important to monitor the effectiveness of these and other
programs and, more importantly, to disseminate their results.

Strategies (see also Table 3).

Short-term strategies:
* Have the IOM or NAS conduct a study to identify core competencies and training

mechanisms in the area of global environmental health, similar to a recent IOM study of
environmental medicine.

• Identify and study existing government and industry programs designed to protect workers
from the effects of exposure to the sun.
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BOX 4. Implications for International Cooperation

Brian Atwood
U.S. Agency for International Development

By working closely with our developing country partners, the U.S. Agency for
International Development is able to facilitate the subtle but critically important changes that
raise awareness of the threats of climate change and help to shape preventative and
responsive measures. Our work has informed other donors and encouraged them to invest in
solutions we need. Developing countries in particular are on the precipice of global
environmental change. They soon will be the leading source of greenhouse gas emissions,
and the resulting climate change will take a heavy toll on their crowded coastal areas and
fragile ecosystems. The extraordinary biological wealth of these countries is already
threatened by poorly planned development that undercuts the natural capital they and we need
for the future.

Energy consumption and one of its unwelcome by-products, pollution in the form of
carbon emissions, are growing fastest in developing countries and in countries whose
economies are in transition. Developing countries are also experiencing rapid rates of
deforestation and ecosystem degradation, which eliminates a primary sink for greenhouse
gases. For example, over the last decade, 154 million hectares of tropical forests, equivalent
to more than three times the land area of France, have been lost to other uses. The rate of that
loss of biomass, especially in developing countries, is alarming.

The resulting environmental degradations and misuse of natural resources create
opportunities for new diseases, or old ones, to take hold. We use the phrase "emerging
diseases," yet for millions of people the new viruses have already emerged, and they have
already claimed the lives of loved ones. The word "emerging" simply does not convey the
urgency we sense. Only yesterday we were convinced that science had overcome the assault
of these infectious diseases. Advances in antibiotic drugs, vaccines against childhood
diseases, and improved sanitation technology all seemed to be winning the day. The incidence
of polio, whooping cough, and diphtheria were declining. Fast-acting antibiotics reduced the
threat of meningitis and bacterial pneumonia. But we now know that our euphoria was
premature. We did not take into account the extraordinary resilience of infectious microbes,
which have a remarkable ability to evolve, adapt, and develop resistance to drugs. Thus,
diseases that were once thought to be under control have reemerged. There are many of
these reemerging diseases, and they just do not appear only in the developing world
nowadays. We find them in New Mexico, in Minnesota, in Virginia, and in New York. Around
the world there is a resurgence of cholera, malaria, and yellow fever, often in drug-resistant
forms. And of course, there is HIV and AIDS.

We believe that global problems must be resolved at the local level. We know that
these efforts must be aided by new breakthroughs in science and technology. Investment in
research is essential if we are to keep up with the effects of ecological change. The battles we
must fight against new microbes, new forms of crop blight, the spread of desertification, new
forms of pestilence, and the rapid population growth make research more important than ever.
We face a dynamic, rapidly accelerating set of new challenges, yet we are at risk of falling
desperately behind the curve, as the changes we advertently and inadvertently introduce run
far ahead of our resources and our knowledge base. Research is not like tap water. It cannot
be turned off and on again without serious consequences. To be successful in these efforts,

Continued

"Exce.pts from remarks at the Conference on Human Health and Global Climate Change,
September 11, 1995.
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BOX 4. Continued

governments must continue their support of the scientific community. This will require
considerable efforts by federal agencies, by our university partners, and by nongovernmental
organizations. The private sector is our natural partner. However, it does not cover the entire
spectrum of research.

It is dangerous to assume that the unfettered hand of Adam Smith will lead to the
investments we need to deal with international health and environmental threats to the United
States. That will require a coherent and cost-effective foreign assistance program backed by
sound policies and global cooperation. We are uniquely placed as a nation to help the rest of
the world meet these challenges. Our quality of life in the next century will be determined in
large measure by how we meet the global challenges of today. Science and technology give
us the tools we will need to meet the challenges of tomorrow.

Long-term strategies:
* Monitor the effectiveness of these and other programs and, more importantly, dissem-

inate their results.
a Incorporate questions about climate-related health issues on medical board examinations.

