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A Project on Thunderstorm Microstructure*
HORACE R . B Y E R S , COLONEL B . G . H O L Z M A N , A . C . , a n d COMMANDER R . H . M A Y N A R D ,

S A RESULT of a number of accidents
to military and commercial aircraft in
thunderstorm conditions and f r o m a
growing realization of the need f o r reexamining and possibly radically changing
operational procedures in such weather conditions, the United States Government has
undertaken a program to investigate the
structure and dynamics of the individual
thunderstorm.
The Congress has charged
the Weather Bureau with the responsibility
of coordinating this research project and
f o r this fiscal year appropriated ample funds
to the Bureau f o r the purpose.
Facilities,
equipment and personnel of the Army Air
Forces, of the United States Navy and of
the National Advisory Committee f o r Aeronautics are being devoted to this project on
such a scale that an undertaking much
greater than was previously thought possible
is now being carried out.

A

Most meteorologists are familiar with the
effort of the Army Air Forces to solve the
problem of all-weather flying—a problem
likewise being dealt with b y the Navy and
the commercial airlines. The situation might
be summarized b y saying that there are three
main phenomena interfering with the development of all-weather flying. They are ( 1 )
* Read at New York Meeting, January 1946.
Dr.
Byers is in charge of the project for the Weather Bureau. He may be addressed at 5727 University Ave.,
Chicago, 111.

U.S.N.

low visibility in f o g and cloud, dust, smoke
and haze; ( 2 ) cloud-particle phenomena,
that is, icing and precipitation static; ( 3 )
thunderstorm phenomena, that is, excessive
gusts or drafts, lightning and hail.
The
first two problems appear to be soluble by
engineering methods; in fact we are well
on the way toward perfecting these methods.
Lack of visibility presumably can be overcome by radar methods, elaborating and perfecting the present ground-control approach
systems. Icing, we assume, can be controlled
b y improvements in heating or other deicing methods, and precipitation static, we
are informed, is an engineering problem of
designing suitable antennae. The excessive
gusts or drafts of some thunderstorms, dangerous lightning strikes and hail cannot be
combatted; they must be circumnavigated.
Our military air strength and our commercial air transport lose their usefulness and
effectiveness if we must remain grounded
during thunderstorm conditions. All-weather
flying can only be realized if we fly in and
aroiind thunderstorms in such a way as to
avoid the zones of great hazard.
A n obvious answer to the problem might
appear to be found in the use of aircraft
radar to detect the intense parts of the
thunderstorm b y means of the cloud or rain
echoes.
Preliminary tests may be interpreted as showing no good correlation be-
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tween eclio intensity and violence of vertical
currents or at least they are inconclusive.
W e will, of course, investigate this matter
very fully.
Stratosphere flying does not
solve the problem near terminals.
As a
starting point we need a detailed description of the thundercloud, its structure, circulation
and
thermodynamic
properties.
Probably every pilot's training manual has
a sketch of a thunderstorm, showing more
or less detail, but probably every one of
them is wrong. N o one has ever arrived at
the true picture by means of carefully-made
observations and measurements within the
thunderstorms.
In the project which we are now undertaking we will make measurements in thunderstorms by means of aircraft, balloons and
radar, all tied together in relation to a micronetwork of surface stations and photographs
of the storm f r o m various angles, including
radar " p h o t o g r a p h s . "
W e will study and
probe the thunderstorm in much the same
way that a zoologist studies a new organism.
RESEARCH

