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A TIROS III CLOUD INTERPRETATION EXERCISE
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Abstract: A description is given of an exercise
conducted on 9th August 1961, when an augmented
team of ground and air observers was organised
for the specific purpose of enabling a comparison
to be made between observations of cloud obtained
in this manner and also simultaneously by TIROS
III television camera.

In this exercise satellite cloud
photographs were obtained of a cut-off low over
southeast Australia. The characteristic
appearance of certain cloud types in satellite
pictures is discussed and reference made to
difficulties in cloud identification in some other
cases.

The pattern of the major cloud
features is studied in relation to the synoptic
situation, including a ring-like cloud feature
believed to be associated with the cold core at
about the 700 mb level.

1. INTRODUCTION

" The TIROS series of meteorological satellites has already provided numerous

photographs of .interesting cloud patterns over many parts of the earth. The utility of this
data has already been proven in routine analysis and its potential towards a more adequate
understanding of basic meteorological processes is widely recognised.

{

Considerable success has already been achieved in identification of various
patterns of cloud with particular meteorological features. It is not unreasonable’ to expect that
with increasing expertise in interpretation, other and possibly less 1mmed1ate1y strlkmg cloud
pictures will lend themselves to accurate and significant deductions in a like manner.” Cloud
pictures, supplemented by other types of meteorological satellite data, may eventually be
capable of expression in terms of horizontal and vertical motion, moisture and temperature
distribution.

Facility in interpretation of satellite cloud pictures can best be achieved by
exercises in which clouds of known type and distribution are charted and compared with
pictures of the same cloud taken by satellite camera.

This paper describes a project of this kind conducted with TIROS III on picture-
taking orbit 398, 9th August 1961.

2. OBSERVATIONAL NETWORK
Southeastern Australia was chosen as the location for the exercise since it allowed

the organisation of a comparatively dense network of ground stations. The base time for the
exercise was 0520 GMT - the mid-time of the satellite pass over the exercise area.



A maximum density of ground observations was achieved by augmenting the normal
synoptic network of ground stations by a considerable number of other reports. Arrangements
were made for special 'sferics' observations and also for in-flight reports from R. A, A, F. and
commercial aircraft by trained meteorological personnel on flights covering the satellite
pass time of 0520 GMT. Two Canberra aircraft were allocated by the R, A, A, F, specifically
to obtain continuous time-lapse photographs of the cloud from about 40, 000 ft on a track
approximately along the line of the satellite principal points. In addition, the co-operation of
a Melbourne University research unit.resulted in a photograph being obtained from a high
altitude balloon at 85, 000 ft at 0520 GMT (Hopper et al.1961).

Fig. 1 shows the path of the satellite as projected onto the earth's surface. The
boundary of the picture is shown and the m. s. 1. synoptic pattern. Fig. 2 shows the ground
and air observing network.

3. PROCESSING THE OBSERVATIONS

Cloud data obtained by the ggound observers were depicted horizontally on station’
circles on a chart scale of 1 in 2.5 x 10°. _—

This was neceésarily schematic since clouds of low and middle levels are only
visible when within a few miles from the observation point. On the above scale they effectively
describe only the zenith. High level cloud at lowest observable elevations may be visible up to
30 miles from the station but is poorly resolved. Towards the coast the greater density of-
these spot 'samplings' afforded a much better picture of the cloud distribution than they
permitted in the interior. In this area the aircraft observations were invaluable.

Cloud photographs from the aircraft were processed in regard to major features
by using the lens constants to determine the actual dimensions of the cloud in the horizontal
(Ronne 1959). This determination involved also the estimation of the height of the top surface
of the cloud and the distance of the cloud from the aircraft. Cloud top height was based on
aircraft observation and deductions from radiosonde plots. The processing thus involved various
approximations and the magnitude of the error in cloud depiction on the chart was likely to be
greater for photographs taken obliquely rather than vertically beneath the aircraft. However,
oblique photography was necessary to extend the scale of the observations. Port and starboard
photographs were selected for preference from those in which the optical axis had been
depressed below the horizontal. For a 35 mm camera with vertical lens angle of 30° the
horizon image appears at the upper edge of the photograph when the axis of the camera is
depressed 150‘(Fig. 3). When the camera is in the horizontal position the horizon appears in
the middle of the photograph but the resolution is inferior.

