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1. BACKGROUND 

1.1 Carbon Dioxide 

Carbon dioxide (C02) is a natural and essential constituent of 

Earth•s atmosphere. It is a byproduct of human and animal metabolism and 

an essential nutrient for plants. Its presence in the atmosphere, along 

with water vapor and other trace gases, is responsible for maintaining 

the Earth•s surface temperature within a range that supports life. This 

results from the fact that these gases reduce the rate of loss to space 

of the thermal energy emitted from the Earth•s surface and the lower 

atmosphere. 

Some of the natural sources of co2 are animal and human metabolism 

and the decay or burning of organic matter. Natural sinks for co2 in

clude growing plants (especially forests), soils, and the oceans. Until 

rr~cent hi story there appears to have been a dynamic ba 1 ance between the 

natural sources and sinks of co2• 

1.2 Carbon Dioxide and Trace Gas Increases 

For approximately 10,000 years before the 19th Century, it appears 

that co2 concentration was relatively stable between 260 and 290 parts 

per million {ppm}. In the 18oo•s, the atmospheric concentration of co2 
began to increase. This is attributed to deforestation for agricultural 

expansion, to mechanized agriculture, urbanization with large population 

growth, and probably most importantly to the very large increase in the 

use of fossil fuels (i.e., coal, oil, and gas). Fossil fuel· energy con

sumption increased approximately 10 fold from 1900 to 1984. The concen-
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tration of atmospheric co2 has increased by about 25% in the last 150 

years and it may increase to more than twice its current concentration 

within the next 100 years or so. In 1984, the concentration had reached 

345 ppmo This increase in atmospheric co2 concentration is expected to 

have two major direct effects on the biosphere. First, it will increase 

the Earth's temperature. Second, it will affect vegetation because co2 
is a fertilizer for plants. These direct effects will initiate many 

indirect effects which will affect mankind's environment and activities. 

Obviously, mankind is changing the environment by his actions. 

In addition to increased atmospheric co2, trace gases are being 

introduced into the atmosphere by human activities. Some examples are 

methane, oxides of nitrogen and chlorocarbons. Although their concentra

tions are much lower than that of co2, model calculations suggest that 

their combined effects (including the effects of reactions with ozone) on 

climate could be as much as tho~e estimated from the expected increase in 

co2• The effects of these gases are not considered in this study but it 

must be kept in mind that they also may be a source of climate change. 

1.3 Research on Carbon Dioxide 

Concern about the consequences of increasing co2 has 1 ed to a 

rna rked increase in research in this area in the past 10 years. The 

Department of Energy is the lead agency for this research in the United 

States but many other institutions and agencies both in the U.S. and · 

abroad are participating in this research. 

- 2 -
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To deterrni ne the status of knowledge on the co2 issue and the 

directions research should take in the future, the Carbon Dioxide Re

search Division of the Department of Energy determined that it would be 

helpful to summarize the current state-of-the-art of knowledge and re

search. Consequently four state-of-the-art reports and two companion 

reports were planned. After several years of work and with input from 

many authors, both from the U.S. and abroad, these reports are now being 

published and are as follows: 

Direct Effects of Increasing Carbon Dioxide on Vegetation 

(Strain and Cure, 1985) 

Atmospheric Carbon Dioxide and the Global Carbon Cycle 

(Trabalka, 1985) 

Projecting the Climatic Effects of Increasing Carbon Dio

xide (MacCracken and Luther, 1985b) 

Detecting the Climatic Effects of Increasing Carbon Dio

xide (MacCracken and Luther, 1985a) 

Characterization of Information Requirements for Studies 

of co2 Effects: Water Resources, Agriculture, Fisheries, 

Forests, and Human Health (White, 1985) 

Glaciers, Ice Sheets and Sea Level: Effects of a co2.:. 

Induced Climatic Change (National Research Council, 1985) 

The reader is referred to these reports for detailed information 

on the current status of co2 research. For purposes of introducing the 

subject matter of this report a very brief discussion follows. 
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1.3.1 Carbon Cycle 

The global carbon cycle has been defined as the dynamic balance 

among global atmospheric sources and sinks which determines the rate of 

increase in the atmospheric co
2 

concentration. The major aim of carbon 

cycle research is to compute a balanced global carbon budget for the 

contemporary period. Research to determine the role of each source and 

sink. is being actively pursued. The concentration of atmospheric co
2 

is 

being cant i nuously monitored in a number of sites around the world. 

Models are being developed to accurately depict quantitative rates of 

carbon exchange among the major global reservoirs·. Estimates of the 

amounts of co
2 

being generated by the use of fossil fuels and deforesta

tion have been made. It has been found that the observed increase in 

atmospheric co
2 

is less than the estimated release of co
2 

from fossil 

fuel consumption and deforestation. Much of this co
2 

must be going into 

other reservoirs but to date it has not been possible to accurately 

determine the exact extent to which various reservoirs are involved. A 

better understanding of basic biological, chemical, and physical proc

esses responsible for carbon cycling is needed. Extensive field and 

modeling research are planned and the results of that research will be 

necessary to achieve this understanding. Thus it is currently not possi

ble to predict with any degree of certainty either the future rate of 

buildup of co
2 

in the atmosphere or its eventual maximum concentration. 

1.3.2 Climate Effects 

Climatalogists are in agreement that in theory an increase in 

atmospheric co
2 

should increase the global average near surface tempera-
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ture to an extent that may be significant. Si nee atmospheric co2 has 

already increased by approximately 25%, it was thought that a co2-induced 

increase in temperature might be detectible at this time. Although there 

has been considerable research in an effort to determine whether, in 

fact, an increase has occurred, it has not been clearly identifiable to 

date, i.e., a cause and effect relationship between increased co2 and 

climate change has not been demonstrated. An effort to improve data 

bases and modeling is needed to establish this relationship. 

Models which simulate the interactions among climate's most impor

tant processes have been developed and improved greatly in the past few 

years, but there are still large uncertainties because many processes 

(for example, cloud generation, atmosphere-ocean interactions) are not 

adequately treated. Thus the models still contain many important 

approximations and simpl ications. Nonetheless models do indicate that 

the global average temperatu; e should increase. Estimates of the amount 

of increase fall between 1.5 and 4.5°C depending on the model. There are 

indications that the change in temperature (and other climate parameters) 

is likely to be larger in high latitude regions than in low latitude 

regions. It is expected that there will be changes in regional and 

seasonal precipitation patterns and in the variability of climate and 

weather, including the frequency of extreme events. 

These projections, while important, are not adequate for predict

ing the consequences of climate change. While the models show similarity 

in their projections of the latitudinal distribution of the temperature 

change, they do not yet agree on the broad 1 ongitudi nal . seasonal and 

regional patterns of the projected changes. Comprehensive, verified 

models of the global climate system, that can estimate past and future 
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rates of climate change, are presently under development but results are 

not yet available. Thus the rate at which climate will change is not yet 

predictable. In addition it is not currently possible to predict the 

frequency distribution and variability of temperature and precipitation. 

This missing information, that is, extent of regional and seasonal cli

mate change, rate of climate change, and changes in the variability of 

climate and weather, including occurrence of extreme events, is needed 

for determining the ecological and societal consequences of increasing 

1.3.3 Vegetation Response 

Plants produce food and fiber through the process of photosynthe

sis. Essentials for the photosynthetic process are light and carbon from 

co2• co2 is assimilated by plants from the surrounding a:mosphere. It 

has long been known that some plants will grow more rapidly in green

houses where the co2 concentration has been enhanced over that of ambient 

air. However, intensive research to elucidate the effects of rising 

global co2 on plants has been initiated only recently. Very few crop 

species have been studied and those for a very short time. Little infor

mation is available to date on native species and ecosystems. Methodol

ogy and modeling approaches for determining the effects of elevated co2 
have improved but still need much work. 

Some of the physiological processes directly affected by co2 are 

not well understood nor are the nutrient requirements to sustain in

creased photosynthesis and growth at enriched levels of co2• Water-use 

efficiency of some plants is expected to increase. However, not all of 
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the species studied respond in the same manner or magnitude. Plant com

munity composition will probably change but it is not yet possible to 

determine which plants may be dominant. This is especially important 

with respect to weed competition with crops. There may be changes in the 

nutrient value of crops. Whether there will be changes in plant vulnera

bility to insects and diseases is currently uncertain. Thus, although it 

appears that increased ambient co2 will accelerate the growth and in

crease the water-use efficiency of some plants, there are still many 

uncertainties about the extent to which plants will be benefited. 

1.3.4 Indirect Effects of Carbon Dioxide Increase 

There may be many effects resulting from co2-induced climate and 

vegetation change. Changes in both climate and vegetation will affect, 

for example, agriculture, water resources, fisheries. and unmanaged 

ecosystems. Human health will be affected by climate change and by 

changes in, for example, agriculture. These changes, in turn, may affect 

economics and other societal activities (for example, land use and recre

ational activities). Until there is more definitive information on cli

mate change and vegetation response it is not possible to quantitate 

these indirect effects of co2 increase, though scenario studies have 

pointed out the possibilities for and the potential importance of some of 

these effects. Because of the current uncertainties about direct ef

fects, no impact analysis of indirect effects can yet be done. However, 

due to the importance of some of the indirect effects in determining the 

ultimate consequences to humans of increasing co2 it was decided that 

some of the major potential effects should be examined. The aim was to 

- 7 -



determine what information and research will be required to quantitate 

the effects from 1) the other C02 research programs and 2) the field of 

the indirect effect. The volume, Characterization of Information Re

gui rements for Studies of co2 Effects: Water Resources, Agriculture, 

Fisheries, Forests, and Human Health {White 1985), was the result of that 

study. The technical information on human health in that volume is in

corporated into this report. However, to keep the human health chapter 

of the D.O.E. report from becoming too lengthy, many of the pertinent 

references which were collected could not be used. This report is there

fore published with an extensive bibliography for additio~al reading for 

those people interested in pursuing specific aspects of possible effects 

of climate change on human health. Even though extensive, it must be 

pointed out that the references and bibliography are certainly not ex

haustive. There are, for instance, many more references to studies of 

climate effects on~such diseases as schistosomiasis, malaria and encepha

litis and to other parasitic, viral, and bacterial diseases which were 

not discussed. These were not referenced or discussed because we felt 

that the material that was referenced was adequate to illustrate the 

major directions of climate effects on human health. Also, though a 

number of abstracts of literature in foreign languages were read, there 

was not time to obtain translations of the articles for inclusion in the 

study; in most cases these reinforced or elaborated information already 

obtai ned. The other difference in the techni ca 1 materia 1 from that in 

the human health chapter in the DOE report is that the summary and the 

data needs are separated here whereas they were combined in that report 

for the sake of conciseness. 

- 8 -
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2. AIMS, LOGIC AND LIMITATIONS OF THE REPORT 

The purpose of this study was to determine the data and informa

tion needed to eventually define the consequences on human health of ele-

To attain this purpose, current knowledge of the effects of 

climate and weather on human health was reviewed. 

An increase in atmospheric co2 is predicted to have several 

effects which may have an influence, directly and indirectly, on human 

health. These include climate change, changes in vegetation (due to 

changes in fertilization and water-use efficiency of plants), changes in 

ocean chemistry (due to increases in dissolved C02), and possibly slight 

changes in human biochemistry and physiology (due to breathing air with 

elevated concentrations of C02). 

Changes in vegetation may affect water availability for agricul-

ture and human use, human nutrition, materials for shelter, and so forth, 

b:i affecting water resources, ag ri culture, and forests. Changes in ocean 

chemistry may affect fisheries that in turn may affect nutrition, espe

cially in some of the developing regions of the world. 

It has been suggested that breathing elevated concentrations of 

co2 may change human physiology and biochemistry even though if atmo

spheric co2 concentration were quadrupled (to approximately 1200 parts 

per million [ppm]), it would still be only about 1/40th of the concentra

tion of co2 in the air expired from the lungs (approximately 5% or 50,000 

ppm). Humans have been exposed to much higher concentrations of co2 than 

those expected in the atmosphere with no persistent deleterious effects. 

However, these exposures were intermittent or for periods of six months 

or less. Two reviews of this literature (Bland et al. 1982; U.S. Depart

ment of Energy 1982) indicate that, if there is an effect of breathing 
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very low but.elevated concentrations of C02 over prolonged periods, it is 

probably extremely small. In addition, the Natioanl Institute of 

Occupational Safety and Health's (NIOSH) recommended exposure limit to 

co2 is 10,000 ppm for up to 10h/d (U.S. Department of Health and Human 

Services 1985). Thus, this possible effect of breathing elevated co
2 

will not be discussed further in this document though eventually long

term, low level laboratory studies may be needed to determine whether, in 

fact, the effects are innocuous. 

This report, therefore, concentrates on the effects of climate 

change on humans. Climate and particularly the weather elements influ

ence human health because some diseases are quite prevalent in some 

c 1 imates but either 1 ess preva 1 ent or absent in others. Inc rea sed 

atmospheric co2 is expected to raise the average global temperature by 

about 1.5° to 4.5°C. In temperate zones this increase is expected, on 

average, to be about equivalent to the global average ~hile increases in 

tropical zones are expected to be smaller and increases in. the polar 

areas are expected to be larger. Thus, the boundaries of the tropics may 

extend into regions now designated as semitropical, part of the current 

temperate zones may become semi tropical, and so on. There are, as yet, 

no firm predictions regarding seasonal temperature changes in specific 

regions or regarding changes in other meteorological variables such as 

humidity and precipitation. In addition it is not known whether the 

variability of climate or weather will change, that is, whether there 

will be fewer or more periods of heavy or 1 ight precipitation, fewer ,or 

more excessively hot periods, and so on. Because of these uncertainties 

it is currently impossible to predict the impacts of co
2
-induced climate 

change on human health. At this time we can only point out some of the 

- 10 -
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known influences of climate, seasons, and weather on human health and 

disease-causing organisms and specify the data and information needed, 

both from the co2 research program and from human health research, to 

eventually assess the impacts of co2-induced climate change on human 

health. 

Prior to discussing the relationships of meteorological variables 

to human health it must be pointed out that non-meteorological factors 

currently do, and in the future will, modify the effects of meteorologi

cal variables on health. Humans currently 1 ive in extremely cold and 

extremely hot climates and survive by modifying their ways of life 

(clothing, shelter, food, etc.). They will, of course, continue to do so 

under a co2-induced climate change. In addition to these behavioral 

adaptations, there are passive mechanisms in the human body, collectively 

termed the thermoregulatory system, which enable humans to adjust to some 

extent to adverse meteorological conditions. 

Furthermore, though climate provides the underlying environment 

which determines the potential for prevalence of some diseases in speci

fic climates, human circumstances, attitudes, and interventions (or lack 

thereof) can, in many cases, modify prevalence of these diseases. For 

example, the socioeconomic status of regions and individuals, cultural 

practices, quality of health care and education, and effort and funds ex

pended for eradicating disease-causing organisms have a major influence 

on the prevalence of some diseases. Thus, although we can identify (but 

not always quantify) influences of meteorological variables on human 

disease, in many cases the end result of climate change on human health 

will be modified by many other factors. 

- 11 -



Some caveats also need to be stated with regard to the pertinent 

information in the literature. First, it would be desirable, for pur

poses of this study, to know the extent to which climate and weather 

variables influence the onset and progression of organic diseases. 

However, mortality (death) statistics are much more readily available 

than are morbidity (illness) statistics, with the exception of some 

communicable and parasitic diseases that are required to be reported to 

public health authorities. For this reason, the majority of studies 

designed to measure the health of populations use mortality statistics. 

These studies state the causes of death and where and when the person 

died; thus these data can be matched with environmental conditions at the 

time of death and inferences can be made regarding whether these condi

tions influence the death rate from particular diseases. These mortality 

statistics do not tell us when the disease, which eventually killed these 

people, origin(ted or what the environmental conditions were at that 

time. Knowledge is meager with respect to the influence of climate or 

the prevailing weather conditions on the onset and early progression of 

some diseases. 

