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Abstract

The Advanced Very High Resolution Radiometer (AVHRR) instruments car-
ried on a series of polar-orbiting weather satellites have been observing the
state and dynamics of the global environment for over two decades. The
CSIRO Earth Observation Centre (EOC) has assembled a unique 22-year
archive of these data for the Australian region (both the continent and sur-
rounding ocean) that constitutes a comprehensive and irreplaceable record.
Although the spatial resolution of 1 km is less than for many other envi-
ronmental satellites, the daily repeat cycle provides resilience against cloud
obscuration of the surface, and also the opportunity to investigate environ-
mental dynamics on relatively short timescales. The length of the archive,
in turn, enables monitoring of long term changes, and in the absence of any
other comparable data from the 1980s and 1990s, the value of these data in
the detection of subtle long term trends increases with the passage of time.

This document provides an overview of the 8 terabyte, 100 000 scene
EOC AVHRR data set. It includes a description of the data set origins,
the processes whereby it has been curated, and the means of its storage.
A summary inventory of the current holdings is provided. The prospects
for improving the quality and consistency of the base processing are also
discussed.

This report is intended as a largely non-technical description for an au-
dience of potential end-users in order that they might understand what the
data set contains, what constraints apply because of the way it came into
being, and how to access it.

This document is not a nuts and bolts technical reference for program-
mers to access the data, nor for people wishing to operate the specialised
processing streams that have been created within the EOC to manage the
data.
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Chapter 1

Background

1.1 POES and the AVHRR

The Polar Operational Environmental Satellite (POES) program is operated
by the National Oceanographic and Atmospheric Administation (NOAA) of
the U.S. Government primarily to provide near real-time monitoring of the
the state of the global environment, with a particular emphasis on the atmo-
sphere. The term “operational” implies that it is intended to be a reliable
service, upon which routine operational decisions can depend (e.g. forecast-
ing). This in turn implies that a certain minimum standard of service can
be expected into the foreseeable future, so that a series of spacecraft carry-
ing near-identical, or at least slowly evolving, sensors will be launched and
maintained in orbit to provide an ongoing data stream without significant
discontinuity. The first spacecraft in the series, TIROS-N1, was launched
in October 1978 and the program has continued to the present day with
another 12 successful launches (Table 1.1). The final launch is planned for
2008 by which time the National Polar-orbiting Operational Environmental
Satellite System (NPOESS)2, designed to replace POES, will be well under
way).

The spacecraft are in polar orbits (typical inclinations ∼ 98◦) at an al-
titude of approximately 750 km. A single orbit is typically 101 minutes in
duration leading to slightly more than 14 complete orbits per day. The orbit
is configured so that it precesses about the earth’s pole at slightly less than
1◦/day and so maintains a nearly constant orientation with respect to the
sun throughout the year. This so-called sun-synchronous orbit is common
amongst earth observing satellites because it results in illumination condi-
tions on the ground that are stable from orbit to orbit; i.e. the spacecraft
overpass is always at approximately the same local solar time (see for exam-
ple, Rees, 1992). Normally there are two operational spacecraft at any one

1TIROS = Television and Infra-Red Operational Satellite
2http://www.npoess.noaa.gov

1



2 CHAPTER 1. BACKGROUND

Spacecraft Overpass Time Launch Fate
TIROS-N pm 1978/10 Deactivated 1981/02
NOAA-6 am 1979/06 Deactivated 1987/03
NOAA-7 pm 1981/06 Deactivated 1986/06
NOAA-8 am 1983/03 Failed 1985/12
NOAA-9 pm 1984/12 Deactivated 1987/12
NOAA-10 am 1986/09 AVHRR Damaged 1994/12
NOAA-11 pm 1988/09 AVHRR Failed 1994/09
NOAA-12 am 1991/05 Standby
NOAA-13 pm 1993/08 Failed 1993/08
NOAA-14 pm 1994/12 AVHRR Failure 2001/09
NOAA-15 am 1998/05 Standby
NOAA-16 pm 2000/09 Operational
NOAA-17 am 2002/06 Operational
NOAA-N 2004/06 Not yet launched
NOAA-N’ 2008 Not yet launched

