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The question might well be raised why a public
agency should concern itself with bioclimatology.
More specifically, this question could be " W h y
should the Weather Bureau be involved in it?"
The Bureau has, aside from its manifold observing and forecasting activities, the legal responsibility to describe the climate of the United States.
This duty is broad. There is no circumscription
how it should be fulfilled. There is certainly no
injunction to describe weather and climate solely
in terms of physical parameters. By and large,
this is, however, what has historically developed.
It is the easy way out. It is so simple to measure,
for example, the pressure, the temperature of the
air, the humidity, the wind speed, and the other
common meteorological elements.
Yet, it is
equally clear that these physical quantities do not
immediately convey to a person much about the
impact of a given atmospheric environment on the
body. The physiological response cannot, in general, be well defined in terms of these physical
measurements. If we are to serve our customers
right, we need to orient our interpretations of
weather and climate in terms of biologically meaningful quantities. In other words, we have to
bridge the gap between the physical and biological
world or, in essence, deal with the bioclimate.
The discussion in this context will be restricted
to the human side of bioclimatology. The problem
that confronts us is essentially the translation of
physical data about the atmosphere into physiologically useful terms. This recasting is complicated by the fact that we have very incomplete
knowledge how weather and climate affect man.
Someday we will, undoubtedly, measure not only
the physical quantities that we presently think of
as describing the state of the atmosphere but also
gather data of a physiological character directly.
For the time being, we have to do the best we
can with what we have. This still leaves us
plenty of opportunity to use our present weather
data. In case of the normal human being, it means
primarily their interpretation in terms of comfort.
Here we have to distinguish between conditions at
the cold and warm ends of the sensation scale.
The response of the body is quite different. In ex-

tremes at both ends, there might, of course, be
death by freezing or heat stroke. Usually, we
deal with conditions inside of these extremes. On
the cold side, as has been well established in the
literature [1; 2 ] , we can properly describe the
cooling conditions of the atmosphere by the joint
effects of temperature and wind speeds. Variously
expressed as cooling power or wind chill factor
[ 3 ; 4 ] , this element gives, for example, a very
realistic appraisal of the clothing requirements for
outdoors. The chill-factor concept has found most
use for climatological purposes (fig. 1). It has
not yet been introduced on any appreciable scale
into weather reporting and forecasting. One reason for this might be that wind chill is a number
without much immediate meaning to the general
public. Perhaps a scale of associated sensations
or clothing needs would be more useful.
On the whole, people seem to pay more attention to the warm end of the scale. This may
partly be due to the fact that over the millenia of
human history we have learned to protect ourselves better from cold by clothing, shelter and
fire, than from excessive heat. Air conditioning
is a relatively recent invention. The human discomfort sensation with respect to heat stress is
also more difficult to describe in terms of the
physical conditions of the environment. In that
respect, at least four elements enter prominently
into the physiological reactions. They are radia-

FIG. 1. Generalized isolines of average interdiurnal
variability of temperature ( ° F ) (annual).
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tion, air temperature, humidity, and wind speed.
Because there is often a fairly high correlation
between radiation and temperature, usually only
the latter enters into practical considerations.
Also, because of the fact that ventilation conditions are least observed where people live but usually on high towers or masts, we have to restrict
ourselves commonly to temperature and some
measure of humidity as the primary quantities
for expressing the degree of discomfort.
A s a simple indicator of reaction to these combined elements, considerable use has been made of
the concept of effective temperature. This quantity is statistically related to the number of human
beings feeling comfortable under any given set of
combinations of temperature and humidity. This
effective temperature can be readily approximated
by a simple formula from dry- and wet-bulb temperature observations.
E. C. Thom [5] has
labelled this the discomfort index 1 and has prepared fairly extensive climatic compilations of it
(fig. 2 ) . Preliminary indications are that a cool-

FIG. 2.

Average July temperature-humidity index,
1951-1955.

ing degree-day concept can be derived from this
index. This is directly related to the power consumption of artificial cooling systems.
Here
again, the possibility of forecasting the degree of
discomfort to be expected in day-to-day weatherforecasting practice is just around the corner.
In heat and cold discomfort, we are dealing
with concepts which are physiologically reasonably
well understood. W e have much greater difficulty
in answering questions that relate to other acute
discomforts. Many of these are caused by airborne allergens. Some of them, such as pollens,
are related to low-level wind and turbulence con1 For public information purposes, the Weather Bureau
has tentatively chosen the term "temperature-humidity
index."
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ditions [6]. Others are pollutants which accumulate under inversion conditions, both at low
and medium levels. Nearly all pollutants yield to
high winds and wash-out. Given some estimate
of sources of these contaminants, there is no great
difficulty to make a climatic estimate of the frequency of adverse weather conditions in a given
locality [7]. Nor are there any insuperable problems in predicting when aggravated conditions are
likely to develop and when they dissipate. In a
few localities, such forecasts are actually made.
There is no doubt that other pathological conditions are affected in some way or another by
climate and weather. The literature is very extensive. (Recent writings have been listed in the
bibliography by Dor dick and Thuronyi [ 8 ] ) .
Among the sicknesses affected by weather are,
undoubtedly, respiratory ailments including sinus
afflictions, some rheumatic and arthritic conditions, and certain difficulties of the circulatory
system. In all these cases, the exact physiological
mechanism by which the atmospheric environment
affects the sufferers is unknown. Some of the
victims react in opposite directions. For example,
there are individuals who show an influence of
weather on their blood pressure. As an atmospheric correlate, the air-pressure changes have
been used. Persons who react manifest this, in
a majority of cases, by rising blood pressure with
rising air pressure and lower blood pressure with
falling barometer readings.
But, in a strong
minority of persons, an inverse relation exists.
As meteorological correlatives, aside from air
pressure, many elements—usually of a complex
nature—have been used.
These include air
masses, fronts, and flow patterns. Much search
has been devoted to find causes for the meteorotropical manifestations in man. These have included electrical interactions, whether by ionization of the air, by electric fields, or electromagnetic
waves. The conclusions, even though some are
suggestive, are not of the nature that a publicservice group could furnish useful information
based on them. This is a matter for future research to elucidate.
Such research will of necessity have to determine what additional elements we ought to measure at our meteorological stations for bioclimatic
purposes. It is too expensive to equip dozens or
even hundreds of stations with apparatus to measure the ionization balance, to name just one element, until it is well established that this element
is bioclimatically uniquely effective. Otherwise,
we will accumulate enormous amounts of only
marginally useful data. And you may take my