The second caveat is that, in some cases, the literature referred 

to in this report is relatively old. This is a consequence of the ebb 

and flow of interest in, and funding for, different areas of research. 

In some cases very little research has been done in a particular field in 

recent years. This older literature is still pertinent to the effects of 

climate and weather. In addition, there are many other studies that 

would reinforce the literature quoted, but which are not included for the 

sake of conciseness. 

- 12 -
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The third caveat is that, until the co2 issue arose, there was no 

particular reason to study the effects that climate change might have on 

human health in a particular region because climate change was not ex

pected to occur, except possibly extremely slowly over hundreds of years. 

Therefore, most studies investigated the effects of large variations in 

weather (heat waves, cold spells, etc.) but did not look for possible 

effects of persistent climate change in a region. 

This report describes some of the ways that climate and weather 

influence human health, some of the modifying factors, and the informa

tion and data needed to initiate studies of the possible consequences of 

elevated atmospheric co2 on human health. Figure 1 indicates some path

ways by which climate change may modify human health. 

3 CLIMATE AND WEATHER 

3 .• 1 Climate and Weather Variables Relevant to Human Health 

All climate and weather variables have some influence on human 

health. The effect may be either directly on the human body or through 

effects on disease-causing organisms or vectors of disease-causing organ

isms. Although the effects of variation of one weather element may be 

examined in a particular study, it should be kept in mind that that ele

ment does not act independently of other elements, for example, changes 

in humidity modify the effects of temperature. 

Temperature at both extremes of the scale, either excessively hot 

or excessively cold, affects human health. The acute effects of excess

ive cold are frostbite and, for prolonged exposure, death from the lower-

- 13 -
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Pathways by which C0
2
-Induced Climate Change may Affect Human Health 

. '/ ~ iphenc Climate / 
C02 __., Change 

Climate Chan}le 
Directly Affects 

Agriculture* 

Fisheries* 

Pathogens 

Parasites 

Water Resources 

~ Birth Defects 

Air Pollut1on 

Shelter 

Forests • 

Climate Change 
Indirectly Affects 

~ N+triton} 

/Disease 

...._ 

Pathogens 

Parasites 

Agriculture 

Fisheries 

""""Forests 

... 

C:::::::::: Organic Disease .., 1 

Pathogens & Parasites 
---~•~ Shelter ______ __. 

Human 
Health 

~--------------~ 

• Agriculture and forests may also be directly affected by increase 
in the concentration of atmospheric C02. Fisheries may be 
affected by COiinduced changes in ocean chemistry. 

XB L 845-8422 

.. 



•• 

ing of body temperature. The acute effects of excessive heat, such as 

heat stroke and heat edema, if not treated quickly, can cause death. 

People with chronic disease, especially the elderly, are very susceptible 

to aggravation of the disease state from both cold and excessively hot 

weather. Temperatures in tropical, subtropical and warmer temperate 

zones are ideal for the survival and propagation of some bacterial, vi

ral, and parasitic diseases. Temperature also affects human health 

indirectly by affecting agriculture, fisheries, and water resources. 

The effects of high temperatures on human health are modified by 

the amount of moisture in the air (humidity). The degree to which ther

moregulatory mechanisms must operate to keep body temperatures normal 

varies with humidity. Human comfort (feeling of well-being) is also 

affected by humidity e Pathogenic bacteria, vi ruses, parasites, and 

parasitic vectors have ideal humidities at which they survive and multi

ply to their best advantage. 

Precipitation may increase humidity with consequent effects on 

humans. In cold weather, it may add to chilling of the human body, thus 

making the human more susceptible to disease, or it may aggravate chronic 

diseases. Depending on the amount and timing, it may modify the ecologi

cal habitat of parasites, their hosts, and insect vectors such that their 

growth and survival are affected. If there is too 1 ittl e or too much 

precipitation or the timing of it•s occurrence is wrong, there may be 

crop damage. This may lead to food shortages or an increase in the cost 

of food, thus resulting in under- or malnutrition. 

Abrupt changes in weather, such as those associated with the pas

sage of a weather front, have been implicated in such things as feelings 

of malaise and onset of headaches, which are indicative of physiological 
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or biochemical disturbances. Some evidence has also accumulated indica

ting that these weather changes may be related to the onset of some di

seases, such as common colds. 

Wind in combination with temperature and humidity can affect human 

thermoregulation. It can also be a means of spreading the causative 

agents of disease, insect vectors, and allergens. 

3.2 Effects of Slow Versus Fast Climate Change 

The rate of climate change will be a major factor in the intensity 

of the effects and the efficiency of adaptive (passive) changes and 

ameliorative actions. Physiological changes begin within minutes of an 

abrupt change in temperature, but it may take much 1 anger to become 

completely adapted to a changed climate. The types of clothing used to 

protect against climate stress can be changed rapidly, but archi :ectural 

changes in housing, particularly in structures already built, may not be 

made until the structure is demolished and a new one built. New strains 

of plants can be developed which will tolerate a new climate, but this 

development may take a number of years. New water storage facilities 

take a number of years to plan and build. Thus, if there are appreciable 

and rapid changes in climate, adaptation may be difficult. If there is a 

very gradual change, over 25 to 50 years, many changes can occur, either 

passively or actively, to offset possible detrimental effects. 
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3.3 Changes in the Variability of Weather 

Climate changes may either increase or decrease the variability of 

weather; that is, there may be fewer or more heat waves, excessively cold 

spells, excessively heavy rains, and cold or warm fronts. These changes 

from the normal weather may be either detrimental or beneficial to human 

health. The extent and direction of changes in variability under a 

co2-i nduced climate change are not known at this time, but this i nforma

tion will be very important in determining the effects of climate change 

on human health. 

4. BASIC MECHANISMS IN HUMANS 

4.1 Thermoregulation, Acclimation, and Adaptation 

With climate change the microenvironment, particularly the temper

ature in which humans live, will change. The human body has a certain 

amount of adaptability to the environment. There are passive mechanisms 

that are triggered more or less continuously by changes in body tempera

ture. For the human body to function properly the core (internal) body 

temperature must be kept in the normal range (about 37° to 37.5°C). The 

passive mechanisms react to changes in the body temperature. The surface 

temperature of the body changes as ambient temperature changes; as we 

move in and out of areas with different temperatures, humidities, and air 

movement; as we change our level of physical activity; as we are exposed 

to solar radiation, and so forth. Metabolic processes continually pro

duce heat within the body, even in the resting condition. 
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The body normally loses heat by radiation, convection, and evapo

ration of water from its surfaces. Ambient temperature, air movement and 

humidity are all important in determining the efficiency of heat loss in 

this manner. Air movement affects convection and both air movement and 

humidity affect evaporation. 

When external mechanisms fail to keep core temperature within the 

normal range, the thermoregulatory mechanisms become active. These 

mechanisms involve interactions between the sweat glands and the nervous, 

hormonal, and cardiovascular systems and are collectively called the 

thermoregulatory system. When the body becomes too warm this system is 

activated by heat sensors. The sweat glands become active in order to 

facilitate cooling of the skin by increased evaporation. The capillaries 

dilate to bring more blood to the body surface for cooling. The respira

tory rate, blood volume, and heart rate increase. 

Hhen the-ambient temperature is cold enough to 1 ower the body · 

temperature, the cold sensors activate the regulatory mechanisms. There 

is vasoconstriction to conserve heat. Shivering generates heat in the 

muscles, and the basal metabolic rate increases. There is increased 

cardiac output, stroke volume, and blood pressure (Buskirk 1978). 

There may be adverse effects of thermal stress if any part of the 

thermoregulatory system fails or if the stress is great enough to over

whelm the system and active measures are not taken to bring body tempera

ture back to normal. Generally, however, if the stress is not too great, 

healthy individuals acclimate to the new temperature fairly rapidly and 

adequately. After 5 to 10 days of continued heat stress, the body temper

ature and pulse rate are near normal. By about 14 days, blood volume and 

venous tone are approximately normal and, by about 3 weeks, a new equili-
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brium seems to be established (Lee 1968; Lind 1964). If the heat stress 

is removed, most of the acclimation appears to be lost within a very few 

days. Whether there is any residual acclimation is not certain (Lind 

1964). The way in which acclimation is accomplished and lost is not 

fully understood and need.s more study (Lee 1968). 

The studies on acclimation have usually been done either with 

artificially heated chambers or on persons who have moved (suddenly been 

exposed) to hot climates. The research done to date does not seem to be 

strictly applicable to a situation in which a very gradual temperature 

change occurs, which may be the case in a co2-induced climate change. 

Nor is there much information on whether, if the thermoregulatory system 

is frequently or for long periods activated to counteract extreme temper

atures (either hot or cold), this might eventually be damaging to any of 

the components of the system (for example the circulatory system). That 

is, it is not known whether one climate is more or less stressful than 

another during a lifetime. 

If a co2-induced climate change increases the variability of 

weather and the occurrence of heat waves, then it appears probable that 

acclimation will not be adequate to prevent morbidity and mortality of 

some persons, particularly the elderly and those who have diseased cir

culatory systems (see Section 5.2). 

There may be many other subtle differences between people living 

in different climates. For example, there are seasonal variations in 

conception, which differ in different climates and which could be consi

dered to be physiological adaptation. In Chili, these variations have 

been related to temperature, the highest temperature showing the highest 

peak of conception, except in the northern and southern extremes of that 
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country, in which there appears to be no seasonality for conception 

(Hajek et al. 1981). Macfarlane (1970) found a seasonal relation to the 

rate of conception in many areas of the world. He found that in cool, 

temperate climates the maximum conception rates occur at a mean monthly 

temperature of 14 to 16°C and minimum conception rates occur at 23°C. In 

warm, temperate climates the maximum conception rate is at 13.6°C, and 

the minimum is at 23°C. In the tropics, the maximum was 26°C and the 

minimum was 28°C. He states that humidity in the hotter regions (above 

25°C) is an important factor in depressing conceptions. He feels that 

the finding of different conception rates at different temperatures in 

different climates is prima facie evidence of reproductive adaptation to 

different environmental temperatures. Holiday seasons and other cultural 

activities probably have some influence on conception, but he suggests 

that ambient temperature (and emotional) influences on the female hor

mo~es related to fertility may play an important part in the seasonality 

of conception. 

Other researchers also found seasonal patterns in birth rates. In 

general, conception seems to be lowest in hot weather though there are 

some unexplained differences between the countries studied (Cowgill 1966; 

Calot and Blayo 1982), for example, seasonal patterns in the United 

States and Canada differ from those of Northern Europe. Seiver (1985) 

found that the seasonality of birth rates in the United States was most 

pronounced in the Southern (hottest) States and that after air-condition

ing became common the maximum and minimum in birth-rate curves in the 

Southern States became less pronounced. The reasons for the effect of 

hot weather on conception have not been precisely determined. However, 

in animals (Johnston and Branton 1953; Glover 1956; Venkatachalam and 
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Ramanathan 1962) it has been found that sperm counts are depressed by 

increases in scrotal temperature. In a study of human sperm {Tjoa et al. 

1982), sperm counts were found to be lowest in the summer in Houston, 

Texas, even though there is widespread air-conditioning in that city. 

Becker (1981) speculated that fecundity of women may change seasonally. 

Shimura et al. {1981) hypothesized that seasonal diseases may have an 

influence on conception. Cultural, socioeconomic, and behavioral factors 

also have some influence on seasonal patterns of conception. For exam

ple, Cowgill (1966) believes that urbanization has modified the seasonal 

pattern. Others (Bernard et al. 1978) speculate that intercourse may be 

less frequent in uncomfortably hot weather. 

A number of studies have investigated the possibility of genetic 

differences in races who have lived for many generations in very cold or 

very hot climates. It appears that there are no appreciable physiologi

cal changes which specifically adapt races to extreme climates, although 

cultural practices (for example, types of clothing, housing, food) do 

enter into adaptation (Newman 1975b). Thus, it would not be expected 

that genetic selection would assist in adapting humans to a co2-induced 

warming over a number of generations. 

4. 2 Biochemistry and Phys i o 1 o·gy 

Several studies of human biochemistry and physiology have found 

seasonal changes in some of these parameters. Blood volume increases in 

the summer and decreases in the winter (Doupe et al. 1957). Fibrinogen 

{protein in blood clots) levels have been found to be higher in warm 

weather than in cold weather (Tromp 1972). Some of the hemostatic 

- 21 -



{blood-clotting) factors of the blood seem to vary seasonally (Bull et 

al. 1979). A seasonal variation has been found in body weight (Billewicz 

1967). In a London study it was found that blood pressure peaked in 

April and May and was lowest in September (Rose 1961). The basal meta

bolic rate has been found to be higher in winter than in summer (Carlson 

and Hsieh 1965; Matsui et al. 1978). Some of these changes may be re

lated to thermoregulation but the reasons for others are unclear. 

Although there have been attempts (Bull et al. 1979) to relate 

some of these seasonal variation in biochemical and physiological para

meters to the seasonality of mortality from some diseases, the relation

ships are far from clear, and the effects that a change in climate might 

have are very uncertain. 

4.3 Birth Defects 

Seasonal incidence of certain congenital malformations has been 

found (McKeown and Record 1951; Wehrung and Hay 1970; Cohen 1971), where

as for other malformations a lack of seasonality has been found (Slater 

et al. 1964). In one study the United States was divided into four cli

mate zones, and differences in these zones were found (Wehrung and Hay 

1970). Cohen found similarly shaped curves in several countries and two 

U.S. states (winter peak, summer trough); in Australia the monthly pat

tern was essentially reversed. Other investigators, although they found 

a seasonal relationship to the rate of occurrence of malformation, con

cluded that variations in climate were associated with only a small pro

portion of the seasonal variations (Elwood and MacKenzie 1971). Seasonal 

variations in hormones (possibly related to climatological variables), 
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toxic metals, and infectious disesases have all been suggested as causes 

of the seasonal variations in these malformations. However, with-regard 

to infections, McKeown and Record (1951) have found no record of a speci

fic fever in the mothers of malformed infants during pregnancy. 

The birth months of persons later diagnosed as being schizophrenic 

were found to have a highly significant peak, most marked in March and 

April (Torrey et al. 1977). This seasonality was stronger in New England 

and the Midwest than in the South; it was also found in Northern Europe. 

Pulver et al. (1981) also found an association between season of birth 

and risk for schizophrenia in Monro County, New York. In addition to 

seasonally varying factors that may damage the central nervous system, 

they point out that mothers of schizophrenic patients may be more likely 

to conceive in early summer than are other women. Nutritional, genetic, 

environmental (e.g., climatological influence on the estrous cycle of 

women), and infectious disease factors have all been suggested as possi

ble agents. 

For birth defects, it appears that climatological factors may have 

some influence, either direct or indirect, but the precise relationships 

are very difficult to characterize, and the effects of a co2-i nduced 

climate change would be very difficult to predict considering the current 

lack of knowledge about the primary causative agents. 
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5. MORTALITY AND MORBIDITY RELATED TO CLIMATE/WEATHER 

5.1 Seasonality of Mortality and Morbidity 

Historically there has been a seasonal pattern for death rates, 

presumably due to climate and weather influences. These patterns have 

been changing, during the time in which reasonably good records have been 

kept. This is illustrated for three countries in Figure 2 from Momiyama

Sakamoto et al. (1977). These data are for all deaths in the particular 

country and are therefore for a mixture of climates, although the three 

countries have roughly the same mean annual temperature. The differences 

among the countries are attributed to differences in their rates of 

development (medical care, nutrition, central heating, housing, etc.). 

The prominent summer peaks in the 1890 to 1930 curves for Japan were due 

principally to communicable diseases. The winter peaks occurring in the 

later periods in all three countries are attributable p·incipally to 

diseases of the aged, for example, heart and cerebrovascular diseases. 

