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On the Practical Evaluation and Interpretation of the Cooling
Power in Bioclimatology ( 1 )
ROBERT G . S T O N E
Blue Hill Observatory, Harvard University
INTRODUCTION
DEVELOPMENT
of means of
measuring and computing the
cooling (and evaporating) powers
of the atmosphere is one of the more
significant advances in bioclimatology
of the present generation, and in the
future is bound to remain a corner
stone of climatological research on
physiological problems. The idea of
using the rate of cooling of a special
type of thermometer as the measure
of the atmospheric-cooling effect on
the body (or "sensible temperature")
goes back to Dr. Heberden in 1826.
Up until the World War (I), in
spite of wide recognition of the qualitative importance of the atmosphere
in health, there were only a few crude
and not very successful attempts to
make such an instrument. In 1913,
Dr. Leonard Hill, a brilliant British
hygienist, announced the invention of
his "kata-thermometer", a truly simple and relatively accurate device for
measuring the cooling power of the
atmosphere on an object having a temperature practically constant at about
98° F, the "normal" temperature of
the human body.
HE

T

THE

KATA-THERMOMETER

The kata-thermometer, or "kata" as

it is commonly called, is a short, glassstem, alcohol thermometer, constructed
and graduated to read in the range
of a little above 100 °F to somewhat
below 95 °F. There is an overflow
vessel at the top, while the bulb is
relatively oversized, 4 cm by 1.8 or
2 cm. To take a reading of the cooling power, the kata is heated to above
100 °F. by dipping it in a thermos
bottle of sufficiently hot water, then
quickly exposing it to the air; the
time that it takes for the bulb to cool
from 100° to 95° is observed with a
stop watch, and divided into a "factor" (supplied by the manufacturer),
and multiplied by the difference in
temperature between the air and the
mean kata-temperature (9?.5°). The
result is the rate of cooling by the
environment factors in milligram
calories per square centimeter per
second (mgcal/cmVsec). As it takes
the kata from a fraction of a second
up to several minutes to cool from
100° to 95°, the reading is not strictly
instantaneous. Owing to turbulence
and accidental errors, the average of
several successive readings usually
gives a more representative value.
For the c. p. on a wet body (i.e., a
"wet kata") a muslin glove which can
be wetted is slipped over the bulb;
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lation and Open air Treatment," 191921, 2 vols.; "The kata-thermometer in
Studies of Body-Heat and Efficiency/'
1923) which ought to be studied carefully by every student of human
ecology.
While they succeeded in
demonstrating in a rough or qualitative way that the kata-c.p. is related
to the rate of body heat loss, the skin
temperature, the pulse rate, basal and
actual metabolism, and subjective
sensations of heat, cold and comfort,
these correlations were not as close
in either statistical or biophysical
terms as would be desirable for scientific physiology. On the other hand,
Dr. Hill was able to demonstrate in
practice under conditions obtaining in
mines, hospitals, ships, factories, and
the open-air of town and country, and
in a simple, vivid and humane way
for which he has a genius, how the
factors temperature, radiation, wind
and humidity operate in various combinations to produce healthy or unhealthy stimuli to the body. His
writings soon had a revolutionary
DR. H I L L AND THE APPLICATION
effect on the work of institutions deOF T H E K A T A
voted to public and industrial health,
It was once thought that since the heating and ventilating, climatonormal temperature of the human therapy, balneology, etc., which prebody (blood temp.) is about 98°F., or viously had stood so much in need of
36.5°C., the rate of cooling of the kata simple and practical (even if only
in the range from 100° to 95°F., empirical and qualitative) methods of
might give a close indication also of evaluating atmospheric factors.
the rate of cooling of the human body
At the same time, some leading
under similar exposure; and that if Continental climatophysiologists saw
this be so then the kata readings in the kata principle (or in its earlier
should show significant statistical cor- prototypes), an advance of great
relation with various physiological promise for 'a "specific medical-cliand psychological reactions of the matology" and a potential tool for
body which are dependent on the equi- routine use at regular weather-observlibrium between internal heat produc- ing stations.
tion (metabolism) and loss of heat
S O M E D E F E C T S OF T H E K A T A
to the environment.
THERMOMETER
Dr. Hill and his associates worked
Before passing on to the more genassiduously in this direction for
nearly a decade, publishing several eral problem of the cooling power as
large reports ("The Science of Venti- a physio-climatic element, it is neces-

