moment.
Furthermore most climates have
spells or seasons that are sometimes bracing,
sometimes relaxing.
The Davos climate, as
Dorno's classic studies have emphasized, is
relaxing with respect to its light winds, moderate temperatures and dry air, but stimulating as regards the ultraviolet.
Progressive
TB calls for (or may tolerate) a highly stimulating climate, like the Adirondacks, but exsudative TB indicates only a mildly stimulating one, such as Davos, or even greater relaxation ; the choice depends on whether the
patient still has enough tone and energy to
react to the stimuli without thereby weakening his resistance to the disease.
Weather changes of course play a leading
role in stimulation. They can be harmful in
T B : the arrival of polar air masses often
leads to disturbances such as rise of body temperature, pleuritic and joint pains, lung hemorrhages, etc.
The strong
macro-weather
changes can be modified to the patient's benefit, by proper choice of site f o r local shelter
or exposure, housing, air conditioning, etc.
Presumably the well-known peak of TB mortality and symptoms in the early spring of
mid-latitudes must be related to the overstimulation and poor ultraviolet of winter
weather.
This is an important and difficult
problem in itself, which is extensively and
critically reviewed by de Rudder in his interesting book "Grundriss einer Meteorobiologie
des Menschen" (Berlin, 1938).
Extrapulmonary TB usually definitely calls
f o r heliotherapy, so that the sunshine of many
sheltered inland and shore regions can be
used, but the use of artificial light sources is
more universal and flexible. The indications
for lung TB, however, are difficult to generalize and much debated by clinicians.
In
general f o r arrested cases the dry sunny lee
(S, E or W ) slopes of sheltered mountain
valleys, above the inversions and valley f o g s
and in the zone of light mountain and valley
breezes, are desirable.
Lowlands and cities
are least desirable, while very high mountains and seacoasts, though certain of them
have been much and successfully used, are
more often contraindicated than the inter-

mediate mountain zones first mentioned.
Thus the art of TB climatotherapy, under
the direction of its most skillful practitioners,
becomes a careful selecting of the proper station f o r each patient at each stage or f o r m
of the ailment, coordinated with artificial
physical therapies (work, baths, lamps) and
surgery.
The basis f o r such a practice still
rests largely in empirical clinical experience,
but great advances are being made in putting
it on a more scientific footing, by physiological and pathological analysis of the patients, and by physical studies of the climate. Dr. Dorno and collaborators, of Davos
has been a pioneer in the measurement of the
solar radiation and the cooling and evaporating powers of the air as applied to climatotherapeutic problems.
His works on the climates of Davos, Agra, Muottas-Muraigl and
Assuan are already classic models of the sort,
though the technique needs much further refinement to be made fully practical.
It should be noted that although ultraviolet
light has a great value in TB therapy, the
incidence of TB in the tropics, where the U V
is very intense, is high, among the leading
causes of disability and death, in fact.
This
apparent anomaly results f r o m the great poverty, lack of hygiene, and crowded settlement,
which insure a ready spread of the infecting
organism f r o m person to person, and also results f r o m the lowered resistance to infection
in warm climates.
The literature on TB climatotherapy is unbelievably voluminous. Besides standard medical works on TB, the references below are
of special interest.—R. G. Stone.
1. Racmeister : Die klimatisehe Behandlung der
Tuberkulose, Berlin, 1937.
2. E r n s t : Klima und Tuberkulose, Stuttgart,
1930.
3. Gahuvyler : Klima und Tuberkulose, Leipzig,
1932.
4. Schweizerisches Forschungsinstitut fur Hochgebirgsklina und Tuberkulose in Davos,
Jahresbericht, annually 1935-36, 1936-37,
1937-38.