International Cooperation6

Global climate change is believed to cause a wide variety of deleterious effects including
desertification, changes in agricultural patterns, and disease. These effects are both direct and indirect,
and the causes may be either natural or manmade. To the extent that global climate change and its
impacts are influenced by human activity, methods must be found to mitigate, adapt to, or respond to
them. The U.S. government is obligated to exercise leadership at home and abroad to ensure that
responses are appropriate and timely.

Every human being is vulnerable to the effects of global climate change, but the citizens of
developing countries and regions face the most immediate dangers. In those areas, both climatic
change and the need for responses to it may be greatest, but the available resources for addressing
them is most limited. Clearly, the preventive and responsive measures we use to deal with global
climate change and its effects must involve every affected person and operate society-wide.

The breakout panel reported that many of the necessary systems and networks for
international cooperation are already in place-the United Nations Environmental Programme, the
World Health Organization, UNICEF, and networks of collaborating centers. What is required is
improved coordination among existing systems to place the health effects of global climate change on
their respective agendas and to ensure a two-way flow of information among them. The panel found a
particular need to improve the links between agencies and organizations that conduct climate
forecasting, health planning, health surveillance, and the implementation of health programs.

6Dr. Rudi Slooff, Division of Environmental Health, World Health Organization, cochaired this
panel and summarized their discussion and findings.
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One short-term strategy would be to incorporate health effects monitoring and reporting into
existing global climate change activities, such as the Framework Convention on Climate Change
program and-the United Nations-sponsored "Climate Agenda." Another strategy would be to look for
the health effects of global climate change in the information already gathered for the ongoing U.S.
Country Study Program. These efforts will be ineffective, however, unless they are accompanied by
increased efforts to provide relevant information to national and international policymakers.

In the long term, the panel recommended that global climate change and health issues be
incorporated into sustainable development planning, not only by individual nations, but also by the
World Bank, the United Nations Development Program, the Food and Agriculture Organization, and
similar organizations. By the same token, health and climate planning should be broadened to include
related environmental issues such as biodiversity. This, in turn, requires that stakeholders have better
access to the information gathered, analyzed, and disseminated by the global surveillance system
discussed by other breakout panels.

Strategies (see also Table 3).

Short-term strategies:
0 Incorporate health effects monitoring and reporting into existing global climate change

programs.
• Look for the health effects of global climate change in the information already gathered

for other programs.

Long-term strategies:
a Incorporate global climate change and health issues into sustainable development

planning, not only by individual nations, but also by the World Bank, the United Nations
Development Program, the Food and Agriculture Organization, and similar organizations.

0 Broaden health and climate planning to include environmental issues such as biodiversity.

Research and Development Needs7

Rather than enumerate the many specific research topics that need to be addressed, the
breakout panel emphasized the need for an integrated, interdisciplinary R&D program that will
encourage collaboration among experts and organizations from a wide range of fields and disciplines.
Achieving this will probably require a concerted effort to overciome the boundaries that currently
separate scientific disciplines, research institutions, budgetary programs, funding agencies, and
international sponsors. In the United States, for example, funding would probably come from a
consortium of federal agencies rather than from a series of small, fragmented programs.

The research problems addressed by this program should include climatic variations that
already pose health risks, as well as future effects of global climate change.

7Dr. David Rail, foreign secretary, Institute of Medicine, cochaired this panel and summarized
their discussion and findings.
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Strategies (see also Table 3).

Short-term strategies.
In the short term, the panel proposed that the program undertake pilot projects involving case

studies that integrate three sets of variables:

1. infectious diseases (e.g., cholera, dengue, malaria, and Lyme disease);
2. mechanisms of susceptibility (e.g., UV-B and immune suppression, fine particulates, and

cardiovascular or pulmonary disease); and
3. global change drivers that might exacerbate or mitigate these problems (e.g., population

growth, economic development, and urbanization).

Possible models for these case studies are the Technical and Scientific Assessment and the
United Nations Intergovernmental Panel on Climate Change. The case studies themselves could be
performed by international organizations, by private groups, or by the IOM or NAS.