but with this device the results are
more approximate than with the dry
kata, owing to difficulty of standardizing the size, the degree of wetness,
the porosity and the cleanness of the
muslin. For a half-wet or one-third
wet body, for example, one would have
to estimate the c.p. somehow by interpolating between the simultaneous
dry and fully-wet kata readings. The
dry and wet kata are not precisely
comparable, owing to the somewhat
different radiational and convectional
constants of bare glass and wet muslin, but this is negligible for most of
the purposes we are interested in.
Automatic "continuous"-reading katas (i.e., ones registering readings in
rapid succession) have been designed,
but apparently not much used, as it
is then no longer a simple nor convenient instrument for field use. (See:
Hill, et al: Kata-thermometer in
Study of Body-heat . . . . , 1923; and
Tanaka, Jap. Jn. of Physics, v. 11,
1936, p. 56.)
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sary to consider carefully the limitations of the kata both as a physical
instrument and an imitator of the
human body, because the kata has
been so frequently advocated or used
without proper understanding of its
suitability to the purpose in question.
From the beginning' of these studies
it was realized that the kata does not
lose heat in exactly the same way a
human body does; actually, as Hill
himself has many times said, the katathermometer indicates no more than
its own rate of cooling. The criticisms
of the kata may be summarized as
follows:
1. The alcohol and glass have different conductivities;
there is a
marked lag in the response of glass
to a temperature change. Hence, a
more homogeneous and better-conducting thermometer is needed.
2. The cylindrical shape of the bulb
gives an unsymmetrical cooling-field,
which causes sometimes materially
different results according to the
angle at which the thermometer is
held to the wind and other objects. A
spherical bulb is presumably better.
3. The bulb is so much smaller than
the human body that its rate of cooling is considerably faster (1/3 to
10 times), making the kata temperature more sensitive to changes in wind
velocity, radiation and air temperature.
4. Since the c. p. fluctuates rapidly
from moment to moment in response
to the fluctuations of the atmospheric
factors (especially wind), a continuously-recording instrument would be
desirable.
5. The bulb does not have the same
radiation constants for absorption,
reflection, and emission as the human
skin, especially as regards the absorption of the solar "heat" rays of
the red and infra-red. Unfortunately
the human-body radiation constants

also vary considerably with pigmentation, clothing, temperature and wetness of the skin, etc. A black copper
sphere would be somewhat better than
the glass bulb.
6. The surface (i.e., skin) temperature of man fluctuates up and down
within certain limits, partly as a
physical function of the c.p. and
partly as a complex physiological reaction to the temperature of the air
and radiation; this in turn varies with
the acclimatization, health, age, sex,
and constitution of the individual.
The behavior of skin temperature under a wide range of conditions (such
as obtain outdoors) is so complicated
that it now seems almost impossible
to build any simple instrument which
can imitate it closely enough to indicate directly the absolute value of
the heat loss from a "normal man"
(if such a thing can be defined). The
basis of this difficulty becomes apparent when we recall that the cooling
rate is by Newton's Law proportional to the difference in temperature
between the body and air, and that
the radiation is by Stefan's Law proportional to the fourth power of the
difference in absolute temperatures of
the body and environment (air and
nearby objects). The kata c.p. assumes a constant surface temperature
of 98°F. as the basis of heat in-come
and out-go; hence, where the climatic
conditions lead to skin temperatures
frequently well below 98° F., the
actual heat loss from a man obviously
is decidedly less than that indicated
by the kata; and vice versa, if the
skin temperature is higher than 98°
then the kata tends to lose less heat
than the body, that is, assuming the
kata also reacted to cooling as does
the body in all other respects.
7. Not only does the assumption of
constant surface temperature form a
serious limitation to the kata, but like-
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wise the assumption that the rate of
heat production of the body is constant. The kata has always about
the same heat content to lose when it
is at a temperature between 100° and
95° F. But metabolism in man "normally" varies over a surprising range,
according to muscular and mental activities, food, health, clothing, and
exposure to weather or shelter; and
for the same status as to these conditions, individuals will differ in
metabolism according to race, climate,
sex, age, weight, constitution, psychology, etc. Finally, the same person
can to some extent "acclimatize" himself to higher or lower mean levels of
c.p. by autonomic and conscious reduction or increase of metabolism.
It is difficult to generalize these variations into a simple form, and we are
forced to abandon the concept of a
"normal body". Thus not even a c.p.
instrument with variable heat input
(which is not difficult to design)
would in itself solve the problem, because it would take so many diverse
variation-patterns to represent the
leading types of fluctuating metabolic
behavior. We could, however, make
simultaneous readings at several fixed
rates of heat input and several constant surface-temperature levels,
though this would still be a long way
from a parallel to actual physiological
conditions. Professor C. F. Brooks
and E. C. Donnelly once made a brave
attempt in this direction {Mo. Wea.
Rev., Vol. 53, 1925, pp. 423-426) but
the method was obviously too complex
for any general routine use in climatology of this generation.
8. In view of what has been indicated above, the kata reading can be
regarded only as a relative rather
than an absolute index of the cooling
of man. To get the total heat loss
from a man as indicated by the kata
we should multiply the c.p. rate by