Unauthenticated | Downloaded 01/09/23 02:58 PM UTC

186

BULLETIN

word for it that the climatic archives are already
bulging with data collected by the pack-rat system;
that is, someone thinks they might come in handy
some day.
Judging from the large amount of correspondence received by our offices, by far the greatest
need for clarification of the influence of the atmospheric environment exists for the chronic ailments
of the rheumato-arthritic complex, followed probably by those of a respiratory character. In the
former case, there is some evidence in the literature that a w7arm-dry environment with relatively
small interdiurnal changes is beneficial. In fact,
the magnitude of interdiurnal variability seems to
be a most useful bioclimatic criterion. It is easily
obtained as an index from any regular series of
observations. In the absence of a more rigorously
established relation, one can use the nearly universally observed temperature as the element
which is to be analyzed in this fashion. This
will, in most cases, also reflect the variations of
pressure and of humidity, because all of these elements have wide or narrow interdiurnal swings,
depending on the broad prevailing weather patterns. Analysis of the interdiurnal temperature
variability will readily reveal the more quiescent
locations and seasons (fig. 3 ) .

FIG. 3.

Average wind-chill factor, January
(Kgcal/m 2 /hr).

The warm-dry-sluggish climatic type may well
represent the healing climate par excellence. It
is nature's equivalent of the bed-climate which is
the extreme protective climatic environment.
Whether or not a possible side effect of a consequent reduction in muscle tonus is detrimental
remains another open question.
However, it
seems that the same combination of climatic conditions has something to recommend itself for
domiciling old people. This touches on the problem of retirement climate. The public weather
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service receives numerous inquiries about climatically favorable retirement spots. These are much
easier to answer with respect to probable fuel
bills than regards the effect on health and longevity. Many of our most rigorous climatic areas
can claim residents of ripe old age. Is that because natural selection has weeded out the biologically weak? The so-called favorable climates
have, of course, tried to attract retired persons for
economical reasons. But no scientific study in
gerontology gives an unequivocal answer to the
question "What constitutes a good retirement
climate?"
In the absence of objective criteria, the only
recourse is to give to persons who inquire about
retirement climatological tables and charts depicting a wide variety of climatic conditions and tell
them to seek the advice of their physician. At
the present stage of knowledge, this is probably
nothing but "passing the buck." With the rapid
increase of population in the upper age brackets,
the study of climatic effects on the aging body
deserves a great deal more attention than it has
received up to now. From work done so far,
it seems that for the otherwise healthy older person a climate of slight stress but not completely
monotonous is quite suitable. It should probably
be devoid of extremes and of too rapid, shortperiodic changes. On the other hand, some seasonal variety appears to be not only acceptable but
perhaps beneficial. Of course, only a very few
localities on earth offer the prescribed conditions.
Some that do are likely to become, or already are,
crowded. The alternative is a bit of seasonal
migration. This, too, has become quite an accepted pattern for some of the retired folks. This
second version makes it a lot easier for the climatologist to offer suggestions for suitable environments. Fig. 4 shows, for example, the mean
monthly temperature at two east coast localities,
with a solid line connecting the points corresponding to a move from south to north in spring and
north to south in autumn. This permits avoidance of extremes of heat and cold or, if you wish,
of wind chills and discomfort indices. It reduces
the exposure to rapid weather changes, and yet it
avoids monotony. Some seasonal variation is probably stimulating, and the human organism is likely
to be attuned to it through the genetic experience
of the race. This, however, remains to be proved.
A final task in the public service dealing with
bioclimatology is related to the health and wellbeing of the broad masses of citizens seeking outdoor recreation. Here we are less confronted with
the difficult questions of medical indications and
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five-year averages of these values have been recently published [9]. In the future, many more
separate observations, particularly in the ultraviolet, are desirable.
In the recreation field, a beginning has been
made to exploit our climatic data. Ski enthusiasts are interested in snow probabilities in the
popular winter resorts. For the northeast, some
of these have been published [10]. Also, a brief
climatic summary, with emphasis on snow, has
been prepared for the 1960 location of the Olympic
Winter Games at Squaw Valley, California [11].
A great deal more remains to be done in this
respect. Someday, we hope to tackle the climatic
information requirements of water-sport fans.
Also in the planning stage are seasonal climatic
summaries for the National Parks, which are now
the vacation playgrounds for millions annually.
Within our modest plans for a bioclimatic program, we hope eventually to place major emphasis
on the healthy stimuli that climate can provide
for young and old alike.
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FIG. 4. Solid line indicates mean monthly temperature to which individual making seasonal move would be
exposed.
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