ago, he showed in a striking manner
that dust storms almost, if not quite,
as severe as the recent ones in the
so-called "Dust Bowl" had been
known in the early settlement of the
country.
During a business session of the
CLIMATE
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Seminar Mr. S. D. Flora, Weather
Bureau Meteorologist, Topeka, Kansas, was elected Chairman for the
ensuing year and Dr. John H. Parker
was continued as Secretary.—S. D.
Flora, Nov. 2U, 1936.

AND

GUY HINSDALE, M . D . ,

DISEASE*

White Sulphur Springs, W. Va.

CHAPTER II
Humidity

We turn now to one of the most
interesting and practical studies in
climatology, viz., that of humidity.
It is so closely related to temperature, wind and atmospheric pressure
that it can never be considered independently of these other factors. It
has to do with ventilation in our
homes, our factories, shops and
offices, and it is one of the principal
measures by which we are accustomed to gauge the value of health
resorts.
On the ocean, especially in the socalled doldrums, or equatorial belts,
the air is nearly saturated with
water vapor most of the year. On
our Gulf Coast and Atlantic and
Pacific seaboards naturally a much
higher relative humidity prevails
than in the interior of the continent,
especially on the prairies and higher
table lands.
Toward nightfall the relative humidity rises and it is greater in the
lower stratum near the ground; this
occurs not so much because there is
any greater actual content of moisture in the air—absolute humidity—
but because the fall of temperature
so far reduces the capacity of the
air that the amount of vapor already present is nearly or quite competent to effect saturation.
The absolute humidity is limited
principally by the temperature. A

cubic foot of air at 32°F can contain at the most but 2.1 grains of
moisture; at 98°F, however, 18.7
grains. A cubic foot of air inspired
at 32°F is warmed up in the respiratory passages to about 98°F and is
expired practically saturated with
moisture and therefore takes from
these passages about sixteen grains
of water. If this moisture be not
supplied rapidly enough to the nasobronchial membrane dryness and
mechanical irritation result and prepare the way for other diseases.
The Measure of Humidity.—No instrument in general use accurately
measures minute by minute the percentage of moisture in the air as does
the thermometer for the temperature. But there are some self-recording hair-hygrometers for measuring
relative humidity which are satisfactory when they are checked at intervals by whirled paychrometer
readings, the reduction tables for
which are quite accurate.
Statistics of relative humidity
[whether reliably made or not] are
very freely used, especially in advertising health resorts. Mountain resorts are almost always proclaimed
as dry when the opposite is generally
true. Frequently, only observations
taken at 8:00 a.m., 8:00 p.m., and at
•Continued from October BULLETIN, pp. 257-
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noon, are used; but the self-recording
hygrometer plainly shows that from
sunset to sunrise the relative humidity at a given station may be from
90 to 95% or higher, while during
the forenoon it drops until about
3:00 p.m. when it may be only 40,
50, or 60%, thereafter rising (as the
air cools) to a maximum in the early
morning hours, when dew or frost
often occurs. For example, on a fair
mid-day, especially in the autumn, it
is not unusual to find the relative
humidity in the Alleghany Mountains
35 to 40%, but 80% at 6:00 o'clock
and at 95% or over between midnight and morning. Thus the invalid
is dealing with a comparatively low
humidity during the day and, if he
sleeps out of doors, as many do nowa-days, he finds the air very damp at
night. This is much more true east
of the Great Plains than in the
Rocky Mountain region and arid
plateaus of the west.
But, as we all know, it is better to
have pure air, whether damp or not,
than to have a dryer air of impure
quality such as most of us have in
our dwellings in winter when hotair furnaces or steam heat are demanded for comfort. Though the air
be damp relative to its own temperature, it may still be quite dry relative to body temperature (that is,
low physiological relative humidity),
and so is not detrimental.
It is, of course, necessary to design our houses and public buildings
so that we shall have sufficient heat
to make us comfortable, enough
moisture to avoid extremes of humidity and plenty of pure air to counteract the tendency of the carbonic
acid gas of respired air or of other
combustion to accumulate. In this
respect, the prevailing use of electricity for lighting has been a great
improvement which some of us can