the total "effective area" of the man
in question; thus a small inaccuracy
in measuring the rate for a small
thermometer would give a large error
in the total heat loss computed for a
large body such as a man. For this
and the other reasons mentioned above
it is not surprising that Lahmeyer
and Dorno found that the heat losses
of several persons as measured directly by other means were actually
on the average over a period of
months only l/6th to l/3rd of the heat
losses for the same period computed
on the basis of readings of coolingpower at constant heat-input and varying skin temperature (computed from
Vincent's very questionable formulae).
It is now customary, therefore, to call
the kata or other similarly-measured
c.p. values, "physical" or "climatic
cooling powers", in contradistinction
to a possible "physiological cooling
power"—a terminology that ought to
be scrupulously followed.
In order to meet some of these objections to the kata, Hill, Dorno, Buttner and many others have invented
numerous improvements on the katathermometer as well as new instruments based on similar principles.
None of these yet approaches an adequate simple solution, and they mostly
have a disadvantage in their expense
and greater inconvenience, which has
prevented their wide use. The Davos
Frigorimeter of Dr. Dorno, the Biittner Frigorigraph,
and Y a g l o u ' s
Heated-globe Thermometer will be
mentioned below as having achieved
the most success and promise for outdoor purposes.
Nevertheless, probably owing to its
simplicity more than anything else,
the kata-thermometer of the Hill type
has continued in extensive use: (1)
in indoor ventilating studies and (2)
in climatology; but even these applications are apparently now on the
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wane, in the first case because the
kata has been found a somewhat less
reliable index for indoor comfort than
certain other methods (such as " E f fective Temperature"), and in the
second instance because it is easier
to compute the c.p. from a formula
than to make readings with the instrument. Also Professor Yaglou has
recently invented a new anemometer
that promises to supplant the kata for
measuring indoor air movement in
ventilating studies.
T H E V A L U E OF T H E P H Y S I C A L

COOLING

P O W E R I N CLIMATOLOGY

One may naturally ask then:---of
what value can the physical c.p. be to
anthropo-climatology and why is it
still so widely advocated? The answer
is that, in spite of their limitations,
the various c.p. instruments nevertheless do give a convenient quantitative
estimate of the relative strain that the
atmosphere puts upon the body's metabolism and heat-regulating mechanism. This strain is a very fundamental quantity to know, especially as
long as direct physiological measurements are not so simple and practical
to make. A climatography of the
globe on the basis of the physical c.p.
would be of prime value in many problems of settlement, acclimatization,
therapy, and health.
Traditional climatology gives its
data in units referred to standards of
ordinary meteorological utility, such
as temperature with respect to freezing point, wind speed in distance travelled per unit time, relative humidity
with respect to saturation at the prevailing temperature, etc. For the
human body, however, it would be
more pertinent to have the temperature, relative humidity, c.p. and evaporation computed with respect to body
(preferably skin) temperature. Radiation intensities are customarily

