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This paper describes a locally-implemented McIDAS-type system, namely the
Australian Region McIDAS (ARM). The ARM system was commissioned in the
Bureau of Meteorology Research Centre in September 1985 and installed in the
National Meteorological Centre in July 1986. It provides real-time access to a very
extensive historical and real-time meteorological data base. The system also provides
an extensive number of application programs to enable use to be made of the data base
for research and forecasting tasks.

The paper includes details of the hardware, software, data base and key applications
software which form the system. It illustrates the utility of the system for performing
research and operational tasks in the Australian region. It notes the planned future
developments and concludes that improved efficiency in both operational and
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research meteorology can be expected from implementation of the system.

Introduction

There is a burgeoning amount of meteorological data
available to people working in geophysics and in
particular meteorology. This has led to the need to
develop specialised systems for data access and
analysis. In meteorology much of the increase in the
data base is comprised of remotely sensed observations
from satellites. Several systems have been developed to
store, access and analyse such data. These include the
FRONTIERS system (Carpenter and Browning 1984),
the PROFS system (MacDonald 1984) and the PROMIS
system (Boden et al. 1984). The first and arguably the
most complete system, which contains the most
extensive and flexible suite of applications programs, is
the Man computer Interactive Data Access System
(McIDAS) (Suomi et al. 1983).

The McIDAS system was originally designed at the
Space Science and Engineering Center of the University
of Wisconsin in the early 1970s for deriving cloud drift
winds from geosynchronous satellite imagery. It has
since undergone two redesigns. It was initially
minicomputer based (Smith 1975; Chatters and Suomi
1975), then based on networked minicomputers and
finally took its mainframe form in the early 1980s
(Suomi et al. 1983).

There are two important characteristics of a
McIDAS-type system that make it an apt tool for
research and operational meteorology in the Australian
region. Firstly, it has an extensive amount of diverse
applications software, which is pertinent to Australian
needs. For instance, this software allows the calculation
of cloud drift winds and the calculation of temperature
and moisture profiles from radiance data measured by
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satellite. Secondly, as a result of eleven years of
collaborative research effort and staff exchange
between the Bureau of Meteorology (BoM) and the
University of Wisconsin, this applications software is
the same as the local (BoM) software in several
important areas. For example, the Numerical Weather
Prediction (NWP) capability of the McIDAS at the
University of Wisconsin is based on the local Australian
Region limited area Primitive Equation (ARPE) model
and analysis scheme (Smith et al. 1984). In addition
several key data structures used in the BoM for
conventional and satellite data have been integrated
into the McIDAS at University of Wisconsin.

The ARM system was commissioned in the BoM in
September 1985. There are now large workstations and
personal computer based workstations in several local
and remote sites. This paper describes the hardware,
software, data base and key application programs which
make up the system. It describes the system’s utility in
an Australian context and its planned development.

The system hardware

The ARM system has three principal hardware
components: a host computer, data acquisition
hardware, and local and remote user terminals. A
schematic diagram showing the hardware configuration
of the ARM system may be seen in Fig. 1.

The host computer for the ARM system is the BoM
Fujitsu MI180 mainframe, whose initial function was
principally for communications.
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Fig. 1 A schematic diagram showing the present ARM system configuration.
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Satellite data acquisition is achieved via three ground
stations. One ground station located in Melbourne
provides high resolution (analogue) facsimile data from
the Geostationary Meteorological Satellite (GMS-3).
Two ground stations, one in Melbourne and one in
Perth, provide VHF reception of TIROS Operational
Vertical Sounder (TOVS) data. Both of these have been
recently augmented by S-band ground stations which
will provide both Advanced Very High Resolution
Radiometer (AVHRR) imagery and TOVS data to the
system. Radar data are provided to the system from
stations in Darwin, Weipa and Gove. These data'will be
augmented in 1987 by data from Melbourne and
Sydney. The very extensive conventional data base
associated with the ARM system is obtained through
shared disk packs and a link to BoM’s other operational
mainframe, a Fujitsu M200.

