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The Vertical Transfer of Radiation Through Atmospheric
Temperature Inversions*
EDWARD V . A S H B U R N
U. S. Weather Bureau, Los Angeles, California

A

QUANTITATIVE determination

of

the important factors in the
establishment and maintenance
of temperature inversions in the atmosphere has long been of interest to
meteorologists. However, due to the
lack of adequate experimental data
on atmospheric radiation, and turbulence, the meteorologists have been
limited to crude solutions of this important problem. Recent measurements of the long wave emission and
absorption of water vapor now make
it possible to obtain a quantitative
knowledge of atmospheric radiation.
When the vertical transfer of radiation is known, then an important step
will have been made toward the solution of the problem of temperature
inversions in the atmosphere.
In an excellent paper, Elsasser O
has published a radiation chart that
makes it possible to determine the
vertical flux of radiation in the atmosphere. However, recent measurements of atmospheric radiation made
by F. A. Brooks (to be published
soon) indicate that the Elsasser chart
gives slightly erroneous results.f Due
to this uncertainty of the numerical
results, the author ( 2 ) constructed a
•Revision, June 1941, of paper given at the
Washington meeting, 1940 ; abstract appeared
in the

BULLETIN,

May,

1940, p .

205.

fElsasser is making a new more accurate
chart to be published soon, see BULLETIN,
March, 1941, p. 141, and Mo. Wea. Rev., Jan.
1941, p. 1.—Ed.

radiation chart based on an extrapolation of the Hottel and Mangelsdorf ( 3 ) measurements of absorption
in steam. The Hottel and Mangelsdorf measurements were used because
the Brooks measurements were not
completed at the time this paper was
started. The Brooks measurements
now show that the extrapolation used
was in error, but closer to the actual
measurements than the Elsasser chart.
As it is now possible to construct a
much improved radiation chartf, the
chart constructed by the author for
use in this paper will not be published.
It will suffice to say that the numerical results obtained for the water
vapor radiation and absorption are
not greatly different from those obtained by the Elsasser chart. It is
obvious that the Elsasser method of
computing the carbon dioxide radiation cannot be used for thin layers of
air or for layers in which the temperature changes rapidly with height.
For this reason an improved—but
still rather crude—method was devised for determining the carbon
dioxide radiation flux. ( 2 ) [See article
by Callendar in Q. J. Roy Met. Soc.,
1938, p. 223-40, and Dr. Elsasser's
note id, April, 1941, p. 177.]
The radiation flux and the rate of
cooling was calculated for a number
of cases where an inversion in the
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lapse rate was observed during the
night time at the Oakland Airport.
The details of the calculations will
not be given here but both the Elsasser and the Ashburn charts were
used. The numerical results obtained
differed slightly from the two charts,
but the same sign of temperature
change was observed in every case.
In fact, no reasonable change of the
radiation chart could be found that
would reverse the sign of the calculated temperature change due to longwave radiation.

Figure 1 shows a typical example of
the observed temperature change at
the Oakland Airport when the surface
winds are light. The afternoon wet
and dry temperatures were taken
from thermometers mounted on the
Goodyear Blimp. The thermometers
had a good exposure. The blimp was
flying over the San Francisco Bay a
few miles from the Oakland Airport.
The radio-sounding was taken at the
Oakland airport.
In this set of calculations it is clear
that radiation was not the important
factor in changing the temperature
at 975 millibars. The rates of cooling
over the Bay were calculated on the
assumption that the water temperature was 14°, and the air temperature
was the same as the air temperature
over land. The surface temperature
reading was observed at the airport
and not over the water. It is seen
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that the radiation would cool the air
close to the water very rapidly but it
would not cause the air temperature
at 975 mb to fall more rapidly than
the surface air.
Table 1 shows the weather conditions during the period under discussion. The wind velocity was greatest
when the lapse rate was most stable.
A complete discussion of the factors
other than radiation that influence the
rate of change of temperature will
not be attempted here. It is only intended to point out that radiation is
not the important factor in causing
the lapse rate to change as indicated
in fig. 1. In fact, the radiation would
tend to prevent the type of cooling
observed. The stratus clouds formed
one-half hour after the radio-sounding. This indicates that a still further cooling took place at about 975
mb although the radiation was producing a heating at the level at which
the clouds formed.
Only one example is cited here, but
calculations were made for a number
of cases and the same general conclusion must be made for each case.
Long wave length radiation does not
produce the inversion no matter how
sharp the moisture discontinuity. Furthermore, it was found that the
sharper the moisture discontinuity,
the greater the heating at the base of
the inversion. This is due to the fact
that when the air is extremely dry
above the base of the inversion the
effective down-going radiation comes
from a higher level; hence, a higher
temperature.
The radiation computations were
made chiefly for the inversion found
at low levels along the California
coast in the summer time because of
more adequate data on this inversion
and because of the local importance
of forecasting the occurrence and
height of this inversion. However,
computations were made for a few
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cases of inversions occurring about
three kilometers above the eastern
United States and where the moisture
decreased rapidly above the inversion.
The same relative rate of change of
temperature was found to apply. In
other words, there is no evidence to
support the statement often made by
meteorologists that night-time thunderstorms over the plains region of
the United States are caused by the
greater rate of cooling of the top of
a moist layer of air, thus causing the
moist air column to become unstable.
The main purpose of this paper was
to discuss the effect of the long wave
length radiation in the production and
maintenance of atmospheric temperature inversions. The following suggestion is made as to the probable
cause of the temperature change observed in fig. 1. The number of vorticity solenoids is given by
(1)
curlV=VaX-V^
where, P is pressure, and a is specific
volume. The rate of change of this
quantity with height can be expressed
by
(2)
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when the hydrostatic equation and
the gas law are introduced, where, T
is temperature, and R is gas constant.
We will apply this equation to a
simple idealized state. Let the coast
line be north-south and -XJ P and
T in a plane normal to the coast
line and the land and low pressure
and higher temperature be on the
east. Let us assume that stratus