measured on small flat, black recorders, horizontal or normal to the
sun's rays; for the body, however,
we should have a larger and spherical
recorder with absorptivity and emissivity like those of the skin or clothes.
Professor Dorno pioneered in developing climatologieal methods on such
a more strictly physiological basis.
Next to Dr. Hill, it is largely to him
that we owe the general recognition
of the significance of the c.p. as a climatic element for man, and more especially its introduction into the observing and research programs of
many institutions and state weather
services.
Obviously, in using or accepting
data on the c.p. we must understand
their limitations and qualify our interpretations accordingly.
The technology of c.p. measurement
and computation naturally involves
problems in physics, but the hygienist,
climatologist, or geographer should be
familiar with some of the details of
this side of the matter if he would
attempt either to evaluate or interpret
c.p. data in relation to a practical
problem, such for example, as tropical
acclimatization.
T H E D R Y COOLING P O W E R

A priori we know from classical
physical principles that the cooling of
an object by the atmospheric and terrestrial environment will be a combined function of conduction, convection, radiation, and evaporation.
When the object is dry and does not
give off liquid the evaporation factor
cannot be involved. For a generalized heat-balance equation for the
cooling of a dry, heated body by conduction and convection to air, Hill
used the adaption of Newton's Law
which Prof. L. V. King derived from
careful experiments with hot wires:
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H= (a+b V v) (U-U)
. .(1),
where H is the heat loss in calories (or
BTU's) per unit of time (seconds or
minutes), ft is a heat-transfer coefficient for conduction and b a coefficient
for convection, both constants for any
one object and to be experimentally
determined, v is the wind velocity
(meters per second, or mi/hr), and U
and U are the temperature (°F or °C)
of the surface of the body and of the
ambient air respectively. Metric units
are usually used in such an equation,
for the English units require more inconvenient constants and computation.
There is no term for radiation effects in this equation, an equilibrium
between incoming and outgoing radiation being assumed or controlled in
the calibration chamber. Such an
equilibrium of course does not hold
very often in practice, not even in the
shade outdoors nor in rooms; however,
the radiation factor is so complicated
that we can best consider it separately. There are various ways of
computing or estimating the radiation
effect on c.p. if some regular solar
radiation or sunshine observations are
available.
All the numerous kata-thermometers and other c.p. instruments have
had formulae of the general form of
equation (1) evaluated for them; the
evaluation (or "calibration") is usually made by comparing in a small
wind tunnel or controlled air-chamber
the c.p. readings of the instrument
with simultaneous registrations of
wind and temperature, (and sometimes of the radiation also).
The radiation factor outdoors is not
easily included in such a formula
because the spectral composition is so
variable and diverse. A kata-thermometer, for example, in the full sunshine will absorb solar heat rays (direct rays as well as scattered and

reflected ones) according to its own
radiation constants. This heat affects
the c.p. in the opposite direction to
the conduction-convection effect, by
warming the bulb rather than cooling
it; hence this radient energy received must be evaluated in calories
and algebraically subtracted from the
right-hand side of eq. (1) ; then H
will come out a lower quantity in the
sun than in the shade, other conditions
being equal. In the shade or with
heavy overcast clouds only the weaklyheating rays scattered and reflected
from sky and ground reach the instrument; the resulting insolational lowering of the c.p. is often negligibly
small. In a room there is apt to be
considerable long-wave
(so-called
"low-temperature") radiation from
the thermometer to colder walls or
windows or from warmer walls and
radiators to the instrument; the instruments and the human body (or its
clothes) are nearly perfect "black
bodies" to these rays (which, therefore, can have a decided influence on
indoor "comfort"). At night outdoors, the instrument will suffer a net
cooling by long-wave radiation to the
colder environment: to the ground,
to the "air" (including its dust suspensions, water-vapor, and haze), and
to the clouds, usually causing only a
small increase of the c.p., but sometimes, as under a clear sky and with
snow cover, it may be responsible for
a not unimportant part of the total c.p.
When one speaks or reads of kata
or other instrumental c.p. measurements it should be borne in mind that
they include some more or less considerable radiation influence of the
sorts just described.
However, many of the published
c.p. statistics are computed values:
these are obtained by substituting the
ordinary meteorological observations
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FIGURE 1.