The ARM system has local and remote user
terminals and these are of three types. The first type is

the large workstation (Fig. 2) which has the most
powerful graphics and imaging capability. These
workstations have a keyboard, Visual Display Unit
(VDU) and a data tablet which may be used for issuing
commands to the system. They are connected to the
mainframe by a ten megabit/second local area network
or by a bisynchronous dedicated line. The workstations
have a high quality television monitor for viewing
imagery and graphics which are stored in solid state
refreshable memory. In this refreshable memory each
terminal may hold between 32 and 128 images of 640 x

"480 pixels (picture elements),"six bits deep and between

16 and 64 graphics displays of 640 x 480 pixels, 3 bits
(8 colours) deep. Graphics may be viewed alone or
overlaying images, where they are transformed by the
system to the image’s frame of reference. These
workstations have joysticks to enable the users to work
interactively using a cursor on the screen. Each also has
a printer and a colour hard-copy device for recording
the output.

Fig. 2 A simplified schematic diagram of an ARM system workstation.
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The second type of terminal is the simple alpha-
numeric VDU. These terminals can be used for
working on ARM source code. In addition, they can be
used to execute ARM application programs which are
written to provide alpha-numeric output.

The third type of terminal is an IBM-style personal
computer. These personal computers, when equipped
with a suitable software package (Dedecker et al. 1985),
form an inexpensive workstation. The PC terminals at
present may be used through a system of menus or in a
command mode. They establish communications via a
telephone or dedicated link with the ARM control
program on the mainframe. They allow the user to
access and use the full meteorological data base. The
image resolution (640 x 350, 4 bits deep) is reduced on
this system in comparison with the large workstation
and not all functions can be performed from this
terminal. However, imagery, both in its raw form or
remapped to a standard projection, can be displayed on
the system with graphics overlaid. It is planned that the
next generation of these terminals will have the
resolution of the large workstations and all key ARM
functions available.

The system software

The ARM system software has three components: the
mainframe operating system, the ARM Control
Program and the applications programs. The
mainframe operating system is Fujitsu’s MSP. The
ARM Control Program is an application program
running continuously in the Fujitsu M180 mainframe.
The Control Program assigns the tasks requested by the
user terminals to one of several workers or initiators. It
then passes the results back to the user terminal where
appropriate. The Control Program looks like an
application program to the computer operating system
and like an operating system to the ARM application
programs.

The application programs are both numerous and
extensive. Written in FORTRAN 77 and made up of
more than 500,000 lines of code, they represent over
250 man years of work. A list of 15 useful locally-
produced or generic McIDAS application programs is
at Table 1. The range and utility of these and other
application programs, particularly in the Australian
context, are described later in this paper.

The ARM data base

The ARM data base contains imagery from several
satellites including GMS-3, the NOAA series satellites
and the GOES satellites. It also contains imagery from
radar facilities within Australia. In addition, the system
has a comprehensive conventional data base. This data
base is automatically updated by the National
Meteorological Centre’s (NMC) operational analysis
and prognosis suite of programs. The update occurs as
soon as new data become available on the NMC
real-time data base. These new data include both local
observations and global data available through the

Table 1. A selection of typical ARM application
programs.

Command Function

D Lists brightness (VIS) or brightness and
temperature (IR) at the cursor centre pixel.

DF3D Displays an image (digital area) with a horizontal
shift for false colour stereo viewing.

E Lists earth, image and TV co-ordinates of cursor.

EL Pseudo-colours an image.

IC Draws maps in satellite projection, or in a variety
of standard projections, with political boundaries,
etc.

IGTV Contours grids on screen in (satellite) image or a

variety of standard projections.
ISENT  Computes isentropic surfaces (computes pressure,
mixing ratio, Montgomery stream function, etc.).
MDE Edits the records in an MD file.
MDO Lists the records in an MD file.

MDX Plots, analyses and contours observations on a
variety of projections.
MR Plots 4-day radiosonde meteogram.

NAV Enhances the GMS-3 high resolution facsimile
image navigation (calculated from orbital
elements) by landmark matching.

SKE Enters commands into the ARM scheduler.

SKEWT Plots skew T thermodynamic diagram, calculates
stability indices, etc.

WIND  Initialises cloud motion vector calculation system.

