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A collaborative Geostationary Meteorological Satellite (GMS)
Pathfinder Project involving the Australian Bureau of Meteorology
(ABM), the Commonwealth Scientific and Industrial Research
Organisation (CSIRO), the Scripps Institution of Oceanography (SIO)
and the United States National Aeronautics and Space Administration
(NASA), with cooperation from the Japan Meteorological Agency
(JMA), is underway. Selected data from Japan’s Geostationary
Meteorological Satellite (GMS-5) during a benchmark period (1 July
1995 — 30 June 1996) are being examined as part of this activity. The
objective of the project is to provide a high-quality dataset suitable for
climate analysis and research. Sources of noise in the data will be min-
imised, accurate cloud-detection algorithms will be developed, and
accurate navigation and radiometric calibration will be appended to
the data. To demonstrate the scientific usefulness of the GMS
Pathfinder data for analysis and climate research, we will examine
satellite-observed and derived variables which may be useful to moni-
tor oceanic and land-surface changes that occurred over the Australian
continent and its surrounding seas during the benchmark period. The
datasets and documentation developed as part of this project will be
made available to NASA's designated Distributed Active Archive
Center (DAAC) and to a designated Australian site. These data and
documentation also will be fully available to the scientific community
for research purposes.

Introduction

International global change research programs (such
as the International Geosphere Biosphere Programme
(IGBP), the World Climate Research Programme
(WCRP)) require easier access to consistently cali-
brated, high resolution, long time-series records of
albedo, temperature, vegetation condition, and other
parameters which can be derived from satellite data
(Townshend et al. 1991). Regional studies have also
demonstrated the power of using long time-series of
satellite data for change detection (Graetz et al.
1992). The technological evolution of sensors on
research and operational satellites, however,
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means that there are few instances of a stable instrument
configuration over a sufficiently long period to be use-
ful for global change research. Some important excep-
tions are the Advanced Very High Resolution
Radiometer (AVHRR) instrument on the USA's
National Oceanic and Atmospheric Administration
(NOAA) series of satellites, the Visible and Infrared
Spin  Scan Radiometer (VISSR) on Japan's
Geostationary Meteorological Satellite (GMS), and the
VISSR Atmospheric Sounder (VAS) on the USA's
Geostationary Operational Environmental Satellite
(GOES). All of these instruments have operated contin-
uously and simultaneously on their respective families
of satellites for over ten years.
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Growing recognition of the power of a long time-
series of satellite data for global climate studies and an
emerging understanding of the need for satellite data
management agencies to evolve more efficient practices
in the face of the exploding volumes and data transmis-
sion rates of earth observation data, led NASA and
NOAA to establish a ‘Pathfinder’ retrospective satellite
data-processing program. Typically, the projects select-
ed for Pathfinder evolve in four stages (Booth and
Maiden 1993): (a) identify datasets suitable for support-
ing climate and global change research; (b) transfer
minimally processed archive data to the working medi-
um; (c) develop ‘scientific community consensus’ to
define necessary data products and determine quality
control and validation procedures; and (d) generate, val-
idate, and disseminate the agreed products on readily
accessible distribution media and with supporting meta-
data/browse files. Because scientific understanding and
technical means in processing and storage media have
evolved, Steps (b) - (d) often require reprocessing of
older data using improved and consistent algorithms,
and/or conversion of archival data to newer, more robust
media. This frequently has the additional advantages of
prolonged data life, reduced handling costs, and more
efficient access and use of the data by the community.

The 16th Meeting of the Committee on Earth
Observation Satellites (CEOS) Working Group on Data
at Sad José dos Campos, Brazil, in May 1994, noted the
importance of the GOES Pathfinder Project for devel-
oping sound practices in the management of long-term,
consistently calibrated satellite datasets. The meeting
also encouraged the development of other complemen-
tary datasets (e.g., from GMS) which would lead to the
creation and widespread availability of low cost, global
coverage, long time-series satellite data of consistent
quality for global change studies and other meteorolog-
ical purposes.