of wind and temperature in one of
the various c.p. formulae derived
from instrumental calibrations, and
then solving the equation for the
value of H in calories. Presumably
this procedure gives the c.p. values
that would have been obtained from
an instrument in the shade if it had
been in use. Since the radiation influences on the c.p. are not easy to compute adequately, even where the usual
separately - measured solar - radiation
observations are available, practically
all published computed c.p, data are
for an exposure "in the shade",
whereas many of the instmmentally
observed c.p. data are for exposures
in the open (more or less sunshine or
nocturnal eradiation).

The computation of c.p. values
thus suffers a serious limitation to its
practical applicability, since in many
climates the effect of sunshine on the
c.p. is a very critical factor in human
comfort and health. Nevertheless,
Continental bioclimatologists are practically unanimous in advocating not
only the extensive use of computed
c.p.'s, but also the preferability of
computing to measuring c.p. (except
where very refined medical and physiological correlations are intended).
The instruments are necessarily too
expensive or inconvenient for the
wide use which is desired, whereas the
formulae make it relatively easier to
produce, for the shade conditions at
least, statistics for a large number of
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FIG. 2. A nomogram for computing the dry cooling power in the shade
(reproduced from Gold: The Effect of Wind, etc., p. 317), based on Hill, Angus
and Newbold's 1928 calibration.
places scattered over the world. Yet
it is surprising how little advantage
has been taken of this opportunity.
Possibly the confusion over the conflicting formulae and the tedium of
the computations have been discouraging, but also many geographers, climatologists, and medical men are still
unaware of these possibilities.
Everyone must have observed that
the same state of comfort (i.e., c.p.)
can be produced by very different combinations of temperature, wind, sunshine, and humidity. A c.p. formula
is merely a convenient way of expressing this quantitatively. By plotting
the curves of these variables against
the c. p. on a graph the precise manner in which their relationships work
can be seen at a glance. F I G U R E 1 is
the graph of Hill's 1923 dry-kata formula (indoors, or "in the shade")
which has been so widely used. By
using a chart of this sort as a nomo-

gram for computing the c.p. given
the wind and temperature, one can
save a great amount of time over
that required for arithmetical or
slide-rule calculation directly from the
formula. Such nomograms have been
published for a number of c.p. formulae, but they are easily constructed
by plotting enough points computed
from the formula to'give the shape
of the curves accurately. In the case
of some formulae the dry-c.p. nomogram will be easier to read if the c.p.
be plotted against the temperature,
as in FIG. 1, instead of against the
wind as in FIG. 2, for the wind isolines
then come out nearly straight on the
grid. The nomogram can also be used
as the base for a climogram in the
same manner that J. Ball, Griffith
Taylor and Ellsworth Huntington
used temperature and humidity as
coordinates—'the wet-c.p. climogram
being especially significant for the
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tropics. Wet and dry c.p. nomograms
may even be combined on one base
having a common c.p.-scale, to facilitate comparison of the wet and dry
climograms.
It is unfortunate that the formulae
of different investigators and for different instruments give results that
are not strictly comparable. There
is also some question as to the comparability of computed and measured
values for the same instrument and
time under the same conditions; this
arises from various causes:—the kata
has a different response to gustiness
than the ordinary anemometer; the
use of wind and/or temperature readings taken in a different local exposure (esp. height) from that of the
c.p. instrument; and the experimental errors of the calibrations that are
smoothed out in constructing the formulae. Those errors total to a large
percent in any one "spot" reading or
single computation of the c.p., but
presumably tend to cancel out when a
number of values are averaged, as for
a week or month. The careful selection or estimation of wind velocity
values that are representative of the
exposures that a person ordinarily
suffers, is a most important detail to
be observed in practical use of c.p.
formulae.
DRY-KATA

