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ABSTRACT

The operation, in a high flying airplane, of a simple 16 mm time lapse motion picture camera
produces an excellent record of the cloud systems and other visual atmospheric patterns existing
over large areas of continent and ocean.
Over the past several years such records were obtained from both jet and propeller driven
planes through the cooperation of the Boeing Airplane Company and the Air Weather Service,
U.S.A.F. with the Munitalp Foundation.
For best results it was found that the camera should be mounted at right angles or at 45
degrees with respect to the flight path and with a downward tilt of from five to twenty degrees depending on the cruising height of the plane. A two second interval was found to be
suitable for good results with planes with an average speed in the range of 300-600 mph.
Intervals of four to even ten seconds are permissible at these speeds for economy or convenience.
When such a sequence is viewed as a movie, near clouds move by at a different rate from those
in the middle or far distance thus giving an excellent illusion of three dimensions. Successive
frames may be selected from a sequence and viewed in a stereoscope to get a three dimensional
view of the area photographed. When projcted at sound speed in a movie projector, a film
made with a two second interval sequence presents the illusion that the viewer is travelling
through the sky at a speed of nearly 29,000 mph.

HE combination of high flying airplane
and time lapse movie offers an unusual
opportunity to the desk bound meteorologist for obtaining a new perspective of the atmosphere and the storms and fair weather it contains.
By comparing the visual appearance of storms
from "on top" with observations made at ground
stations, plus analyses made with formulae, extrapolation, radar observations and other new tools,
the research forecaster may, by using the photo
reconnaissance method, discover new factors that
will greatly assist in the elimination of poor, short
period forecasts. There are few instances where
the weather forecaster is subject to more general
criticism than when a 12 or 24 hour forecast is
poor.
With the advent of routine high level flights by
jet airliners on fixed routes, an excellent opportunity will soon become available for obtaining
invaluable information on the genesis, development and evolution of storm systems over large
regions of the world. It is quite possible that the

T

* Present affiliation: U S A F Hurricane Liaison Office,
U. S. Weather Bureau, Miami, Florida.

information obtained in this manner will be much
more useful, timely and pertinent to the short
range forecasting problem than can ever be expected from controlled satellites. It will certainly
be more detailed, easier to obtain and interpret and
much less expensive to acquire. Of even greater
importance, sample runs have already been obtained so we know the method is feasible and results are easily achieved.
F E A T U R E S OF T I M E

LAPSE

MOVIES

OBTAINED

FROM A I R C R A F T

By mounting a movie camera at right angles to
the flight axis of an aircraft and operating its
shutter at intervals of one exposure every two
seconds, a detailed record is obtainable of atmospheric conditions along the flight path. If the
airplane flies with a speed of 550 miles per hour,
such a movie when viewed at sound speed presents the observer with a view of a portion of the
earth and its cloud systems, such as would be obtained if he were in a vehicle travelling at a speed
of more than 25,000 miles an hour. During a
flight of 3,000 miles at an elevation of 35,000 feet,
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the movie observer should be able to see all cloud
systems of any importance within an area of at
least a half million square miles. Using a camera
on either side of the plane, such a flight would
thus obtain a record of about a half percent of
the total surface of the earth. Five airplanes flying parallel routes 400 miles apart could easily
record the synoptic weather patterns of the United
States in 5 hours.
Except for unusually intense storm systems or
isolated orographic cumuli most clouds including
cirrus are below 35,000 feet. The jet airliner
thus becomes a highly useful platform from which
these meteorological records can be obtained.
FLIGHT

RECORDS

OBTAINED

DURING

conditions. Far to the north a solid mass of high
cirrus marked the location of an intense low pressure area which produced the floods in northern
Pennsylvania and the Catskills of New York. The
region of relatively quiet air along the flight route
extended for about 250 miles when suddenly a
very striking wave pattern consisting of long lines
of tall strato-cumulus appeared with an orientation
produced by a southeasterly flow. These persisted for 80 miles and were then followed by
scattered cumuli of many sizes ranging from fair
weather type to towering forms located over West
Virginia and Virginia. The flight ended at
Washington, D. C., with scattered strato cumulus
in the region.

TRIAL

FLIGHTS

During the past two years over 3,000 feet of
film has been exposed by us during test, commercial and weather reconnaissance flights. Most
of the results obtained thus far have been at altitudes ranging from 10,000 to 25,000 feet above
sea level. One sequence, however, was obtained
by one of us (Schaefer) at an altitude of 33,000
to 37,000 feet during a flight on October 16, 1955
in the Boeing 707 jet transport airliner between
Seattle, Washington and Washington, D. C., at
an average ground speed of 592 miles per hour.
The film, which was exposed at 2 second intervals,
depicts about % of the flight route. The actual
flight from Seattle to Washington, D. C., required 3 hours and 58 minutes. When projected
at sound speed, this film depicts the clouds encountered from coast to coast in less than 4 minutes! The first hour of flight, which could not
be photographed due to darkness, was over terrain without clouds except for fog and low stratus
west of the Cascade Mountains east of Puget
Sound. The movie shows a deck of cirrus clouds,
below the plane while crossing over northern
Idaho and western Montana, which were related
to a jet stream for a distance of about 150 miles.
This is followed by a cloudless region with heavy
ground smoke and haze over a distance of 400
miles, and then a region covering 80 miles of altocumulus clouds shedding snow virga. These
middle clouds were in random patches between
Omaha and St. Louis. Just east of the Mississippi
at St. Louis small cumulus were arranged in
long parallel lines oriented NNW to SSE for a
distance of nearly 90 miles. These clouds became progressively larger toward the east until
they abruptly disappeared and were followed by
areas of patternless stratus showing slack air