Long-term strategies.
The long-term goals of this program would be to identify and address gaps in current

knowledge, and to disseminate and apply the lessons learned from the case studies.

Public Outreach and Risk Communication'

Despite a wealth of scientific studies and technical information, the general public is not well
informed on the relationship between global climate change and human health. Several participants
made the analogy to the difficulties of informing the public about the dangers of nuclear war: Such
information is highly technical, far removed from the common experience, disconcerting to
contemplate, and often undermined by a vocal opposition. As a result, the first step in any outreach
campaign would be to assess the information (and disinformation) that is already available to
determine what further steps might be appropriate.

The breakout panel endorsed the principles of risk communication that are embodied in the
10-step strategy outlined in Table 2. The primary long-term goals of this strategy are (1) involving the
public by encouraging awareness and discussion, and (2) building bridges between the medical and
environmental communities. In both cases, the panel recommended working through existing
networks and infrastructures, initially targeting opinion leaders but making use of the full range of
formal and informal intermediaries to reach broader audiences-not only churches and newspaper
editors, for example, but also Boy/Girl Scouts and television weathermen, as well as medical
associations, senior citizens' associations, and schools.

'Dr. William Farland, director, National Center for Environmental Assessment, Environmental
Protection Agency, cochaired this panel and summarized their discussion and findings.
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TABLE 2. Developing a Risk Communication Strategy for Global Climate Change

Step 1: Review background information. (What messages are already out there?)

Step 2: Set communication objectives. (What do we want to accomplish?) Example: Increase
public awareness about the public health implications of global climate change.

Step 3: Analyze and segment target audiences. (Whom do we want to reach?) Example:

Construct communications based on audience attitudes.

Step 4: Develop and pretest message concepts. (What do we want to say?)

Step 5: Select communication channels. (Where do we want to say it?)

Step 6: Create and pretest messages and products. (How do we want to say it?)

Step 7: Develop a promotion plan. (How do we get it used?)

Step 8: Implement communication strategies and conduct a process evaluation. (Let's do it!)

Step 9: Conduct outcome and impact evaluations. (How well did we do?)

Step 10: Feedback to improve communication effectiveness. (Where do we go from here?)

Strategies (see also Table 3). The panel identified the following short-term action items,
which might serve as the foundation for long-term efforts:

* Identify, contact, and infuse existing networks with health concerns related to global
climate change. Use these networks as a feedback mechanism to find out what further information the
public wants or needs.

0 Distill the information generated by the present conference for dissemination through
journal articles, editorials, op-ed pieces, targeted brochures,"'public service announcements,
informational videos, or a home page on the World Wide Web.

a Establish a volunteer group or forum to continue the communication activities suggested
or actually begun during the present conference.

* Develop a response capability to counter disinformation.
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SUMMARY OF PRIORITIES AND STRATEGIES

Participants voiced a clear message throughout the conference: Changes in global climate
would pose substantial risks to human health, both in the near and long-term. They also hoped that
their efforts would help mobilize opinion and action toward the implementation of strategies that
would occur as far "upstream" as possible.

Conference participants identified and described a number of actions that could be taken to
address these potential threats. These strategies are summarized in Table 3 and share certain common
threads:

"* identify and work with existing resources, facilities, networks, and information;
"* encourage greater coordination and collaboration among relevant organizations,

disciplines, nations, and funding agencies;
• create from these institutions and funding sources an integrated worldwide network for

surveillance and response to indicators of global climate change and emerging diseases;
0 support multidisciplinary research to determine linkages among global climate change,

food production, and human health;
e provide appropriate training for researchers and health professionals, including the

creation of centers of excellence and the enhancement of faculty;, and
* establish information and outreach programs.
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APPENDIX D

Abstracts of Conference Presentations

GEORGE ALLEYNE, M.D.