Observations of Nocturnal Winter Atmospheric Radiation
in California 1
F . A . BROOKS, 2 C . L O R E N Z E N , JR., 3 AND L . M . K . BOELTER 4
INTRODUCTION

is faced with
a plant need of a moderately cold
season but with the probability
of plant damage if the cold is too severe. In Southern California the frost
damage is usually due to nocturnal
radiation cooling which is most severe when the air mass overhead is
relatively dry and cold. The primary
factor in the study of frost protection,
therefore, is the net rate of nocturnal
radiation exchange between the atmosphere and the ground and foliage.
A radiometer built in 1937 in the
University of California Department
HE CITRUS INDUSTRY

T

of Mechanical Engineering for measuring the radiant energy output of orchard heaters was found to be re-

1 This
is a composite report of the radiation discussion by F. A . Brooks at the Toronto
joint meeting of the Royal and American
Meteorological Societies, August 28, 1939 and
of the p a p e r : — " S o m e measurements of nocturnal radiation", by Lorenzen, Brooks and
Boelter given at Stanford, California Meeting
of the American Meteorological Society, June
24, 1939, excepting detail discussion of radiometric theory. The complete original Stanford paper is available f r o m the Secretary,
American Meteorological Society, Blue Hill
Observatory, Milton, Mass.
Agricultural Engineer in the Experiment
Station, University of California, Davis. Calif.
3 Associate in Agricultural Engineering, University of California, Davis, Calif.
4 Professor of Mechanical Engineering,
University of California, Berkeley, Calif.
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sponsive to atmospheric radiation, so
this instrument was improved and in
1938-39 was used extensively to measure atmospheric radiat'on, which is
briefly reported herein.
EXPERIMENTAL

TECHNIQUE

The radiometer ( 5 ) used consisted of
a thermopile mounted at one end of a
cylindrical metal housing exposed directly to the sky, and was shielded
from the effect of air currents by
means of concentric baffles. The receiver viewed the object being surveyed without the interposition of any
material. The thermopile contained
150 silver-constantan junctions yielding an instrument sensitivity of 0.0373
gm cal/em2 min.mv. (8.24 B.t.u./ft2
hr.mv.). The instrument was mounted
on a horizontal axis twelve feet above
the ground in order to be clear of the
tree tops for the horizontal or 90°
sights, angles of sight being measured
in degrees from the zenith. The direction of the axis of support was east
and west, allowing the radiometer to
sight angles to the north and south.
A heavy brass plate, which covered
the instrument opening but could be
moved aside to expose the thermopile
to the sky, was mounted on the side of
the instrument case was swung on an
axis parallel to the line of sight. This
plate was blackened on both sides and
served as the standard surface during
the runs. The mounting arrangement
and wiring were such that the radiometer and standard surface could be
operated from within the f'eld house
where switches and the potentiometer
were located. Theirsocouples were attached to the standard surface, the
radiometer shield and the thermopile
base. The leads from these, as well as
those from the thermopile, were connected through a multi-point rotary
switch to the potentiometer.
The procedure followed in making
5 This and following references are listed at
the end of the article.

a terrestrial irradiation traverse was
as follows:
With the radiometer sighted at 0°
(zenith), and the standard surface
covering the instrument opening, the
thermopile base temperature was observed. The standard surface was
swung aside, the thermopile response
to the sky observed, the body swung
back over the opening and the response of the radiometer to the body
measured. The temperature of the
standard surface was then observed,
completing one set of readings. For
irradiation traverses readings were
taken at 0°, 25°, 45°, 67° and 77°, the
last being as near the horizon as
sights could be made due to the aperture angle of the instrument. Sights
at the trees and at the ground were
included in the sky traverses. During
regular runs, two sets of readings
were taken at 0 °, 25 °, 670 and 77 °, and
four readings at 45°, early results
having shown that 45° data yielded
the most satisfactory magnitudes of
the hemispherical ground irradiation
if the computation had to be based on
one sight only.
Use of the standard surface, whose
surface temperature and emissivity
are known, makes possible the calculation of the ground irradiation due
to the atmosphere, the effective temperature and emissivity of which are
not known. The radiometer response
to the standard surface and sky was
measured in millivolts.
The standard surface, having been
blackened on both sides, when exposed
continually to the sky assumed a temperature slightly below that of the
surrounding air for quiet conditions.
Relatively warm air currents caused
some fluctuations in the temperature
of the plate, and in operation readings
of the sky and cold plate were made
in quick succession so as to minimize
the error due to transients. The temperature of the radiometer shield and
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435
thermopile base were read to indicate
the rate and direction of temperature
change of the thermopile and its surroundings.
DIURNAL

OBSERVATIONS
PHERIC

OF

ATMOS-

DAILY

OBSERVATIONS

TABLE

1.

