Then, the observations were grouped
according to the behaviour of the tropopause. The change in height (A H)
and in temperature at the tropopause
(ATH), that is, at varying levels, were
considered. The four resulting groups
are
AH>0,
ATu < 0
( 4 7 cases)
A # < 0 ,
ATN > 0
( 4 5 cases)
AH>0,
ATn > 0
( 1 6 cases)
A # < 0 ,
ATH < 0
( 1 2 cases).
It was probably to be expected that
in the majority of cases the temperature at the tropopause falls (rises)
with rising (falling) height of the
tropopause as is borne out by the preceding table. The ratio of the two alternatives (sign A ^ n o t ^ sign ATH anid,
sign A H = sign A TH) is 3.3 while in
Europe with 2.6 times more material it is only 2.1. This is hardly
due to the scarcity of our material
but seems rather to indicate a difference between the stratosphere over
Europe and North America. It should
be noted in particular that most of

the American stations are situated in
more southerly latitudes. For the
sake of brevity only the vertical distribution of the interdiurnal temperature change will be discussed here
(Table III). The two groups sign
AH not=sign ATH show opposite temperature change in troposphere and
stratosphere which is obviously a consequence of the opposite meridional
temperature gradients in troposphere
and stratosphere. It may be stated
that this opposite-sign rule does not
hold for every individual case, but for
the great majority of all cases. The
two groups sign A H = signA TH, on
the other hand, have practically the
same sign in troposphere and stratosphere. The more erratic trend of
these two sets of figures is a consequence of the limited number of cases
contained in them. These preliminary
results show already that a close
coupling exists between tropospheric
and stratospheric changes, such as
found over the European continent.

A Simplified Method of Airplane Sounding
W I L L I A M H . W E N S T R O M , MAJ., U. S. A. (Ret'd.)*
162 Bishop St., New Haven, Ct.
(MS received May 5, 1937)

SOUNDINGS
are today
widely used by weather analysts
and forecasters, particularly in
connection with civil and military
aviation. Another military use of
such soundings is in determining ballistic density for Ordnance and Artillery.
Most present-day airplane soundings
are made with an aerograph that
records values of pressure (p), temperature (t) and relative humidity
( / ) encountered as the airplane climbs
at a slow rate such as 300 ft./min.
The standard aerograph must be
calibrated frequently in a large and
heavy calibration chamber. After each
sounding is completed, evaluation of
the recorded data into useful form (a
table showing p, t and / at all critical
IRPLANE

A

levels) takes about one hour.
The method described below, in general principle a reversion to earlier
sounding devices, was designed to obtain the same result as an aerograph
sounding but much more simply and
quickly, and with a minimum of apparatus. With a trained observer in
addition to the pilot, accuracy is
about the same as with an aerograph.
APPARATUS

The pressure-measuring element is
the standard airplane altimeter permanently mounted in the observer's
cockpit of an airplane of training or
observation type. By reference to a
graph, any reading of this altimeter,
•Formerly: Meteorological Officer for Boiling
Field, D. C., and the Third Corps Area, U. S.
Army, 1934-37.
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once it is properly set, can be quickly
converted to an equivalent pressure
in millibars.
The temperature-measuring element
is an ordinary Taylor scale-on-stem
glass thermometer of liquid type,
scale —50°C to +50°C, about 12
inches long. The relative humidity
measuring element is a Selsi precision
hygrometer, hair type, 4-inch dial.
The thermometer lag is about 15 to
30 seconds; the hygrometer lag is
somewhat greater. As shown in Figure
I, both these instruments are cushion-

FIGURE 1.

mounted within a strong, streamlined
aluminium case, rigidly mounted on
a strut which can be quickly clamped
in place across the airplane longerons
in front of the observer. The construction shown is amply strong
having withstood loops, spins, and 200
mph power dives. The streamlined
case sets about l i feet out from the
near edge of the fuselage; tests have
shown that this distance is sufficient
to get outside the zone of engine heat.
During the sounding flight, the observer records observed values of altitude (p), t and / on a small pad of
mimeographed forms strapped to his
thigh.
PROCEDURE

(1) Place sounding instrument in
or near standard meteorological instrument shelter. Calibrate sounding ther-

mometer and hygrometer against
standard instruments in instrument
shelter. Record hygrometer error; adjust if more than 10%.
(2) Clamp sounding instrument on
airplane.
(3) Obtain station pressure (5 feet
above airport) in inches; convert to
millibars; convert to feet altitude on
airplane observer's altimeter.
(4) Observer sets his altimeter to
value found in (3) above.
(5) Pilot sets his altimeter to airport elevation.
(6) Pilot takes off and climbs at
300 ft./min.
(7) At 500 feet above airport, pilot
levels off for 15 seconds.
(8) During period of level flight,
observer reads and records the average reading of his altimeter; this altitude reading is converted to millibars
of pressure on return to ground.
(9) After 15-second period of level
flight, pilot again climbs at 300 ft./
min.
(10) As pilot starts climb from 500
foot level, observer reads and records
reading of thermometer and hygrometer in the sounding instrument.
(11) Pilot continues climbing at
300 ft./min. to 1,000 ft. level on his
altimeter ; at which point he levels off
for 15 seconds.
(12) During period of level flight,
observer takes average altitude (pressure) reading on his altimeter.
(13) After 15-second period of
level flight, pilot again climbs at 300
ft./min.
(14) As pilot starts climb, observer
reads and records reading of thermometer and hygrometer.
(15) Procedure described above is
repeated at each 500-foot level up to
top of sounding. (Military observation airplane reaches 12,000 feet in
about 40 minutes; reaches 16,000 feet
in about 70 minutes.)
(16) On return to ground, observer's altitude-pressure readings are
converted to millibars pressure. Sounding gives complete record of pressure,
temperature and relative humidity at
each 500 foot level; to be plotted on
adiabatic diagram, Rossbygram, tephigram, emagram, etc. Intermittent
readings at 500-ft. levels have been
found to locate critical points quite accurately.
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RESULTS AND DISCUSSION