Subsequently, a GMS Pathfinder Project was initiat-
ed in 1995 as a collaborative effort between NASA, the
Scripps Institution of Oceanography (SIO), the
Australian Bureau of Meteorology (ABM), and the
Commonwealth Scientific and Industrial Research
Organisation (CSIRO). The Japan Meteorological
Agency (JMA) is not formally involved but has provid-
ed consultative advice from time to time. The project is
guided by an Executive Committee and a Science
Working Group. '

The GMS Pathfinder Project will benefit greatly
from NASA's earlier GOES Pathfinder Project. In par-
ticular, many of the techniques developed by SIO for the
GOES Pathfinder Project can be modified for use with
GMS-5 Stretched Visible and Infrared Spin Scan
Radiometer (S-VISSR) data. Techniques, for example,
were developed for minimising noise problems in the
data without human intervention (Simpson et al. 1995;

Simpson and Gobat 1995a) and their analysis within a
UNIX workstation environment (Simpson and Al-Rawi
1996). For radiometric calibration, as well as scientific
analysis, accurate cloud-detection algorithms over both
land and ocean were developed (Simpson and Gobat
1995a, b). An extensive relative and absolute radiomet-
ric calibration was also performed for the entire GOES
Benchmark period (Frouin and Simpson 1995).

The GMS series of satellites

Japan's GMS series of satellites has been operating con-
tinuously since the First GARP (Global Atmospheric
Research Programme) Global Experiment, or FGGE,
period of 1977-78. GMS offers by far the longest avail-
able sequence of high resolution, high temporal fre-
quency satellite observations in the visible and thermal
infrared regions of the spectrum over Oceania and the
western Pacific area. Launch dates of the GMS satellites
(and key instruments) are given in Table 1. GMS also
has a region of partial overlap with data taken by the
GOES satellites which can be used to help cross-cali-
brate these instruments. When GOES and GMS data are
combined, about two-thirds of the earth's area is covered
with temporal sampling currently every hour (for GOES
every half hour). The GMS series will be replaced by a
new generation series of three-axis stabilised Multi-
functional Transport Satellites (MTSAT) from 1999
onward. Many of the techniques developed as part of
GMS-5 Pathfinder will also be useful with some of the
MTSAT instruments.

Table 1. Launch details for geostationary meteoro-
logical satellites, 1977 - 1996.

Bus Launch date Payload

GMS | 14 July 1977
GMS 2 11 August 1981 VISSR, DCS, SEM
GMS 3 03 August 1984 VISSR, DCS, SEM
GMS 4 06 September 1986 VISSR, DCS, SEM
GMS 5 18 March 1995 Improved VISSR, DCS, SEM

VISSR*, DCS*, SEM*

Key

*  Visible and Infrared Spin Scan Radiometer (see Table 2).

+ Data Collection System (for environmental data collected
by ground-based automatic weather stations, ships, or buoy
instruments [‘Data Collection Platforms’ or DCP] and
transmitted to satellite for re-transmission to regional data
centers).

# Space Environment Monitor (for monitoring charged parti-
cle flux and solar X-ray intensity).
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The Visible and Infrared Spin Scan Radiometers
(VISSR) on board the GMS-1 to GMS-4 were two-
channel instruments having a visible channel (0.5 - 0.9
{m) with a spatial resolution of 1.25 km while the
thermal infrared channel (10.5 - 12.5 pm) had a spa-
tial resolution of 5 km. The improved VISSR flown on
GMS-5 has a broader visible channel (0.5 - 1.1 um)
and three infrared channels (6.5 - 7.0, 10.5 - 11.5, and
11.5 - 12.5 pm) permitting water-vapour mapping and
split-window sea-surface temperature measurements
(CEOS 1992; MSC 1997). The characteristics of the
imaging payload are summarised in Table 2. GMS-5
complements the new generation of GOES instru-
ments (e.g., GOES-8).

Reception and storage of GMS data in
Australia
Full-earth disk data, pre-processed (VISSR to Stretched

- VISSR (S-VISSR)) at the JMA primary data acquisition

facility near Hatoyama, have been received by the
ABM's Medium Data Utilisation Station (MDUS) in
Melbourne, Australia, since 1977. Until December 1989
these were received as analogue transmissions (High
Resolution Facsimile (HRFAX) transmissions). Hourly
S-VISSR digital observations have been received from
December 1989 and continue presently, although the
period January - May 1993 includes data gaps due to
data reception problems.