The reemergence in the Americas of infectious disease that had been controlled in the
past, such as cholera, plague, and dengue, as well as the emergence of new infectious agents,
such as Hanta and Guanarito viruses, E. coli:O: 157, and cryptosporidia, have had a direct impact
on health policy and the prevention of disease. Over the past several years, governmental and
nongovernmental organizations have been working closely to modify health policy in order to
place more emphasis on disease prevention. A major concern is the changing dynamics of
disease transmission, which is influenced by migration, land use, and environmental degradation.
Many lines of action are being perused to prevent infectious diseases. One requirement is
flexible management within the health sector, which is close to the population and that can adapt
to the changing patterns of disease. In addition, the wide impact of infectious diseases, such as
AIDS, mandates a policy of increased intersectorial cooperation. There must be fluid
communication and management of health problems among the sectors of health, environment,
and agriculture, supported by competent research based on policy analysis. It is believed that
policy reform, combined with broad public support gained by effective use of the mass media,
will allow us to confront the health problems caused by climate change and environmental
degradation.

J. BRIAN ATWOOD

Climate change is believed to cause a wide variety of deleterious effects, including
desertification, change in agricultural patterns, and disease. The effect is both direct and indirect;
the causes may be either natural or manmade. To the extent that climate change and its impacts
are influenced by human activity, methods must be found to mitigate, adapt, or respond. The
U.S. government is obligated to exercise leadership at home and abroad to ensure that responses
are appropriate and timely.

Who is at risk? Every human being is vulnerable but the citizens of developing countries
and regions face the most immediate dangers. In those nations, climatic change and the
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necessary responses may be greatest, but available resources are most limited. Clearly, the
preventive and responsive measures we employ to deal with climate change and its effects must
involve every affected person and operate society-wide.

ERIC CHIVIAN, M.D.

Despite increasing evidence that climate change and ozone depletion may have disastrous
consequences for human health, there is a little understanding, among policy-makers or the
public, of the extent of the possible threat to human life. Physicians and public health
professionals should be central figures in helping to promote this understanding, but they are by
and large uniformed, as their education does not in general cover the relationship of global
environmental change to human health. This presentation shall look at the role of the medical
and public health communities in global environmental issues, such as climate change and ozone
depletion, and shall address the growing need for their education and involvement.

RITA R. COLWELL, Ph.D

The origin and cyclical nature of cholera has intrigued scientists and public health
officials, Robert Koch postulated environmental origins of cholera, but proof was not established
until the tools of molecular biology and immunology were available. Work on environmental
aspects of cholera during the past Z0 years has revealed an association of Vibrio cholerae with
zooplankton and marine and estuarine systems. Furthermore, the capability of V. cholerae to
enter a dormant, that is, viable but nonculturable state, has offered an explanation for the
inability to isolate it between epidemics. With fluorescent monoclonal antibody and gene probes,
coupled with PCR amplification, it has been possible to detect and monitor V cholerae in the
environment. Furthermore, it has been shown that plankton blooms are correlated with increased
incidence of V cholerae. Studies carried out in Bangladesh provided the link between cholera
outbreaks and plankton populations. Studies in progress, employing satellite imagery, will
permit retrospective and prospective analyses of marine plankton and the cholera outbreak in
Latin America during 1991-1992. The El Nifio event appears to be closely associated with this
cholera outbreak. Perturbations of the marine ecosystem may be the key to the eratic, cyclical
nature of cholera epidemics.
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STEPHEN C. JOSEPH, M.D., M.P.H.

Global surveillance is critical to national security and plays a vital role in the mission of
the Department of Defense (DoD). Military forces can be deployed to virtually any area of the
world on short notice; knowledge of emerging diseases and their potential impact on military
operations greatly assist us in preparing countermeasures to avoid such threats, reduce their
impact, and provide a rapid response to outbreaks. At present, three things need to be
accomplished. First, DoD--using existing resources--will establish a surveillance and response
capability in its overseas laboratories. Second, along with other U.S. government agencies, DoD
will link international and host-nation training of field epidemiologists and researchers to
existing DoD laboratories, creating regional networks. Third, U.S. government agencies in
international partnerships need to establish a functional surveillance system on the Internet, of
which PROMED is an excellent early prototype.

LAURENCE KALKSTEIN, Ph.D

Direct weather impacts, such as heat waves, have a profound effect upon human health;
during unusually hot conditions, deaths from all causes can rise over 50 percent above average
levels. The elderly, poor, and very young appear disproportionately stressed. The impact of
climate change could exacerbate the situation, as more extreme hot weather, and a greater
frequency of oppressive air masses could cause the number of heat-related deaths to rise
significantly. Although developing nations could suffer inordinately, it is quite obvious that
extreme heat can cause havoc in American cities, as evidenced by the recent Chicago heat wave.