clouds have formed during the night
under the base of the inversion. At
sunrise the solenoidal field is comparatively weak and about constant
with height under the inversion. As
the land becomes heated by the sun's
rays the temperature of the air over
the land is increased and the condensation level is raised. Assume
the dry adiabatic lapse rate under
the clouds and the moist adiabatic
lapse rate in the clouds. Also assume
that the base and top of the cloud
layer over the ocean does not change
during the day and that the height of
the inversion is the same over the land
and the sea. It is seen from equation
(2) that as the cloud clears over the
land in the morning the solenoidal
field decreases with height from the
level of the base of cloud layer over
the ocean. Near the ground the
solenoidal field has increased due to
the increase of the temperature ascendant and the pressure gradient, assuming the pressure gradient at the top
of the clouds remains at a low value.
This would imply that there would be
an accelerated west wind with the
acceleration strongest near the ground.
In the late afternoon the surface temperature has fallen and now the solenoidal field is strongest somewhere
near the height of the base of the
clouds over the ocean. This would
mean an acceleration of the west wind
at some distance above the ground
that would be relatively stronger than
the acceleration near the ground.
This should tend to bring in cold air
aloft and produce observed temperature change.
This explanation is really much too

TABLE 1

Date
7/6

7/7

Time
5:30 PM
7:30 PM
9:30 PM
11:30 PM
1:30 AM

Sky
Clear
Clear
Clear
Clear
Brkn

Visibility Temperature Dew Point
20 mi.
69°
53°
25
62
54
25
58
52
20
54
50
15
56
53

Wind
W, 9 mph
W, 8
ENE, 4
SSE, 3
NNW, 3
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simple, but it serves to show that a
reasonable explanation can be made
of the observed temperature changes
near the coast from a dynamic viewpoint and it is not necessary to lay all
the stress on "radiation".
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Fog and Stratus at Seattle*
WENDELL H . WOODWARD
U. S. Weather Bureau, Seattle, Wash.

HIS "RECONNAISSANCE SURVEY" of

T

all low ceiling and fog conditions
observed at Seattle during the
four years 1936 to 1939, was made in
hope that it may assist in forecasting
fogs that affect Boeing Field. The
materials considered include the original local observations entered on
Weather Bureau Form 1130, the synoptic charts preceding and during the
fog, the upper-air winds, and, whenever available, APOB'S made at Sand
Point. An attempt was made to classify each occurrence as to its major
cause.
Seattle is situated on Puget Sound
in a basin between the Olympic Mountains to the west and the Cascade
Mountains to the east. Except for
low rolling hills to the windward,
Seattle is directly exposed to air
masses from the Pacific Ocean which
reach Seattle as southerly winds under
the influence of cyclonic circulation
and as northwesterly winds under influence of anticyclonic circulation.
The city of Seattle is almost wholly
surrounded by water, the long arm of
Puget Sound and Elliott Bay on the
west, and Lake Washington on the
east.
The airport at Boeing Field is about
5 and Vz miles south of the city center, in the flat Duwamish River Valley, and about 3 miles south of Elliott
Bay, into which the Duwamish River
•Paper read at Seattle meeting, June 1940 ;
revised May 1941. The study was made under
the direction of Prof. P. E. Church at the
University of Washington.

empties.
The field itself, 14 feet
above sea level, is between two parallel ridges which are about 1 mile apart.
At the southern end a constriction is
formed where the hills come toward
each other. A passage less than V*
mile in width and 100 feet high at its
narrowest point connects this part of
the valley with a more extensive portion to the south-southeast.
The hills to the west of the Field
rise quite abruptly to an elevation of
525 feet; to the east they rise about
350 feet. Under stagnant conditions
colder air drains westward from the
valley south of Seattle from which it
spreads northward across Boeing Field
as a southeast wind. In stable air
masses the wind blows only up or
down the valley. Figure 1 illustrates

FIG. 1 Rose of the Prevailing Wind Direction during the afternoon prior to cases of fog
formation at Seattle, Wash., 1936-1939.
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