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The distribution of total cloudiness over Australia is examined using data from the
United States Air Force 3D Nephanalysis dataset. Data for the First GARP (Global
Atmospheric Research Programme) Global Experiment (FGGE) period (December
1978 to November 1979) are examined and the results compared with available
conventional descriptions of cloud cover distribution over ‘Australia. The data for
1979 are found to be in general agreement with the few previous studies, although
the high resolution dataset reveals the influence of particular synoptic and smaller
scale features (e.g. northwestern cloudbands (NWCBs)) which are not evident in the
large-scale conventional analyses. Although the nature of the atmospheric circu-
lation in the Australian region was somewhat anomalous during the FGGE year, the
high resolution data do provide a useful view of the cloudiness regime in the Aus-
tralian region: The cloud data are analysed to clarify the influence of surface station
data on archive quality by examining mean cloud-free interval and a normalised
standard deviation of cloudiness. The cloud distributions derived in this study and
presented here provide the first high resolution cloud study over Australia. Although
the data are for.a single year only, they provide a valuable summary of the typical

pattern of cloud distribution over the Australian region.

Australian cloudiness

Clouds are the dominant influence on the surface
radiation budget of the earth and the importance
of clouds for the global climate system has been
widely emphasised (Schiffer and Rossow 1983;

Schiffer. and Rossow 1991; Ressow et al. 1988).

Information on the distribution and variability of
clouds is of crucial importance for modelling
studies of future climates. The increasing import-
ance of solar energy as a utilisable energy resource
has also meant  an increasing need for accurate
descriptors of cloud distribution. This paper
examines the cloudiness over the Australian con-
tinent and the surrounding ocean as characterised
by one particular cloud database, the United
States Air Force (USAF) 3D Nephanalysis. A brief
description of the data is included in the next sec-
tion. The aim of this study was to provide a high

resolution summary- of cloudiness (mean total -
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cloud amount) for the Australian region that
would potentially serve as a descriptor of typical
cloudiness characteristics for Australia. Since
these high resolution data are time-consuming to
analyse and - require considerable storage re-
sources, it has been possible to analyse only a
single year’s data. It must therefore be emphasised
that this is not a climatology of cloud, but rather a
picture of cloudiness distribution for one particu-
lar year. The atmospheric circulation during the
FGGE period (December 1978 to November
1979) over the Australian region has been dis-
cussed .extensively by other authors and their
findings are reviewed in order to determine the
representativeness of the cloud data described
and to provide possible explanations for some of
the features in the figures.

Cloudiness patterns over Australia are strongly
associated with major features of the general

-circulation in the subtropical atmosphere. In the

northern part of the continent the summer
months are influenced by the monsoon circu-
lation and by the movement of the intertropical
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convergence zone over the north of the continent.
To the south, the dominant influences are the ex-
tratropical cyclones which pass to the south of the
continent. In the centre of the continent, the
extent of cloudiness is constrained by the avail-
ability of moisture and cloudiness generally is the
result of large-scale synoptic activity. The associ-
ation is not, however, as clear as might be as-
sumed. In particular the northwestern cloudbands
(NWCBs), which are a common influence on the
cloudiness of the central region of Western Aus-
tralia, are not closely associated with the surface-
level synoptic circulation (e:g. Downey et al.
1981).

General summaries of the nature of Australian
cloudiness are not common in the literature.
Hughes (1984) presented a review of the then
available global cloud climatologies, but the
~ southern hemisphere is rather poorly represented
in most of the analyses discussed there. The un-
documented extent of the heterogeneity in data
sources used in these analyses also poses problems
when interpreting at a regional scale. Warren et al.
(1986, 1988) have since presented a rigorous
analysis of global surface cloud observations
which is available in both atlas and digital format.
There are a number of summaries of Australian
sunshine statistics, notably the Atlas of Australian
Resources (Division of National Mapping, 1986),
and Jones (1991) has presented a historical study
of apparent changes in cloud cover over Australia
and their relation to temperature records and the
Southern Oscillation Index (SOI). Jones (1991)
finds significant long-term increasing trends in
the cloud data of +4.6% over an 80-year period
examined. He also notes a good correlation
between cloudiness reported at stations in the
north and east of Australia and the SOI. Another
aspect of cloudiness was studied by Jones and
Henderson-Sellers (1992) who examined cloudi-
ness changes in relation to changes in sunshine
over Australia. These studies are, however, de-
rived from surface data, which are particularly
sparse in the west and centre of the continent.