There are a number of unanswered or disputed questions involving the impact of climate
change on mortality and morbidity. Will increasing winter warmth compensate somewhat for
hotter summers by decreasing winter mortality? What will be the impact of increasing
accessibility to air conditioning? Would many of the people who die of excess heat represent
deaths that would have occurred shortly afterward, regardless of the weather? What is the
acclimatization potential of the population if future temperatures rise? Can excessive deaths be
mitigated with the development of watch/warning systems that provide the appropriate agencies
with advance notice about impending dangerous weather conditions? Finally, how does the
combination of hot weather and air pollution contribute to increasing human mortality, and what
are the implications of a global warming on weather or pollutio;'impacts?

MARGARET L. KRIPKE, Ph.D

The amount of ultraviolet-B radiation in natural sunlight is dependent on the
concentration of ozone in the atmosphere. A reduction in ozone will increase the amount of UV-
B radiation reaching the earth's surface. Even a small increase in UV-B. radiation is likely to
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have important consequences for human health. Although a small amount of UV-B is necessary
for production of vitamin D, excessive exposure causes squamous and basal cell skin cancers and
contributes to the incidence of melanoma skin cancer. Ocular changes that lead to certain types
of cataract are also a consequence of excessive exposure to UV-B radiation. UV-B radiation can
also interfere with the body's immune system; this constitutes one of the most potentially
dangerous effects of UV-B because of the possibility that immunity to infectious diseases may
be compromised. Unfortunately, too little is know about the immunology consequences of UV-B
radiation to make predictions about the impact of ozone depletion on human diseases.

ANTHONY J. McMICHAEL, M.D., Ph.D

Three things about this topic need emphasis: scale, context, and uncertainty. First, the
anticipated health risks are not of a localized kind; they are of large scale, impinging at
population level, and transcending national boundaries. Second, the risks are not just "more of
the same" (more heatwaves, air pollution, etc). Rather, they would arise substantially via indirect
pathways (by disturbance of natural systems, e.g. the ecology of infective agents, food
production, and freshwater supplies). Third, forecasting them entails complexity, uncertainty,
and a long time horizon. It is tempting to focus on the more familiar risks; increased deaths from
heatwaves (especially in the very young, frail, and elderly), trauma from floods and storms,
and-from stratospheric ozone depletion-more cases of skin cancer. However, in the long
term, sustained changes in climate and in climate-dependent natural systems (particularly if also
subjected to other environmental or ecological stresses) would result in: (a) altered patterns of
infectious diseases, especially vector-borne diseases (malaria, dengue, etc); (b) some regional
declines in food production; and (c) population displacement (rising seas, declining agriculture,
food shortages, and weather disasters) and its many public health consequences. Combinations
of mobile infections, malnutrition, and social stress--especially in displaced and migrating
groups--could amplify the health impacts of climate change.

STEPHEN S. MORSE, Ph.D

"Emerging infectious diseases" are those that are newly appeared in the population or are
rapidly increasing their incidence or geographic range (e.g., HIV/AIDS, cholera in South
America and Africa, and Ebola in Africa, and Hantavirus ýiilmonary syndrome and Lyme
disease in the United States). Most emerging infections are caused by pathogens that are present
in the environment but are newly introduced into humans, often from another species as a result
of changing ecological or environmental conditions that increase the chance of human contact,
or are infections that were once geographically isolated but now have an opportunity to reach
larger human populations. Climate may often be a factor. For example, with Hantavirus
pulmonary syndrome in the southwestern United States in 1993, the virus probably was long
present in local rodent populations, but unusual local weather conditions led to an exceptionally
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large rodent population, with greater opportunities for people to come in contact with infected
rodents (and, hence, with the virus); the weather anomaly itself may have been due to large-scale
climatic effects. Human population movements, which can introduce remote infections to a large
population, also are often a factor in the emergence of disease. The mass movement of workers
from rural areas to cities, largely driven by economic conditions, can allow a previously isolated
infection to reach larger numbers of people (this probably happened with HIV). Climate
changes, by potentially decreasing productivity of local rural agriculture, could accelerate this
migration. As a final example, epidemiologists have long documented a close relationship
between climatic conditions and epidemics of childhood bacterial meningitis (which can also
spread globally by travel) in parts of Africa where the disease naturally occurs.