Global Telecommunications System (GTS). A variety
of other products such as numerical analyses and
prognoses, generated by the BoM and overseas
facilities, are also automatically placed on the ARM
data base as soon as they are available in NMC.

The ARM data base is organised into 3 main file
structures:

(i) AREAS
These are storage files for images such as those
from GMS-3 and radar. The images in these files
are associated with a navigation codicil so that
each pixel is associated with a latitude and
longitude. As aresult, the images can be centred
on a particular point and displayed in a variety
of projections and magnifications.

(ii) METEOROLOGICAL DATA (MD) FILES
These are files in which observations such as
radiosonde data, TOVS data and cloud drift
winds are stored. They are stored according to
different schemata (generalised descriptions of
file contents) which allow the addition of new
data types with no change to the basic
application programs.

(iii) GRID FILES
These are files of data stored on a regular grid,
such as numerical analyses and prognoses. The
data also have navigation data appended to them
allowing them to be used in conjunction with
imagery and MD files.
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The current real-time ARM data base
Both real-time and historical geophysical data are
contained in the ARM data base. The initial real-time
data base consists of:
® The last 8 Visible (VIS) and Infrared (IR) High
Resolution full-disk images from GMS-3.

® The last 5 days of surface synoptic observations
and radiosonde observations from NMC’s global
data base.
® The last 5 days of National Environmental
Satellite Data Information Service (NESDIS)
TOVS data.

® The last 5 days of cloud drift winds from GMS-3,
GOES and Meteosat.

® The last 5 days of coded aircraft reports
(CODARs).

® The last 5 days of numerical analyses and forecasts
for the Australian region generated by NMC'’s
operational variational analysis scheme (Seaman
et al. 1977) and Australian Region Primitive
Equation Model (Leslie et al. 1985).

® The last 5 days of operational analyses and
prognoses from the BoM  Hemispheric
Assimilation and Prognosis (HASP) system
(Bourke et al. 1982(a)).

® The last 10 days of operational numerical analyses
and prognoses which are received from the
European Centre for Medium Range Weather
Forecasts (ECMWF) global analysis and
prognosis system.
® The last 5 days of the Darwin Regional
Meteorological Centre’s tropical analyses.

® Locally-retrieved temperature and moisture
profiles from the TIROS Operational Vertical
Sounder (Kelly et al. 1983).

® Numerical sea-state forecasts.

@ Real-time radar images.

It is planned that the ARM system will contain the
full NMC data base; this should include all
observational data, both local and international, which
are available in Australia. As aresult the real-time data
base will soon include, in addition to the above:

® The last 20 Visible and Infrared High Resolution

facsimile images from GMS-3.

® Surface hourly reports.

® Worded forecasts from the BoM.

AVHRR imagery and derived products such as sea
surface temperature fields and vegetation index fields
will also be present on the data base from 1987

Application programs

The ARM system provides an extensive set of
application programs for accessing, displaying and
utilising its meteorological data base for a variety of
operational and research purposes. These application
programs are invoked using ARM system command
language.

The command language
There are three forms of command that can be used in
the ARM system.

The first is the single letter command which is often
used to do the most basic functions. For example, L sets
the graphics and/or image movie looping, L repeated
stops the looping. Other single letter commands for
instance, turn graphics on or off (W), find the
brightness temperature (D) or give the latitude and
longitude (E) of the image at the cursor location.

The second form of command is of the type ‘TASK
parameterl parameter2 ... keywordl =NNN keyword
2=MMM ... An example of such a command is
‘LB 1 6’ which is a command to set the image loop
bounds between image frame | and frame 6. The system
provides an extensive user help facility for these
commands. The range of these commands is described
in later sections.

The last form of command is the macro command.
Frequently repeated tasks can be chained into these
commands which can take single letter or other form.
These macros can be written as a combination of
FORTRAN and ARM system command language and
as a result form a powerful facility.

Any of the above commands can be loaded into one
of the 126 function keys assigned to each keyboard.
Another feature of the system is the availability of
menus accessed via the keyboard or data tablet and the
availability of a scheduler to issue commands at
predetermined times or as a result of occurrence of
particular events.