Table 2. Characteristics of imaging payload (after CEOS, 1992, 1995).

Instrument VISSR (Visible and Infrared Spin Scan Radiometer)

Mission GMS1-4

Agency Japan Meteorological Agency/National Space
Development Agency of Japan

Description Spin Scan Radiometer operating in two channels:
Visible 0.5 - 0.9 Um
Infrared 10.5 - 12.5 lm

Derived Surface (albedo)

measurements  Clouds (albedo, temperature)
Sea-surface temperature
Cloud-motion winds
(Le Marshall et al. 1994)

Selected
applications

Davidson, 1987) etc.

Duty cycle GMS 1-2: Full Earth in all channels, every 3 hours
GMS 3-4: Full Earth in all channels, every 1 hour.
Data
quantisation Visible: 6 bits (64 levels)
Infrared: 8 bits (256 levels)
Resolution
at nadir Visible: 1.25 km

Infrared: 5 km

Swathe width ~ Full Earth disk

Improved VISSR

GMS 5

Japan Meteorological Agency/National Space
Development Agency of Japan

Spin Scan Radiometer operating in four channels:
Visible 0.5- 1.1 Um
Infrared 6.5 - 7.0um

10.5 - 11.5 pm

11.5-12.5 im

Surface (albedo)

Clouds (albedo, temperature)
Sea-surface temperature
Atmospheric water vapour
Cloud-motion winds

(Le Marshall et al. 1994)

Observation of images of Earth for weather forecasting ~ Observation of images of Earth for weather forecasting -
(Zillman et al. 1990); sea ice conditions; volcanic
ash detection (Hanstrum & Watson 1983); snow
cover monitoring, moisture profile aliasing (Mills and

(Zillman et al., 1990); sea ice conditions; volcanic ash
detection (Hanstrum & Watson, 1983); snow cover
monitoring, moisture profile aliasing (Mills and
Davidson, 1987) etc.

Full Earth in all channels, every 1 hour.

Visible: 6 bits (64 levels)
Infrared: 8 bits (256 levels)

Visible: 1.25 km
Infrared: 5 km

Full Earth disk
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Initially, the ABM archived digitised HRFAX trans-
missions twice daily (0000 UTC, 1200 UTC) but from
1982, digitised HRFAX images were stored three-
hourly. Since 1989, S-VISSR data have been transmit-
ted to Australia, via GMS, after being geometrically and
radiometrically corrected by JMA (Tsuchiya et al.
1996). The JMA data pre-processing (VISSR to S-
VISSR) is somewhat analogous to the NOAA Wallops
Island pre-processing for GOES data.

Initially, the ABM archived the pre-processed GMS
data at full resolution for thermal infrared, but sub-sam-
pled the visible channel resolution from 1.25 km to the
thermal infrared channel resolution of 5 km. Since 1994,
ABM has recorded the full 1.25 km resolution visible
data. Before mid-1994, data were also compressed,
using an Australian Region McIDAS data format (Le
Marshall et al. 1987), and were stored on IBM 3480 car-
tridge tapes, each holding approximately 56 thermal
infrared and 30 visible images. Subsequently the data
were archived as McIDAS UNIX files and include
image, navigation, calibration and documentation block
data. Implementation of a new Australian Standard Data
Archive (ASDA) format, which consists of a header fol-
lowed by the raw data, began in late 1997, together with
automatic metadata and browse file generation (Turner
et al. 1996).

The size of the holdings represents a significant data
retrieval, maintenance, storage and access problem.
Nevertheless, the holdings represent a unique source of
climatologically valuable information. At present,
Australian and foreign researchers cannot readily
browse or access these data on-line but this problem is
now being addressed by the development of a new
browse and retrieval facility in the ABM via implemen-
tation of NASA’s Information Management System (in
cooperation with NASA and CSIRO). Moreover, the
consistency of the data characteristics (e.g., calibration)
over several generations of VISSR instruments is not
fully quantified, making the data in its present form less
valuable for long-term studies. In all essential respects,
the situation with archived GMS data is analogous to
that encountered with GOES data during the initial
GOES Pathfinder Benchmark period. One difference,
however, is that not all GMS data available in Japan are
resident at the ABM.