For comparison, t-bmiyama and Kito (1963) examined the seasonality of 

death in Egypt, a relatively underdeveloped country. They found that 

there was a high summer mortality from gastroenteritis, dysentery, and 

avitaminosis, and a low (compared with the United Kingdom and Japan) 

mortality from heart disease and stroke (cerebrovascular disease). They 

did not discuss the age of the population and effects of the climate, but 

these may have been important factors in the cause of death. A warm 

climate may be more favorable for bacterial, viral, and parasitic di

seases which are more prevalent in youth. Because of deaths at early 

ages from these diseases, the average age of death may have been lower. 
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Historical Changes in Seasonal Variation Patterns of Mortality: United 
Kingdom (1840 to 1960), United States (1900 to 1960), and Japan (1890 to 
1960). Curves run from January to December. 

Monthly Death Index = (Monthly Mortality)/(Annual Mortality) x 1200 

This method of calculating death index arbitrarily sets the annual aver
age death index at 100 (the -s on the curves), thus parts of the curves 
above the - are higer than the annual average for that period and vice 
versa. 

Source: Momiyama-Sakamoto et al., 1977. 
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This would leave fewer persons to die of the diseases that are common to 

the elderly. 

In other studies, Momiyama and Katayama (1966, 1967, 1972) exam

ined the contribution of various age groups to the seasonality of death. 

Infant mortality contributed greatly to the summer peaks in the earlier 

years studied, but by the 1970s peaks in infant mortality had become much 

smaller, and was spread rather evenly throughout all the seasons. By the 

1970s the largest contributors to the winter peaks were deaths of people 

60 years of age and older, predominantly from heart and cerebrovascular 

diseases. 

5.1.1 Mortality from all Causes 

A number of investigators have found correlations between mortali

ty from various diseases and weather and climate variables. Bull and 

Morton (1978) related death rates to the mean monthly temperatures in 

England and Wales. Mortality from vascular, heart, and respiratory 

diseases was most highly related to temperature. Deaths from asthma, 

cancer, and leukemia were the diseases least related to temperature. 

Rosenwaike (1966) found in the United States, for the period 1951 to 

1960, that most diseases peaked in winter. The exceptions were cancer, 

which had no peak, and certain diseases of early infancy, which peaked in 

the Sl.ITlmer. 

In general, curves of temperature versus mortality from all 

causes, in the temperate and subtropi ca 1 zones of deve 1 oped countries, 

peak in the winter at the time of the coldest temperatures and have a 

minimum at about 21 o to 27°C. However, if temperature goes much above 
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27°C, there may be upsurges in mortality. A generalized curve depicting 

this situation is shown in Figure 3 • 

Total 
Mortality 

cold 

Figure 3 

70-80°F 
21-27°C 

Temperature 

hot 

Generalized Relationship of Mortality to Temperature 

XBL 848-3469 

5.1.2 ~1ortality from Heart Disease 

Although this situation seems to be reversing somewhat, mortality 

from heart disease increased over several decades. For this reason, 

researchers have looked for contributing causes, and a number of studies 

of mortality from these diseases, relative to weather and climate varia-

bles, have been carried out. Results of a few of these studies are 

summarized below as illustrations of the knowledge and questions which 

are emerging. 
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Ambient temperature over a fairly wide range (below about 24°) and 

in several mid-latitude countries has been found to be negatively corre

lated with mortality from heart disease. That is, a rise in the mean 

monthly temperature is associated with a fall in mortality (Rose 1966; 

Dunnigan et al. 1970; Campbell and Beets 1979). Over the temperature 

range from -1° to 21° C {30° to 70°F), Rose obtained a correlation co

efficient of -0.95 between the logarithm of the monthly mortality index 

and temperature. In London, West and Lowe {1976) found that between 2.3° 

and 17.9°C there was a 2.5% increase in mortality for each 1°C drop in 

mean monthly temperature. Dunnigan also found a winter peak for heart 

disease patients admitted to the hospital but discharged alive. The rate 

of change of mortality from heart disease per degree of temperature 

change appears to be different in different climates. Figure 4, from 

Anderson and LeRiche (1970), compares England and Wales with Australia (a 

hotter climate) and Ontario and Denmark (mean annual temperatures approx

imately equivalent to that of England, although Ontario is hotter in the 

summer and colder in the winter. They suggest that the amount of inter

current respiratory disease may be responsi b 1 e for the differences among 

countries. However, other investigators (Bainton et al. 1977, Rogot 

1974) have found that intercurrent respiratory disease had only a minor 

influence on the relationship between temperature and heart disease mor

tal ityo States {1977) compared mortality in Pittsburg, Pennsylvania 

(temperate climate), and Birmingham, Alabama (subtropical climate) and 

related mortality to meteorological variables. He found deaths in 

Pittsburg due to ischemic heart disease to be highly carrel a ted with 

weather (directly correlated with temperature change), but weather was 

poorly correlated with deaths from cerebrovascular disease. The reverse 
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Relationship of Monthly Mortality Ratio to Monthly Mean Temperature 

Monthly mortality ratio is the ratio of the death rate/mo. to the mean 
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deaths per day in order to allow for the variations in number of days in 
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arteriosclerotic and degenerative heart disease (ICD 420-422) 
vascular lesions of the central nervous system (ICD 330-334) 
diseases of the respiratory system (lCD 470-527) 
(Ico•s from 7th Revision, International Classification of Di
sease, World Health Organization, 1955) 

Source: .Anderson' and Le Riche, 1970. 
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was true in Birmingham. The correlation of mortality with weather varia

bles was significant in both cities, but lower in Birmingham. There was 

a direct relationship of interdiurnal change in barometric pressure to 

mortality (for white males, for persons over 70, and for death from 

ischaemic heart disease). States (1976) surmises that the change in 

barometric pressure itself is probably not as important as the fact that 

it is an indication of more profound meteorological changes, such as 

changes in air mass. Hansen (1970) found that the more abrupt the change 

in barometric pressure the higher the probability was for the occurrence 

of peripheral arterial embolism; and that this did not change with sea

sons. 

Even though heart disease mortality gradually declines as the 

temperature increases, at very hot temperatures there is a rather abrupt 

increase. The exact temperature at which this abrupt increase occurs 

appears to differ a few degrees in different areas. Figure 5, fr <1111 Rogot 

and Padgett (1976), illustrates this for a number of cities in the United 

States. The cities on the left are in areas which have snow, those on 

the right are in areas where snow is unusual. Note that this figure uses 

numbers of deaths; therefore, death rates cannot be compared for the 

different cities. 

Other meteorological variables also have been examined for their 

relationships to heart disease mortality. Although relationships of 

these variables to mortality have been found, it should be noted that the 

effects are due to synergistic actions with other variables, especially 

temperature and wind. It is the heat 1 oad on the body which is impor

tant. 
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Relationship of Temperature to Heart Disease 
Mortality, u.s. Cities, 1962-1966 

Average daily deaths from coronary heart disease by average temperature 
on day of death for 32 selected Standard Metropolitan Statistical Areas: 
U.S., from 1962-1966. 

Source: Roget and Padgett, 1976. 
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Relative Humidity has been found to be positively related to 

mortality in both hot and cold weather (Dudley et al. 1969; Rogot 1974; 

Campbell and Beets 1979). Anderson and Le Riche (1970), in their 

comparisons of countries with different climates (Figure 5) pointed out 

that during the winter months, England, Wales, and Australia, with the 

steepest regressions, had damper winters than Denmark and Ontario, thus 

implying that humidity may have modified the effects of temperature. 

The relationship of rainfall to heart disease mortality has been 

studied by several investigators. For England and Wales (Rose 1966; Bull 

1973) and for Memphis, Tennessee, (Rogot and Blackwelder 1970) no signi

ficant correlations were found. However, a positive correlation was 

found by West and Lowe (1976) and Roberts and Lloyd (1972) for England 

and Wales and by Rogot (1974) for .Chicago. 

Periods with heavy snowfall had relatively high rates of heart 

disease mortality in Minneapolis-St. Paul, Minnesota, (Baker-Blocker 

1982), Chicago, Illinois (Rogot 1974), selected U.S. metropolitan areas 

( Rogot and Padgett 1976), and Toronto, Canada (Anderson and Rochard 

1979). It is probable that part of the effects of snowfall are due to 

increased physical activity in the cold. For the days of snow and 

immediately following, Anderson and Rochard found a larger increase in 

death rate for men under 65 than for those over 65. They pointed out 

that the men under 65 probably both worked and felt compelled to shovel 

snow, whereas those over 65 (presumably retired) did not feel compelled 

to be active in the snow. 

The windspeed in January was found to have a positive relationship 

with mortality in 143 U.S. metropolitan areas (Campbell and Beets 1979). 
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However, in studies carried out in England and Wales, Bull (1973) felt 

that the relationship was of doubtful biological significance. 

Prefrontal weather was found to coincide with increases in total 

mortality, and postfrontal weather was found to coincide with decreases 

in total mortality in the northcentral and northeastern states in the 

United States (Driscoll 1971). In three different areas of the world, 

that is, Japan, Houston, Texas, and Is rae 1, Cech et a 1. ( 1976, 1977, 

1979a, 1979b) found increased mortality due to heart disease at times 

that are typical for the intrusion of polar air during the winter anti

cyclones tat follow cold fronts. 

5.1.3 Mortality from Cerebrovascular Disease 

Cerebrovascular disease, including stroke, has also been related 

to meteorological factors. Figure 6 shows the relationship of stroke 

mortality to temperature from the study of Rogot and Padgett (1976). The 

1 owest mortality was in the range 15.6° to 26.6°C (depending on the ci

ty); then there was a sharp rise as the temperature went higher. These 

data are in terms of average daily deaths; therefore, although the shape 

of the curves can be compared, cities with different climates cannot be 

compared with regard to the rate of death. Bull (1973) and Bull and 

Morton (1975, 1978) have obtained essentially the same results. For 

England and Wa 1 es, they found from -10° to +20°C they found a nearly 

linear decrease in the number of deaths as the temperature increased. 

Above and below this range the death rates rose steeply, particularly in 

the older age groups. They related mortality to temperature occurring 3 

to 4 days before death. 
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Fig. 6 

Relationship of Temperature to Stroke Mortality, U.S. Cities, 1962-1966 

Average daily deaths from stroke and average temperature on day of death 
for 32 selected Standard Metropolitan Statistical Areas: U.S., from 1962 
to 1966. 

Source: Roget and Padgett, 1976. 

- 34 -



.... li 

Rogot and Padgett (1976) found that periods of snow had a higher 

than expected stroke mortality. Bull (1973) found that wind speed had no 

significant relation to stroke mortality. 

Cech et al. (1979b) found that increased stroke mortality was 

related to intrusions of the winter anticyclonic synoptic system, that 

is, low temperature, low relative humidity, and high wind speed and 

barometric pressure. 

Momiyama and Katayama (1972) related the number of deaths from 

strokes to temperature in London, Tokyo, and New York City for the period 

1960 to 1964. These data are shown in Figure 7. There was a negative 

relationship between stroke and temperature in all three cities. Howev

er, New York, with the lowest temperatures of the three cities, had the 

least steep slope. The authors attributed this to better central heating 

in New York than in the other cities. 

5.1.4 Mortality and Morbidity from Respiratory Disease 

Rosenwaike (1966), using data from the United States, has found 

peaks in the number of deaths from influenza and pneumonia (combined) and 

bronchitis in December and January and low death rates in June, July, and 

August. Bull and Morton (1978), using data from England, Wales, and New 

York, found high correlations between temperature and deaths from lobar 

pneumonia and acute and chronic bronchitis. The relationship was nearly 

linear and inverse from about -5° to about 20°C. When segregated into 

ages above and below 60 years, the slope of the line was much steeper for 

those over 60 years. Rogot and Blackwelder (1970), using data from 

Memphis, Tennessee, found that daily deaths from respiratory diseases 
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Comparison of the Relationship of Death Rate from Cerebrovascular 
Disease to Temperature in London, Tokyo, and New York, 1960-1964 
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Source: Sakamoto-Momiyama, 1977. 
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were highest at low temperatures (<4°C), gradually decreased to about 23° 

to 24°C, and then abruptly increased. The data quoted above were not 

specifically related to epidemics, but epidemics of influenza which at 

times have killed thousands of persons occur in the winter in both the 

Northern and Southern Hemispheres and during the rainy season in the 

tropics. Research attempting to explain the relation of influenza epi

demics to specific weather variables has been unproductive (Hope-Simpson 

1979). 

Goldstein (1980) studied asthma attacks in New Orleans, Lousiana 

and New York City. Asthma is related to airborne agents such as spores 

and molds, and there seems to be a relationship to meteorological varia

bles. Goldstein found that clusters of attacks (epidemics) are pre

ceeded, by 1 to 3 days, by the passage of a cold front followed by a high 

pressure system. It is suggested that the fronts bring in new air con

taining asthmatogens and that the high pressure system tends to result in 

stagnant rain-free conditions which retain the airborne particles. Tromp 

(1980) also implicated cold fronts in the onset of asthma in Europe and 

added that heat stress combined with high hliTidity may instigate asthma 

attacks. 

5.1.5 Mortality from Cancer 

Mortality from cancer (data from several types pooled) was found 

to have very little association with temperature in England and Wales 

(Bull and Morton 1978), Memphis, Tennessee (Rogot and Blackwelder 1970), 

or the entire United States (Rosenwaike 1966). The small amount of 
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association that is present may be due to temperature stress on persons 

who are already terminally ill. 

With respect to the initiation of cancer, there are two types of 

cancer in which there appears to be a meteorological influence. The 

first is skin melanoma, which is thought to be related to the amount of 

solar radiation (ultraviolet radiation, which is not expected to change 

under a co2-induced climate change unless there is a large change in 

cloud cover), but may also have some relationship to female hormones 

since, especially under the age of 55, the incidence of skin melanoma is 

higher in women than in men (Scotto and Nam 1980; Cohen 1983; and Cohen 

et al. 1983). Cultural differences may also affect the rate of incidence 

of this cancer. The frequency of exposure and the amount of skin exposed 

to solar radiation differs in different cultures. The male/female ratios 

of melanoma are different in different climates, so there may be a cli

mate effect on hormone balance; although this is currently 1nly theoreti

cal (Cohen 1983). Breast cancer detection (diagnosi~) also has a season

ality which is somewhat different in different climates and may be re

lated to seasonal changes in hormones. The seasonality of hormone levels 

to a certain extent may be related to ambient temperature, but this is an 

area in which further investigation is needed (Cohen et al. 1983). 

Burkitt's lymphoma is a cancer that has been found to have a defi

nite relationship to climatological factors. It is found in areas where 

the mean temperature is always above 15°C and the annual rainfall is more 

than 50 em. The Epstein-Barr virus was found to be the etiological 

agent. However, the virus is not limited to the climate in which the 

lymphoma is found. It was eventually found that the climatological fac

tors favored malaria and that malaria depressed the immune system. The 
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depressed immune system all owed the virus to initiate lymphoma. The 

tumor is common only in those areas in which malaria is highly endemic. 

Thus, in this case, if a co2-induced climate change causes new areas of 

the world to have temperatures above 15°C and rainfall of more than 50 

em, these areas might also become endemic for Burkitt's lymphoma (Burkitt 

1983), unless malaria-carrying mosquitos are very well controlled. 

5.1.6 Fetal and Infant Mortality 

In the United States perinatal (late fetal and less than 7 days of 

age) mortality and preterm delivery have been shown to have a seasonal 

variation with major maxima in July and August, a smaller peak in Janu

ary, and a minimum value in March and April. It has been suggested that 

this may partially be an indirect effect of meteorological variables, 

that is, because of infections that have a seasonal distribution (Slatis 

and DeCloux 1967; Janerich et al. 1971; Keller and Nugent 1983). In 

England an earlier seasonal trend in perinatal deaths has disappeared, 

but there is still a relationship between the variation in death rate at 

1-11 months of age and temperature (Hare et al. 1981). In Australia, 

there is a high correlation between an index of heat stress and infant 

mortality, with the hotter areas having higher mortality (Dasvarma 1980). 