Table 1.1: Successful launches of POES spacecraft. Note that NOAA-13
failed shortly after launch before becoming fully operational. Overpass time
indicates only morning (am) or afternoon (pm) orbit. “Standby” implies
operating but not primary spacecraft. Dates are given as YEAR/MONTH.

time, arranged to fly with roughly perpendicular orbital planes so that one
overpass is shortly after dawn and another in mid-afternoon (Figure 1.1).
Note also that there is a night-time overpass on the opposite side of the globe
corresponding to the other half of the orbit. Once on-orbit, the spacecraft
have limited manouevring capability so the gradual buildup of small per-
turbations over thousands of orbits results in a slow drift in overpass time
which can become very significant over several years, affecting the time of
observation by as much as two hours.

Overpasses are commonly referred to as either “ascending” or “descend-
ing” depending on whether the spacecraft is travelling Northward or South-
ward respectively. Typically the afternoon satellite is launched so that it is
ascending by day and (therefore) descending by night (on the other side of
the earth). The morning satellites are opposite in this regard, descending
by day and ascending by night.

The two main instruments carried on all POES spacecraft are the Tiros
Operational Vertical Sounder (TOVS) and the Advanced Very High Resolu-
tion Radiometer (AVHRR), a scanning imager. Although it is the AVHRR
data that is the focus of this report, note that most of the HRPT data
(Section 1.2.1) described herein contains both TOVS and AVHRR sensor
measurements. Beginning with NOAA-15, the recent spacecraft have car-
ried the Advanced TOVS (ATOVS).
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Figure 1.1: Typical configuration of the two standard POES orbits showing
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indicate the approximate overpass times for Australian eastern standard
time (EST, e.g. Canberra) and western standard time (WST, e.g. Perth).
M and N are the relative orbit numbers for two spacecraft (one in each type
of orbit).
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The AVHRR is a crosstrack scanner (swath perpendicular to ground-
track) that covers a scan angle of 110◦ (±55◦ from nadir) six times per sec-
ond. Each scan, or line, consists of 2048 samples (per channel) and amounts
to about 2700 km on the ground. The pixel size at nadir is about 1.1 km but
grows to nearly 5 km at the edge of the scan because there is no adjustment
to the telescope field of view (solid angle) with increasing scan angle.

The number of spectral channels carried on the AVHRR instruments
has varied over the life of the program and is either 4, 5 or 6 (Table 1.2).
All instruments have included two shortwave reflectance channels and two
thermal infrared (IR) channels with broadly consistent spectral responses for
corresponding channels across the different instruments. A third IR channel
is standard on all AVHRRs except a subset of the earlier instruments. More
recently an additional shortwave channel has been included but is only used
during the daylight part of the orbit in place of one of the IR channels.
We refer to the 4, 5, and 6 channel versions of the AVHRR as NOAA-Diet,
NOAA-Classic and NOAA-KLM respectively.

Channel Spacecraft Designation
Name λ (µm) Type N 06 07 08 09 10 11 12 14 15 16 17

1 0.58-0.68 Vis • • • • • • • • • • • •
2 0.725-1.1 Vis • • • • • • • • • • • •
3 3.55-3.93 TIR • • • • • • • • • ◦ ◦ ◦
3a 1.58-1.64 Vis ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ • • •
3b 3.55-3.93 TIR ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ • • •
4 10.3-11.3 TIR • • • • • • • • • • • •
5 11.5-12.5 TIR ◦ ◦ • ◦ • ◦ • • • • • •

Table 1.2: Channels carried on NOAA POES spacecraft AVHRR instru-
ments. Wavelength ranges are approximate and vary somewhat from in-
strument to instrument. Channel 3b on NOAA-15, 16 and 17 is the same as
channel 3 on the earlier satellites. However only one of channel 3a and 3b
can be received at a time and the selection is programmed in advance and
usually changed as the satellite crosses the terminator (from day to night
or vice versa). Therefore on NOAA-15, 16 and 17, channel 3b (conventional
channel 3) is available only by night, and channel 3a is the day channel.
(Key: Vis = visible/reflectance, TIR = thermal infrared)

