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For all the bold sweep of the technological age,
man is still the center of interest in human affairs.
The more he delegates repetitive and laborious
work to machines, the more he frees his peculiarly
human qualities of thought, judgment, and insight
for ever more precise and critical employment.
Man, like his tissues before him, is ever demanding a more and more constant immediate environment, so that he can deal effectively with external
environments more and more foreign to his biological nature. In the depths of the ocean, holocausts on the earth, irrespirable atmospheres of
Venus, or the ultra-vacuum of space, man must
function efficiently in spite of the limited scope of
his physiological adaptability.
From his first emergence in the dawn of history, man has continually sought to extend his
realm, at first hesitantly and by bitter experience,
then with progressively more thought and insight,
until today we see him planning his first venture
into space with considerably more assurance and
with immeasurably greater safety than Columbus
or his crew could have ever imagined.
We
learned from our biological primers that the essential difference between man and lower forms
is man's attempt to conquer his environment, instead of passively submitting or adapting himself
to it. In fact, man's first excursions from the
sheltering warmth of semi-tropical regions could
have been made possible only by the fashioning of

clothes and the capture of fire. But his attitude
has been, and in less technologically devoted countries still is, to utilize these cultural controls only
after he has drawn to a large degree upon his
birthright of physiological adaptation. When faced
by hot conditions, he has, until recently, relied
very greatly upon his physiological adaptability—
which is surprisingly high as compared with that
of most animals—and contented himself with relatively simple and unsophisticated cultural controls.
The technological achievement which brought
man conquest of distance, material goods, and economic power has only slowly been applied to the
direct improvement of his own comfort, as though
he were compelled to appease his ancestors by
continuing to accept the environmental punishments that were theirs. It is perhaps not too much
to say that it was the prospect of having to exercise rigorous control over the environments of
man in foreign media that finally brought him to
apply the same benefits to his daily milieu. There
are some (and the author is one) who still feel
uneasy about it, lest a perpetually comfortable
environment remove the essential stimulus to
achievement.
But, Jeremiahs notwithstanding,
the public demand is here and, as long as men
have freedom of choice, they will favor the situation which gives them the greater measure of
satisfaction—and comfort is a mighty powerful
contributor to satisfaction.
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The Armed Forces are faced with a very wide
spectrum of environmental situations and possibilities of control. The earth-bound soldier in the
deep arctic, the high-altitude pilot, and the longvoyaging submariner would have short shrift were
technology not able to provide him with a personal
environment quite different from the ambient. The
specialist radarman, electronic engineer, and radiation technologist must maintain the utmost alertness and precise execution and have more than a
passing claim upon environmental control in the
name of maximizing performance or, at least, of
minimizing distraction. There is something to be
said for offsetting the monotony of unexciting routine duty by providing air-conditioned recreation
areas and sleeping quarters where the natural
climate is adverse. But the day has not yet arrived when every individual soldier, sailor, or airman can perform his assignment from the seclusion, comfort, and apparent safety of an airconditioned cocoon. T o distinguish the important
from the nice-to-have, to reconcile the human with
the material demands, and to maximize efficiency
while minimizing cost, the first essential is knowledge—precise, quantitative, reliable knowledge of
the natural environment, the effects upon both
man and materiel, the tolerances of both, and the
feasibility of control.
Bioclimatology furnishes
this information in so far as it concerns man and,
in so doing, supplies much of that which is required in respect of materiel.
Even if human adaptation, rather than environmental regulation, is to be the mode of adjustment,
considerable knowledge is necessary in at least
three categories. First, one must know what environmental factors have important effects upon
man's performance or welfare, their spatial and
temporal distribution, how frequently these factors
attain important degrees of intensity, and the patterns in which they occur in combination. Much
of this information appears in the meteorological
publications, but some regions of the world are
only scantily covered, while many of the meteorological stations are at sites not characteristic of
those occupied by the serviceman. There is considerable room for improvement in methods for
both macroclimatological and microclimatological
estimation between and around standard recording
sites, and much work remains to be done in storing data so that combined frequencies of occurrence
can be rapidly extracted.
Secondly, one must know specifically what effect
each environmental factor has upon man, whether
it be on his comfort, his efficiency, his health, or
his very existence. It is not enough to know
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only the effect; one must know the mechanism
by which these effects are brought about, their
mutual interaction, the bodily power of adaptation
or acclimatization, and the long-term results. In
this inquiry, no arbitrary line can be drawn between physiology and psychology, and no environmental conditions can be excluded.
Nonclimatic factors may profoundly affect the operation of the climatic and must be given proper cognizance if bioclimatology is to be anything more
than a semantic term.
Scientific success is rightly judged, within the
scientific community, by the ability of a theory to
predict the outcome of situations not yet experienced. By the Armed Forces, one very important
product desired from bioclimatology is a system
for predicting from given environmental data the
probable performance, tolerance, or persistence of
men exposed to the postulated situation. Several
relatively crude systems of limited scope have
been formulated, but a really satisfactory system
which will take into account such important controlling factors as food, clothing, task, training,
and acclimatization as well as the physical climate,
and which will give the range of probable effects,
is still no more than a dream.
When it comes to undertaking active control
of the environment, still further demands are made
on the field of bioclimatology. In many instances,
the situations to be controlled are only partially
dependent upon the natural environment, being
subject to modification by enclosures, occupation,
heat-producing mechanisms, etc.
Determination
of the actual environmental conditions may involve a good deal of calculation or speculation,
even when the ambient conditions are known.
Guidelines for such calculations are badly needed.
If anything more than amelioration of the least
acceptable conditions is to be imposed upon an environment, it is desirable at the outset to establish
the optimum conditions. This, in practice, turns
out to be more difficult than might have been suspected—first, because the optimum itself is a
zone rather than a definable point; second, because it is recognizable as the vanishing point of
reactions rather than by measurable reactions;
third, because what is optimum varies with circumstances. Delimitation of this shifting zone,
and of the circumstances which determine its
shift, is badly needed.
Inasmuch as optima are seldom attainable, and
something less than optimum is usually acceptable,
a clear picture is required of a dual situation—
the cost of non-optimum conditions in terms of
reduced human efficiency or welfare versus the
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cost of environmental control, for representative
steps between the optimum at one extreme and
the barely tolerable at the other. While this goes
beyond the responsibility, and probably the competence, of bioclimatologists themselves, the comparison has to be made before their information is
properly applicable, and they must show co-operation if not initiative in this respect.
In one other respect must the bioclimatologist
also be prepared to collaborate in matters beyond
his immediate competence—namely, in the elaboration and application of control methods. While
these are usually of an engineering nature, the
job will be accomplished more easily and satisfactorily if the climatologist takes at the least an
intelligent interest in the proposed methods and
particularly if he participates in the quantitative
aspects of the design.
The bioclimatologist has hitherto focused principally upon the short-term effects of the thermal
elements (temperature, humidity, air movement,
and radiant energy) because these are most susceptible to experimental inquiry, but much more
than this is required. The long-term effects of
even familiar conditions, such as those prevailing
in the humid tropics, are by no means established,
let alone understood. For novel conditions, such
as exposure to the cosmic radiation prevailing in
space, continually low barometric pressures in