The simplified sounding apparatus
was tested by making several soundings with it at the same time that
scheduled soundings were being made,
with a standard aerograph mounted
on another airplane, from the same
field. As shown by the accompanying
Adiabatie
Chart and Rossbygram
(Figs. 2 and 3) for one of these
tests, made on August 15, 1936, the
agreement is generally very close. As

the liquid thermometer is inherently
more accurate than the £-element of the
aerograph, indeed, it is probable that
t h e curves obtained with the simplified
apparatus are more accurate than the
others. The 500 foot interval between
readings is small enough to catch all
significant points and stratification
changes for ordinary meteorological
analysis purposes. The observer can
n o t e significant points even more closecarefully watching the instruments during each climb period, and
recording intermediate extreme readings. Whereas the aerograph sounding is not complete for about an hour
after landing, the simplified method
gives the result within five or ten
minutes; it would even be possible for
the observer to convert his altimeter
readings to millibars on the way down
(if the pilot descended without steep
turns or other sudden changes) ; time
could also be saved by using a barometer, direct-reading in millibars, in
the observer's cockpit.
For detailed study of lower atmospheric strata from the surface up to
3,000 feet or so, useful in certain applications such as high fog forecasting
and military use of chemical warfare
agents, the simplified apparatus can be
used with either 200-ft. or 500-ft. reading and recording intervals. A complete sounding to 1500 feet (200-ft. intervals) can be made within about ten
minutes, or to 3000 feet (500-ft. intervals) in the same time.
SIMPLEST METHOD

FIGURE

2.

For some purposes, such as rapid
local forecasting, a sounding to some
intermediate altitude around 10,000

FIGURE 3 .
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feet should be sufficient; pressure
measurement could ibe dispensed with,
temperature in °F and relative humidity being" noted by the pilot at 500
or 1000-foot levels. A small streamlined case of aluminum could be built
to contain a Fahrenheit, red-liquid
filled for easy reading), scale-onstem thermometer about 5 or 6 inches
long, and a 2h inch hair hygrometer;

this case could be mounted 11 feet out
from the fuselage on a detachable
strut opposite the pilot's cockpit.
Thus any pursuit or sport pilot can
take an approximate sounding at any
time, or as often as desired; and the
data he takes are in convenient form
for reference to the 5° dry and 2i or
more degree moist lapse rates expressed in English units.

The Importance of Observations From the Upper Atmosphere in
Long-Range Weather Forecasting*
H . C . WlLLETT
Massachusetts Institute of Technology, Cambridge
(MS received June 29, 1937)

During the past year the careful analysis of a continuous series of northern hemisphere charts, once daily, has
been carried on without interruption
at the Massachusetts Institute of
Technology. In this connection there
have been prepared and verified regular weather forecasts for weekly
periods one, two, and three weeks in
advance for some ten stations scattered widely over the northern hemisphere. This undertaking is being
supported in part by the Bureau of
Agricultural Economics of the Department of Agriculture, as one phase
of a general investigation of the longrange forecast problem.1)
There were really two immediate
more or less definite general aims
behind the daily analysis of northern hemisphere weather maps at the
Massachusetts Institute of Technology.
These were (1) to acquire a practical
acquaintance from day to day with
the major features of the general circulation patterns of the northern
hemisphere and the influence of the
prevailing circulation pattern on the
contemporary weather conditions over
this hemisphere, and (2) to look for
possible empirical clues as to the
future state of the general circulation
* Essential excerpts from a longer paper of
the same title read to the American Physical
Society meeting at Denver June 26, 1937 at a
Symposium on Cosmic Physics and High Altitude Effects; the full paper will appear in
the Journ. of Applied Physics. This article
reiterates substantially the same remarks made
by Prof. Willett at the Washington meeting
of the Amer. Met'l. Soc., April, 1937, under
the title "Analysis of Northern Hemisphere
Weather Maps For the Winter of 1936-37",
which will also be published in the Trans.
Amer. Geophys. Union, 1937.
Cf., Bulletin, Feb. 1936, p. 57; Oct., 1936,
pp. 288-292; this issue, following article by
Montgomery.

in its current state and present tendencies.
The experience gained with the
northern hemisphere map during the
past winter which was particularly
rich in persistent anomalous conditions, illustrated perfectly the complete dominance of the weather conditions over large areas by the vagaries
of the individual centers of action,
together with the frontal zones of interaction between them, which go to
make up the general circulation pattern. The unusual development and
westward extension of the Atlantic
High was evidenced by the abnormal
warmth in the eastern U. S. during
the end of December and most of
January, together with the extremely
heavy rain in the Ohio Valley along
the frontal zone separating it from
the cold continental anticyclone to the
northwest. On the other hand, the
complete disappearance of the Atlantic center, and its replacement by abnormally low pressure from the region of Bermuda northward during
the first week of February, brought
the N. Atlantic coast its only week
of subnormal temperature during the
winter months. An even more striking feature of the general circulation
pattern last winter was the complete
disappearance from the Aleutian Is.
region of the N. Pacific of the usual
Aleutian low, and its replacement by
very persistent high pressure. This
supplied the whole Pacific coast with
abnormally cold polar-Pacific air
masses, which in turn were responsible for the formation of abnormally
cold and persistent polar-continental
air masses over the western half of
the continent. The usual mild maritime air of the N. Pacific area moved
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