The basic applications programs

The basic application software provides access to and
utilisation of all elements of the data base. It allows
plotting and analysis of any observation in the MD files
and plotting of gridded data. It permits this to be done
over satellite imagery (i.e. in the satellite projection) or
on standard Mercator, Lambert, Conformal or Polar
Stereographic projections. Figure 3 provides a good
example of these capabilities, showing conventional
radiosonde temperature and winds for 500 hPa, the
locally (BoM) derived operational NOAA-9 TOVS
temperature retrievals for 500 hPa and the operational
NMC analysis of 500 hPa temperature all drawn in the
satellite projection over a false coloured GMS-3
infrared image for 0000 UTC 1 January 1986.

The applications programs can be broken into two
classes depending on whether they are closely related to
imagery or not. The more important applications
within each class are summarised below.

(a) Chiefly image-related applications:
(i) Video looping to show the time evolution of
’ weather systems.

(ii) False colouring of the image to delineate, for
example, cloud top temperature variation
which can illustrate areas of strong
convection or low cloud (see for example
Fig. 4).



60

Australian Meteorological Magazine 35:2 June 1987

Fig. 3 The operational 500 hPa temperatures retrieved locally from NOAA-9, 500 hPa temperatures and winds from
radiosondes and the operational NMC 500 hPa temperature analysis overlaying a false coloured image of tropical

cyclone Winifred at 0000 UTC on 1 February 1986.
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(iii) Enhancement of the images (by the joystick or
automatically) to ensure the full range of
resolution is used in the display image.

(iv) Remapping of the imagery to various satellite,
radar or standard projections. Figure 5 shows,
for example, a split screen of radar imagery
from Gove at 2202 UTC 19 January 1987 and
the closest GMS-3 IR image, false coloured
and remapped to the radar projection. The eye
of tropical cyclone Irma is visible in the radar
imagery, while the GMS-3 IR imagery shows
‘saturation’ over the cyclone cirrus shield.

(v) The graphic overlay of observations or
derived fields such as stability fields on
satellite imagery, allowing, for instance, areas
of instability to be compared to lower level
moisture fields (e.g. TOVS channel 10) and
areas of jet stream induced upper divergence.

(vi) Areal statistics calculation, for example, to
display one and two-dimensional histograms,
means and deviations.

(vi1) Rainfall estimation from satellite or radar
imagery.

(viii) Cloud height estimation from GMS-3 or
TOVS radiance data.

(ix) Cloud drift wind calculation and tracer height
assignment.

(x) False stereo image generation, using the
GMS-3 IR imagery to displace the related
visible image. The original and the displaced
visible images are then coloured for viewing
by stereo (coloured) glasses.

(b) Chiefly non-image-related applications:

(i) Analysis or data interpolation and contour-
ing. For example, several commands analyse
irregularly spaced data to an appropriate grid,
automatically specified by the program, and
subsequently contour the results. Figure 6
gives an example of such a capability. Here
TOVS 250 hPa temperature retrievals,
processed on ARM, have been analysed and
plotted over a Microwave Sounding Unit
channel 3 image for 0436 UTC on | February
1986.

(ii) Graphical analysis. Typical of this is the
ability to plot Skew T-InP and Stuve
thermodynamic diagrams, meteograms and
hodographs.

(iii) Display and analysis of current (satellite and
conventional) weather data in standard
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Fig. 4 Radiosonde observations of 250 hPa wind and geopotential height and the operational NMC 250 hPa geopotential
height analysis, overlaying a GMS-3 visible image, false coloured using a contemporaneous IR image to indicate
cloud height.
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Fig. 5 A split screen display of radar imagery from Gove at 2202 UTC on 19 January 1987 and the closest GMS-3 IR image,
false coloured and remapped to the radar projection. The eye of tropical cyclone Irma is visible in the radar imagery,
while the GMS-3 cloud imagery shows ‘saturation’ over the cyclone cirrus shield.
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projections or on satellite imagery. Figure 3
gives an example of this. Here 500 hPa TOVS
operational retrievals have been plotted over a
GMS-3 image.

(iv) Display of (operational real-time) numerical
analysis and forecast fields and derived
products (time sequenced if required). Again
Figs 3 and 4 illustrate this point, the
operational analysis in both cases being
plotted over a GMS-3 image.