1 A B O U T OUR MEMBERS
Kenneth M. Barnett and Clarence E. Erickson, members of the Meteorology Department, U. S. Army Electronic Proving Ground, Fort Huachuca, Arizona, have
both received awards in recent months. Mr. Barnett was
granted the Army's Meritorious Civilian Service Award
for his performance of duty from July 1954 through
December 1958, and Mr. Erickson, a Sustained Superior
Performance Award for his work from August 1958
through August 1959.
Lee H. Bettenhausen, on completion of his tour of duty
in the Air Force, has accepted appointment as principal
engineering scientist at Battelle Memorial Institute,
Columbus, Ohio.
The work of Herbert A. Cohen, chief of the Meteor
and Airglow Physics Branch, Geophysics Research Directorate, Air Force Cambridge Research Center, was discussed in the CHRISTIAN SCIENCE MONITOR o f 28 January.

A picture of Mr. Cohen holding one of the pioneer de-
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space structures, low gravitational states, etc.,
even the sub-acute effects are uncertain. If the
bioclimatologist will shed his earth-bound habits
and venture even mentally with the pioneers into
space, he will not want for problems. Should he
not accept this challenge, a new breed of environmentalist will surely evolve, for it is a challenge
that cannot be ignored.
But it is not only space which presents a challenge. W e started with man as the center of interest in human affairs and discussed ways in
which the conventional bioclimatologist can elucidate the effects of the physical environment upon
man and his affairs. But human affairs are themselves the result of the action of man upon man,
and man as part of man's environment has been
sadly neglected. As with most other influential
factors, the impact of surrounding men intensifies as the total stress increases, so that it is in
environments presenting major physical stresses
that the effect of the human environment is most
acutely seen. The bioclimatologist is already involved in this problem; would he not be still more
helpful if he would extend his concept of climate
or environment to include the human elements—
in short, if, from a bioclimatologist, he developed
into a true ecologist ? Here is a need that must be
met, and the enlightened bioclimatologist could
go a long way toward meeting it.

tectors by which it is hoped, in conjunction with the
Cape Canaveral rocket launchings, to learn more about
the properties of meteorites was a feature of the news
story. Mr. Cohen has been studying meteorites for GRD
since early 1959 and was previously a senior scientist
with A V C O , Research and Development Division.
John H. Conover left the Blue Hill Observatory in
June 1959 to join the Satellite Meteorology Branch, Atmospheric Circulations Laboratory of the Geophysics
Research Directorate, Bedford, Massachusetts. His work
continues in the field of cloud studies.
Robert C. Cowen, natural science editor of the CHRISTIAN

SCIENCE MONITOR, w a s

one of the panelists o n

the

program of the American Rocket Society, New England
Section, on 24 February. The subject under discussion
was Is the Public Getting the Full Story on Our Space
Program?
Richard L. Crisci, formerly meteorology student at the
City College of New York, has joined the Weather
Bureau staff at the St. Louis airport station.
Robert H. Curtis, superintendent of meteorology, Continental Airlines, was featured in the company's advertise(Continued on page 244)
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