Van Loon (1972) presents a ‘subjective sum-
mary’ of cloudiness in the southern hemisphere
for January and July derived from a number of
sources including Brooks (1927) and Berry et al.
(1945). A detail of this analysis is shown in Fig. 1.
The smooth variation is in part due to this being a
relatively small portion of a hemispheric analysis
rather than a regional analysis. The basic features
of the analysis of van Loon (1972) are the rela-
tively cloud-free area over the continent in both
January and July and the relatively wide coastal
maximum along the east coast. Cloudiness over
most of the continent in July is very much lower
than in January. Such a description of the cloud
cover over Australia provides very little infor-
mation on the relative importance of various
synoptic-scale and regional-scale influences.

Fig. 1 Mean cloud amount as a percentage of sky cover
for (a) January and (b) July, from van Loon
(1972). These maps are details of a hemisphere-
scale analysis. Contour interval is 10% with
additional 5% contours where additional infor-
mation can be provided.

(a) January

This paper provides an analysis of cloud cover
over Australia derived from a high resolution
archive of cloud amount information. Although
only one year of data is analysed, the importance
of synoptic and regional-scale meteorology can be
demonstrated and the scale of variation in the
continental-scale cloudiness distribution can be
better illustrated with a high spatial resolution.
Over a region such as Australia, surface-based
analyses suffer from being relatively sparse in
most locations except on the coast and even more
widely spaced over the surrounding ocean areas.
As a consequence, conventional climatological
analyses suffer from discontinuity in the data.
Often, this results in coastal and island station
data being extrapolated over ocean regions. While
this is sometimes valid (mid-latitude cyclone
belts), it will generally lead to a misrepresentation
of the oceanic cloud cover in the tropics and sub-
tropics where the land-sea temperature contrasts
are an important factor in convective cloud devel-
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opment. Satellite-based observations therefore
offer an improved picture of cloud distribution.
Resolution over the oceans is as high as over the
land and the spatial coverage is very much greater.
There are few global cloud analysis models which
can provide an appropriate dataset for such a
study.

In 1983 the collection of data for the Inter-
national Satellite Cloud Climatology Project
(ISCCP) was begun and data collection and pro-
cessing continues (Fu et al. 1990; Rossow et al.
1990). The ISCCP dataset offers a global-scale
cloud product, and was designed to provide data
at grid resolutions commensurate with atmos-
pheric general circulations models (GCMs). The
low resolution cloudiness product is counterbal-
anced by the relative uniformity throughout the
ISCCP period but the lack of horizontal resol-
ution makes it less useful for regional-scale studies
such as this. The principal analysis model used in
this study is the USAF 3D Nephanalysis and it is
described in the following section.

Archive description

_ The cloud archive used in this study is a subset of .

the archive of global cloud cover which has been
compiled since the early 1970s by the USAF
Nephanalysis project. The dataset and the re-
trieval techniques have been described previously
(Fye 1978; Hughes and Henderson-Sellers 1985;
McGuffie 1987), however a brief description is
included here. The cloud analysis model is an
operational three-hourly global analysis using
data from Defense Meteorology Satellite Program
(DMSP) polar-orbiting satellites (usually two) to
derive information on cloud amount and height
using both visible and infrared imagery. The
nature of the analysis model is not fixed but has
been modified over time to provide the best poss-
ible real-time cloud analysis. As such, it is not the
optimum configuration for a cloud archive, as the
retrieval algorithm is not consistent over time. It
remains, however, the only global archive of such
high spatial and temporal resolution. The analysis
procedure is strongly oriented to obtaining best
available information on cloud amount and
character. To assist in this goal, the analysis pro-
cedure integrates timely conventional reports of
cloudiness (surface and aircraft) into the predomi-
nantly satellite analysis. There-are a large number
of observing stations in Australia which report
cloud cover (Jones 1991) but not all are timely
enough to be included in the USAF analysis
model. The influence of surface stations is dis-
cussed more fully later.