(v) Simple advective forecasting of short-term
mesoscale weather phenomena.

(vi) Interactive processing of TOVS data using
several different statistical and physical
retrieval techniques to produce temperature
and moisture profiles and  surface
temperature.

(vii) Limited area mesoscale numerical analysis
and forecasting capability, constrained by the
computing limitations of the BoM Fujitsu
MI80.

(viii) The ability to interactively edit the data base
through the cursor and keyboard. This is vital
for many applications such as the production
of TOVS soundings and high resolution
analyses.

The above lists are by no means complete but they
should engender some feeling for the range of available
programs. It can be seen that the basic requirements for
both operational and research meteorology are well
covered. .

Applications for Australia

An examination of many present operational and
research practices in meteorology in Australia shows
there is a need for a flexible interactive system for
accessing and utilising a real-time and historical
meteorological data base. Some of the areas where such
a system can make a significant contribution are

described below. /
Operations

In the forecasting and nowcasting areas a number of
significant applications exist.

The real-time availability of visible and infrared
imagery which may be time lapsed (movie looped),
enhanced, false coloured or viewed in conjunction with
radar data is clearly useful for short-term forecasting. It
improves short-term advective forecasting, allows
location of areas of severe weather and of significant
development (Purdom 1984) and it also helps address
one of the important problems in aviation forecasting,
namely the observation of low cloud, particularly at
unmanned airports (Saunders 1986). In addition, the
remapping of the imagery aids quantitative image
interpretation for the mean sea level pressure and 1000
to 500 hPa thickness (Guymer 1978), by unfolding the
highly distorted near limb parts of the geostationary
satellite imagery onto the conventional map projections

used for analysis. Such remapped images are already
used operationally in NMC Melbourne.

The images can also be used by a forecaster in
combination with the observational data base. The
system can plot, create and analyse fields for use in the
forecast process. A typical product may include a false
coloured image to delineate upper and lower cloud, and
analysed flight level winds for use as an aid for flight
and terminal area forecasting, or a display of stability
fields for calculating the likelihood of thunderstorms in
a particular area. Figure 4 shows a typical example; a
visible image from GMS-3, for 0000 UTC on 31 July
1985, has been false coloured using the infrared image
for the same time, clearly delineating cloud height,
while 250 hPa (flight level) wind and height
observations from radiosonde are shown in conjunction
with the operational NMC analysis.

The availability of numerical forecast data in gridded
form provides the forecaster with the ability to look at a
variety of model output fields which can be important
in the forecasting task. Miils and Leslie (1985) have
shown the utility of a variety of model-derived output
fields in the prediction of severe weather. The forecast
fields examined included convergence, vertical
velocity, stability indices, wind speed, temperature and
a fire danger index. All these forecast fields and others
including cloud amount and rainfall. are available in
real-time on the ARM system. In particular the ability
to illustrate these forecast fields with the valid time
cloud imagery is very important, allowing the
assessment of model accuracy during the forecast
period. This gives operational staff a chance to
recompute forecasts based on new data when forecasts
are seen to be in error in their early stages.

It is important to understand, however, that the
quintessence of ARM is that the increased utilisation of
the data base and numerical forecast products not only
aids the forecaster per se but, just as important, the
quality of these numerical products is also improved by
the use of the ARM system. The system is able to
augment the data base for the analysis on which these
numerical prognoses are made. It can do this in several
ways. These include the provision of locally-derived
high resolution TOVS retrievals, locally-derived cloud
drift winds and a comprehensive analysis and editing
system.

The utility of the high resolution soundings for
numerical analysis and forecasting in the Australian
region has been illustrated by Kelly et al. (1978) and
Bourke et al. (1982(b)).

More recently Le Marshall et al. (1985), using a
version of the Australian Region Analysis/Prognosis
system located over the Caribbean, and Velden et al.

_ (1984), using a trajectory model, have shown the utility

of soundings and satellite-derived winds in analysing
the area about a tropical cyclone and the subsequent
forecasting of its position. It would appear that local
high resolution soundings derived around a cyclone,
used in conjunction with locally-derived cloud drift
winds (calculated from the hourly images available
from GMS-3 in severe weather situations), represent a