PROCEDURE

The field measurements and observations
will be carried on during the coming thunderstorm season at Orlando, Florida.
This
location was selected largely because of the
Army facilities in the form of radar, aircraft and special meteorological staff and
equipment available at that place as well
as its nearness to the Navy Base, Banana
River. From a climatological viewpoint, this
location is good because it is in the region
of greatest thunderstorm frequency in the
United States. It is hoped that f o r the 1947
thunderstorm season the project can be
moved to some middle-latitude continental
region.
Aircraft will be operated in and near
thunderstorms carrying suitable recording
instruments f o r measuring gusts and drafts,
atmospheric electricity and cloud properties.
A plan is projected wherein five airplanes
will make simultaneous traverses through
the cloud at different levels, i.e., 5,000 f t ,
10,000 f t , 15,000 f t , 20,000 ft, and 25,000 f t .
The P-61 ( " B l a c k W i d o w " ) will be used
f o r this work. The Navy is assigning to
the project four F 6 F drones with suitable

control planes. These will be operated, it
is hoped, under those conditions when the
flight of piloted aircraft is considered too
dangerous. Through a cooperative arrangement with the Soaring Society of America,
sailplanes will be used in some of the clouds
and thunderstorms.
These craft have the
advantage that they can follow an updraft
while remaining within the area of rising
air and thus make measurements of it.
The instrumentation in the aircraft will
consist of the N A C A gust-measuring equipment. This includes the airspeed-accelerometer unit, the three-dimensional accelerometer,
motion picture camera f o r photographing the
instrument panel and certain aerodynamic
instruments.
The Navy electric field recorder will be installed in the airplanes, as
well as certain meteorological instruments.
The aircraft will be equipped with radar,
and ground radar will be used to trace the
aircraft at all times.
Several balloon techniques will be used.
Tests are now being made as to the possibility of following a large number of radar
target balloons simultaneously with some of
the later types of radar available at Orlando. I f a swarm of balloons is released
simultaneously at various points in the thunderstorm area, the sustained vertical currents probably could be calculated f r o m the
horizontal displacements of the balloons
f r o m continuity considerations. Regular radiosonde balloons will be launched in order
to determine the thermodynamic properties.
Special balloon-borne radio-transmitting instruments have reached a satisfactory stage
of development at the University of Chicago
laboratories. These instruments are designed
especially to measure the sustained vertical
currents in the atmosphere. The balloon apparatus consists of a rate of climb indicator
or variometer and vertical airspeed indicator.
The first instrument gives the rate at which
the balloon is leaving the earth, which will
be the airspeed in still or horizontally moving air; the second of the two instruments
measures the actual speed of the air past the
balloon.
The difference between the two
should give the actual motion of the air particles with respect to the ground. It has
been found necessary to include both of
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these measurements since the balloon changes
the rate of ascent and, therefore, also the
airspeed. This is largely due to the fact
that, f o r the ascensional rates with which
we are dealing, we are in an unstable position of the curve f o r drag coefficient plotted
against Reynolds number.
The balloon work will be carried out f r o m
the Army-type weather trucks and trailers
since it is found convenient to have the
equipment housed on wheels.
These units
will be completely equipped f o r all types of
balloon work including some radar and R D F
units.
The surface micro-network is being established about fifteen miles southeast of the
Orlando Army Air Base. It consists of a
rectangle measuring about three and onehalf by fifteen miles with fifty stations about
a mile apart. Preliminary studies of thunderstorm rainfall, as automatically recorded
in thunderstorms at the fifteen or twenty
stations maintained in the City of Chicago,
indicated that even a separation of three or
four miles gave in many cases information
sufficient f o r proper interpolation.
The stations will consist entirely of autographic recording instruments as follows:
Friez weighing rain gage,
Micro-barograph,
Hygrothermograph,
Sangamo-Lionel Magneto-type wind vane
and anemometer, and
Cup anemometer and wind vane with double register.
All of these records will be operated on an
expanded time scale so that time resolution
of less than five minutes can be easily obtained. The scale of the rain gage is being
doubled by doubling the area of catch. The
stations will be attended daily by observers
traveling in jeeps, each observer being responsible f o r about ten stations.