RECORDS OF C L O U D S Y S T E M S O B T A I N E D

DURING

W E A T H E R RECONNAISSANCE FLIGHTS

About 1350 feet of time lapse movies were exposed by one of us (Taylor) during 11 different
weather reconnaissance flights. These were all
obtained with a standard Munitalp Time Lapse
Movie Unit. These were obtained between March
and August 1955 during routine operations on the
Gull Alpha and Gull Nectar flights from Bermuda
performed by the 53rd Weather Reconnaissance
Squadron of the Air Weather Service. The Gull
Alpha flights operated between Burmuda and
Nova Scotia, while the Gull Nectar covered a
triangle between Bermuda, the Windward Islands
and Puerto Rico. A considerable portion of the
Gull Nectar photographic records were made in
active hurricanes, the most detailed being near
and in the eye of Hurricane Connie during August
1955.
Installation of the camera was extremely simple
but very effective. During the initial flights with
the camera it was oriented forward and parallel
to theflightdirection as shown in F I G U R E 1. Subsequently, exposures were made with the camera
at right angles to the flight direction as shown in
F I G U R E 2. The camera was tilted in such a manner that the horizon was positioned across the
upper third of the photograph. In this manner
distant clouds above the horizon were recorded
as well as the clouds in closer proximity. A 17 mm
focal length lens was used during all weather reconnaissance flights. This lens subtends a horizontal angle of 37° and produces a very satisfactory record. Experience indicates that 17 mm
or 10 mm lenses are to be preferred rather than
those which cover narrower angles such as the
25 mm.
At the beginning of a film sequence during a
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weather reconnaissance flight pertinent information was placed directly on the film to prevent any
chance of mix-up. This was done on the flight
deck by photographing a suitably inscribed sheet
of paper mounted along-side the flight instruments.
This procedure is illustrated in F I G U R E 3.
Movies taken during flights into the eye of
Hurricane Connie present a spectacular illustration of the value of such operations. The occurrence of cumulus, stratus and cirrus clouds in the
hurricane as related to its structure and organization is graphically shown. Even with the limited
illumination present in regions of overcast skies
the motion pictures show sufficient detail to permit the viewer to recognize the various cloud
types and unusual features of these relationships.
T I M E L A P S E C L O U D M O V I E S FROM
AIR

COMMERCIAL

LINES

It is quite feasible to obtain good records of
large cloud systems from commercial airplanes.
Routine observations over regular air routes, especially from jet airliners, could become of great
value to the research meteorologist within the next
five years. Such observations should preferably
be made from a favorable position in the vicinity
of the flight deck.
In order to explore the feasibility of making
such films, a sequence was obtained from the rear
starboard seat of a Boeing Stratocruiser during
a regular United Airlines daylight flight from San
Francisco to Honolulu on October 1954. It was
found that the window ledge in that position had
sufficient depth to allow a 16 mm magazine-type

FIG. 2. Mounting of time lapse camera for obtaining
film sequences at right angles to flight path including
stereo pairs.

Bell & Howell camera with a 17 mm lens to be
operated for over an hour in a stable and easily
maintained position. By having the lens almost
touching the inner pane of the double window,
objectionable reflection troubles were eliminated.
The small, compact Munitalp 2-second interval
control for the shutter operation was contained
in a small camera bag.
The time lapse movies showed some striking
patterns of cloud streets positioned at the boundaries of large polygonal figures spread over the
sea about midway between the West coast and
the Hawaiian Islands.
CONCLUSIONS AND RECOMMENDATIONS

FIG. 1. Mounting of Munitalp time lapse movie camera
unit in B-50 aircraft for obtaining film sequences in direction parallel to flight path.

The acquisition of good photographic records
of cloud systems over large areas of sea and land
is now easily obtainable. Such surveys should
soon be made at the highest altitudes feasible over
well known, as well as little known, regions of the
world and correlated with general surface and upper air weather developments. If properly understood and utilized, such records could serve in lieu
of a dense network of ground stations and might
easily lead to a new method for observing and
forecasting atmospheric behavior on a hemispheric
and even worldwide scale. By synchronizing such
camera observations along the route to be scanned
by an artificial satellite, details of atmospheric
conditions could be obtained for calibrating the
observations made from the higher altitude.
Such records need not be difficult or expensive
to obtain. Most of them could be made using
existing air lines and extremely simple and inex-
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pensive equipment. Experiments should be conducted to explore the possibility of rapid processing of the photographic records so they might
be delivered to the operational forecaster within
an hour or so of the time they are obtained. In-

stantaneous transmission is not necessary since
the time lapse feature makes it desirable to obtain about a 50 foot reel before it is projected for
viewing. Depending on the speed and altitude of
the aircraft, a 50 foot reel would represent the appearance of the lower atmosphere over a distance
of 300 to several thousand miles and an area of
30,000 to more than a half million square miles.
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Method of recording flight information at start
of film sequence.
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