It is important to emphasise that S-VISSR, not
VISSR, data are received and archived in Australia. The
conversion of VISSR data to S-VISSR data by a geosta-
tionary primary data acquisition facility (e.g., Wallops
Island for GOES data, Hatoyama for GMS data) often
involves more than simply ‘stretching’ the data for sub-
sequent retransmission and reception by other ground
receiving stations. These facilities, for example, often
perform some type of destriping of the data and.in the
case of GMS-5, some infrared calibration information

(e.g., shutter temperatures) is not passed into the S-
VISSR data stream. This omission makes subsequent
checking of the thermal infrared channel calibrations
difficult. Moreover, some methods used historically to
destripe the visible data are not effective and can even
add noise contamination to the S-VISSR data. For many
scientific purposes it is more desirable to have access to
either the raw VISSR data or to S-VISSR data which
have not been altered in any way other than stretching.

The objectives of the GMS Pathfinder
Project

The long-term objectives of the GMS Pathfinder Project
are: (a) develop a noise -corrected, radiometrically cali-
brated, properly cloud-screened GMS S-VISSR prod-
uct; (b) demonstrate the scientific importance of
improved GMS data by producing a S-VISSR-based set
of products and scientific studies useful to the global
change community (e.g., cloud cover, surface albedo,
solar irradiance at the top of the atmosphere (TOA));
and (c) prescribe an improved archive and distribution
procedure for the GMS data.

GMS data, like those from GOES, are voluminous
and not fully understood. For this reason, a GMS
Pathfinder Benchmark period (1 July 1995 - 30 June
1996) was chosen to demonstrate proof of concept. For
this period, the project will produce a high-quality time-
series of improved products for use by the global-
change research community covering the Australian
continent and adjacent ocean areas (5° to 50° S lat. and
110° to 150° E long.). To successfully accomplish this
overall goal, the series of very specific tasks outlined
below will be accomplished.

(a) Re-archive the ABM GMS data for the GMS
Pathfinder Benchmark period onto new media, and
generate browse and metadata to enable enhanced
access by the scientific user community. This is an
ongoing cooperative effort between ABM and SIO.

(b) Examine the GMS data for sources of noise which
would inhibit their quantitative use in global
change studies. Develop, where applicable, noise-
reduction algorithms analogous to the procedures
developed for GOES S-VISSR data.

(c) Develop rigorous, fully-automated cloud-detection
algorithms for GMS data for use over both land and
ocean. These products are needed for many other
scientific studies.

(d) Radiometrically calibrate the GMS S-VISSR data
using both calibration sites and a combination of
GMS and AVHRR scenes.

(e) Improve the navigational accuracy of the GMS-5
data.
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(f) Provide a demonstration of the scientific usefulness
of GMS Pathfinder products within the context of
large-scale regional studies.

Preliminary GMS-S Pathfinder results

This section briefly reviews only a few of the issues
being addressed by GMS-5 Pathfinder.

Destriping of visible data

A characteristic of visible data taken with a VISSR
instrument is stripes, meaning that there is generally a
sharp difference in contrast between adjacent lines in a
scene rather than a smooth continuum across sensor
boundaries in the data. This is due to the non-uniform
response functions of the individual component sen-
sors of the VISSR instrument (see Weinreb et al.
(1989); Simpson et al. (1995) for a detailed discussion
of striped noise in geostationary satellite data). If
uncorrected, stripes can lead to improper image classi-
fication (e.g., Wegener 1980) and incorrect retrieval of
geophysical variables, such as cloud-cover amount,
surface albedo and solar irradiance (see detailed exam-
ples in Simpson et al. (1995)).

