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SYNOPTIC USE - OF METEOROLOGICAL SATELLITE DATA
IN SPARSE DATA REGIONS

By G.T. Rutherford
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(Manuscript received December 1966)

ABSTRACT

Infra-red radiation data is likely to become available on
an-increasing scale in the future, thus supplementing cloud
picture data for application to routine forecasting
operations.

This paper discusses the synoptic use of radiation and
picture data obtained from Nimbus I in 1964 for the
Australian region. '

A frontal cloud system occurring over the reasonably
good network area of southwestern Australia was scanned
both by television camera and some eleven hours later by
radiation sensors. "These data are interpretefdi with the aid
of conventional observations and analysis. ’

Cloud pictures and radiation data which were available
from other Nimbus orbits over sparse data areas of the
Indian Ocean are examined and their utility assessed.

It is concluded that reasonable qualitative analyses of
broad scale features may be derived without prior
knowledge of the synoptic situation.

However, the lack of an adequate upstream network and
of an established climatology of the Indian Ocean means
that unique analyses cannot be achieved without additional
reporting stations or satellite data in quantitative form.

1. INTRODUCTION

Because of lack of data the analysis problem is particularly difficult in the sparse
data areas of the Southern Hemisphere. For this reason it is essential that the utmost use be
made of satellite data.

In September 1964 Nimbus I obtained both cloud picture and radiation data. "The
purpose of this paper is, firstly, to interpret the data obtained by both the Advanced Vidicon
Camera System (AVCS) and the High Resolution Infra-red Radiometer System (HRIR) for the
same weather situation with the aid of conventional data.in a good network area; and, secondly,
to interpret other satellite data obtained over the Indian Ocean, a sparse data area,

The synoptician, in analysis of weather over distant ocean areas, is chiefly concerned
with the identification of systems on the synoptic scale because only these are likely to main-
tain identity and move into the forecast area. For this reason front-vortex situations were
selected for ‘study. ' ' . ’
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2, AVYCS PICTURE INTERPRETATION, 04307 14 SEPTEMBER 1964

Fig. 1 shows a weather situation over West Australia at 0600Z 14 September 1964.
This region was pictured by AVCS camera at 0430Z and also scanned by sensors of the HRIR
system eleven hours later on a night-time pass. The analysis indicates a rather weak cold
front moving into West Australia, with a vortex to the south, It was preceded by widespread
middle level cloud. Fig. 2 is a mosaic of the AVCS cloud pictures for 0430Z. These pictures
were taken by a 3-camera system in which only the centre camera was directed vertically
downwards. The unrectified mosaic was prepared by overlapping only the sides next to the
centre pictures. Due to perspective foreshortening, other parts of the side pictures do not
overlap although the same features are visible. Central areas of the picture provide optimum
resolution and least distortion.

The cloud vortex was interpreted as a surface low near 46°S 115°E, and the cloud
band followed by the cellular cloud "rings'" as the cold front zone. The absence of clearly
defined cloud areas and its fragmented appearance, together label the vortex as an old decaying
system rather than a developing one. (Boucher and Newcomb 1962).

The most serious deficiency of the AVCS pictures is their very limited information on
cloud type. Depth or vertical development of cloud is not reliably indicated by brightness.

3. HRIR PICTURE INTERPRETATION, 1515Z 14 SEPTEMBER 1964

The HRIR ''picture' is shown in Fig. 3. This was obtained by the HRIR system
carried by Nimbus. HRIR operates in the 3.5 to 4.1 micron "atmospheric window'" where there
is very little absorption of radiation by water vapour.

The diameter of the scanning spot (from a nominal satellite altitude of 700 km) is
about 6 km and results in spatial resolution capable of delineating cloud elements of this size,
also geographical features such as coastlines, lakes and rivers.

In the Fig. 3 presentation, the different intensities of radiation have been converted
into a grey scale, so that high intensities from surfaces of relatively high temperature appear
dark and lower intensities from colder surfaces, such as cloud tops, appear as lighter shades.

The same general cloud pattern is depicted in Figs. 2 and 3 in spite of the eleven hour
interval between the observations. Examples of this persistence are found in the distinctive
"streaming' cloud west of the vortex, the solid cloud to the south, the large fragments east of
the vortex and the cellular pattern typical of cold advection to the west. The cloud configurations
at lower latitudes, on the other hand, did not indicate any features in common, even when both
HRIR and AV CS pictures were rectified to the same scale and projection. This may be due to
the modifying effect of the land mass as the cloud system moved eastward.

The main deficiency of the Nimbus HRIR data is shown by the relatively poor
resolution of the cellular cloud west and northwest of the vortex. The superior resolution
(14 mi at zero nadir angle) of the AVCS pictures makes these indispensable for small scale
analysis and for local forecasts. '

The pictorial presentation of the radiation field is designed primarily for
operational purposes. The grey tones allow ready distinction between low and higher clouds,
and the grey scale of effective (black body) temperature is intended to allow height estimation
when the lapse rate is known. The calibration is coarse, and even in the most sensitive part
of the scale accuracy is not better than + 5°C. Elsewhere the error is likely to be + 10°C
even under optimum conditions of operation. {Widger, Barnes, Merritt and Smith, 1966)
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Fig. 1 Surface analysis 0600 Z, 14 September 1964.