JOEL SCHWARTZ, Ph.D

Increases in temperature in the Northern Hemisphere will result in increased demand for
air conditioning, and hence increased emissions from electric power generation, which are the
major source of fine particles in much of North America. Increased temperature will also lead to
increased ozone formation. While the degree of pollution resulting from climate change is
relatively unclear, the effects of particulate air pollution and ozone are becoming increasingly
clear. Increased particulate air pollution is associated with increased risk of mortality, decreased
life expectancy, and increased hospital admissions for heart and respiratory illness. Ozone is
associated with increased hospital admissions for respiratory illness. The magnitude of these
risks can now be quantified.

ROBERT E. SHOPE, M.D.

Some probable effects of global warming are (a) an increase in temperatures especially at
night, (b) greater warming in polar than in tropical latitudes, (c) an increase in the frequency of
tropical storms, ( d) loss of forests, and (e) migration of humans and their domestic animals
north in the Northern Hemisphere. These changes will affect the health of people and animals,
especially through increased numbers and efficiency of arthropod and rodent vectors of disease.

Vector-borne diseases such as dengue, St. Louis encephalitis, Lyme disease, yellow
fever, malaria, and Rift Valley fever, as well as bat rabies and Hantaviruses, will be affected.
These diseases have in common an ecological component-such that climate limits their
distribution. Most occur in tropical areas and have either a mosquito, tick, or wild animal as part
of their cycle. In many cases the infectious agent multiplies better in the reservoir at high
ambient temperature, and often the vector depends on ample rainfall to thrive.

In the case of Lyme disease, climate influences both the infectious agent and the hosts
that maintain the life-cycle of the vector. Dengue is a tropical virus disease transmitted by Aedes
mosquitoes. This disease, with warming, appears to be moving northward to the U.S.-Mexican
border.
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ROBERT T. WATSON, Ph.D

The Earth's climate is predicted to change because human activities are altering the
chemical composition of the atmosphere. The buildup of greenhouse gases-primarily carbon
dioxide, methane, nitrous oxide and chlorofluorocarbons (CFs)-is changing the radiation
balance of the planet. The basic heat-trapping property of these greenhouse gases is essentially
undisputed. However, there is considerable scientific uncertainty about exactly how and when
the Earth's climate will respond to enhanced greenhouse gases. The direct effects of climate
change will include changes in temperature, precipitation, soil moisture, and sea level. Such
changes could have adverse effects on ecological systems, human health, and socioeconomic
sectors.

Accumulation of CFCs in the upper atmosphere has already led to world-wide depletion
of the ozone layer and an ozone hole in springtime over Antarctica. Ozone filters out harmful
ultraviolet radiation and keeps it from reaching the Earth's surface. Recent international
agreements to phase out CFCs are beginning to show results; we now expect peak depletion to
occur about the turn of the century, and the ozone layer should recover over the next several
decades.

Ozone depletion and climate change are complex problems that will affect the economy
and the quality of life for this and future generations. The lag time between emission of the gases
and their impact is on the order of decades to centuries; so too is the time needed to reverse any
effects. Thus, decisions in the nearterm will have long-term consequences.

M. GORDON "REDS" WOLMAN, Ph.D

The geologic record provides clear evidence of climatically induced changes in the
quantity and quality of fresh-water on the globe. Major fluctuations in climate, in the last 10,000
years and before, have resulted in the creation and demise of lakes and river systems.
Temperature perturbations of only a few degrees have also been accompanied by significant
increases in the frequency of floods, and similar flood events are associated with El Nifio
oscillations in some regions. Increasing seasonal runoff at some locations in the United States
may be associated with a warning trend during this century, but the record is not consistent.
Climate change influences water quality directly and indirectly; directly through changes in
water temperature and associated chemical and biochemical phenomena (e.g. dissolved oxygen,
algae), and indirectly through alterations of vegetation and the erosional process on land.
Sediment yield and accompanying organic and inorganic constituents may alter the quality of
ambient flow and the characteristics of the habitat. Human impacts acting on both landscape and
climate are often inseparable from the variable behavior of natural processes.
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DAVID OOT, Ph.D.