Simpson et al. (1998) examined noise in GMS-5
data for the benchmark period and found that it dif-
fered in many respects from that found in GOES-7
data: (a) although GMS-5 data exhibit noise at isolated
frequencies in their column spectra, the noise is not
always confined simply to the fundamental and its har-
monic frequencies; (b) in addition to column spectra
noise, noise can also occur in row spectra at isolated
frequencies; (c) the frequencies at which the noise
occurs in both the column and row spectra can vary
from scene to scene within well-defined limits; and (d)
both column and row noise do not necessarily appear
simultaneously in all GMS-5 images. An example of a
typical GMS-5 scene over part of Australia taken dur-
ing the benchmark period is shown in Fig. 1(a). Stripes
are clearly visible in the data.

A set of tapered finite impulse response filters has
been developed to reduce the striped noise in the
GMS-5 data by Simpson et al. (1998) who also used
spectral measures to determine the effectiveness of
the procedure on a given image. The effect of this
noise removal procedure on the original S-VISSR
data (Fig. 1(a)) is shown in Fig. 1(b). Corresponding
ensemble-averaged normalised column and row mag-
nitude spectra before and after noise reduction are
shown in Fig. 1(c); these spectra and a visual com-
parison of Figs 1(a) and 1(b) confirm the effective-
ness of the approach. Note, the low frequency range
of the spectra has not been plotted to-enhance. the

dynamic range of the higher frequency region where
the striped noise occurs. Moreover, reflection of spec-
tra beyond the normalised Nyquist frequency (f=1)
has been done to aid visualisation of noise in this fre-
quency range.

Cross-calibration of GMS-5 and NOAA-14

As in many satellite instruments, visible calibration of
the GMS-5 VISSR data is generally unavailable in-
flight (MSC 1997). While pre-launch test data are use-
ful for some purposes, the techniques developed by,
GMS-5 Pathfinder should produce more accurately
calibrated long time-series of data useful for climate-
change detection and attribution studies. In addition,
the near real-time nature of this new calibration proce-
dure makes it particularly suitable for operational
weather forecasting and for tracking degradation in
sensor performance.

Le Marshall et al. (1998) have used satellite-to-
satellite cross-calibration to link well-calibrated
AVHRR instruments on the NOAA series of satellites
with the GMS S-VISSR data. In this approach, accu-
rate satellite orbital calculations have been used to
allow data from uniform, cold, bright upper-atmos-
pheric targets, viewed from the same direction at the
same time, to be remapped to the same projection
(Fig. 2). The orbit selection criteria ensure near-nadir
viewing of all cloud targets for the NOAA-14 and
GMS-5 and allow a simple and accurate linear trans-
lation table to be established between AVHRR instru-
ment count and GMS-5 count (scaled 0 — 255)
squared. Figure 3 shows a typical fit between GMS-5
counts squared and AVHRR counts for 6 April 1997.
The correlation coefficient is 0.997, the slope is
0.0125 and the intercept is 51.9. This basic count-to-
count squared translation table provides an all-time
record (or transfer standard) for the satellite-to-satel-
lite calibration and it is anticipated that the technique
can also be used to link the NOAA polar-orbiting
satellites, and hence the GMS satellites, to the other
geostationary satellites such as GOES and Meteosat.
Moreover, the method can be used operationally to
track the performance of the GMS-5 visible sensor.
Ultimately, the conversion of the relation between
NOAA counts and GMS-5 counts squared to the radi-
ance domain will rely on the absolute accuracy of the
AVHRR visible calibration and atmospheric radiative
transfer calculations. Fortunately, the NOAA visible
channels have one of the most continuously and care-
fully radiometrically calibrated remotely sensed sig-
nals available (e.g., Rao and Chen 1996). Finally, it is
important to emphasise that the translation table con-
cept does not imply prediction of one variable from
the ‘other but only establishes a correspondence
between the two.

~



230 Australian Meteorological Magazine 47:3 September 1998

Fig. 1  (a) Subsection of GMS-5 visible data, sampled at full spatial resolution. Stripes are clearly seen in the data; (b) same
as (a) except that stripes have been minimised using a tapered finite impulse response filter developed by Simpson et
al. (1998); (c) ensemble averaged column and row normalised magnitude spectra as a function of normalised fre-
quency before and after noise removal. See colour key in figure and text for details.
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