A seasonal effect has been noted in spontaneous abortions, which peak in 

the spring (McDonald 1971). The author suspects seasonally occuring 

infections to be the underlying cause. 

Selvin and Janerich (1971) found a seasonality in birth weights, 

with high-weight infants born in March, April and May and low-weight 

infants born in June, July and August. They speculate that the low birth 
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weight seen in the summer may have been due to environmental factors 

occurring during in early gestation in the fall and early winter months. 

5.1.7 Mortality from Other Causes 

Deaths in the United States of persons with diabetes, tuberculo

sis, some renal diseases, cirrhosis of the liver, and senility (plus 

ill-defined conditions) are higher in winter than in summer (Rosenwaike 

1966). In England and Wales deaths from gastric and duodenal ulcers and 

genitourinary diseases have been related inversely to mean temperatures 

(Bull and Morton 1978). In these diseases there is generally a prolonged 

illness preceeding death, and it might be expected that any stress 

(including low temperatures) would precipitate death in persons already 

very ill. However, the onset of insulindependent juvenile diabetes has 

been shown to have a seasonal variation (peaks in the summer), which has 

mirror image patterns in the Northern versus the Southern Hemispheres 

(Durruty et al. 1979; Fleegler et al. 1979). Aside from juvenile dia

betes, a co2-induced climate warming may prolong the lives of persons 

with some of these diseases, but the effect would probably be small. 

In the United States suicides tend to peak in the March to May 

period, and homicides have two peaks, one in July to September, the other 

in December. Motor vehicle accidents are lower in the first half of the 

year (January to June) than in the last half, with the highest rate being 

in October through December. Non-motor vehicle accidents are highest in 

June and July, probably because these months are peak vacation times 

(Rosenwaike 1966). Although meteorological factors may have some influ

ence, these causes of death are so interrelated with psychological and 

- 40 -

. . 

.. "". 



.. , 

. ,..,, 

cultural factors that it would be difficult to determine the quantitative 

effects of co2-induced climate changes. 

Thus, seasonal changes in weather variables have an important role 

in morbidity and mortality. In less developed countries there is still a 

large influence on health from communicable and parasitic diseases some 

of which peak in the summer and many of which are greatly influenced by 

the weather elements (see Sections 7 and 8). In the more highly devel

oped countries, where infectious and some parasitic diseases to a great 

extent have been controlled, the effects of cold winters and hot summers 

are primarily in persons with deficient thermoregulatory systems and, 

secondarily, in persons who have undue exposure to, or activity in, 

extreme temperatures and in which the thermoregulatory system, although 

it may be functioning properly, is overwhelmed. How much the underlying 

climate is related to long-term (possibly damaging) stress on the thermo

regulatory system or with acclimating people to better withstand thermal 

stress is uncertain. 

At first glance it would appear that, in currently temperate and 

cold zones, if co2-induced climate change resulted in warmer winters, 

this might prolong life in some persons. However, hotter summers might, 

to some extent offset this. Hotter summers, insubtropical and temperate 

climates, will most probably increase heat related deaths. In addition 

the other weather elements, that is, humidity, precipitation and wind act 

synergistically with temperature to modify (either beneficially or detri

mentally) thermal stress. Thus, the rate of climate change, the extent 

of regional and seasonal changes in the climate, and the weather elements 

and the variability of weather are needed to predict the effects of co2-

induced climate change on people with organic disease. 

- 41 -



5.2 Heat Waves 

There is currently no i nfonnati on about whether there may be 

changes in the variability of weather resulting from a co2-induced cli

mate change. If variability decreases, even though the average tempera

ture may be higher, there should be fewer heat waves (acute episodes of 

excessive heat). If variability increases there may be more heat waves. 

Because of these uncertainties and because studies of heat waves give 

some insights into the effects of higher than nonnal temperatures they 

may be relevant to the effects of a co2-induced climate change. 

Death rates can increase markedly as a result of heat waves and 

the peaks are correlated with temperature 1-2 days before death (Bridger 

and Helfand 1968; Oechsli and Buechley 1970; Ellis 1972; Ellis et al. 

1975). Figure 8 from an early study by Gover {1938) shows the death 

rates and temperatures in 1936, during excessive heat, for various cities 

in the United States. These are compared to nonnal death rates and 

temperatures (non-heat wave years). 

Heat waves, acute enough to cause illness and increase death 

rates, vary in their meteorological characteristics from year to year in 

the same region and from region to region in the same year. The demo

graphic characteristics also can vary appreciably from city to city and 

within the same city over a few years• time. Thus, it is difficult to 

compare the effects of one heat wave with those of another. Tab 1 e 1 

illustrates this with temperature and mortality data from heat waves in 

New York, Los Angeles, and St. Louis. In comparing excess deaths in the 

1966 heat wave note, that the population of New York was about 10 times 

that of St. Louis and that the heat wave lasted about twice as long in 

St. Louis. The meteorological factor of most importance is an increase 
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Table 1 

Data from Heat Wave Studies 

Ellis and Nelson (1978): New York Heat Wave, August 1975 

Length of heat wave 
Average maximum daily temperature 
Average minimum daily temperature 
Average dew-point temperature 
Average daily mortality 
Excess deaths/day (compared to 
mortality in the same weeks in 
1973 and 1974} 

(July 31-August 5) 
(July 31-August 5) 
(July 31-August 5) 
(July 31-August 5) 

(August 1-6} 
(August 1-6) 

(August 1-6) 

Schuman (1972}: New York Heat Wave, July 1966 

Length of heat wave 
Temperature: 12 days 
Total excess mortality 
Excess deaths per day 

(increase over normal) 

Schuman (1972): St. Louis heat wave, July 1966 

Length of heat wave 
Temperature: 24 days 
Total excess mortality (increase over normal) 
Excess deaths per day 

6 days 
92.2° F (33°C) 
74.3° F (23°C) 
68.5° F (20°C) 
293 
94 

28 days 
>90°F ( 32°C) 
618 (55%) 
22 

(Note that population of St. Louis at the time of this study was approxi
mately one lOth that of New York.) 

Oechsli and Buechley (1970): Three Los Angeles heat waves 

1939 September 
Length of heat wave: 7 days 
Average maximum daily temperature: 103.4°F ( 40°C) 
Total excess mortality (9 days): 546 
Excess deaths per day (9 days): 61 

1955 September 
Length of heat wave: 7 days 
Average maximum daily temperature: 103.5°F ( 40°C) 
Total excess mortality (9 days): 946 
Excess deaths per day (9 days): 105 

1963 September 
Length of heat wave: 4 days 
Average maximum daily temperature: 106.0°F (41°C) 
Total excess mortality (8 days): 580 
Excess deaths per day (8 days): 72 
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in temperature of several degrees above normal for the region and which 

1 asts for several days to several weeks (Bridger and Helfand 1968; 

Oechsli and Buechley 1970; Ellis 1972; Ellis et al. 1975). The length of 

the heat wave, maximum daytime temperature, minimum night temperature, 

humidity, and air movement all enter into the effects on humans in that 

they all influence body temperature and thus burden the thermoregulatory 

system. 

Illness (heat stroke, heat exhaustion, etc.) may occur in healthy 

persons who are overexposed to, or overactive in, the heat. However, the 

majority of excess deaths that occur during heat waves are primarily from 

other illnesses in which heat stress accelerates death. Infants, the 

elderly, and persons already ill, in particular with circulatory prob

lems, are most at risk in excessive heat (Schuman et al. 1964; Oechsli 

and Buechley 1970; Bridger et al. 1976; Jones et al. 1982). Tables 2 and 

3 illustrate the age influence on death rate. Older people are more at 

risk since the main stress is on the circulatory system and many older 

people have heart and vascular disease. Probably mainly because of cir

culatory problems their thermoregulatory systems are not as efficient as 

those of younger persons (Crowe and Moore 1973; Ellis and Nelson 1978}. 

Excess mortality in infants less than 24 hours old has been noted (Brid

ger et al. 1976); this is probably because their thermoregulatory systems 

are not yet functioning adequately to counteract the heat. 

The illnesses of adults affected by heat are predominately ischae

mic heart disease (Ellis and Nelson 1978) and cerebrovascular lesions 

(Schuman et al. 1964). In some regions or in some years the percent rise 

in heart disease deaths was found to be higher (Ellis et al. 1975}, in 

other regions or years cerebrovascular disease accounted for more deaths 
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Table 2 

The Number of Deaths per 1,000 Population by Age, Sex, Race, in St. louis 
City, Missouri, for July 1966 (Annual basis) and for the year 1965 

Sex Race Male Female 
Age 

Group Total Male Female White Other White Other White Other 

July 1966 (on annual basis) 

All Ages 27.1 29.2 25.3 30.5 21.0 33.7 21.4 27.8 20.6 
Under 5 years 13.4 11.2 15.7 10.4 17 .o 9.9 12.8 11.0 21.1 
5 to 24 years 1.2 1.6 0.8 1.2 1.2 1.5 1.8 0.9 0.7 

25 to 44 years 7.0 8.6 5.5 6.4 7.9 7.7 10.3 5.1 6.1 
45 to 54 years 19.5 25.7 13.7 17.5 23.7 23.4 30.5 12.2 17.1 
55 to 64 years 36.2 53.8 24.0 29.2 58.7 49.4 65.7 16.0 52.7 

""" 65 to 74 years 89.3 107.8 74.8 83.4 109.7 116.2 84.7 60.1 137.0 
Ol 

75 years and over 231.1 2)6.7 227.6 246.5 167.9 247.8 192.2 245.7 151.9 

Resident 1965 

All Ages 14.2 16.5 12.2 15.6 11.6 17.9 13.8 13.6 9.7 
Under 5 years 8.0 8.6 7.~ 5.7 11.0 6.2 11.6 5.1 10.3 
5 to 24 years 0.9 1.2 0.6 0.7 1.1 1.0 1.5 0.5 0.7 

25 to 44 years 3.6 4.6 2.7 2.4 5.6 3.1 7.5 1.8 4.1 
45 to 54 years 10.4 13.4 7.6 8.2 15.1 11.4 17.8 5.5 12.5 
55 to 64 years 20.3 30.0 13.3 17.6 29.2 28.1 35.6 10.4 23.7 
65 to 74 years 45.7 61.0 34.0 42.8 56.7 80.3 63.6 30.4 49.8 
75 years and over 115.7 130.0 106.7 123.8 80.1 136.7 101.4 115.8 65.7 

(from Bridger, Ellis and Taylor, 1976) 

. 



TABLE 3 

Mortality during Three September Heat Waves in Los Angeles -

1939 1955 1963 
'" . Number of Days of 

Excessive Heat 7 7 4 

Maximum Temperature 41°7C (107°F) 43.3°C (l10°F) 42.8°C {109°F) 

Day of Maximum 
Temperature 4 2 2 

Day of Peak Mortality 5 3 5 

Peak Mortality as 
percentage of Expected 
(All Ages) 271% 445% 172% 

Peak Mortality as 
percentage of Expected 
(50-54 Years) 245% 307% 140% 

Peak Mortality as 
percentage of Expected 
(85+ Years) 570% ~10% 257% 

Data from Oechsli and Buechley, 1970 

(Ellis and Nelson 1978; Bridger and Helfand 1968). Whether this differ-

ence is due to the weather preceding the heat wave, the characteristics 

of the particular heat wave, or nonclimatic influences is unknown. 

There has been speculation that most persons who die as a result 

of heat waves would have died very soon even without this stress. Some 
... 

investigators state that there was no drop in overall mortality after 

heat waves which would h·ave compensated for deaths during heat waves 

(Henschel et al. 1969; Schuman 1972; Ellis et al. 1975). In Gover•s data 

- 47 -



(Figure 8) only 3 of the 10 cities show a drop below normal within a few 

days after the first heat wave, and these were fairly small and probably 

not significant. However, Schuman et al. (1964) examined data for deaths 

of persons over 65 years of age from 108 cities in the United States and 

found an impressive drop in mortality 5 weeks after the heat wave. Thus, 

there is uncertainty regarding the extent by which life is shortened in 

those who die as a result of heat waves. 

It is difficult to determine the number of people who become ill 

because of heat stress but do not die, because generally these cases are 

not listed in public health recordsc However, it appears that at least 

as many as die, become ill but survive. (Cook 1955; Jones et al. 1982). 

Within a region during a particular heat wave investigators have 

examined various factors other than climate which seem to influence heat 

wave effectsc Death rates increase much more in inner cities than they 

do in suburban and rural districts (Henschel et al. 1969; Schuman 1972; 

Jones et al. 1982). There are probably several factors involved here 

(see below), but the most predominant of these is thought to be that 

urbanization has modified the climate (Clark 1972a). There also may be 

relatively fewer air-conditioners in urban residences than in suburban 

residences. Daytime urban- rura 1 differences in temperature are sma 11. 

However the urban core retains heat at night because of lack of air 

movement, higher near surface air temperatures and a greater heat load. 

After sunset, the rural surfaces cool at a more rapid rate than do urban 

surfaces, because soil and grass have a lower heat conductivity and 

storage capacity than do brick and concrete ~urfaces. Large urban struc

tures also loose heat slower than do single-family dwellings. More heat 

stroke victims were found in upper levels of multistory buildings than in 
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residences well shaded by trees and shrubs (Kilbourne et al. 1982}. Thus 

it appears that the urban environment contributes substantially to excess 

morbidity and mortality from heat. 

The racial composition of people who died in heat waves has been 

studied with apparently contradictory results. In some cases white people 

seemed to have higher excess mortality (Bridger et al. 1976, see Table 

2}; whereas in others mortality in non-whites was higher (Henschel et al. 

1969; Schuman 1972}, and in yet others, there appeared to be no differ

ences (Schuman et al. 1964; Bridger and Helfand 1968}. These apparent 

contradictions may have resulted, for example, from the methodology used 

in the studies or socioeconomic differences among the populations 

studied. 

Socioeconomic status has been found to be a factor in the death 

rate in heat waves. Peop 1 e in the 1 ower socioeconomic status were 

generally found to have the largest increases in deaths (Buechley et ·~1. 

1972; Schuman 1972; Jones et al. 1982). However, these people live 

predominately in the inner cities, frequently in high density inadequate

ly ventilated housing, and probably a high percentage of this population 

perform manual labor in the heat. 

The male/female ratio of victims of heat waves has also been 

examined but without consensus in the results (Schuman et al. 1964; 

Bridger and Helfand 1968; Henschel et al. 1969; Schuman 1972; Bridger et 

al. 1976). Some of these studies were not age-adjusted which may have 

influenced the results because there are usually more women in the older 

age groups. 

Some studies have suggested that widespread use of air-condition

ing has reduced the effects of heat waves (Oechsli and Buechley 1970; 
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Henschel et al. 1969; Kilbourne et al. 1982). However, one study 

(Buechley et al. 1972) found that the correlation between percentage of 

cases with air-conditioning and the mortality rate ratio in counties of 

the New York - New Jersey area, while negative was very small. There is 

also some indication that residence in air-conditioned premises may 

interfere with acclimation (see Section 4) to heat (Marmor 1975) and thus 

make people more vulnerable to heat when they are in nonair-conditioned 

environments. Thus a power outage during excessive heat might result in 

disproportionate numbers of deaths in people accustomed to air-condition

ing (Bridger et al. 1976). Nonetheless, air-conditioning undoubtedly 

does lessen stress, thus protecttng susceptible people when there are 

heat waves. 

There are physiological adjustments to extreme heat (Wyndham et 

al. 1970; Folk 1974). However, the extent to which these mechanisms 

increase the heat tal erance of humans and modify morbidity and mortality 

for nonnal (fot a particular climate) hot weather and for heat waves is 

uncertain. The data of Gover (1938), Figure 8, which was collected 

before air-cond!tioning had an appreciable effect, indicate that in the 

second heat wave of a st.mmer the death rate was 1 ower than in the first 

heat wave. Some of this effect may have been due to the most vulnerable 

people being elimated during the first heat wave. However, it appears 

that, at least partially, this lower death rate may have been due to 

acclimation acquired during the earlier part of the season. 