Date
1938 Nov.

Dec.
1939 Jan.

Feb.

Mar.

total diurnal radiation exchange. Outgoing terrestrial radiation was calculated from observed surface temperatures using an emissivity of 0.96.
It has long been recognised that the
net rate of radiation cooling was more
severe when there is dry air overhead,
and considerable variation in incoming atmospheric radiation was anticipated for different air masses. Table
1 gives the radiation values observed
during the winter of 1938-39 in Riverside, California. There were two pe-

7
15
16
19
25
26
27
29
30
13
29
30
12
13
14
15
17
19
29
1
2
11
22
24
25
28
1
3
9
12

A
21.5
27.2
25.1
24.0
22.1
23.9
25.4
26.6
27.5
24.3
24.6
24.1
23.7
24.9
26.3
25.8
22.1
25.7
23.9
21.5
22.2
24.6
22.2
23.7
22.6
24.1
23.1
23.4
23.7
24.8

Average

B
68
85
79
75
70
75
80
84
86
76
77
74
74
78
82
81
69
81
75
67
70
77
70
75
71
76
72
73
74
78

C
32
14
21
24
30
25
20
16
13
23
22
24
25
21
17
19
30
19
25
32
30
22
30
25
29
24
27
26
25
22

76

24

A = Best average of observed intensity of sky
radiation B t u / f t 2 hr steradian.—
B = Total hemispherical irradiation of ground.
B t u / f t 2 hr.—
C = Net loss byradiation f r o m 32° wet surface
B t u / f t 2 hr.
* Based on
cover plate.

FIG. 1. Diurnal radiant energy exchange
between sky and ground at Riverside, Calif.,
Feb. 23-25, 1939.

NOCTURNAL

D A I L Y O B V E R S A T I O N S OF N O C T U R N A L
ATMOSPHERIC
RADIATION*

RADIATION

The incoming atmospheric radiation
over a period of two similar frost
nights and the intervening day shows
a sharp rise at sunrise and fall at sunset due to diffuse daylight (short
wave) which is in addition to the long
wave radiation arising in the atmosphere itself. Sights to the south were
made with the instrument shaded
from direct sunshine but the high
values cannot be considered as reliable
as those to the north, in which direction the daylight increased the incoming atmospheric radiation by about 25
per cent.
The Eppley pyrheliometer record
for the same days has been used assuming 15% reflection to construct
Fig. 1 to indicate approximately the

OF

RADIATION

0.96

emissivity

of

calibrating

riods requiring general heating of
citrus: November 11 and February 1.
No radiometer observation was made
for the first frost but the table shows
the greatest net cooling rate on February 1. The least rate of loss, Nov.
30, for clear night sky, was about
40% of the strongest cooling, assuming an outgoing terrestrial radiation
rate of 99.5 B.t.u./ft2 hr. (32° F.).
It is hoped that future correlation
of radiation observations with aerological reports will make possible the
estimation or radiation cooling during
January 1937. The extremely cold air
overhead at that time, was the driest
observed so far at San Diego, the precipitable moisture being about 6 mm,
while for Dec. 7, 1937, it was about
18 mm.