scarcely appreciate.
But, on the
other hand, the more extensive use of
steam coils for heat tends to lower
the humidity to a point where great
demands are made on our powers of
adaptation; and where the much
abused human mechanism fails to
adjust itself with impunity to such
a wide range of conditions.
The
superheated American house,1 thanks
to the heating devices, has an atmosphere about twice as dry as that in
the desert of Sahara: the latter has
a mean relative humidity of 30%,
while in a steam or furnace heated
house it often runs as low as 16%.
In this respect the rich suffer more
than the poor. The poorer classes
derive most of their heat from the
kitchen stove and a boiling kettle
keeps the humidity normal. In flats
heated by a hall stove a water pan
helps to moisten the air, and similar
houses heated by hot-air furnaces
have a tank for the evaporation of
hot water. It is, therefore, chiefly
with steam and hot-water heating
that we find too dry an atmosphere
and its consequent effects—overheating and stuffiness.
Now the human body, as we know,
is more or less moist; the insensible
perspiration amounts to several
pints in the twenty-four hours and
as this evaporates we experience a
sense of cold or at least coolness;
our sensations correspond approximately with a temperature such as
may be recorded by the wet-bulb
thermometer, modified, of course, by
the amount and character of clothing
worn. This is the sensible temperature and it is this which renders
bearable the heat of arid regions.
In the eastern and southern states
the sensible temperature for July is
depressed about 5°F while in the inJ Cf.:
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terior of the west there is a considerable area where the reduction
amounts to 20° or 22°. In the very
hot portions of our country where
the July isotherms are 86° to 90°,
the July sensible temperatures are
only 60° to 70°, the latter being the
mean at Yuma, Arizona. This is an
important correction in considering
the records made in any hot climates,
as it forms a convenient index of the
degree of heat felt by the human
body.
The sensation of cold is intensified by the presence of wind and,
conversely, if wind be absent the
cold can more readily be borne.
The temperature of the body is
regulated by the loss of heat through
evaporation of water from the lungs
and skin. At a temperature of 50 °F
and a relative humidity of 75% the
loss of water from the lungs has been
estimated at 286 grains; and from
the skin at from 500 to 1700 grains
daily. As the humidity rises, the
escape of water from the body lessens and when high humidity occurs
with high temperature the heat is
much more oppressive than when the
air is dry and allows free evaporation.
There is an optimum for humidity,
as very humid air may prevent comfortable escape of body heat by
evaporation and very dry air, especially when warm, is said to affect the
mucous membranes injuriously.2
The part played by water vapor in
the life scheme of the earth is of the
highest importance. It is principally
responsible for the blanketing effect
of the atmosphere, by preventing the
escape of the heat that the sun rays
bring to the surface of the globe.
The vapor is invisible and allows
both the light and the radiant heat
2Editorial, Journal of the American Medical
Assn., May 22, 1917.