Gover found that for particular weeks during the 5 years in her 

study, both nonnal temperatures and death rates were higher in the south 

than in the north-central, north-Atlantic, and western areas of the 

United States. However, in one year in both the south and the north 
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central regions the weekly average temperature was 35.6°C {4°C above 

normal for the south and 7 .6°C above normal for the north central re

gion). During this period the death rate in the south increased by only 

12% whereas that in the north central region increased by 132%. 

Variables other than temperature were not examined but Gover thought it 

was the excess over normal temperature rather than the actual temperature 

which was associated with a marked increase in weekly mortality and that 

acclimation had an influence. 

Unfortunately literature on heat waves is inadequate for determin

ing the precise contributions of individual weather and climate variables 

to the extent of morbidity and mortality. First, the weather conditions, 

that is, the length and intensity of the heat wave, the suddenness of the 

onset, the degree to which the temperature deviates from the normal for 

the season and region, and the accompanying humidity differ with each 

heat wave. Second, different regions and the same region in different 

years may have different demographic characteristics. Also, the data 

available to, and the methodology used by, different investigators 

differ. 

Until the co2 issue arose, there was no reason to investigate the 

effects of a changing climate in a particular region and thus, with the 

exception of temperature, climate and weather variables were not usually 

considered in the studies. However, several indices have been used as 

predictors of heat stress. Quayle and Doehring (1981) discuss several of 

the idices and conclude that one, termed apparent temperature (Steadman 

1979a, 1979b), is probably the most comprehensive. Steadman based his 

research on human physiology and clothing science, assuming a typical 

adult human in the shade and a base windspeed. He determined the rate at 
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which heat is transferred from the body to the surrounding air (to keep 

body core temperature at approximately 37°C) at different temperatures 

and humidities. Apparent temperature can be read from a chart of ambient 

temperature versus relative humidity. Changes in windspeed or in amounts 

of direct radiation (insolation or terretsrial and sky radiation) can be 

factored in. However, he found that the effects of changes of windspeed 

in the summer are slight. The effect of barometric pressure was found to 

be negligible. He related apparent temperature to heat syndromes such as 

heat stroke and heat exhaustion. He did not discuss the relationship of 

apparent temperature to illness or death from other diseases that might 

be brought about by heat stress, but presumably the index should be a 

means for warning that persons with chronic disease and the elderly might 

be at high risk and should take precautions to reduce exposure and limit 

physical activity. Lee (1980) reviewed models intended to relate clima

tological vai iables to human health and comfort and concluded that, of 

those developed so far, all had inadequacies. 

Thus, heat waves studies point out that abrupt increases in 

temperature can accelerate death in many people but that there are many 

uncertainties regarding the influence of variables other than tempera

ture. Is the higher death rate in inner cities wholly due to higher 

temperatures in those areas, or do socioeconomic factors have a large 

influence? What influence does the underlying climate have? That is, if 

one climate is normally hotter than another, are people in the hotter 

climate better acclimated and thereby appreciably less vulnerable to 

sudden increases in temperature than those in a cooler climate? How much 

do such variables as humidity and air movement influence the extent of 

morbidity and mortality? How much influence does the rate of heat build-
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up within a season have? With the exception of the inner city and the 

socio-economic questions, all these questions are pertinent to climate 

and related weather changes. That is, how much will regional and season

al temperature, humidity, and air movement change in a co2-induced cli

mate change? However, perhaps the most important question with regard to 

this is whether the variability in weather will increase or decrease and 

thus whether there will be fewer or more abrupt changes in temperature. 

6. SPORADIC, EXTREME WEATHER EVENTS 

There are other sporadic, extreme weather events in addition to 

heat waves whose frequency and intensity may change with climate change: 

Droughts affect human health principally by the failure of crops 

and grazing lands, consequently affecting nutrition and economics. The 

failure to obtain adequate nutrition, either because the essential foods 

are unavailable or are too expensive, increases susceptibility to disease 

and early death. 

Floods also may influence nutritional status by destroying crops. 

In addition, in many cases housing is lost, leaving people exposed to the 

elements or crowded into temporary shelter. These situations increase 

the likelihood of disease and epidemics. Water supplies may be contami

nated by floods, adding to the possibility of an increase in the occur

rence of disease. 

Tornados and hurricanes may kill and maim people, as well as 

destroy crops and housing, and may, as with floods, increase the proba

bility of the spread of disease. 
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Flood, tornado, and hurricane effects depend strictly on the force 

of the individual events, the physical damage done, and the area af

fected. There is no way to quantify their effects or predict their 

frequency under a co2-induced climate change at this time. When there is 

more information about regional and seasonal climate change it may be 

possible to predict the probability of an increase or a decrease in fre

quency of these events in a particular region. 

7o AIRBORNE MATERIALS RELATED TO HUMAN HEALTH 

Many airborne bacteria, viruses, fungi, and allergens that cause 

human illnesses are found in the atmosphere. Atmospheric conditions, 

especially temperature, precipitation, humidity, and wind, will affect 

the multiplication, dispersal, and survival of these organisms. Thus, a 

co2-induced climate change may affect thtir prevalence. 

The bacteria and viruses causing human diseases can become air

borne through direct dispersal such as coughing and sneezing. They may 

also be disseminated on dry skin particles and from bedding, and so on. 

The majority of human diseases from airborne infectious materials are 

transmitted indoors, where there is close contact among people. Meteoro

logical variables are related to this only to the extent that they influ

ence the indoor environment by effects on air temperature and humidity. 

However, infectious materials may also become airborne outdoors by the 

injection of materials in the air by, for example, water cooling towers, 

sprinkler irrigation systems, spray from waves, raindrop splashes, and 

industrial processes (especially those involving animals and animal by

products). Although few measurements of organisms injected directly into 
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the atmosphere from rural locations have been done, it has been conjec

tured that harrowing operations, movement of large herds of animals over 

dry terrain, and other farm practices may contribute to rural loading of 

the atmosphere. Dust at high humidity can serve as a site for bacterial 

survival or as a resting place from which such organisms as bacteria and 

viruses can be redispersed by the splash of raindrops or by vigorous air 

movement (Akers et al. 1979; Lidwell 1964). 

The transport of biological materials suspended in air is the same 

as that of other materials of comparable size. Dispersal is dependent on 

atmospheric turbulence. Both horizontal and vertical eddies are in

volved. Turbulence intensity depends on the roughness of terrain, the 

change of wind speed with height (wind shear), and the vertical tempera

ture profile of the atmosphere. Insolation and wind speed principally 

detenni ne the temperature profi 1 e near the surface. The amount of i nso

lation determines the thermal turbulence, and the wind speed modifies the 

intensity of the turbulence. The dispersive ability of the atmosphere 

depends on whether it is unstable or stable, that is, whether forces 

acting on it enhance or reinforce its veitical motion (unstable) or sup

press its motion and restore it to its initial position (stable). The 

unstable atmosphere increases dispersive ability. A stable atmosphere 

allows buildup of pollutants. The degree of stability is dependent on 

the rate of change of temperature with height (Chatigny and Dimmick 

1979). 
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7 .1 Bacteria 

Bacteria survive outdoors in appreciable numbers for variable 

periods of time, and they are found fairly high in the atmosphere. For 

example, Fulton (1966) found as many as 200 microorganisms per m3 at an 

altitude of 3127 m. However, it appears that no major bacterial epidem

ics in humans are propagated by spread in the atmosphere (see be 1 ow 

regarding minor epidemics). The survival of bacteria in the atmosphere 

is a function of many variables, including temperature, relative humidi

ty, ultraviolet radiation, air pollutants, and the media in which the 

bacteria are dispersed. Air temperature does not appear to be the usual 

limiting factor because most organisms can live at quite extreme tempera

tures (between -20° and 48°C); however, the effect of temperature is 

modified by relative humidity. The lethal effects of ultraviolet radia

tion are well known, although high relative humidity may protect some 

bacteria from these effects. Sampling and plating have been a prcjlem in 

determining survival of airborne bacteria, and there is still much work 

to be done before the meteorological conditions involved can be quanti-. 

fied (Akers et al. 1979). However, a few examples related to airborne 

bacteria are summarized below. 

Hyslop (1978) aerosolized various bacteria to test their viability 

in air. A mycoplasma was tested at various relative humidities and sur

vival was shortest at 80% relative humidity. Escherichia coli, at 20°C 

and 63% relative humidity, survived less than 3 hours. At least 10% of 

two mycoplasma strains of human pulmonary origin survived for 5 hours at 

28°C and 50% relative humidity. A significant amount of Salmonella 

typhimurium remained viable for 24 hours at 21 to 28°C and 50% relative 

humidity (in shaded daylight or darkness). 
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Katzenelson and Teltch (1976) examined the bacterial quality of 

air in the vicinity of wastewater spray irrigation in Israel. Viable 

coliform bacteria were found at a distance of 350 m, and Salmonella was 

found at a distance of 60 m downwind from the source • 

Blanchard and Syzdek (1970) found that air bubbles breaking at an 

airwater interface contained bacteria concentrated from 10 to 1000 times 

over that of the suspension from which they originated. 

Wellock (1960) described a minor epidemic of Q fever (an influen

za-like disease which is caused by airborne rickettsia Coxiella burnetii) 

in an urban area of the San Francisco Bay area. This disease is usually 

transmitted to humans from animals and animal products, and in rural 

areas the majority of cases are found in people that are in close in 

contact with animals. Dust from lambing pens is often the source. The 

source of this particular outbreak was apparently a slaughterhouse and 

the fll11es from a fat-rendering process. Cases were fount: in a fan

shaped, 10 block area downwind from the plant, and there was evidence 

that airborne dissemination occurred up to 16 km from the source. 

Swedish scientists investigated a "red" snow which fell iri Febru

ary 1969 (Bovall ius et al. 1978). It had from 70 to 120 bacteria/ml 

(Bacillus sp.), depending on where it was sampled. Snow that fell before 

and after the red snow had a count of only from 1 to 4 bacteri a/ml. At 

the time the snow fell, there was a stable high-pressure system over 

Russia and a low-pressure system west of Scandanavia, with a strong 

southerly air flow between them. The air transport route was traced, and 

the airborne material was found to originate in an area north of the 

Black Sea, where there were sandstorms at that time. Other investigators 

found pollen and minerals in the snow which were also compatible with 
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those originating in the Black Sea. The authors did not state whether 

the bacteria were pathogenic. 

Thus, bacteria are present in the atmosphere and contribute to the 

spread of diseases over long distances but not as effective in causing 

diseases as are bacteria found in high concentration in indoor environ

ments. This is probably due to factors in the outdoor atmosphere (e.g. 

ultraviolet light, air pollutants), which kill the bacteria and the great 

dilution caused by air turbulence. 

7.2 Viruses 

Viruses in nature generally only multiply in living organisms and 

are usually transmitted to hllllans by close contact. As with bacteria, 

laboratory studies have been performed to find the type of environment in 

which they can survive. For example, Hyslop (1978) reported that polio 

and other vi ruses tested showed progressively decreasing resistance to 

desiccation after aerosolization; poliovirus longevity in air was suffi

cient to permit dissemination across distances of several miles; relative 

humidity, altitude, and solar radiation are among some of the principal 

determinants of virus survival; other meteorological factors may modify 

the influence of these. 

Falk and Hunt (1980) state that airborne viruses are associated 

with two types of particles, that is, droplet nuclei (propagated from 

sneezes, coughs, etc.) and dust particles (shed from skin and clothing), 

and that the dust particles are associated with localized epidemics. 

Harper (1963) aerosolized poliovirus and vaccinia virus at 20, 50, and 

80% relative humidity. The poliovirus survived best at 80% relative 
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hllTiidity, but the vaccinia virus survived best at 20% relative humidity. 

Rechsteiner (1970) found, for respiratory syncytial virus, high infectiv

ity at high relative humidities and low infectivity at low relative 

humidities • 

Several viral diseases of animals have been shown to cause epidem

ics at some distance from the source, and the viruses were almost cer

tainly airborne. By implication, this could happen in human diseases, 

but atmospheric (outdoor) spread of human pathogenic viruses has not been 

shown to be a factor in major epidemics. Indoor airborne spread of viral 

disease has been implicated in epidemics, and indoor humidity and temper

ature are related to the yiability of viruses. Although indoor environ

ments are influenced by climate and weather, each microenvironment will 

be different, depending on ventilation, heating, and so forth. 

7.3 Fungi 

Fungal lung infections are relatively common occurrences in cer

tain areas of the United States. It has been estimated (Furcolow 1965) 

that 500,000 people annually acquire histoplasmosis (caused by the fungus 

Histoplasma capsulatum), and that about one~third of them develop a clin

ical illness that ranges from a very mild respiratory disorder to a 

serious and frequently fatal condition in which the fungus spreads to 

other areas of the body. Possibly 90% recover without chemotherapy or 

hospitalization, and many cases are misdiagnosed as viral diseases. It 

is not required that this disease be reported to public health officials; 

therefore reliable statistics on its incidence are not available. Howev

er, this, along with other fungal diseases, probably accounts for much 
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loss of time at work and school (Hasenclever 1979). The different fungi 

responsible for these infections apparently require different climatic 

conditions for survival and dispersion. 

Furcolow and Herr (1956), investigating the prevalence of Histo

plasma capsulatum, found prevalence of this fungus in an area of the 

United States (middle central and middle eastern states) where annual 

precipitation is 76 to 127 em and the average summer temperature is 

between 21° and 27° C. They think that the direction of the prevailing 

winds tends to limit the fungus to this area. However, Hasenclever 

(1979) believes that it has a worldwide distribution in temperate, 

subtropical, and tropical regions but that there are foci where the 

microclimate is ideal for rapid multiplication of the fungus and that 

when these are disturbed (digging, plowing, etc), epidemics occur in 

areas downwind. 

~occidioides ifiiTlitis, another soil fungi, is common in certain 

areas of the southwest and parts of California. Maddy (1957) investig

ated the areas where the fungus was most prevalent and related the clima

tic factors to this prevalence. The fungus apparently thrives in a cli

mate where summer temperatures are hot enough to sterilize the surface 

soil, thereby disposing of competing plants (July ambient air tempera

tures from 26° to about 32°C), and where there is very little freezing at 

ground level (January ambient air temperatures range from about 4 to 

12°C). Rainfall is also an important factor, with 13 to 50 em being 

ideaL Temperature and rainfall outside these ranges are less favorable 

for the fungus. Hugenholtz (1957) also found that winds, stirring up 

dust storms, mainly in the spring and fall (especally after a period of 

precipitation), increase the incidence of infection. 
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Climate changes could either extend or make more limited the areas 

in which these fungi are prevalent and responsible for widespread respir

atory disease. Separate studies would be needed for each fungus to 

determine its survival under new climatic conditions • 

7.4 Poll en 

Pollen from plants are found worldwide and are one of the most 

common causes of allergies in humans. They are very minute in size and 

thus are easily airborne and dispersed over long distances. Meteorologi

cal conditions may limit or expand their dispersal and, in some cases, 

their production. Hayfever afflicts approximately 6% of the U.S. popula

tion, with the maximum prevalence being in the 25- to 44-year age group. 

The economic imp·act of the work loss of so large a fraction of the work 

force is substantial, the discomfort is great, and many of the cases may 

develop into asthma. Ragweed pollen is one of the commonest causes of 

hayfever. Most of the eastern two-thirds of the United States is exposed 

to the pollen of this plant (Dingle 1964). Because ragweed grows best in 

cultivated land, it is largely a product of farming practices. Weather 

is a determining factor in the aeroallergen problem. Rain, wind, and 

humidity affect the dispersal of the pollen in the air and thus modify 

the extent of human exposure to pollen and the severity of the hayfever. 

The pollen season for ragweed is from August to September. The crop is 

dependent on rainfall in June, July, and August. Drought will delay the 

onset of the pollen season. As in agriculture precipitation, tempera

ture, and soil moisture are important. In Michigan, for example, high 
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May rainfall and low July rainfall will produce a maximum yield of rag

weed pollen. 