In regions where the polar-orbiting data are not
available or are unsatisfactory, a manual analysis
of geostationary satellite imagery is input into the
dataset. These analyses are generally visible as
regions of homogeneous cloud cover in individual

analyses. No such analyses were found for the
Australian region during this period. The USAF
Nephanalysis algorithm provides cloud analyses
for use in real time and as a result there are
occasional data dropouts. The output is quality
controlled, but only to the extent of flagging errors
and not to the extent of re-analysis. The analysis
grid is a 512 X 512 grid superimposed on a polar
stereographic map of the hemisphere. Grid
spacing (at 60° latitude) is approximately 46 km.
The large grid is composed of 64 boxes (60 with
active data points), which are each refreshed
every three hours as new data become available.
In August 1983, the 3D Nephanalysis model was
replaced by a revised analysis model, the RT
(Real-Time) Nephanalysis model.

This study utilises data from the FGGE period
(December 1978 to November 1979). The data
are a condensed version of the 3D Nephanalysis
data. Cloudiness information is restricted to
mean cloud amount and height of the maximum -
cloud top but the full spatial and temporal resol-
ution of the data is retained in the condensed
dataset.

The analysis model is predominantly based on
one-dimensional histogram algorithms for dis-
criminating clouds and surface. Similar tech-
niques are applied to both visible and thermal
infrared channels for the groups of approximately
64 pixels which make up a 46 X 46 km square, and
the larger of the two estimates is retained as the
cloud amount. Taking the maximum of the two
retrievals ensures that clouds in difficult detection
areas are more likely to be picked up by the
archive than would otherwise be the case. For
example, the visible cloudiness will be higher in
regions of low stratus, and the infrared cloudiness
is likely to be higher in regions of thin high cirrus.
Like most cloud retrieval algorithms, the USAF
Nehphanalysis has difficulty in regions of snow
and ice cover. As information becomes available,
the satellite analysis is updated with surface and
aircraft-derived information and eventually by
new satellite data. Data persist until they are up-
dated up to a maximum of 12 hours, when they are
flagged as missing. There are negligible numbers
of missing data points in the data analysed here
(Hughes and Henderson-Sellers 1985).

The region for which data were available to this
project is shown highlighted in a section of the
southern hemisphere data array in Fig. 2. Six
boxes, 42-44 and 50-52, were analysed and the
data array for the Australian region is therefore
192X 128 pixels. For the purposes of presen-
tation the data array has been inverted from its
usual orientation (Hughes and Henderson-Sellers
1985; Fye 1978) to provide a more usual view of
the Australian region. The region in the top right
(consistently black in all figures) is outside the
southern hemisphere and is considered ‘off-
world’.
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Fig.2 Location of the Australian region with respect to
the southern hemisphere analysis grid of the
USAF Nephanalysis model. The grid is super-
imposed on a polar stereographic map true at
60° latitude (from Fye (1978)).
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Australian cloudiness from
USAF Nephanalysis

Mean cloud amount during FGGE

Figure 3 shows the monthly patterns of mean total
cloud amount over the Australian region for the
four mid-season months during the period of this
study (January, April, July, October). Since these
data do not provide a climatological assessment of
cloud cover, but are merely single monthly means,
it is unwise to draw extensive conclusions about
details of the particular patterns which are
revealed by this analysis. There are however a
number of points which are worth further exam-
ination, since they relate to the general theme of
satellite-based analyses and describe phenomena
having a particular bearing on climatological
analyses of Australian cloudiness.