cloud and make a reconnaissance
flight
around it. B y tracing the path of this airplane by means of radar on each reconnaissance circle of the thundercloud, the exact
location and dimensions of the visible cloud
can be obtained.
A t the same time the
radar will show the rain core of the cloud.
Time-lapse motion pictures taken f r o m a
tower will further serve to identify the nature and location of cloud.
The airplanes making traverses through
the thunderstorm will be guided by radar
and very-high-frequency radio.
They will
also have their own radar sets. Thus, it
will be possible to plot the position of each
airplane at all times so that its location in
the cloud can be correlated with the data
recorded in the plane. In this connection, it
should be pointed out that operation procedures are being developed which will insure the greatest possible safety in these
flights. W e will approach the thunderstorms
with caution and only fly through those portions where the data seem to indicate no unusual hazards. In this respect, the radar and
radio communication will be of great help
to the pilots in getting them through the
clouds.
It is not planned to create additional hazards by releasing balloons at the same time
that airplanes are in the thundercloud; some
clouds will be studied by airplanes alone,
others by balloons. There will be about ten
or twelve different balloon units scattered
at various places within the surface micronetwork. These will consist of Army SCR
658's, probably some SCR 584's and three
units f o r special balloons.
The drones and sailplanes also
erate at different times and it is
parent that we shall have several
approaches to the thunderstorm
ments.
M E T H O D OF

M E T H O D OF OPERATION

Thunderstorms approaching or forming
over the area will be detected by radar and
visual observations.
I t is planned to use
the airplanes almost exclusively f o r storms
which are over the surface micro-network.
A t least one airplane will photograph the

will opthus apdifferent
measure-

ANALYSIS

The surface data will be plotted in synoptic f o r m f o r every five minutes during a
thunderstorm. The maps will be on a scale
of
to the mile. Wind, temperature, wetbulb temperature, pressure tendency and
5-minute precipitation amount will be plotted in the usual station model. Isallobars,
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isotherms and isoliyets will be drawn on
each map. The airplane and balloon positions will be plotted 011 maps of the same
scale f o r lesser time intervals and f o r a
number of different levels. The pertinent

data recorded by their instruments will then
be entered. The material will also be reduced to vertical cross sections. Thus, Ave
shall have a fairly complete three-dimensional picture of the thunderstorm.

"All-Weather Airline" to be Operated by Army Air Forces
The first all-weather airline in the history of flying will begin on a coast-to-coast
schedule starting this spring or summer. Operated by the Army Air Forces, the new airline will be flown in all weather conditions as a " p r o v i n g g r o u n d ' J f o r equipment developed
to make flying safe in adverse weather. Manned by expert crews and aviation engineers,
special planes will test the new instruments and serve f o r the study of flying in all atmospheric conditions. N o passengers will fly on the new line at first, and the A A F emphasizes
that the schedule is being planned as an experimental venture. I t is expected that the end
points of the cross-country flights will be Washington, D. C., and some airfield in California.
Landing fields the Army already has will be used. Col. Ben S. Kelsey, Wright Field, Ohio,
is to be in charge of the all-weather operations under M a j . Gen. Curtis E. Le May, deputy
to the commanding general of the A A F f o r research and development. Col. Kelsey is
chairman of a committee of government flight experts choosing what equipment should get
top priority in the experimental flights. Gen. Le May called a conference on all-weather
flying in Washington in February, at which he declared that the Army already has equipment to maintain flight schedules under any weather conditions. A t this conference civilian
and military aviation groups described their instruments and systems which are intended
f o r or adaptable to all-weather flying. They are expected to get a chance to demonstrate
what their equipment will do in operation on the experimental all-weather airline. Most
revolutionary of the new developments is the automatic flight controller that makes " p u s h b u t t o n " flying possible, produced by Air Technical Service Command. Gen. Le May has
emphasized that all-weather flying is not practical f o r commercial flights in its present stage,
but it is expected that the experimental work on the new airline will greatly hasten the day
when regular flight schedules can be maintained without consideration of the weather. At
Wright Field airborne ' 'laboratories' - make daily flights carrying standard weather recording equipment and special devices to check on particular phases of the weather related
to the problems of flying. With these planes go not only the normal crew but also meteorologists and engineers to observe the tests and maintain the equipment. They search out adverse flight conditions. Col. B. S. Kelsey, in charge of these all-weather flights, says, ' ' Only
through such actual exposure to weather conditions now limiting general flight operations is
it possible to determine ways to master t h e m . , ,
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