8. SEASONAL DISEASES CAUSED BY MICROORGANISMS 

8.1 Airborne Diseases 

Many infectious diseases are transmitted from human to human by 

the airborne route. Most respiratory diseases are more prevalent in cold 

or changeable weather than in, wann weather. The reasons for this cl ima

tic influence are debatable. Ford (1981) offers the following as possi

ble reasons: (1) a positive effect of cold weather on survival of the 

causative pathogens; (2) the depression of the human immune system at 

1 ower temperatures; (3) increased opportunities for transmission as 

people are confined indoors (with higher concentrations of infectious 

agents) for longer periods; and (4) lack of vitamin C due to the reduced 

availability of fresh produce. It has also been suggested that drying 

out of the mucous membranes, from low humidity in heated environments, 

may be partially responsible for the seasonality of these diseases. 

Influenza epidemics occur in the winter in both the Northern and 

Southern hemispheres and, although the climate rel ati onshi ps to the 

rather abrupt appearance of new and virulent strains has been sought, it 

has not been defined (Hope-Simpson 1979). However, Tromp (1980) has 

stated that influenza virus and gram positive bacteria (including pneu

monia-causing bacteria) die more rapidly with high humidity and vigorous 

air movement. Thus, the winter months with very low humidities and 
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little air movement in centrally heated buildings are favorable for the 

transmission of infectious respiratory diseases. 

The occurrence of epidemic cerebral meningitis, a winter disease, 

has been corre 1 a ted with the influx of warm, humid air masses (Tromp 

1963). 

Streptococcal infections and diphtheria are more prevalent in the 

autumn and early winter, but meteorological influences have not been 

determined. 

Poliomyelitis is prevalent in the summer (Tromp 1963, 1980). 

There is evidence from studies carried out in the United States that the 

incidence of this disease is related to relative humidity, that is, it 

occurs when the relative humidity rises above about 28% (Armstrong 1952). 

In the tropics, the maximum incidence is during the rainy season. 

In most cases, the precise relati~nships of meteorological varia

bles to the incidence of these diseases is unknown, although trends may 

be fairly well established. With co2-induced global warming, it would 

generally be assumed that summer diseases would become more prevalent and 

winter diseases less so. However, other meteorological variables, for 

example, humidity and rainfall, also influence the prevalence of these 

diseases. co2-i nduced changes in these meteorological parameters, on a 

regional and seasonal basis, are currently uncertain. Thus, the changes 

in prevalence of these diseases that might be caused by a co2-induced 

climate change are also uncertain. 
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8.2 Human Carrier Diseases 

Communicable diseases, which are not usually transmitted by air, 

are influenced by climate and weather conditions. These diseases are 

usually transmitted by contact (e.g., hands touching food) and by water 

contaminated with urine or fecal mattero 

Cholera is a disease that is prevalent in the summer. It is 

transmitted by the fecal contamination of water, but there is recent 

evidence that the organism can be found in water .which is not fecally 

contaminated. It becomes dormant when water is cold and multiplies 

rapidly when the water warms. May (1958) defined the SLI11mer isotherms 

for cholera as approximately 15° to 27°C (average temperature for the 

hottest months). Rainfall and humidity have also been implicated as 

influencing the incidence of cholera. 

The group of Salmonella organisms (causative agents of typhoid, 

paratyphi ad, and other intestinal diseases) are usually transmitted by 

contaminated water and food. These bacteria survive 1 anger when the 

weather is cold than when it is hot (May 1958), and at thawing time there 

may be invasions of lakes and streams by bacteria-contaminated materials. 

Bacillary dysentery is prevalent in temperate countries during 

warm, moist months and in subtropical and tropical countries during the 

rainy season (Sangster 1977). 

Each of these diseases needs to be examined individually, and 

regional and seasonal climate changes must be known in order to define 

the effects of a co2-induced climate change. 
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8.3 Vector-Borne Viral and Bacterial Diseases 

In· vector-borne viral and bacterial diseases it is usually the 

climate and weather influences on the vector or the vector intermediate 

host, rather than the microorganism, that determine the prevalence of 

disease. 

Although there have been no large epidemics of plague in recent 

years, it is endemic in many parts of the world including the Southwest

ern and Western states in the United States. The disease usually is 

transmitted from rodents to humans by flea bites. Epidemics occur when 

the temperature is in the range of about 19 to 26°C and relative humidity 

is high; for example in Brazil, when the relative humidity is between 66 

and 83% (Pollitzer 1954). When the temperature increases above about 

26°C, the prevalence of plague decreases, apparently because fleas are 

susceptible to desiccation. In a study conducted in Vietnam ·(Olson 

1969), it was shown that plague incidence was inversely related to the 

amount of rainfall. As the amount of rainfall increases, the flea 

population decreases. The reason is unknown, but it was speculated that 

the flea drowns or gets caught in the mud in ratholes. 

There are several different strains of viruses that cause encepha

litis and that are transmitted to humans by the culicine mosquito. Birds 

serve as a reservoir for the virus. The strain of virus and the species 

of the carrier mosquito determine the prevalence of the disease. There 

are periodic outbreaks of encephalitis in the United States and many 

other countries. Rainfall (Burnet 1952) and temperature (Hess et al. 

1963} are factors in epidemics. Rainfall and fl coding provide breeding 

ponds for mosquitos. Incubation periods for the virus in the mosquitoes 

are much longer at 20° than at 32°C. Thus, as the temperature increases, 

- 65 -



when the viruses and mosquitoes are prevalent, the probability of epidem

ics becomes greater. At least one mosquito vector stops biting when the 

temperature drops below l5°C. 

The prevalence of these two diseases would be affected differently 

by climate change, depending on the combination of meteorological varia

bles. Plague would probably be less prevalent if the temperature became 

hotter than about 26°C and the humidity was low; although large amounts 

of rainfall might also decrease the prevalence. On the other hand, 

encephalitis would be expected to increase with an increase in tempera

ture and rainfall. 

8.4 Parasitic Diseases 

Parasitic diseases are currently more prevalent in tropical and 

subtropical climates than in temperate climates, although some are a 

problem in temperate areas. Technology, the improvement of sanitary 

conditions, and the education of the populace assist in the control of 

vectors and parasites. However, there is a large climate influence which 

contributes to the prevalence of these diseases in the warmer and some

times more humid areas of the world. Chronic infections with parasites 

frequently contribute to malnutrition, a decreased ability to work, and 

an increased susceptibility to other diseases. 

8.4.1 Vector-Borne Parasites 

Malaria is still one of the world's largest health problems, 

despite the fact that it has been controlled in many areas of the world 
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by changes in agriculture and by mosquito abatement programs. There are 

still many areas in which malaria is endemic and where there are occa

sional.epidemics. In hyperendemic regions (where 75% of the children 

have enlarged spleens) there is high childhood morbidity and mortality, 

high immunity in adults, high abortion rates, and low birth rates (Lear

month 1977). In epidemics there is high mortality and morbidity at all 

ages {although children and the aged are most at risk), a temporary 

increase in abortions, and a reduction in conceptions .and birth rates. 

The plasmodia {parasite) develops in Anopheline mosquitos and is trans

mitted to humans by the mosquito bite. There are some 50 species of 

Anopheles which are important vectors. One of the problems in control

ling the mosquitoes is that different species have different susceptibil

ities to the chemicals used for control and different ecological niches. 

For example, some like brackish water, some like clear water, some like 

sunlit water, some like still water, and others like fast-running water. 

Thus, an increase or decrease in rainfall may modify the habitats to the 

advantage of some species and to the disadvantage of others. With 

respect to temperature and humidity, a crude generalization (Learmonth 

1977) is that the mosquitoes breed and are active at temperatures above 

16°C and a relative humidity of about 60% is ideal. Temperatures in 

excess of about 35°C and average relative humidity of less than 25% will 

cause either death or dormancy. Also, the rate of development of the 

parasite in the mosquito depends on temperature; for example, for~ 

Falciparum, it takes 9 days at 30°C, 11 days at 24°C and 20 days at 20°C · 

(Garnham, 1964). 

Other vectors of parasites and the parasites they transmit require 

somewhat different climatic conditions. 
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8.4.2 Parasites Requiring Intermediate Hosts 

Schistosomiasis was estimated to have a world prevalence of about 

200 million cases in 1975 (Markell and Voge 1981). Part of the life 

cycle of the parasite occurs in humans, part in water, and part in snails 

living in still or slow-moving water contaminated by human urine or fecal 

material. There are several species of schistosomes and the snails which 

carry them. The parasite enters humans by penetrating the skin when the 

human comes in contact with schistosome-contaminated water. They then 

may cause pulmonary, hepatic, intestinal, urinary, or central nervous 

system problems. The environmental factors that influence the prevalence 

of the disease act on the water phase of the parasite and on the snai 1 

host. Temperature influences various stages of the cyclee Below about 

9°C snails are not usually infected by the parasite. When the tempera

ture rises above about 35° to 39°C the snails die. The temperature most 

favorable for the water/snail cycle of the parasite is 26° to 28°C (Ken

dall 1964; Purnell 1966; Anderson and May 1979). Rainfall, if heavy 

enough, can wash the snails out of their ecological niches, but generally 

rai nfa 11 is advantageous because it keeps their areas wet enough for sur

vival. The snail population usually peaks during the season of high 

rainfall (Anderson and May 1979). Unfortunately, artificial water re

sources such as dams, irrigation canals, water impoundments (built for 

health and economic reasons) are ideal breeding and living areas for the •• · 

water and snail phases of the cycle. Despite attempts to control it, 

schi stosomi asi s continues to spread world-wide ( Heyneman 1982). It is 

also frequently carried to new areas by migrants, some of whom are escap-

ing from drought-stricken areas. Thus, changes in climate may influence 

the spread of this parasite in many ways. Whether a climate change is 
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advantageous or disadvantageous to the parasite and its host will depend 

on the direction of regional and seasonal changes, in particular tempera

ture and precipitation. Health education of the population in areas con

taminated with the parasite could also influence its prevalence. 

8.4.3 Parasites Which Need No Intermediate Host or Vector 

The hookworm, endemic in parts of the United States, is an example 

of this type of parasite. In 1975 the hookworm was estimated to infect 

about 450 million people worldwide. The eggs are passed from human feces 

to soil where, if conditions are favorable, they hatch, and the larvae 

develop and transform to the infective stage. Given the opportunity they 

then penetrate human skin. They may cause anemia and occasionally pneu

monitis if the infecting dose is large, as well as diarrhea. They' are 

generally confined to those parts of the Northern Hemisphere south of the 

36th parallel, and in the Southern Hemisphere, north of the 30th parallel 

( Ma rke 11 and Voge 1981) • Eggs and 1 arvae are subject to freezing and 

desiccation, and are very climate sensitive. The optimal temperature 

range for the hate hi ng of eggs is from 27° to· 32°C, and they need at 

least 127 em of rain per year (Gilles 1984). 

For the diseases briefly described above, as well as a number of 

other parasitic diseases, co2-induced increases in temperature may pro

vide new geographic areas suitable for the survival and multiplication of 

vectors or intermediate hosts. In addition, current endemic areas may be 

modified so that there are more or fewer life cycles of parasites or vec

tors during a year. Changes in rainfall could also affect the prevalence 

of parasites by affecting breeding sites of vectors or hosts. If migra-

- 69 -



tion of humans and new water projects are a consequence of co2-induced 

climate changes, the control of these diseases may become greatly compli

cated. 

9. NUTRITION 

9.1 Climate and Weather Effects on Agriculture 

Much of the world's population, particularly in the developing 

countries, is either undernourished (low caloric intake) or malnourished 

(lacking essential nutrients). This may result in retardation of growth 

and development beginning in the fetus and continuing throughout child

hood and adolescence. Many humans whose caloric intake is adequate are 

mal nourished because the predominant foods are from plant sources that 

lack or are low in essential nutrients, such as proteins, or have the 

nutrients (e.g., iron) in such chemical form that they are not easily 

absorbed. Although these problems are being addressed both on a local 

and worldwide basis, they are far from being solved (Newman 1975a). 

Agriculture, both plant and animal, wi 11 be affected by climate 

changes. Whether these changes are beneficial or detrimental will depend 

on the extent and type of regional and seasonal changes. For plants, 

either the amount of crop production or the type of plant which will grow 

efficiently may change. Both domestic and aquatic animals may be af

fected. If in a particular region the amount of food production declines 

or production is switched to foods that are nutritionally less well

balanced, then the nutrition of the regional population may suffer. 
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In addition to changes in food production, society's need for 

nutritional energy may increase under a co2-induced warming. It has been 

demonstrated by Consolazio et al. (1961) that more calories are needed 

for a heavy work load in ambient temperatures over 30°C (86° F) than are 

needed at lower temperatures. 

9.2 Interactions of Disease and Nutrition 

There are also interactions between infectious and parasitic 

diseases and nutritional deficiencies. Nutritional status can influence 

both susceptibility to disease and the outcome of disease. The disease· 

may also alter the nutritional status of the person affected (Scrimshaw 

et al. 1968; Mata et al. 1972). The effects of a co2-induced climate 

change on nutrition and disease prevalance may either help the situation 

or make it worse, depending on regional and seasonal effects on the 

diseases and on food production. 

10. WATER 

Water is essential to all forms of life, including that of humans. 

Precipitation is variable both seasonally and regionally. Regional 

changes in the amounts of precipitation, temperatures, humidity, and wind 

influence the amount and quality of fresh water available for humans, 

thereby affecting the quality of life. 
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10.1 Quantity of Water 

The quality and quantity of nutrition is very dependent on the 

amounts of precipitation in a region because of the dependence of agri

culture (both plant and animal) on water resources. In addition to the 

total amount of precipitation, agriculture is dependent on the regional 

and seasonal timing of this precipitation. At opposite ends of the 

precipitation spectrum, droughts and floods can adversely affect the 

agriculture of a region. In some areas of the \\()rld, the products of 

fisheries are vital sources of protein, and the fisheries may be affected 

by the amounts of organic matter carried by runoff from precipitation. 

Forests and other nonmanaged vegetation are dependent on precipi

tation in much the same way as agriculture. The forests products com

prise many things needed to maintain or improve the quality of human 

health; for example, shelters are vital for assisting in body thermoregu-

1 at ion and are helpful in protecting humans from harmful elements of the 

environment. 

The availability of water, which is essential for drinking, cook

ing, sanitation, and so forth is dependent on precipitation for ground

water recharging, on the continuing flow of water in streams, and on the 

filling of lakes and reservoirs. When these resources are not adequately 

replenished, human health and life are endangered. 

10.2 Quality of Water 

The quality of water is dependent largely on the quantity of pre-. 

cipitation. Groundwater that has percolated through soil and rock and 

has had impurities filtered out is usually the purest water for drinking, 

cooking, and sanitation. Groundwater also frequently has essential trace 
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elements added as it moves through soil and rock. When there is insuf

ficient precipitation to replace the amounts withdrawn, and groundwater 

is depleted, less pure water from streams, lakes, and reservoirs will be 

used. These sources are also dependent on precipitation for replenish

ment and on the dilution of ipurities accumulated from biological or 

industrial sources. In developed nations, surface water usually goes 

through purification processes before use by humans, but these processes 

do not always remove all noxious materials. In developing nations, fre

quently the water used for drinking, bathing, and so forth, is taken 

directly from the surface sources that may be highly contaminated with 

harmful materials (biological and chemical) and the amount of precipita

tion in these localities will largely determine the concentration of 

these materials. If there is fast-flowing water, the material may be 

diluted or washed out. Stagnant water, sometimes created by rain collec

ting in depressions or by flooding, is an ideal environment for many 

pathogenic organisms. In some cases groundwater wells may be contami

nated by biological materials when rains are heavy and runoff flows into 

them. Cultural practices, sanitation practices, and poverty all contri

bute to the problems created by the use of impure water. 