FORMULAE

Hill's 1923 formulae (op.
cit),
though the most widely used so far,
probably should be discarded now for
later more accurate and convenient
calibrations; two joint expressions
were called for:
H = (0.20 + 0.40 V~v) (36.5° - £a)
for v <lm/sec
(2),
and H— (0.13+0.47 yf~v ) ( 3 6 . 5 ° - U )
for v > lm/sec
(3),
where H is in mgcal/cm2/sec, v is
wind in m/sec, and t& is the tem-

perature of the air in °C. It is obviously inconvenient to have two formulae for the dry c.p.; all later revisions have only one. Prof. Conrad
found in using the above equations,
that when the results are compared
with simultaneous kata measurements
at the same spot (in the shade)
and at the same time, a systematic
correction is needed to make the
computed values agree with the instrument readings; the correction is
rather small (H meas. — 0.9 Hcomp.) > eXcept at winds below 1 m/sec, reaching
Hm = 2.0 He for v — 0. He also notes
the error due to taking the wind
velocity from the ordinary anemometer high above the ground where the
wind is apt to be considerably greater
than at body or head height (where
a kata is often or should be exposed).
Some reduction of the wind velocity
data to head or body height is desirable in many cases; on the average
the wind increases with height according to v0 = v v/ —,where a? is 4 for
h
meter heights h0 up to 15 meters
and 5 for hQ = 15 m up to 50 m above
h (which is some "normal" height
above ground of the kata or man, such
as 2, 5, 10, 15, or 20 m.) A ratio of
the c. p. at, say, 1 or 2 m/sec. to the
c.p. at the measured wind, or their
difference, gives a measure of the
local range of c.p. which a person
would experience by passing from
sheltered to well-exposed spots in the
same locale (all "in the shade").
There are various precautions and
corrections of these sorts which must
be observed in computing and interpreting c.p. values from any formula
(see Conrad, Zeit. f. angew. Met. (Das
Wetter), Jg. 54, 1937, pp. 206-17, id.,
Jg. 1929, pp. 44-50; and Gerlands
Beitrage z. Geopkys., vol. 21, 1929, pp.
183-9).
In 1933 Bedford and Warner (Jn.
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Hyg., vol. 1933, p. 344) found again
for the dry kata that:
fit
(0.123 + 0.465 V

v ) (36.£°-4a)

(4).

± 5 % at most, which is a very good
under the circumstances.
T H E DAVOS

(DORNO)

FRIGORIMETER

FORMULAE
Weiss' 1926 formula for the dry
kata is (Arch. f. Hyg., vol. 96, 1926,
The only other c.p. instrument for
P. 1.)
which formulae both simple in form
H= (0.14 + 0 . 4 9 ( 3 6 . 5 ° — £a) (5), and suitable for climatic purposes are
and Bradtke gives (1926) :
available is the Frigorimeter invented
by Dorno and Thilenius in 1925 (Met.
H = ( 0 . 1 0 + 0l403V~^) (36.5°~£a)106(6).
Zeit., vol. 42, 1925, pp. 57-60). It
A later simpler formula of Hill was designed to imitate the c.p. on
(Jn. Ind. Hyg., 1928, p. 391) gives, in the human body more closely than
English units,
does the kata. It consists of a black
H = (0.15 + 0.182
) (98° - t*), nearly solid copper sphere, 7.5 cm in
for which FIG. 2 is a nomogram. diameter, into which is fitted a small
This has not been used much by cli- thermostatic thermometer. The sphere
is electrically heated at a constant
matologists.
rate.
With it is connected a special
Yaglou and Dokoff have published
a nomogram in English units for an- clock and a relay with resistance coils.
The thermostat starts and stops the
other kata indoor calibration, over
heating current and clock as the tema wider range of temperatures than
perature of the sphere goes from 38°
used theretofore, including the warmto 36°C and back again (at first 35°
ing power range (direction of con- 3 3 ° was used, before 1931). From
vection reversed) above 100 °F (Jn.
the times for cooling and heating
of Indus. Hyg., vol. 11, 1929, pp. 278read off the clock, and the "factor"
91).
for the instrument, the c.p. in
The most accurate and recent kata
mgcal/cm'Vsec is readily calculated.
formula is due to H. Lehmann, and Readings can be repeated several
based on thousands of tests under times in a few minutes, which is
varied outdoor conditions (Veroffentl. faster than the kata can be read.
d. Geophysik. Inst. d. Univ. Leipzig, Summations for longer periods, e.g.,
Ser. 2, Vol. 7, No. 4, 1936) :
morning, afternoon and night, are
H - (0.26 + 0.34 <v0-622) (36.5° - U) (7). obtainable by a single reading of the
The constants 0.34 iA622 are the aver- clock and a simple multiplication.
ages for all types of exposures Goldschmidt,
Faust,
Lettau
and
and weather. Lehmann finds rather Rempp have invented continuousmarked variation in them, depending reading systems for the Frigorimeon the turbulence of the wind, ranging ter (see Zeit. f. Instrumentenkunde,
from 0.33 to 0.35 and from v0-552 to 57 Jg., 1937, pp. 333-6; and C. R.
v0-727. It does not seem practicable to Acad. Sci. Paris, t. 202. 1936, pp.
vary these constants from the mean 1937-39.).
when computing c.p.'s, however, unLike the kata, the Frigorimeter
less wind velocities over 15 m/sec are
frequent or the exposure in question indicates total heat losses 1/3 to 10
is on a very high tower or open sum- times higher than actually take
mit, when 0.34 v0-7 or 0.34 v08 may be place from the body; hence its readpreferable. The calibration tests devi- ings likewise have only relative
ated from the formula's curve by only physiological significance. But it is
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supposed to evaluate the proportions
of convection and radiation in somewhat closer parallel to those experienced by the body, owing to the
larger size and more skin-like radiation constants. The Frigorimeter is
too complicated and expensive in
view of the purely physical character of its results, and for careful
physiologic research it is now surpassed by other instruments. However, the formulae for the Frigorimeter are possibly slightly more
valid for general anthropo-climatic
purposes than the kata formulae,
though they do not differ so greatly,
except for extreme conditions.
Dorno's 1925 (Op. cit.) formula
calibrated at Davos, Switzerland, has
been widely applied:

(10) are the best, but one may wish
to use the older formulae in order to
compare ones results with those of
others. The differences are not important for most purposes except at
low and high extremes of wind or temperature. It is probably very misleading to extrapolate the formulae very
far beyond the ranges over which
they were evaluated, i.e., below 10°F
and above 15 m/sec. By plotting the
wind velocities needed with each formula to give a certain c.p. at a certain temperature, for several selected
c.p. and temperature combinations,
one can readily see how the formulae
differ (see Fig. 30 in Biittner's "Physikalische Bioklimatologie").

H= (0.22+0.25 y v) (33.0° — ta) (8)
In 1931 he revised it slightly to agree
with his observations made with a redesigned instrument (Met. Zeit., Vol.
48, 1931, p. 254) at Assuan, Egypt
(Lahmeyer and Dorno, "Assuan",
Braunschweig, 1932) :—

Hill found a barometric pressure
effect on the kata (in a chamber)
equal to the kata at sea-level pressure times (1 + y pi/po) i, where
Px is the pressure at high level station and p0 the sea-level pressure
(760 mm) in mm of Hg. This agrees
with readings made in the Alps, but
even so Linke and Biittner think it is
irrational. Since the elevation can
directly affect the c.p. only by virtue
of the effect of air density on convection, presumably the correction for
altitude should be made by multiplying the wind velocity by -\J p/760,
where p is the observed barometric
pressure in mm. Below 5000 feet, or
until the pressure falls to where it
would change the wind velocity by one
meter/sec or more it is generally not
worth bothering with the correction.

H=(0.22 + 0.20 V v) (36.5° -U) (9)
For his Agra (Switzerland) study in
1934 he returned to formula (8) but
used 36.5°C instead of 33° as the
assumed surface temperature. Here
again we see how different conditions
of exposure (both local and latitudinal) may affect the constants. Buttner in 1934 found a new Frigorimeter
formula which is very similar to a
kata formula and should be the best
one (Abhandl. Preuss. Met. Inst., Vol.
10 No. 5) :—
H = (0.23 + 0.47 v0-52) (36.5° - U) (10)
Still other formulae have been found
in Germany and Switzerland (see
Bibliography).
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In our opinion formulae (7) and

(To be continued)
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