More than 800 million people, or 15 percent of the world's total population, are food
insecure. They lack the economic and physical access to adequate food to meet their dietary
needs and to lead healthy and productive lives. Inadequate food consumption is a primary cause
of malnutrition along with infection and poor health. For 1993, the UN reports that over 34
percent of all preschool children in developing countries are malnourished. From recent research
we know that protein energy malnutrition (PEM), even in its mild-to-moderate forms,
contributes to 56 percent of child deaths in 53 developing countries. The terrible burden of PEM
on child survival is even greater when the toll of hidden hunger due to micronutrient
deficiencies--especially of Vitamin A, which leads to blindness; of iron, causing anemia; and of
iodine deficiency, which leads to impaired mental performance.

Projections through 2020 suggest an increasing number of malnournished people,
especially in South Asia. Estimates for the numbers of additional people at risk of hunger range
from a conservative 100 million to around 360 million by the year 2060. Cereal prices were
estimated to increase dramatically from 25 to 125 percent, with profound implications for the net
purchasers of food, the poor. The differential and negative impact in the developing world has
implications for the range and types of actions that need to be taken to address the health and
nutrition consequences.

-Early warning and famine mitigation;
-Institutional strengthening in developing countries to predict and respond to

environmental and related emergencies;
-Development assistance to vulnerable countries for promoting and refining

adaptive measures to improve food production and income generation;
-Increased emphasis on basic health and nutrition services including family

planning;
-Focused and coherent approaches to effective utilization of US food resources

targeted to the vulnerable; and
-- Global action and leadership to advance scientific knowledge and its application.

ADDITIONAL ABSTRACT OF CONFERENCE PRESENTATIONS

J. Michael Hall, Ph.D., and Paul Epstein, M.D., M.P.H.

During the past 15 years scientists have made dramatic progress in predicting the El
Nifio-Southem Oscillation (ENSO) phenomenon and related seasonal to interannual climate
variability in many critical areas of the globe, particularly in the tropics and subtropics, where
the ENSO signal and impacts are strongest. Current ENSO-forecasting capabilities can predict
climate trends for many affected regions of the world with a lead time of up to 1 year. Accurate
and timely forecasts allow policymakers to mitigate the potentially devastating economic
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impacts of ENSO by adapting planning processes to short-term climate fluctuations. The ability
to anticipate an upcoming anomalous wet or dry period is already being used by decisionmakers
in several tropical countries. Past successes in climate forecasting and impacts modeling in the
agriculture and hydrology sectors have set the stage for a new line of investigation and
application in the health sector.

El Nifio events-producing warmer and wetter years periodically in regions around the
world-may be associated with upsurges of cholera and other water-borne diseases, new
appearances of harmful algal blooms, disease events across taxa in the marine environment,
outbreaks of malaria and dengue fever, and the abundance of rodents as pests and pathogen
vectors. Multidisciplinary application centers integrating climate forecasting with ecological and
social information can provide early warning for multiple sectors including hydroelectric energy,
water resources management, and agriculture ("Famine Early Warning Systems"). With
additional investigation, the potential exists to extend these application efforts to human health
("Health Early Warning Systems"). While climate circumscribes the distribution of many
disease vectors, extreme events may determine the timing of outbreaks.

In considering El Nifto as an analogue for long-term climate change, lessons can be
learned from effects on extreme events: changes in droughts, floods, and minimum and
maximum temperatures. Study of the linkage between ENSO and health is beginning to reveal
important threshold effects and provide tools for predicting the impacts of global climate change
that can be tested and perfected on verifiable timescales. The significance of ENSO may be
greater still, as some scientists believe that global climate change may be experienced in large
part through changes in climatic extremes and climate variability. For some diseases, changes in
climatic extremes may be even more important than changes in average temperature and average
precipitation.
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