Unauthenticated | Downloaded 01/09/23 02:08 PM UTC

436

[Vol. 20

BULLETIN A M E R I C A N METEOROLOGICAL SOCIETY

E F F E C T OF CLOUDS ON

ATMOSPHERIC

RADIATION

The radiometer proved to be an exceptionally good low-cloud detector because of the different emissivity of
water droplets as contrasted with water vapor. Figure 2 shows the sudden

FIG. 2. Effect of Clouds on Nocturnal Radiation Cooling.

stopping of net radiation cooling by
clouding-over. All the points plotted
are radiometer results, the regular cycle of observation including sights at
the ground. It is to be noted that the
ground surface-temperature promptly
rose when the net radiation demand
for ground heat decreased.
The flow of heat from deep soil to
the surface was observed by a thin
surface heat-flow meter and also calculated from observed temperature
gradients both of which indicate
ground-heat flow to the surface at a
rate nearly equal to the net radiation
demand. Hence any sudden decrease
in net radiation rate because of clouding-over renders the ground heat-flow
excessive and thus the surface is
warmed and the ground temperaturegradient cut down. The air temperature 1 inch above ground appears

colder than the ground if the bare
ground surface is surrounded by a
cover crop the foliage of which is
cooled by radiation below ground temperature.
R A D I A T I O N FROM

SMOKE

CLOUD

During the February 1st orchard
heating, sky radiation measurements
were made at Santa Paula, Calif., alternately in the orchard under dense
orchard-heater smoke and in the clear
on a hillside road above the orchard;
also observations were made at an
overhead fog layer. Temperatures of
smoke and fog were measured by
thermocouples hung from a captive
balloon, and the thickness gaged by
searchlight beam relative to known
balloon height.
The indicated advantage of about
7 Btu/ft 2 hr due to thick smoke is
not economically worth while because
of smoke damage, and recommended
practice ( 6 ) is for operation of heaters
with minimum smoke. Adequate frost
protection can be obtained with heat
alone. Attempts were made later in
the season to measure the increase in
radiation under the hot products of
combustion from smokeless heaters
but no significant gain was observed,
possibly because of the limited firing.
V A R I A T I O N OF I N T E N S I T Y
ZENITH

WITH

ANGLE

The intensity of sky radiation is illustrated in Fig. 3 as a function of
zenith angle. These data represent 24
separate runs on 11 days in the period
between Dec. 29, 1938, and March 9,
1939. The apparent sky conditions
were similar during these runs. The
intensity is relatively independent of
angle for angles up to 40°. For greater angles, the intensity increases at a
higher rate due to the larger rate of
increase of optical path length. The
intercepts with the 90° ordinate
should correspond closely to the black
body intensity at the temperatures of
the atmosphere near the ground. The
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FIGURE 3

simple graphical extrapolations shown
in Fig. 3 are made without any consideration of the anticipated horizon
value. The spread of the points of
the curve for small angles may be due
partly to variations in the state of the
atmosphere (pressure, water-vapor
partial pressure, and temperature distribution), and partly due to instrumentation. However, sufficient aerological data are not available to verify
the spread. The sluggishness of the
potentiometer-radiometer system corresponds to approximately 0.01 mv or
about 3% of the magnitude of the net
intensity of sky radiation at the 0°
sight angle. An average curve (shown
heavy) was drawn through the data.
Fig. 3 compares also the 24 traverses
(made in southern California during
January and February 1939 under radiation-frost conditions) with obser-

vations by Angstrom ( 7 ) and Ramdas (6).
A correlation of the intensity-zenith
angle data or the corresponding hemispherical irradiation of the earth
with the water-vapor concentration
and temperature is difficult because
the irradiation is a different function
of the temperature-water vapor characteristics in those wavelengths in
which the water vapor is and is not a
good absorber. For those wavelengths
in which water vapor absorbs highly,
the irradiation will be independent of
the water-vapor concentration above
the air near the surface of the earth,
but for wavelengths of low absorption
the irradiation does depend on the distribution and temperature of water
vapor throughout the atmosphere.
Elsasser( 9 ), Ashburn( 10 ) and Anderson ( 1 1 ) will present results of com-
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putations utilizing the latest data on
the absorption coefficients of water vapor. In addition, similar computations should be made for the carbondioxide and ozone ( 1 2 ) content of the
atmosphere, although these effects will
not be large compared to that of water vapor. Where the absorption lines
of the various constituents of the air
overlap, corrections for the radiation
between molecules of the several constituents must be accomplished. Finally the effect of impurities such as
dust and smoke cannot be overlooked,
their effect upon solar radiation being
often large ( 1 3 ). Liquid-water particles (clouds) must also be treated
separately.
Figure 3 reveals that the measurements of Angstrom, Ramdas and our
own possess similar characteristics. In
order to check the instrumentation of
Ramdas the hemispherical irradiation
was computed from his curves of effective sky temperature as a function
of altitude angle. Ramdas also reports a reduction of 10% of hemispherical irradiation (see Fig. 3)
from sundown to about midnight with
an almost constant magnitude thereafter until immediately before sunrise. This result can be explained by
a study of the air temperatures near
the ground which accounts for nearly
the entire variation. Unfortunately
nearly all the measurements accomplished by the authors of this paper
were made after midnight so that the
variation with time cannot be presented. A review of the trends of
soil and air temperatures measured
during the test period reveals that results similar to those of Ramdas may
be expected.
CONCLUSION