4626/67-3




136

Moesioe
R,

\
.
S

Fig. 2 NAVCS picture (Nimbus 1) 0430 Z, 14 September 1964.
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Fig. 3 Infra-red picture over southwest of Western Australia for 1520 Z, 14 September 1964.
Effective temperature (degre‘es C) of various features are shown in brackets,

other figures are estimates from-conventional data.
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4. COMPARISON OF OBSERVED (CR ESTIMATED) AND EFFECTIVE TEMPERATURES

Observed and corresponding effective temperature (Tf) are entered on various
of Fig. 3 and are also set out in Table 1.

Table 1. Comparison of Observed (Estimated) and Effective Temperatures

Feature Observed or . Effective R K
Fig. 3 Estimated (°C) | (°c) - emarxs
A (Sea) 25 - .17 Difference of up to
. 59C allowable for
absorption.
B (Land) ] 15 (screen) 9 Comparison invalid.
C (Overcast) -15 -18 to -25 " Suspect thin higher
cloud present.
D {(Overcast) -15 -15 —_—
E (Large fragments No data -38 Tg colder than
broken cloud) expected.
F (Small cellular No data Not applicable Cloud elements too
cloud) small.
G (Overcast) No data -20 —_
H (Overcast) No data Not applicable Cloud at edge of
picture.

(a)

(b)

(c)

‘Sea surface at A

As far as could be determined from AVCS data and from ships reports this
was a cloudless area. The low Tg value (17°C compared with ship sea
surface temperatures of 25°C) may be due partly to absorption of radiation
over the moist subtropic ocean surface causing reduction of temperature

up to as much as 5°¢. (Staff Members, 1965). The grey scale representa-
tion was certainly too insensitive to reveal any limb-darkening effect
although this would be appreciable in these latitudes and particularly at
higher zenith angles. (Wark 1962).

Land surface at B

Here there was no reliable basis for comparison since observed temperatures
were screen readings rather than earth surface.

Overcast cloud'at C

An approximate basis for comparison was achieved by "moving'" the
sounding, e.g. downstream when the radia_ti'ox'l data was obtained later
than the sounding, according to conventional displacement techniques. The
assumption was made that the vertical motion field was conserved during
the displacement. The Carnarvon sounding for 2300Z 14 September 1964,
(Fig. 4a) indicated a near-saturated layer from 10,000 ft to 20, 000 ft with
temperature about -15°C at cloud top. Soundings at Carnarvon for 2300Z
13 September and 14 September, being in the same air mass, were very
similar, so that no appreciable error in this value of -15°C was likely in
the event of incorrect displacement. This "displaced" sounding fell within
the cloud area at C and the Ty value was nearer -25°C. :
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(d) Overcast cloud at D

This was expected to be sampled by Guildford's 1100Z sounding, adjusted over
the four hour period to the HRIR observation time of 1515Z. The sounding
(Fig. 4b) indicated a near saturated layer from 5000 ft to 12,000 ft where the
temperature was -15°C. The effectivé temperature reading here was also
-157C. :

(e} Broken cloud at E

No direct comparison was possible since no soundings were available in this
region. Ships reports indicated large c'u.mulus‘development, and effective
temperatures of -38°C, equivalent to cloud at about 25,000 to 30,000 ft, were
reasonable for this situation. ’ ' )

{(f) Cellular cloud at F

No comparison was possible since the cloud dimensions were smaller than
the scanning width. The sensor under such conditions would respond to both
cloud surface and to background emanations from the warmer sea surface.

(g) Stratiform cloud at G.

This high latitude cloud mass gave a Tg value of -20°C. Its uniformly
overcast appearance in both AVCS and radiation pictures suggests low
stratus. ’ ' '

{(h) Overcast cloud atH

This cloud is too near the edge of the picture for reliable Ty measurement.
Considerable foreshortening is present and limb-darkening considerable.
{'Limb-darkening' refers to the lower intensity of radiation measured at
the satellite from surfaces scanned near the horizon. It depends on viewing
angle and atmospheric constituents.) Absorption of radiation from this
latter influence would tend to enhance the cold white appearance of this
cloud. On the other hand it was located in the region-of an isotach maximum
’ east of the trough (Fig. 5), i.e. where a favourable vorticity field might be
expected to enhance development of frontal cioud.

5. LIMITATIONS OF SATELLITE DATA

Quantitative estimates of Tg are often poor because the energy measured at the
satellite will only represent the Ty of an underlying surface in favourable conditions. In the
case of cloud a dense overcast is desirable with uniform upper surface and without any thin
higher layer. .

In the absence of these conditions estimates of cloud top height, based on Tp measure-
ments and lapse rates, may be considerably in error. Even under favourable conditions an
appreciable error is likely when stable lapse rates, particularly inversions, are present.

In areas where no soundings are available it seems preferable at present to regard
radiation pictures as capable of only a qualitative distinction between lower and mid-troposphere
cloud types. This is, nevertheless, a useful contribution to the analysis of mid-troposphere
flow with which middle and high cloud masses are associated. .

AVCS.and HRIR data have complimentary functions. The AVCS picture reveals small
as well as larger scale features; HRIR data has a better vertical resolution, i.e. it achieves,
although imperfectly, a classification into low and higher cloud types. AVCS pictures are
necessary to indicate cloudless or near-cloudless areas since, unless HRIR reveals land
features, high HRIR effective temperatures associated with fog or very low cloud may be
interpreted to be associated with cloudless areas. ‘
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Fig. 5 |—R picture for 1520 Z, 14 September 1964, with superimposed 500 mb trough
as at 2300 Z, 14 September 1964. (Major cloud features rectified).