An excellent reference on the AVHRR is the book by Cracknell (1997).
Four very useful WWW references for the POES program and the AVHRR
are:

• NASA POES Program http://poes.gsfc.nasa.gov/

• NOAA Polar Orbiter Data User’s Guide
http://www2.ncdc.noaa.gov/docs/podug/index.htm

• NOAA KLM User’s Guide
http://www2.ncdc.noaa.gov/docs/klm/index.htm
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• Collected NOAA Satellites information
http://www.itc.nl/∼bakker/noaa.html

1.2 HRPT, LAC and GAC - Nomenclature

For practical and historical reasons data from the POES spacecraft exist in
many forms and a precise nomenclature is required to distinguish between
the different data types. Unfortunately the names have sometimes been used
loosely leading to considerable confusion about what is actually meant. To
avoid misunderstandings, the definitions provided here apply throughout the
remainder of this report and are consistent with the usage by NOAA.

1.2.1 HRPT

High Resolution Picture Transmission (HRPT) is the most complete user
data stream. It is broadcast directly from the spacecraft in real time and is
available to any reception station within line-of-sight. It provides data from
all instruments on the spacecraft, including 5 channels of the AVHRR and
data from the TOVS (or ATOVS). The data from the instruments other
than the AVHRR is generated at a much lower rate and is multiplexed into
the data stream by the Tiros Information Processor (TIP).

A single frame of HRPT data consists of 11090 10-bit words and is shown
in Figure 1.2. A complete AVHRR scan line is included in each HRPT frame
and so the terms “frame” and “line” are often used interchangeably. It is
comprised of the following components:

• PRE-SYNC: Fixed sequence of 60 bits.

• Preamble: 97 words containing the time from the spacecraft clock at
the beginning of the current AVHRR line, various identifiers and flags,
and AVHRR channel calibration information.

• TIP Data: 520 10-bit words containing multiplexed data from all in-
struments (except AVHRR) and a number of spacecraft health and
status flags.

• MID-SYNC: Fixed sequence of 1270 bits.

• AVHRR Image Data: A full scan line from the AVHRR containing
10-bit samples for each of five channels and 2048 pixels (10240 words).

• AUX-SYNC: Fixed sequence of 1000 bits.

The ’SYNC’ sections are fixed sequences that are used by the reception
station hardware to recognise the phase and synchronise the data acquisi-
tion.
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PREAMBLE TIP DATA MID SYNCPRE SYNC AUX SYNC

6 words 97 words
5x104 = 

520 words 127 words 100 words

AVHRR IMAGE DATA

5 channels x 2048 pixels =
10240 words

11090 words

Figure 1.2: A single frame (or line) of HRPT showing the major components
and their sizes (in units of 10-bit words).

The AVHRR channel data are always in the order of five channels for
a single pixel, followed by five channels for the next pixel and so on, so
that the data for all the bands are interleaved across the line (i.e. Band
Interleaved by Pixel in GIS parlance). On the spacecraft with a 4-channel
AVHRR (TIROS-N, NOAAs 6, 8, 10), the channel 4 data is repeated in the
channel 5 data slot. On the more recent spacecraft with 6-channel AVHRR
instruments (NOAAs 15, 16, 17), the channel 3 slot contains either channel
3a or 3b depending on which is programmed active. Thus from the point
of view of the reception hardware, the HRPT data stream is unchanged
regardless of whether a 4, 5 or 6 channel instrument is in use.

The AVHRR image data comprises over 90% of an HRPT frame and so
dominates the information content; as a consequence HRPT data is often
loosely referred to as AVHRR data. All so-called AVHRR data received
at the Australian reception stations and now held by the EOC is properly
referred to as HRPT.

It should be pointed out that receiving stations choose to store the HRPT
data stream in a number of different formats and it is common to see the data
referred to by the names of these formats. The formats differ in numerous
ways such as the presence or absence of a header (either embedded or as a
separate file), whether the SYNC data are included, or if the 10-bit words
are expanded to 16 bits or packed 3 per 32 bits or not packed at all.