The object of this paper has been to
present a brief summary of the results obtained to date on nocturnal irradiation of ground and the variation
of intensity with zenith angle. Quali-

tative comparison with the results of
other investigators has been made.
Before the results can be quantitatively interpreted in terms of analytical
predictions, two achievements are required :
1. Humidity and temperature soundings over the portion of the sky being
surveyed by the radiometer as well as
local humidity and air temperatures
together with ground heat-flow data.
These measurements are to include an
estimation of impurities in the atmosphere.
2. Calculation, or estimation, of the
effect on the sky intensity of the remaining effective constituents of the
atmosphere.
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Certain Synoptic Antecedents of Severe Cold W a v e s
in Southern New England
C H A R L E S F . BROOKS A N D IRVING I . S C H E L L
Blue Hill M e t e o r o l o g i c a l O b s e r v a t o r y , Milton, Mass.
NTIL

U

ONLY

A

FEW

YEARS

AGO

New England was particularlyvulnerable to unexpected cold
waves, for the Canadian network of
telegraphic stations did not reach far
north and northwest of here.1 Though
unannounced cold waves have since
become less frequent, we are now returned to the earlier vulnerability by
Canada's witholding the weather reports from stations in northern Ontario, eastern Quebec and the Maritime Provinces, as a military precaution. Nevertheless, the weather maps
of recent years show that a day prior
to severe cold waves in New England
there is a typical synoptic situation,
whose main features are adequately
defined by the reports that are still
received from Canada. It is worth
while, therefore, to present a summary
of the pressure and temperature distribution in Ontario and western
Quebec antecedent to our cold waves,
so that they may be watched for on
occasions when the usual rules for
predicting New England temperatures
24 hours in advance may not clearly
indicate a cold wave. Another purpose
of this study is to present a simplified
analysis of the New England cold
waves and a ready method for their
forecasting.
A wintertime cold wave in southern New England is defined by the
Weather Bureau as a fall in temperature amounting to 20 F deg. or
more in 24 hours to a minimum of
10° F or lower. Severe cold waves,
ones with a fall of, say, 35 or more
deg. from the maximum one day to
the minimum the next day, are rare.

During the 1931/2-1938/9 period only
13 were recorded at Blue Hill. Of
these, 10 occurred with the cold front
arriving generally in the afternoon;
the lowest temperature being reached
at Blue Hill on the following morning*.
Since only morning weather maps are
readily available for analysis, this
group of cases alone will be considered
in the present study. The essential
elements in connection with the 10

FIG. 3. Temperature and mixing ratio
Toronto during cold waves
W - mixing ratio
T - temperature
W x T 1 February 18, 1936
W„ T 2 December, 7, 1936
W 3 T 3 February 10, 1938

over

cold waves are presented in Table 1.
Upper-air data (at Toronto), which
are available for three cold waves are
given in Table 2 and Fig. 3. Weather
maps for two are shown in figs. 1
and 2.
x Cf. J. W . Smith, Cold waves in N e w England,
p. 169 in "Weather forecasting in the United
States," U. S. Weather Bureau, Washington,
D.C., 1916.
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