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ABSTRACT

Characteristics of DMSP data and the potential re-
search utility of the archive are assessed for the
Australian region. Examples of the imagery swathes
are given and some features of the utilisation of
six-hourly picture sequences are discussed for a
particular synoptic situation over Australia.

INTRODUCTION

In early 1973 the United States Air Force (USAF) released from security classific-’
ation certain data obtained from its military satellite system. This imagery was
originally known as DAPP data (Data Acquisition and Processing Program) but has
more recently been termed DMSP (Defence Meteorological Satellite Program). As the.
imagery has some potential for particular research purposes in this country, the in-
tention here is to provide some information on the data characteristics, to give
examples of the imagery swathes for Australian longitudes and to outline the avail-
ability of the archive. Finally, an analysis is given of some features of a speci-
fic synoptic evolution over Australia which is readily examined using consecutive
DMSP observations at approximately six-~hourly intervals over a period of several -
days.

CHARACTERISTICS OF THE DATA

The DMSP system employs pairs of polar orbiting sun synchronous satellites at al-
titudes of around 450 nautical miles (834 km) with an orbital period of 102 minutes.
These provide a pass over a. given area close to local noon and midnight in the

case of one satellite, and close to dawn and dusk for the second. The on-board radio-
meters are sensitive in both the visible and thermal infrared spectral regions

and produce simultaneous imagery pairs. Instrumentation ebables a selection to be
made of two resolutions - either 2 nautical miles (3.7 km) or 0.33 nautical miles
(0.6 km). The higher resolution is thus nominally rather better than the 1 km of
the Very High Resolution Radiometer (VHRR) on board the current NOAA satellites.

The principal features of the DMSP instrumentation and data terminology are shown
in Table 1.

The data are read out to a number of ground stations throughout the world,
processed and dlsplayed as positive transparenc1es showing a 1600 nautlcal mile
(2965 km) wide swathe for each orbit, The scale is then 1:15 X 10% in the normal
mode (or 1:7.5 % 10% in an. expanded mode which is sometimes used for special pur-
poses). The H and I imagery thus appears on film approximately 24 cm wide and
usually from 1 to 2 metres in length. Because of the higher resolution of the V
and W imagery the storage of these types is restricted to about only one-fifth of
an orbit between playbacks.. This data is displayed on shorter strips of the same
width as that for the H and I material, Gridding of the image is effected using
a universal grid overlay, which is correctly positioned by the known location of
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an identifiable geographic feature. The image is corrected automatically to appear
as a strip of flat earth with close to true horizontal dimensions. There is, how-
ever, unavoidable loss of resolution at the edges of the swathe.

Table 1 DMSP - system terminology and characteristics
Detector
Channel Resolution instrument . Wavelength Coverage
(n mi)

H 2 Unfiltered 0.6 to 1.0u Day and
silicon (peak at 0.8u) night
diode

I 2 Thermistor 8u to 13u Day and
bolometer (flat night

response)

\' 0.33 Silicon As for H Day only
detector
with
rapidly
scanning
system

W 0.33 Passively As for I Day and
cooled night
mercury
cadmium
telluride
element

The H and V film density is linearly proportional to the scene reflectivity.
The sensors are extremely sensitive and are capable of recording very low scene
brightness, e.g. night views of terrain by available moonlight are of high quality
and the lights of population centres are readily seen (see the caption of Fig 2).
The output of the I channel detector is adjusted to remove the T* dependence of -
the signal and is displayed as a linearly increasing function of the scene black
body temperature over a range of 210 to 310 K.

The ground equipment is capable of a number of quantitative enhancement tech-
niques which have been &scribed by Meyer (1973) and Blankenship and Savage (1974).
Products of these techniques, which are usually displayed for special purposes at
particular receiving stations, are not, however, generally included in the archive.

DMSP data is operationally available only to USAF stations throughout the
world, where it is employed in regular meteorological analysis and forecasting -
e.g. use of DMSP -in day to day surveillance of the typhoon-prone region of the
North Pacific has been described by Arnold (1975). Historical data is, however,
generally available through a world archive maintained by the Space Science and
Engineering Center of the University of Wisconsin. The Center makes available
original transparencies on a short-term loan basis or may provide prints of se-
lected data for specified dates, times, and geographical regions. For the Aust-
ralian region the archive begins in February 1973. However, there is consider-
able variation in the regularity and extent of the continuing coverage and it
is necessary to specify the particular latitude and longitude boundaries of the
area of interest and the part of the day that is important. Unfortunately, no
0.6 km (high resolution) data is available over Australia, i.e. the archive for
this region is restricted to the H and I data. Further, the dawn/dusk and noon/
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midnight satellites only rarely record during consecutive passes. Thus, although
four times daily H/I imagery is theoretically possible the satellites are rarely
both 'turned on' to give such a coverage. Despite these limitations DMSP data
may well be useful for particular investigations. In general, they are superior
in quality to the locally received automatic picture transmission (APT) data,
provide low distortion visible and infrared imagery pairs, and the archive trans-
parencies readily lend themselves to simple image analysis techniques (e.g.
Streten and Kellas 1975). The data have a particularly good equatorial coverage
with the individual archive swathes covering much of both hemispheres. The in-
formation should thus be excellent for post-analysis of tropical cyclone situations,
for the examination of inter-hemispheric synoptic evolutions, and for observation
of development within the intertropical convergence zone (ITCZ).

THE DMSP DATA SWATHE — A TYPICAL EXAMPLE

A typical visible and infrared DMSP image pair is shown in Fig 1. The swathe
extends from the Siberian arctic to south of the Great Australian Bight at close
to local noon on 31 July 1974. Among the numerous features which may be distin-
guished in the imagery the following may be noted and identified by the corres-
ponding letters shown on the image pair.