The most common HRPT file formats referred to in this report are the
ASDA format used by several of the reception stations (described in Sec-
tion 2.2.3), and the LAS3 Archive (abbreviated to “arch”) format used in-
ternally by the EOC.

1.2.2 LAC

The NOAA spacecraft have an onboard tape recorder that can be used to
store limited amounts of selected mission data. These data are transmitted
at a very high rate when the spacecraft is within view of U.S. reception
stations located in Alaska (Fairbanks) or Virginia (Wallops Island).

When these data include the AVHRR full-resolution data stream they
are distributed by NOAA as Local Area Coverage or LAC data. A max-

3Land Analysis System
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imum of 10 minutes of LAC data can be recorded per 101 minute orbit,
hence the term “local” since the data can only cover a relatively small re-
gion. As distributed by NOAA, the LAC data are in a specific format and
include a number of auxiliary records that are generated after acquisition.
These include quality indicators, solar zenith angles, and earth location data
(latitude and longitude for every fortieth pixel).

The distinction between the HRPT and LAC data is often disregarded
by AVHRR-centric users because the AVHRR image data in LAC data is
functionally identical to that included in HRPT. However a TOVS user
would have no interest in LAC data since it contains only data from the
AVHRR. The point is that the EOC holds mostly HRPT data, not LAC
data, and the HRPT contains far more than just AVHRR data.

1.2.3 GAC

Global Area Coverage is a reduced resolution AVHRR data product that
is recorded in its entirety (hence “global”) and downlinked once per orbit.
From Section 3.1.1 of the NOAA Polar Orbiter Data (POD) User’s Guide:

“The processor on board the satellite samples the real-time AVHRR
data to produce reduced resolution GAC data. Four out of every
five samples along the scan line are used to compute one average
value, and the data from only every third scan line are processed.
As a result, the spatial resolution of GAC data near the subpoint
is actually 1.1 km by 4 km with a 3 km gap between pixels across
the scan line, although generally treated as 4 km resolution. All
of the GAC data computed during a complete pass are recorded
on board the satellite for transmission to Earth on command.
The 10-bit precision of the AVHRR data is retained.”

Like LAC data, GAC data contain similar auxiliary data generated after
acquisition and is distributed in a specific format.

The subsampling and subsequent reprojection of GAC data can lead to
surprising results when the same region is imaged in two different overpasses
(Figure 1.3). The problem arises mostly because the GAC data are averaged
only along the scan line and not across scan lines. In principle, it would be
possible for two overpasses with identical groundtracks, but differing by one
line in GAC sampling phase, to yield images of mutually exclusive areas on
the ground! This violation of the sampling theorem can result in significant
aliasing and so an increased noise level for GAC data time series, in spite of
the averaging.

This effect must not be overlooked when comparing GAC data with data
of comparable resolution generated by resampling full resolution data. If the
full resolution data is resampled to the grid directly, each point will be much
more consistent from overpass to overpass than for the GAC data.
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Figure 1.3: Schematic of GAC data sampling for two hypothetical overpasses
over the same area. Each filled dot represents the centre of an AVHRR pixel
so the regions each represent an image subset of 15 pixels and 9 lines. The
boxes indicate groups of four pixels averaged in the GAC sampling process.
The grid of dashed lines shows a possible regular sampling on the earth’s
surface (e.g. a latitude, longitude grid) and the arrows indicate a nearest
neighbour resampling process to this grid. It is clear that distinctly different
regions on the surface can contribute to the same locations in successive
overpasses, especially once the data are remapped.



1.3. SATELLITE DATA PROCESSING LEVELS 9

1.3 Satellite Data Processing Levels

Remote sensing data are seldom used directly in the form that it is re-
ceived from the spacecraft. Typically a process of calibration, geolocation
and correction for various illumination and atmospheric effects are made.
This has led to the establishment of a nomenclature peculiar to the remote
sensing field which broadly describes the extent to which the data has been
processed. The major characteristics of the various levels are outlined here.

• Level-0: The data as received on the ground with no processing. The
data units are the digital counts obtained from the A-to-D converters
in the instrument sensor.