Even in the depressed position of the camera as shown in Fig. 3, the foreground
cloud represented by the section AB is capable of fair resolution only and the background cloud
BC cannot be resolved. For aircraft height 41, 000 ft and cloud (top) surface 15, 000 ft AB
represents a distance of about 12 miles with the extreme foreground cloud at 'A' about 8 miles
distant horizontally from the aircraft. The viewing angle (in this example 60° to 75° for
clouds from A to B) is the principal factor which limits the resolution of clouds photographed
in this way. This can be shown by Fig. 4, which indicates the increase of horizontal distance
(_51), or the decrease in resolution, with increasing angle of view (8) for aircraft height and
( 80) '

a stratiform cloud layer as specified. At a viewing angle of 50° the resolution decreases to
about half its value directly beneath the aircraft and the decrease continues exponentially as
the viewing angle increases. '

In addition to photography to port and starboard, overlapping photographs were
obtained vertically beneath the Canberra aircraft by means of the 10 in. vertical cameras.
The degree of overlap depended on aircraft speed, on the amount of pitching or yawing and
also on the drift, since the camera position was fixed relative to the aircraft. The aircraft
flew at 41/42, 000 ft. Grosser errors involved in the exercise did not justify temperature and
density corrections to obtain true altitude and air speed. ‘

With known focal length and film size 8.5 in. x 7 in. the actual dimensions of the
photographed cloud or ground surface become 8. 5H x 7H miles for a height of H miles above
10 10
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Fig. 1 Sea level chart 0500 GM T 9th August 1961. Track of Satellite and picture boundary also shown.
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the surface. The photographs were of high resolution and cloud elements of-one mile

diameter were distinguishable. The main problem was to obtain accurate flight paths and to

tie the photographs to these paths. Ground features on the photographs could not be identified

on large scale survey maps since the latter were unavailable over most of the area. However,

position fixes were frequently and accurately determined by distance-measuring equipment,

and the number of exposures was automatically recorded between fixes. The photographs were

combined in mosaics of six to ten prints by lapping areas with recognizable cloud or ground

features common to consecutive photographs. By fitting these mosaics within the distance i
between consecutive fixes it was generally possible to obtain the geographical location of

clouds along the track without gross error.

The orientation of the photographs at their respective locations was obtained from
course and track directions. The mosaic was located so that the minor axis of prints was
directed along the track (Fig. 5). In this way it was possible to determine with a high degree
of accuracy the orientation of cloud bands which were present vertically beneath the aircraft.

The clouds from the processed photographs were schematically depicted on a 1 in
2.5 x 10" scale chart. The vertical F52 photographs thus provided a narrow angle high
resolution picture of the cloud vertically beneath the aircraft in a strip which ranged from
4 to 6 miles according to cloud height. This was extended by the 35 mm photographs to port
and starboard to a distance of the order of 20 n. miles with poorer résolution as djscussed
previously.

The photograph from a high altitude (85, 000 ft ) constant level balloon was obtained
using an inverted all-sky camera which was dropped by parachute after photography at 0520
GMT and recovered by radar-tracking. The field of view was in excess of 300 miles radius.
A transgarent overlay of concentric circles was used with diameters subtending angles of
30 60", 90 and 120° at the camera considered at the zenith. The circle whose diameter
subtended 120° (nadir angle 60 ) was considered to be the maximum within which clouds were
capable of fair resolution and was equivalent to an area of approximately 25 miles radius.
This wide angle photograph did not permit detailed analysis of cloud but was useful as a check
on band orientation, and on the distribution of clear sky and cloud as obtained from other
sources.

The cloud depiction as observed from all sources is presented schematically in
Fig. 6. This indicates areas of overcast, broken and scattered cloud, with cloud types
indicated in order of predominance within each area. Classification in this way was assisted
by the presence of a synoptic situation in which particular cloud types were uniformly
predominant in certain areas. In other areas, riotably in the extreme northeast sector, a
number of different cloud types at low, middle and high levels existed without predominance of
any one type and could be expected to cause difficulty in interpretation of the satellite cloud
photographs.

It will be appreciated that a number of inaccuracies are inherent in a representa-
tion of this type. These are listed as follows:-

(a) In ground observations the upper cloud layers cannot be observed and may be
unreported when a low overcast is present.