If water becomes scarce in a particular region or if there is too 

much or poorly timed precipitation, there may be adverse effects on human 

health. Conversely, if areas that are now deficient in precipitation 

receive more precipitation, or if areas that now get too much seasonal 

water receive precipitation more evenly over the seasons, then the 

effects of climate change may be beneficial to those areas. The rate of 

change of precipitation will also be important; that is, if precipitation 

declines in a region and does so slowly, it may allow time for adaptive 
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measures such as construction of reservoirs, modifying methods of irriga

tion, development of more drought- or moisture-tolerant plantse The 

effects of a co2-induced climate change on water resources will depend on 

regional and seasonal changes, which are currently uncertain. 

11. SHELTER 

Shelter is one of the ways in which humans protect themselves from 

extremes in temperature. In tropi ca 1 climates we 11-pl an ned residences 

are built for the maximum ventilation, residences in extremely cold cli

mates for the maximum insulation, and residences in temperate climates 

such that they can be open in summer and closed and insulated in winter. 

Unfortunately, there are many residences and \\()rk places that are not 

well planned. In particular, the inner cities in many areas are built 

such that they absorb and retain heat. These are the so-called heat 

islands. This situation has been highlighted in several studies of heat 

waves (see Section 4.2) where it was found that there were many more 

deaths in the midcity than in the suburban and rural areas (Henschel et 

al. 1969; Clarke 1972b}. 

co2-induced warming of the Earth, particularly if there should be 

more heat waves (which will depend on currently unknown changes in the 

variability of weather) may make this situation more acute. The planning 

of cities and revisions of building codes should take this situation into 

consideration to avoid or alleviate heat absorption and retention (World 

Meteorological Organization 1970a, 1970b). Meteorologists should be 

intimately involved in the planning. This is a situation that currently 

needs attention, regardless of a potential co2-induced climate change. 
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12. AIR POLLUTION 

A co2-induced climate change, in·itself, will not add noxious air 

pollutants to the atmosphere. However, changes in local weather due to a 

change in climate may affect the concentration of air pollutants either 

by dispersing them more rapidly or by allowing concentrations to build 

up. Air pollutants which are harmful to human health tend to be gener

ated and more concentrated in the atmosphere of industrial and metropoli

tan areas. Generally, the areas that are in most danger from health

threatening pollutants are those in low-lying areas, that is, basins in 

hilly or mountainous areas or river valleys which are somewhat protected 

from the wind. However, if the meteorological factors are unfavorable, 

life-threatening episodes can occur in other types of terrain. In sever

al acute episodes of air pollution where there were excess deaths, there 

was fog combined with high pressure systems (Prindle 1964) which held the 

smoke and other air pollutants near the ground. 

The effects of co2-induced climate changes on the occurrence of 

acute air pollution episodes in a region will depend on the seasonal 

changes in meteorological variables in that region. If these changes 

cause air pollutants to disperse more quickly than occurs in the current 

climate, then the change should be beneficial. If the changes are condu

cive to the buildup of air pollutants, then they will be detrimental. 

13. RECREATION 

There are many possibilities for changes in outdoor recreation and 

tourist areas if there are changes in climate. If the climate is hotter 

and precipitation does not increase, such things as low lake and low 
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river levels will occur. Alternatively, if precipitation does increase 

in some areas, there may be improved conditions for water-related recrea

tion. Forest areas, including national and local parks, and snow areas 

for winter sports may also change. The effects of a co2-induced climate 

change in these examples and in other recreation and tourist areas will 

depend on regional and seasonal changes in climate, which, however, are 

currently uncertain. 

14. SUMMARY 

There are a number of aspects of human health that are related to 

climate and weather variables and that may be affected by a climate 

change. In many instances research has been (and i~ being) performed to 

improve knowledge regarding the relationship of meteorological variables 

to human health. There is, however, much more to learn about these rela

tionships and how they may be used to improve human health. In addition, 

there are areas of the world where current knowledge and technological 

advances are not being used as efficiently as possible for various rea

sons, for example, the lack of education, the lack of funds, and the 

influence of cultural practices. In some of these situations, climate 

change may intensify the problems, in others it may be beneficiaL In 

many human health situations, even if co2-induced regional and seasonal 

climate changes were known, the background information needed to predict 

effects of these changes is unknown or uncertain. However, at least some 

of this background information is obtainable by defining and comparing 

the relationships of meteorological variables to health and mortality in 

current, but differing, climates. 
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14.1 Seasonality of Mortality from Organic Diseases 

It appears, at least on the surface, that climate warming -in the 
. 

cold regions of the world might delay death from organic disease (e.g., 

heart, cerebrovascular, respiratory diseases). This is based on the fact 

that, over a fairly wide range of temperatures, mortality increases as 

the ambient temperature becomes colder and has peaks when the weather 

abruptly becomes colder. However, there are also increases in mortality 

in the summer when the temperature becomes excessively hot or when there 

are sudden upswings in temperature (heat waves). Thus, the extent to 

which a warming of the climate would counteract the effects of cold 

weather is uncertain, not only because of uncertainty about the extent 

and variabi 1 i ty of regional and seasonal co2-i nduced changes, but a 1 so 

because the relationships of mortality to mete0rological factors (and 

combinations of these factors) in different climates are not well de-

fined. . . 

Other meteorological factors such as humidity and wind, which will 

probably also change in a co2-induced climate change, modify the effects 

of temperature stress. 

The ambient temperature at which stress becomes excessive for 

humans appears to differ within and between climate regions, but the rea-

sons for this have not been adequately defined. The amount of stress may 

be related to the amount of acclimation to the regional climate or to the 

meteorological conditions immediately preceeding the extreme conditions. 

Research is needed to clarify these relationships. 

The effect on morbidity and mortality of the length of the hot 

spell, the variation in temperature during this time, and the extent of 
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deviation from the normal temperature for the season and climate are not 

precisely defined. 

The high mortality rate in inner cities during hot weather is 

probably due principally to the fact that these areas absorb more heat 

during the day and lose heat more slowly at night. However, there are 

other differences between these areas and suburban and rural areas, such 

as age of the population, type of work, cultural habits, socioeconomic 

status, and so forth. These differences may influence outcomes and bias 

temperature versus mortality data. 

There is evidence that in nursing homes and hospitals air

conditioning protects from or eliminates heat stress. It is also a 

factor in comfort during hot weather. However, the extent to which it 

protects healthy persons from debilitating heat stress and interferes 

with acclimation to heat is uncertain. If there is interference with 

acclimation, air-conditioning may lead to vulnerability to the effects of 

heat when it is not available, that is, due to mechanical or power fail

ure or when people are outdoors. 

Older persons are much more vulnerable to temperature stress than 

are younger ones. This, in most cases, probably is due to the progres

sive deterioration of the cardiovascular and respiratory systems. How

ever, there is evidence that, in some older persons, thermoregulatory 

mechanisms other than cardiovascular are inefficient. It is not clear 

whether this is true in the majority of older persons. If so, it may 

contributie substantially to mortality from temperature stress. 

It has been speculated that the majority of excess deaths, during 

periods of heat stress, are those of persons already ill who would have 

died shortly, regardless of the heat stress. The alternative is that 
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life is appreciably shortened for some persons. Studies intended to 

resolve this question have produced inconsistent results. Related to 

this situation is the fact that a second heat wave of approximately the 

same intensity and duration usually has a lower mortality rate than that 

of the first one. It is not known whether this is due to mortality of 

most of the vulnerable persons in the earlier heat wave (leaving a 

healthier population) or whether the earlier heat wave acclimated people 

such that they could better withstand the effects of the second heat 

wave. Both of these factors probably influence mortality in subsequent 

heat stress. 

In contrast to mortality studies, there have been relatively few 

investigations of the extent to which meteorological factors contribute 

to the onset and progression of organic disease. This is an important 

area of research which needs to be accelerated for better understanding 

of the reasons for the high incidence rate of these diseases in temperate 

climates of developed countries. 

Until uncertainties, such as those discussed above, are resolved, 

predicting the effects of a co2-induced climate change on organic di

seases in a quantitative way will be very difficult. 

14.2 Airborne Infectious Diseases 

Many infectious diseases (e.g., measles, influenza, poliomyelitis) 

are carried through the air from one human to another. Ill ness from most 

of these diseases tends to peak during colder weather. This is generally 

thought to be due to closer contact between humans confined indoors and 

to the lack of dilution of the infectious agents with fresh, uncontam-
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inated air. In addition, low humidity in the winter may also contribute 

to susceptibility to disease by drying out mucous membranes, as may the 

lowering of body temperature when outdoors. Some pathogenic bacteria and 

viruses survive better in low humidity and still air. Some infectious 

diseases peak in other seasons. For example, poliomyelitis occurs in 

summer, and the incidence has been correlated with high humidity. Rain

fall and sudden changes in weather are also implicated in the onset of 

some infectious diseases. 

Since the majority of infectious diseases peak in winter, a co2-

induced warming of the climate might lower the incidence of these di

seases. In the cases of those diseases prevalent at other seasons, the 

regional and seasonal co2-induced climate changes would probably influ

ence the prevalence of those diseases. However, the direction of the 

influence will depend on the direction of the climate changes in parti

cular regions and whether these are favorable or unfavorable for survival 

and spread of particular disease-causing organisms. 

14o3 Human Carrier Disease 

Most of these diseases (e.g., cholera and dysentery) are caused by 

the contamination (usually fecal} of hands, water, and food. They are 

found in warm, moist environments and may be dispersed to water supplies 

by rain runoff. Thus, they may be more prevalent with a co2-induced 

warming of the climate in regions where the humidity is high. However, 

it will be necessary to examine each disease-causing organism with regard 

to the combination of meteorological factors which pertain to determine 

the effect which climate change may have on the disease. 
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14.4 Vector-Transmitted and Parasitic Diseases 

Vectors, whether they cause viral, bacterial, or parasiti"c di

sease, are usually insects who have no internal temperature-regulating 

mechanisms. They are, therefore, generally very sensitive to macro- and 

microclimate; the rate of multiplication of the disease-causing organisms 

within the vectors is also very temperature sensitive. In some cases, 

the temperature, humidity, and precipitation requirements for survival of 

the vector and its larvae, and for multiplication of the microorganism or 

parasite are reasonably well known; in other cases, more research is 

needed. In general, vector-borne diseases are more common in warm tropi

cal and subtropical, relatively humid climates, and thus co2-induced 

warming may expand the areas in which they survive and thrive, but re

gional and seasonal rainfall would also have an influence on their pre

valence. 

Parasites that have intermediate hosts, such as schistosomes in 

which part of their life cycle is in snails, part in water, and part in 

humans, also need specific climatic conditions for survival and to become 

infective. Thus, a co2-i nduced climate change would probably affect 

their prevalence, but the direction of this effect will depend on the 

regional and seasonal situation. 

If increased irrigation and construction of reservoirs for agri

culture are mandated by a co2-induced climate change, this may expand the 

snail habitat and mosquito breeding sites, thus complicating control of 

schistosomes and diseases carried by mosquitoes. 
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14.5 Airborne Spores, Fungi, and Pollen 

These airborne materials cause respiratory diseases and allergies. 

Their abundance in the air may be affected in many ways by meteorological 

factors. Temperature, humidity, precipitation, and wind are all involved 

in propagation and dispersal. Regional and seasonal changes in meteoro

logical factors may affect the abundance in the air of all these materi

als, but each one possibly in a different way, depending on the local 

combination of meteorological factors. 

14.6 Biochemical and Physiological Parameters 

A number of human biochemical and physiological parameters vary 

seasonally. Some are on adoptive response and are related to thermoregu

lation, but the significance of changes in the other parameters is uncer

tain, and their relationships to seasonal mortality is unclear. Thus, 

the effects of climate change are unknown. 

14.7 Conception and Birth Defects 

There are relationships between the season of birth and the number 

of abortions, the number of stillbirths, some birth defects, and schizo

phrenia arising later in life. These amount to a small but significant 

portion of births. However, the underlying causes and the relationships 

to meteorological factors are unknown. Whether a co2-induced climate 

change would influence these outcomes is very uncertain and not likely to 

be clarified until the underlying causes and the influence of current 

meteorological conditions are defined. 
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14.8 Undernutrition and Malnutrition 

Nutrition is a great problem worldwide, but it is especially acute 

in underdeveloped countries. This problem is intimately related to agri

cultural productivity, poverty, and disease. Climate is a large factor 

in these relationships. A co2-induced climate change may have an appre

ciable impact on nutrition, but the direction of the impact in a particu

lar region will depend on the seasonal changes in that region. 

14.9 Water Resources 

The amount and purity of the water available regionally for per

sonal human use have a large impact on human health and welfare. The 

quantity and quality of this water is greatly dependent on the.ambient 

temperature and wind, which affect evaporation, and on the amount and 

timing of precipitation, which affect water supplies and soil moisture. 

Higher temperatures will cause increased evaporation from soil and free 

water surfaces. Regional and seasonal precipitation may or may not be 

adequate to offset this 1 ass of surface water. The effects of co2-

induced climate change and whether these are beneficial or detrimental 

will depend on the direction of regional and seasonal changes. 

14.10 Shelter 

Both residences and places of work currently are, in many .in

stances, inadequate to protect humans from excessive heat. A co2-induced 

warming of the world could make this situation more acute. This situa

tion should be a major factor in future planning for cities, residences, 
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and work places. Meteorologists should be involved in this planning, 

along with architects and engineers, so that such things as prevailing 

winds, seasonal temperatures, the probability of excessive heat episodes, 

and so forth, enter into the planning. This is a situation which needs 

attention, regardless of a co2-induced climate change. 

14.11 Air Pollution 

The concentration of air pollutants builds up when there is stag

nant air over pollutant-producing areas. The frequency of occurrence of 

acute air pollution episodes in a co2-induced climate change will depend 

on whether the frequency of the particular weather types associated with 

these episodes increases or decreases in regions where air pollution is 

high. 

14.12 Recreational Areas 

Recreational areas (including tourist areas) are usually places 

for rest and relaxation, the use of which is beneficial to both mental 

and physical human health. The appeal and usability of these areas is 

frequently dependent on climate (temperature, amount of precipitation), 

and a change in climate will probably be detrimental to some areas and 

beneficial to others. Until regional and seasonal changes are known, it 

is impossible to judge the direction of these effects. 
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15. DATA AND RESEARCH NEEDS 

Table 4 tabulates the major knowns and uncertainties regarding the 

climate relationship to human health • 

15.1 Climate Data Needs 

Many aspects of human health and welfare are affected by meteoro-

1 ogi cal variables. Effects of climate change on agriculture, water 

resources, fisheries and forests may also impinge on human health. To 

specify qualitatively and quantitatively the effects of a co2-i nduced 

climate change on human health, it is necessary to know the regional and 

seasonal climate changes, changes in the variability of climate and 

weather, and the rate at which climate change will occur. The state of 

climate research, at this time, is such that it is not possible to pre

dict this information with any certainty. Until such time as definitive 

regional and seasonal changes are available, it would be useful to have 

an estimate of the limits of climate change, that is, the range of proba

ble change in meteorological variables for regional health effect stud-

ies. 

15.2 Carbon Cycle Data Needs 

The co2 fertilization of plants, which is related to agriculture 

and thereby to human nutrition, is being studied separately. The data 

needs from studies of the carbon cycle will be found in the Vegetation 

Effects State-of-the-Art Report (u.s. Department of Energy (U.S. DOE) 

1985a ). 
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The direct effects of breathing increased levels of atmospheric 

co2 on human health have been addressed elsewhere (U.S. DOE 1982; Bland 

et al. 1982), and on the basis of current knowledge, it appears that the 

effects will not be deleterious. However, should new information appear 

indicating a need to further study the direct effects of co2 on human 

health, information from the carbon cycle research will be needed. The 

rate at which the atmospheric co2 concentration will increase and the 

maximum expected concentration will be needed if these studies are under

taken. 