The land-sea contrast is the dominant influence
on the cloudiness distribution in all of the months.
This is particularly true along the southern coast,
in the Australian Bight. The concentration of the
major Australian observation stations on the
coast is perhaps the reason that van Loon’s (1972)
analysis allocated a much greater influence to the
coastal transition zone. Van Loon’s analysis
implies a strong gradient in cloud amount on the
northwestern coast, but the analysis for 1979

suggests that the gradient is neither so steep nor so
closely associated with the coast (Figs 3(c), 3 (d)).
This is a clear example of how the location of
surface stations can influence the interpretation
of contour positions. Warren et al. (1986,1988)
present maps which are largely in agreement . with
the results of van Loon in the Australian: region,
although they find no local maximum in'the.Coral
Sea.

The pattern of cloudiness in January is very
much more zonal than that of van Loon (1972).
This is due to the more even distribution of data
points.in the satellite analysis. A similar result is
apparent in the study of Leighton and Deslandes
(1991) who examined cyclonicity and compared
their results with a historical dataset compiled
from surface.analyses. Their more recent dataset
which has the benefit of input from satellite obser-
vations shows a more even distribution of regions
of cyclonicity and anticyclonicity than the histori-
cal dataset which was heavily influenced by
surface-station input locations.

The cloudiest -areas are in general associated
with the summer monsoon (January-February) in
the north of the continent and associated with the
year-round passage of extratropical cyclones off
the southern coast. As might be anticipated the
lowest cloud .amounts are in the continental
interior, although the clearest areas are highly
dependent on season. In the Southern Ocean
within the study area, the cloudiness is greatest in
the winter and spring (Figs 3(c), 3(d)), as the ex-
panding Antarctic ice -pushes the extratropical
cyclones towards Australia. Cloudiness is, how-
ever, high in this region year-round.

Figure 4 shows the mean cloud amount for
September 1979 which is strongly influenced by
the presence of an NWCB through much of the
month. These .features are long-lived and have
consequently a significant effect on the cloud
climatology of the region. These clouds are at their
most frequent during May to September (Downey
etal. 1981; Tapp and'Barrell 1984) and play a sig-
nificant role in the advection of moisture to the
continental interior: Also noticeable in Fig. 4 is
the strong gradient in cloud amount off the
Queensland coast and off the Northern Territory.
The dominance of this western cloudband over
the mean cloud cover in central Australia is a good
indicator of the magnitude of the variability
which might be expected in cloud cover and which
cannot be discerned from a single year’s data.
Note the complete absence of NWCB influences
in the July map.

The use of a single year’s data to characterise
cloudiness is fraught with difficulty. This is par-
ticularly true in the Australian region where El
Nifio-Southern Oscillation (ENSO) events play a
major role in the interannual variability. How-
ever, because of its importance as the first inten-
sive observational dataset on the atmospheric
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Fig.3 Monthly mean cloud amount of 46 km resolution for (a) January, (b) April, (c) July and (d) October 1979 for the
Australian region indicated in Fig. 2. The image is inverted with respect to the orientation shown in Fig. 2 to give a
more usual depiction of Australia.
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circulation, there have been a number of studies
which have examined the nature of the atmos-
pheric circulation during the FGGE period to
determine whether the period could be regarded
as ‘typical’. Streten and Pike (1980) found that the
pressure gradient in the 40°-60°S region was much
stronger than the mean with increased westerly
flow associated with the subtropical high pressure
areas being ‘further south. These findings were
confirmed by Trenberth (1984) who also found
aspects of the circulation during this period to be

(b)
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atypical. Trenberth found a southerly shift of the
storm tracks and increased westerlies south of
45°S. Other studies, such as that of Carleton
(1980), found that identifiable cyclone vortices
are highly variable but these are difficult to cor-
relate with the eddy statistics of such studies as
Trenberth (1984). Although the increased obser- -
vational input during FGGE had the effect of
making the data quality anomalous for the FGGE
‘period, Guymer and Le Marshall (1981) exam-
ined the conservation of dry mass to ensure that