of the sun to pass through the air
almost without any obstruction, but
at the same time it is nearly opaque
to non-luminous heat rays arising
from the surface of the earth
warmed by the sun.
If the heat derived from the sun
could pass out through the air as
easily as it can pass in, the nights
would be frightfully cold, a glacial
chill spreading over the earth the
moment the sun set, while even in
the daytime the passage of the sun
behind a cloud would produce an
immediate shiver, as if an icy breath
had blown over the land.
It may not be clear why water
vapor should have the peculiar selective action on heat rays just mentioned. The reason is, in part, because the sun, being very hot, sends
out a great quantity of heat rays
composed of both long and short
vibrations, whereas a body not so
hot as the sun, but still warm enough
to radiate heat, sends out only rays
composed of long wave vibrations.
When the sun's multiplex rays reach
the earth's atmosphere a certain
quantity of the whole—about 35%
—is absorbed before reaching the
surface of the earth, and this absorbed portion includes certain of
the long heat-rays, to which the
water vapor, and some other constituents of the atmosphere, are relatively opaque.
Many of the shorter rays, however, pass readily through and are
absorbed in warming the earth. But
when the warmed earth in its turn
radiates its heat the rays are composed of long vibrations (because the
earth is not very hot), and these are
"stopped" by the atmosphere and
prevented from escaping, just as the
longest of the sun's rays were prevented from entering.
Glass, as
every gardener knows, possesses the
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same property of allowing the short
vibrations from the sun to pass and
"stopping" the long ones from the
heated ground.
The water vapor in the air is aided
in this process by another atmospheric constituent, much less abundant than water vapor, viz., carbonic
dioxide, which has a similar effect
upon the passage of heat rays, and
it has been thought that in the past
a variation in the amount of carbon
dioxide in the air may have been the
underlying cause of some of the
great climatic vicissitudes that the

earth has undergone, such as the
glacial periods and the conditions
that at an unknown epoch in the past
caused temperate if not tropical
climates to prevail around the
earth's poles, where now there is an
ice-covered sea in the north and a
vast and lofty continent buried under mountains of ice in the south.
The more the atmosphere is studied
the more it becomes evident that
changes in its constitution may have
had an enormous part in the development and destiny of the life of the
globe.

T H E M . I. T . — H A R V A R D — A . M . S. S E M I N A R ,

The joint M. I. T.—Harvard—
Amer. Met'l. Soc. Seminar held meetings on Monday evenings during
the academic year, 1935-36. The
speakers and titles of papers were
as follows. Many of these papers
have been published, some were reviews of published papers by others,
and some are yet to be published, as
indicated. All members of the sponsoring institutions, and others interested, are cordially invited to these
regular meetings; the programs are
announced weekly in the Harvard
University Gazette; the meetings are
held Mondays (barring holidays) ; at
7:30 p. m. in room 33-418 Guggenheim
Aeronautical Laboratory, M. I. T.,
Cambridge. Prof. C.-G. Rossby, M.
I. T., is Chairman.
Oct. 7.—K. O. Lange: Radiometeorographs.

[BULLETIN, Oct.,

Nov.,

Dec., 1935, and May, 1936]
Oct. 14.—C.-G. Rossby: Review of
"Investigations of Selected European
Cyclones by Means of Serial Ascents",
by J. Bjerknes, Geofysiske Publ., Vol.
II, No. 4, 1935.
Oct. 21.—H. C. Willett: The Sounding Balloon Series of November, 1934.
[To be pub'd later in M. I. T. and W.

1935-36

H. Oct. Inst., Papers in Met. and
Phys. Oc.1
Oct. 28.—R. B. Montgomery: Review of "Coastal Currents", by W.
Werenskiold, Geofysiske Publ., Vol.
10, No. 13.
Nov. 4.—A. Bemis: Review of papers by H. W. Ahlmann and H. U.
Sverdrup on the structure, temperatures and ablation of the snow and
firn on the glaciers of Spitzbergen
("Scientific Results of the NorwegianSwedish Spitsbergen Expedition in
1934, Pts. I-V," Geografiska Annaler, Vol. 17, 1935, pp. 1-218; also as
Medd. jr. Geogr. Inst. v. Stockholm-s
Hogskola, Nos. 22-25).
Nov. 18.—G. Griminger: The Meteorological Work of the Byrd Expeditions. [Reports in preparation].
Dec. 2.—J. W. W. Osmun: Atmospheric Electricity and Thunderstorms.
[A Review of the work of B. J. Schonland; Cf. papers in Proc. Roy Soc.f
A.]
Dec. 9.—H. Olsson: The Swedish
Expedition to Spitzbergen during the
Second International Polar Year,
1932-33. [Results to be pub'd in Vol.
6 of the Medd. fr. Stat. Met.-Hydr.
Anstalty Stockholm].
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