15.3 Medical and Biological Research 

Information on the extent and direction is needed to quantify the 

effects of increased co2 on human health. However, there are medical and 

biological fields in which work pertinent to the effects of climate 

change has been done or is in progress. This is due to current concern 

about the influence of climate/weather variables on human health. This 

research should be continued and intensified, by the agencies already 

involved, to obtain information that will not only be valuable currently 

but that will be helpful when more is known about the directions of co2-

i nduced regional and seasonal climate changes_. The prospect of a co2-

induced climate change adds some urgency to solving these problems and 

finding ways to ameliorate them. Research related to meteorological 

influences which should have high priority is outlined below. 
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15.3.1 Organic Diseases 

Meteorological variables influence mortality rates and, to a 

largely unknown extent, influence morbidity from a number of organic 

diseases, such as heart and cerebrovascular diseases. Research should 

continue and should ideally include (1) the effects of all meteorological 

variables over the range found within a given climate, including the 

effects of interactions of the variables, (2) the effects of changes in 

the variability of meteorological factors, (3) the effects of rate of 

change of meteorological variables, and (4) studies of whether prevalence 

of diseases differ in differing climates, and, if so, the extent to which 

meteorological variables are responsible. The data used in these studies 

should be adjusted for such factors as age of population, socioeconomic 

status, sex, race, type of housing, place of residence (urban, suburban, 

rural), air-conditioning and central heating availability. Meteorolo

gists should be an integral part of the team of public health officials 

{epidemiologists, biostatisticians, etc.) involved in planning and exe

cuting the studies. 

Mortality data are relatively easy to obtain from public records; 

however, useful morbidity data are much more difficult to obtain.· For 

this reason, cooperation of the medical profession will be required to 

determine the approximate time of onset of the diseases and the age of 

the patient at the time of onset. The meteorological factors influencing 

initiation and progression of the diseases are probably more important 

than those responsible for mortality from a disease already developed to 

a stage where acute stress of many kinds (especially temperature ex

tremes) causes death. This kind of information will probably be very 

difficult to obtain, but an alternative, which might produce surrogate 
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information, is to relate to climate, and compare between climates, the 

percentage of the population who die of particular diseases withi~ cer

tain categories such as age and sex. This could determine whether par

ticular climates are more or less conducive to the onset of specific 

diseases at earlier ages. However, there are factors other than meteoro

logical that contribute to the death rate from these diseases. Some 

examples are variable proportions of a particular race, sex, age, or 

socioeconomic class. The contributions of such factors to the variance 

in death rates must be resolved before the influence of meteorological 

variables can be precisely determined. 

15.3.2 Thermoregulation and Acclimation 

Thermoregulation and acclimation are related to the organic 

diseases discussed above. There has been considerable research in this 

area, and much is known about the physiology of thermoregulation and 

acclimation; however, it appears uncertain whether a long residence time 

in either a hot summer or cold winter climate causes cumulative stress on 

the physiological systems involved and if so, whether this may lead to 

the early onset of, for example, diseases of the circulatory system. 

There is also uncertainty about whether time spent in air-conditioned 

premises leads to the loss of acclimation. If this is the case, it may 

lead to vulnerability in situations where air-conditioning is, at least 

temporarily, unavailable (e.g., outdoors, or when there is a mechanical 

or power failure). Research to elucidate these uncertainties is needed. 
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15.3.3 Birth Defects and Infact and Fetal Deaths 

The role of meteorological variables in adverse reproductive 

outcomes is uncertain and needs to be elucidated. However, the un

derlying causes (which have the major influence) are also generally 

unknown and need to be understood before the role of meteorological 

variables can be determined. 

15.3.4 Bacteria, Viruses, Parasites and Allergens 

The meteorological factors involved in the survival and multipli

cation of the various microorganisms which cause human diseases, and 

their hosts and vectors, are in some cases reasonably well defined. In 

other cases, the geographic areas in which these diseases are endemic are 

reasonably well known, but the precise meteorological conditions in which 

they survive and thrive are uncertain. Mapping the current areas of 

endemicity and defining the meteorological, and other variables which are 

not currently well known and which limit the habitat (or allow it to 

expand), would currently assist in controlling diseases. In addition, 

this information would assist in predicting areas in which new health 

problems might arise or in which current health problems might be allevi-

ated, should there be a climate change for whatever reason. This would 

allow monitoring techniques to be put into place and preventive measures 

to be planned. 
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15.3.5 Nutrition and Disease 

Many areas of the world currently are plagued with a combination 

of nutritional deficiencies and disease. These contributors to poor 

health reinforce one another. Climate change may be either beneficial or 

detrimental depending on regional and seasonal changes. The current work 

of local, national, and international agencies aimed at determining the 

meteorological factors involved and alleviating these problems should be 

continued and, where possible, accelerated. 

15.3.6 Shelter and Workplace 

City planners, architects, and engineers need ~o work closely with 

meteorologists on research to design new structures and their surround

ings and to remodel old structures such that meteorological factors are 

used to the best advantage. This is a current need that may become more 

critical, especially for cooling human habitats, if global warming 

results from an increase in atmospheric co2• 

15.3.7 Recreational and Vacation Areas 

Until regional and seasonal co2-induced climate changes (or at 

least an estimate of the direction and ranges of these changes) are 

known, research regarding the effects on these areas probably would not 

be productive and is not recommended. 
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1.0 
N 

Health 
Concerns 

Organic 
Diseases 
and Heat 
and Cold 
Effects 

Table 4 
Knowns and Uncertainties Regarding Principal Climate Effects on Human Health 

Climate Variables 
Involved 

Temperature 

Humidity 

Preci pit at ion 
(including Snow) 

Wind Persistence 
and Speed 

Various Weather 
Types (fronts, 
etc.) 

. 
' 

Knowns 

As temperature becomes 
progressively colder 
or excessively hot, 
mortality increases. 

All climate variables 
listed influence mar
tal ity to some extent. 

01 der age groups 
are particularly 
vulnerable to the 
effects of extremes 
in meteorological 
variables or rapid 
changes in weather. 

Abrupt increases 
(heat waves) or 
decreases (cold 
snaps) in temperature 
markedly increase 
mortality in persons 
with underlying 
organic disease. 

Increases in morbid
ity and occasionally 
mortality in persons 
in apparently good 
health can result 
from extreme heat 
(heat stroke). 

Unknowns and Uncertainties 

The extent to which meteorological variables 
influence the onset and progression of 
organic diseases is largely unknown. For 
example, does the onset of heart disease 
occur (on average) at an earlier age in one 
climate as compared with a different cli
mate? Is a particular disease more preva
lent in one type of climate than in another? 
Which meteorological variables are responsi
ble and how do they interact? 

When there is temperature stress, the extent 
of underlying climatic influence on age
adjusted mortality rates from various organ
ic diseases is very uncertain, i.e., does 
mortality from a particular disease occur at 
earlier ages in one climate compared with 
another? 

When there is temperature stress, the extent 
of interaction of the various meteorological 
factors in contributing to mortality from 
various diseases is uncertain. For example, 
what influence do variations in humidity at 
a particular temperature have? 

The temperature (hot or cold) at which there 
are abrupt increases in mortality appears to 
differ in different climates, but the influ
ence of modifying meteorological factors is 
not completely resolved, nor are many of the 
non-climatic regional factors that may 
influence mortality • 
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Health 
Concerns 

Organic 
Diseases 
and Heat 
and Cold 
Effects 
(cont.) 

Climate Variables 
Involved Knowns 

Table 4 
(Cant i nued) 

During heat waves the 
following variables 
influence the extent 
of mortality and 
morbidity: 

Maximum and m1n1mum 
daily temperature. 

The variation in 
temperature from 
day to day. 

The length of the 
heat wave. 

Sex, race, socio
economic status, 
housing, physical 
activity, air
conditioning. 

Unknowns and Uncertainties 

During heat waves, the relative contribu
tions to morbidity and mort a 1 ity of the 
following are uncertain: 

Maximum and minimum (night) tempera
ture. 

Variation in temperature~ 

length of the heat wave. 

Pattern of preheat wave temperature 
buildup. 

Effect of underlying climate, e.g., the 
normal, non-heat wave temperature for the 
season. 

Effect of acclimation due to earlier heat 
waves. 

Influence of such things as sex, race, 
socioeconomic status, housing, physical 
activity, air-conditioning. 
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Health Climate Variables 
Concerns Involved 

Thermoregu- Temperature 
lation and 
Acclima- Humidity 
tion 

Physiology 
and Bio
chemistry 

Wind Speed 

Temperature 

Humidity 

. 
' 

Knowns 

Table 4 
{Continued) 

Initiated when core 
body temperature 
moves outside normal 
range {cooler or 
warmer). 

Many of the physio
logical and nervous 
system mechanisms. 
of thermoregulation 
are known. 

Ambient temperature, 
wind speed and humid
ity all tend to modi
fy body heat content 
and through this, 
thermoregulation. 

Acclimation to abrupt 
change in climate 
essentially takes place 
in a few weeks in heal
thy individuals. 

There are seasonal 
variations in physio
logical systems and 
biochemistry • 

Unknowns and Uncertainties 

Frequent variation in ambient temperature or 
long-term residence in extreme climates may 
put appreciable demands on thermoregulatory 
systems. It is not known whether these 
demands are beneficial or whether they may 
eventually lead to disease of, for example, 
the circulatory system. 

Effects on thermoregulatory and acclimation 
mechanisms of moving in and out of hot and 
cool areas {e.g., work and air-conditioned 
areas) is uncertain. 

The reasons for these variations are fre
quently uncertain, as is their relationship 
to morbidity and mortality. 
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Health 
Concerns 

Conception 
and Birth 
Defects 

Airborne 
Pathogens, 
Vi ruses, 
and 
Bacteria 

Climate Variables 
Involved 

Largely unknown 

Temperature 

Humidity 

Preci pit at ion 

Wind Speed 

Knowns 

Table 4 
(Continued) 

There are climate 
(seasonal) influences 
on the extent of 
adverse reproductive 
outcomes, e.g., 
stillbirths, malfor
mations, mental 
disease. 

Most airborne patho
gens are transmitted 
from person to person 
indoors, where humid
ity is probably the 
most important factor 
both for survival of 
of the organism and 
for infecting humans. 

Survival and disper
sal outdoors is de
pendant on humidity, 
precipition, wind speed 
and direction, ultra
violet radiations, and 
other nonclimatic fac
tors. 

Unknowns and Uncertainties 

The influence of season is small but signi
ficant; however, the influence of factors 
unrelated to climate is much larger, and 
these need to be determined before specific 
effects of meteorological factors can be 
determined. 

Ranges of climatic conditions for the survi
val and spread of most pathogens in the out
doors are not well defined. 

Distances over which pathogens can be dis
persed before being inactivated are uncer
tain. 

Reasons for disappearance and reappearance 
of many pathogenic diseases (e.g., influ
enza epidemics) are not known. 



U) 
0\ 

Health 
Concerns 

Pollen 
and 
Fungi 

Climate Variables 
Involved 

Temperature 

Humidity 

Precipitation 

Wind 

Seasonal differ
ence in climate 
vari ab 1 es 

Timing of peak 
temperatures and 
precipitation 

Vectorborne Temperature 
microorgan-
isms Humidity 

Preci pit at ion 

Wind Speed and 
Oirection 

Knowns 

Table 4 
(Continued) 

Temperature, humidi
ty, and precipitation 
requirements of some 
pathogenic fungi are 
known. 

Timing of temprature 
and precipitation for 
the highest production 
of some pollen are re
latively well known. 

The climatic conditions 
necessary for some 
vectors to thrive and 
for the microorganisms 
to multiply within the 
vector are known. 

Some microorganisms are 
are known to have al
ternate hosts, e.g., 
hirds. 

Unknowns and Uncertainties 

Climate variables needed for some pathogenic 
fungi to grow and be dispersed. 

Reasons for variations in the extent of pro
duction and dispersal for some pollen. 

Precise relationships of airborne allergens 
to asthma. 

Ideal environmental conditions for the sur
vival and multiplication of the microorgan
ism in the vector are uncertain in some 
cases. 

The role of the alternate hosts is not 
always well-defined. The ideal climate 
conditions for the host, and the multi
plication of the microorganisms in the 
host are frequently uncertain. 



1.0 
........ 

Health 
Concerns 

Climate Variables 
Involved 

Diseases Temperature 
transmitted 
by human Humidity 
contact 
or through Precipitation 
fecal or 
urine con-
tamination 
of food or 
water 

Parasitic 
diseases 

Temperature 

Humidity 

Precipitation 

Wind Speed and 
Direction 

Knowns 

Table 4 
(Continued) 

In many cases it is 
known that ambient tem
perature and humidity 
are related to the 
survival of these 
disease organisms 
outside the body. 

Heavy rains can be 
responsible for dis
persing these organ
isms into drinking and 
bathing water. 

Insects spread some of 
these diseases via 
their contaminated 
legs. 

Environmental condi
tions required by some 
pathogens, their vec
tors, or intermediate 
hosts are relatively 
well known and the 
areas in which they 
are endemic are fairly 
precisely mapped. 

Unknowns and Uncertainties 

For many of the organisms the exact ambient 
conditions in which the organisms survive 
and may be transmitted is not known. 

These diseases are thought to be more viru
lent in areas in which there is under- or 
malnutrition, but inter-relationships are 
not well specified. 

For some parasites, their vectors, and 
intermediate hosts, the environmental 
requirements or the areas in which they 
are endemic are not precisely defined. 

The areas into which these diseases could 
could move, on the basis of current climate, 
given appropriate circumstances (e.g., mi
gration of vectors or carriers) is not com
pletely determined in many cases. 



~ 
(X) 

Health 
Concerns 

Nutrition 

Climate Variables 
Involved 

Temperature 

Humidity 

Precipitation 

Wind 

Timing of peak 
temperature and 
precipitation 

Water Qual- Temperature 
ity and 
Quantity Humidity 

Preci pit at ion 

Wind 

Knowns 

Table 4 

(Continued) 

Failure of crops~ 
underproduction of 
agriculture, or lack 
of production of foods 
with essential nutri
ents, will lead to 
mal- or undernutrition. 

Poverty, even though 
nutritious foods are 
available, will affect 
nutritional status. 

Some diseases interfere 
with nutrition. 

Under- or malnutrition 
may influence suscepti
bility to, or progres
sion of, some diseases. 

Water availability and 
its quality affect, in 
some degree, almost 
all aspects of human 
health. 

Unknowns and Uncertainties 

Regional and seasonal CO?-induced climate 
change and the effects of an increased 
ambient C02 concentration on agriculture 
must be known before effects of increased 
co2 on agriculture and thus on nutrition ~an 
be predicted. 

The interrelationships of disease and nutri
tional status are in many cases poorly under
stood. 

Information on regional and seasonal CO?
induced climate change is required before 
predictions of the effects on water re
sources and the consequent effects on 
human health, can be determined. 

~ 



1.0 
1.0 

Health 
Concerns 

Shelter 

Air Pollu
tion 

' ,, 

Climate Variables 
Involved 

Temperature 

Humidity 

Precipitation 

Stagnant weather 
conditions 

Precipitation 

Wind 

Recreation- All meteorological 
al variables 

Knowns 

Table 4 

(Continued) 

Properly planned shel
ter can protect from 
some of the adverse 
effects of meteorolog
ical variables. 

The extent of air move
ment (turbulence, wind) 
will influence the rate 
of dispersal of air 
pollutants. 

Recreational areas are 
very dependent on cli
mate for their useful
ness and appeal, and 
they could be altered 
by climate change. 

Unknowns and Uncertainties 

The extent to which types of housing enters 
into morbidity and mortality from extremes 
in temperature are not well defined. 

Research into innovative ways to heat and 
cool new buildings and cities is progres
sing, but research with meteorological input 
is not being as actively pursued, as is 
needed, for older structures {both commer
cial and residential). 

The effects of a CO -induced climate change 
on air pollution wil1 2depend on regional and 
seasonal changes. Until this information is 
available, no predictions of the effect of 
change can be made. 

The beneficial or detrimental effects of a 
CO?-induced climate change on recreational 
ar~as cannot be predicted until regional and 
seasonal information is available. 
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