• Level-1: Geolocated and calibrated data. These are in physical units
of radiance, measured at the top of the atmosphere and corresponding
to a particular location on (or above) the ground. Often Level-1a is
used to refer to the raw counts together with calibration and geoloca-
tion metadata, and Level-1b refers to the data after the application of
these metadata.

• Level-2: Derived quantities, such as atmospheric aerosol abundance,
cloud parameters or vegetation greeness indices computed from the
Level-1b data.

• Level-3: Temporal composites of Level-2 products.

1.4 Australian 1–km project

The Australian 1-km project operated by the EOC is seeking to curate the
archive of HRPT data acquired in the Australasian region. The project
grew out of the Australian Land Research Data Centre (ALRDC) data set
initiated at CSIRO Division of Wildlife and Ecology in Canberra in the early
1990s (Kingwell, 1994). The ALRDC data set in turn arose from CSIRO’s
involvement in the NASA/USGS Global 1-km project4, an international
effort to acquire, archive, process, and distribute 1-km resolution AVHRR
data of the entire global land surface in order to meet the needs of the
international science community.

Since April 1992, CSIRO has acted as the Australasian regional coordi-
nator for the 1-km project. In fulfilling this role CSIRO EOC has received
copies of HRPT acquisitions from 5 reception stations (operators in paren-
theses):

• Hobart, Tasmania (CSIRO Marine Research)

4http://edcdaac.usgs.gov/1KM/1kmhomepage.html
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• Townsville, Queensland (James Cook University, JCU, and then Aus-
tralian Institute of Marine Science, AIMS)

• Darwin, Northern Territory (Bureau of Meteorology)

• Perth, Western Australia (Curtin University and W.A. Department of
Land Administration, DOLA)

• Casey, Antarctica (Bureau of Meteorology).

Initially these data were only from the daytime overpass of the operational
spacecraft in the afternoon orbit. However by the end of 1993 most sta-
tions were contributing data from all overpasses they acquired, regardless of
satellite or time of day.

Data have also been acquired from the receiving station operated by
CSIRO Atmospheric Research at Aspendale in Victoria between 1990 and
1997. CSIRO Marine Research recently provided a copy of their complete
archive of HRPT from Hobart from 1986 to 1992. The EOC is currently
liaising with both DOLA and AIMS/JCU to obtain copies of their pre-1992
HRPT archives. Since May 2002 the EOC has also been receiving data from
the Australian Centre for Remote Sensing (ACRES, Geoscience Australia)
reception station located at Alice Springs in central Australia. This data
set is provided electronically and is available at the EOC within 24 hours of
acquisition.

To the best of our knowledge there is no collection of full-resolution
AVHRR data of the Australian region extending back to the beginning of
the POES program. However NOAA has archived almost all daily GAC
data and from this the EOC has assembled an archive of the afternoon pass
data for Australia in order to supplement the HRPT archive and extend it
as far as possible historically.

The next two chapters of this report describe the curation of these data
sets and provide an inventory.



Chapter 2

Data Management

2.1 Introduction

The EOC currently receives HRPT data from 6 different reception stations.
How these data are managed and processed at the EOC is the subject of
this chapter. Although some of the processes are complex, the description
will not contain more detail than is necessary to understand the basic data
flow. The two major products are a combined data set known as the stitched
archive and the near-real-time Alice Springs data. The EOC also holds an
historical daily GAC archive and is working to acquire pre-1992 HRPT data
from various stations as outlined in the previous chapter.

2.2 The Stitched Archive

2.2.1 Orbit Stitching

As was previously described, HRPT data is transmitted directly in real-
time from the spacecraft in orbit and can be received by any suitable an-
tenna within line-of-sight. Although the data are available immediately,
this method of data transfer has some shortcomings. The maximum length
of a received overpass is limited by the time that the spacecraft can be
tracked and is only around 14 minutes for the POES orbits, corresponding
to a ground track of approximately 4500 km. The received data may also
be degraded by factors local to the reception station such as tracking er-
rors, physical horizon obstructions (for example hills or buildings) and radio
frequency interference.