A and Al Lake Baikal and the Ch'ing Hai (Koko Nor), respectively. It may be
noted that these lakes appear darker (lower reflectance) in the
visible range and lighter (lower temperature) in the thermal infra-
red when compared with the surrounding topography.

B A small cloud vortex typical of depressions forming in the vicinity
of the arctic front in summer over the continental regions of Siberia
and North America, The lack of substantial areas of high cloud in the
infrared suggests a weak or decaying circulation.

C Distinct edges of isolated highland snow-~fields.

D A frontal zone over northern China - the infrared imagery reveals
the detail of the most active high tops along the band.

E The mesoscale cloud formation, which is prominent in both the visible
and infrared imagery, at the head of the Gulf of Tonkin iindicates an
active thunderstorm complex. It may be noted that the high cirrus
cloud to the west of the main cell is sufficently dense to display a
signature in the infrared but remains transparent in the visible.

F Sunglint on the S outh China Sea - this is prominent in the visible
but not, of course, in the infrared.

G Orographic cloud on the parallel mountain ridges of southern China.

H Cloud lines delineating the highland regions of Indonesia, notably,
for example, the Celebes (Sulawesi) and Timor. These small scale
patterns contrast markedly with the larger tropical cloud ensembles
(e.g. H')} to the northwest and east of Borneo. The infrared imagery
shows the broad shields of widespread cirrus associated with the
latter systems but reveals only weak vertical development of the
orographic cloud at noon.

J The unbroken line of cloud extending from southeast Australia to
the south of Sumatra. The active cloud areas along the band,
particularly in the tropics, are well depicted in the infrared.

K The isolated line of cumuliform cloud over the Nullarbor Plain
to the rear of the principal cloud band.
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Fig 1 DMSP imagery pair for C 1200 LT 31 July 1974. The left hand
image is in the visible (0.6 to 1.0u) range, and the right hand
one in the thermal infrared (8u to 13y). For discussion of
features identified by imposed letters see text '
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Open cloud cells over the eastern Great Australian Bight typical
of cold ar advection over warmer water.

DMSP SIX-HOURLY SEQUENTIAL IMAGERY — AN AUSTRALIAN EXAMPLE

As an indication of the utility of the imagery at short time separations, Fig 2
shows a sequence of the H imagery at approximately six-hourly intervals* from
dusk ‘31 July to dawn 2 August, i.e., the sequence follows on from the observation
of Fig 1 for the Australian region. I imagery was also examined but for the

sake of brevity is not reproduced here. These sequences provide a preview of

the type of data that will be operationally available from the TIROS-N satellite
-system to be introduced later in this decade. The sequence shows the movement of
the principal frontal band across the continent; MSL and 500 mb fields for 0000 GMT
and 1200 GMT 1 August 1974 are depicted in Fig 3.

The rapid changes in cloud configuration and appearance of the frontal band
may be noticed. In addition several interesting features are revealed by the
temporally frequent images. For example, in contrasting Figs 2(a), 2(b), and 2(c)
one sees the development of early morning radiation fog areas on the western side
of the Gulf of Carpentaria (B1, Cl1). The wave shaped outline of the stratus or
fog in Fig 2(c) is related solely to the effect of the orography of Arnhem Land
and the coastal region of the Gulf of Carpentaria (notice the reappearance of this
feature the following night - Fig 2(f)). Extensive areas of fog (stratus) are
also indicated over a vast area of the centre of the continent on the morning of
1 August (C2). This has resulted from strong radiational cooling following the
frontal rain. The shadow of the western edge of the upper level frontal cloud
band on the lower level stratus (fog) is clearly evident in the sunrise image (C3).
Thus a totally different impression of the frontal cloud band to that seen six hours
earlier is presented.

A more mysterious feature is the line of cloud across the Gulf of Carpentaria
in Figs 2(c) and 2(d). This band developed after midnight and dissipated by mid-
afternoon. The transverse filaments within the line are revealed by the counter-
part I image to be cirriform and the appearance of intense 'blobs' within the line
suggests a band of small cumulus-cumulonimbus clusters. The northwest-southeast
alignment of the band coincides with the low level southeasterly flow and the con-
vergent asymptote of a 500 mb saddle point (Figs 3(a) and 3(b)). At 200 mb (not
shown) the flow is northeasterly and corresponds with the alignment of the trans-
verse filaments. However, given the paucity of data in the region one can only
speculate on the kinematic and dynamic features of the flow attending this cloud
feature. Its appearance and disappearance is nevertheless worthy of comment if only
to highlight the future utility of temporally frequent high resolution imagery in
examining such features and in investigating possible diurnal variations in their
behaviour.

The decay of the northern part of the previously broad continental cloud band
and its contraction to a concentrated mass over the eastern part of New South Wales
is shown in Fig 2(e). In its wake we again see extensive stratus areas over western
New South Wales and southwest Queensland (E1).

. At dawn on 2 August (Fig 2(f)) areas of fog and stratus have become more
extensive over central New South Wales and southern Queensland (F4) and two addit-
ional features of note are evident. The first is a weak vortical circulation in the
cumulus field south of the major cloud mass off the New South Wales coast (F2). The
second is a narrow but pronounced cloud band on the western flank of this major
cloud mass (F3). The band is not merely a shadow effect in this sunrise H image
since it also appears as an enhanced feature in the I image. Because of the data
limitations it is again difficult to test postulates as to the mechanism for its

* The exception being that the images 2(e) and 2(f) are separated by twelve hours.
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(a) Dusk - 31 July 1974 (b) Midnight — 31 July 1974
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Fig 2 DMSP visible (0.6 to 1.0u) imagery for
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