(b} Observational error is likely to exist to some extent in the classification of
cloud types. It was apparent in the case of cloud observation from 40, 000 ft
that there was difficulty in classification of some cloud forms as either
cumulus or altocumulus. In addition, the classification of cloud as As Ac
was widely used by observers who tended to classify many middle level
clouds in this category. ‘

(c) In order to obtain cloud depiction representative of the situation at 0520
GMT, it was desirable to adjust aircraft observations to be valid for this time.
In the case of organised frontal cloud this was accomplished by displacement
of the cioud pattern over an estimated distance. This was assisted by the
location of sferics activity (Fig. 6) and by the 'persistence' factor of cloud
features which has been shown to exist in other studies.
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Fig. 6 Schematic depiction of cloud as observed by ground air network.
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4. CORRELATION WITH SATELLITE PICTURES

In correlating the cloud distribution of Fig. 6 with the satellite photographs, a
further major source of difficulty arises from the error in gridding the photographs with
latitude/longitude lines. This error was estimated at + 2°. However, a knowledge of the
synoptic situation was helpful in establishing a comparison of the satellite-photographed clouds
and the same clouds as observed by conventional methods. The synoptic situation over the
region concerned consisted of a front-vortex system which was accompanied by a characteris-
tic cloud pattern whose broad-scale features were identifiable on the satellite photographs.
Displacement of the pattern due to gridding error did not therefore invalidate the comparison.
The discussion which follows concerns areas of known cloud type which could be identified in
this way with certain portions of the satellite pictures. In order to achieve optimum

focussing, those frames were chosen for study in which the principal point occurred in or near
the cloud feature.

5. SYNOPTIC SITUATION

On 6th August 1961 a low formed in the cyclogenetical region off southwest
Western Australia under the influence of an approaching high level trough from the south
Indian Ocean. The low intensified and moved eastward over the Australian Bight during

7th August. At the same time strong ridging commenced over waters well south of the Bight
from an Indian Ocean high.

During 8th to 9th August the low became cut-off and moved northeast over south-
east Australia, reaching the east coast at about 30°S on 10th August, An almost symmetrical
thermal field indicated that it reached a mature stage early on 9th August as shown on
Figs. 1 and 2. :

The associated frontal system consisted of a surface cold front which moved
steadily across the continent. The warm front was evident only as a slight discontinuity at
upper levels over central Queensland. A wake trough developed in the rear of the occluded
section of the front on 9th August and moved rapidly eastward through New South Wales and
Queensland-in the succeeding 24-hours. .

The upper air analysis showed a cut-off low at 700 mb by 2300 GMT 9th August
almost vertically above the surface position and the 500 mb centre displaced slightly to the
northeast (Fig. 7).

The clouds consisted of mostly broken cumulus and areas of middle cloud along the
Queensland coastal sector with frontal thunderstorms inland. Clouds increased to overcast
stratiform in a wide band behind the surface position of the front and parallel to it. Broken
cumulus and patches of middle and high cloud lay over northern New South Walés with overcast
stratiform cloud and rain in the southeast interior. Cloud along the coastal sector of Victoria
and southeast South Australia cleared to scattered curmnulus and cirrus. Conditions were
mainly overcast with cumulus, stratocumulus, larger cumulus and showersg over central
southern parts of South Australia. Only cumulus and stratocumulus was reported by ships in

" the eastern Bight.

6. DISCUSSION OF PICTURES

In the figures referred to in the following discussion the frames are oriented so that
the north direction in the principal point area is towards the top of the page.

(a) Frame No. 15 (Fig. 8)

Four features on this frame are specified by the letters A, B, C and D. The
principal point (P, P). and sub-satellite point (S. P) are also shown. Areas A and B represent
two parallel bands consisting of clusters of cumulonimbus clouds lying north-northwest to
south-southeast. The geographical location and the orientation of these bands may be compared
with the area of sferics activity enclosed by the large triangle in Fig. 6. These parallel bands
were observed also from the aircraft as lines of towering cumulus whose tops extended to
25,000 ft and 35,000 ft in successive lines which were described as frontal in appearance.

In the picture the 'scalloped! edges of the bands are typical of cumuliform cloud bands as noted
in other studies.
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