The fact that multiple stations can receive the same data simultaneously
can be used to offset these shortcomings. If data from a single overpass
(orbit), acquired at several widely separated reception stations are combined,
then not only can the length of the overpass be extended, but it is possible to
select the data least affected by local reception problems. A third advantage

11
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is simply that much redundant data can be eliminated and so both the
total data volume and the number of files that have to be managed are
substantially reduced. The only disadvantage is that all the data must be
brought to a common location so it is generally not possible to perform
the process until some time after acquisition (typically one or two months).
Figure 2.1 illustrates the stitching process for an orbit of NOAA-15.

As the coordinating institution for the Australian contribution to the
Global 1 km project, the EOC holds a uniquely comprehensive collection
of HRPT data from Australian reception sites. Advantage has been taken
of this by conducting a program to consolidate the entire archive by means
of orbit stitching. Apart from producing a premier archive of Australian
HRPT data, this process has the following beneficial side effects:

• all the original tape media are exercised, leading to improved longevity;

• all data are converted to a common format and stored on common
media; and

• a comprehensive catalogue and index can be created.

The primary focus of the stitching project is the immediate Australian re-
gion, so the station data ingested do not include that from Casey base in
Antarctica. Only Townsville, Darwin, Perth and Hobart are included. Data
from Aspendale were also used until it ceased receiving in July 1997. Since
May 2002, data from Alice Springs has been included.

2.2.2 The Stitching Process

The fundamental step enabling the stitching operation is bringing all the
segments of each single orbit, recorded at different reception stations, to-
gether. This apparently straightforward requirement is complicated by the
fact that the reception stations store their data in different file formats and
the physical organisation of the files on tape media differs. Moreover, differ-
ent stations use different types of tape media and generally do not provide
an index to the files on a tape; usually the best that can be hoped for is that
the passes appear on the tapes in order of acquisition with all the passes
from the different spacecraft interleaved.

The solution requires the use of a large amount of disk space allowing
whole tapes to be read onto disk at once. In the process the files can be con-
verted to a common format, identified and catalogued. For historical reasons
connected with the Global 1 km project, the LAS/ADAPS (Land Analysis
System/AVHRR Data Acquisition and Processing System) processing pack-
age developed by USGS is used to ingest and identify the individual HRPT
files at the EOC. The files are all converted to the LAS archive (arch) for-
mat, consisting of a pair of files containing the AVHRR data stream and
computed metadata. A supplementary EOC-generated file is used to store
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Figure 2.1: Demonstration of the benefits of orbit stitching. The data from
Darwin (DAR), Townsville (CFQ), Perth (PTH) and Hobart (HBT) are
combined to produce a single long pass of superior quality. Notice how the
missing lines are mostly eliminated in the stitched product.
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the TIP data (Section 1.2.1) and various data-quality metrics for use in
the stitching. As part of the ingest, low resolution quicklook images are
generated and stored online, as are all log files recording the processing.
A relational database is also automatically populated with metadata. The
whole process is illustrated schematically in Figure 2.2.

Station Tapes

Quicklooks

Log Files

Log Files

Quicklooks

Log Files

Log Files

Online Archive

"Station Archive"

"Stitched Archive"
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Figure 2.2: Schematic of Level-0 base processing including ingest, stitching
and archival to Digital Linear Tape (DLT).

Once identified, the files containing data segments from a single orbit
can be collated in preparation for stitching. The database keeps a record
of what data has been ingested and is used to determine when all possible
contributions to each overpass are present on disk.
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The station data are archived on Digital Linear Tape (DLT) media at
this point. This effectively captures the entire input data set in a common
format and media, and organised by orbit rather than by station and time,
permitting easy retrieval if the stitching needs repeating for some reason
at a later date. This set of DLT tapes is referred to as “The LAS Station
Archive” and is physically held in the data store at the EOC. At the time
of writing it includes some 370 tapes amounting to approximately 11.8 TB
of data.

The stitching is performed by a specially modified LAS/ADAPS program
that runs in the LAS/ADAPS environment. It uses the data quality metrics
derived during data ingest to choose between the different possible data
sources and produces an output LAS archive format file, a metadata file
and an auxillary file containing the TIP data and a number of stitching and
data quality and selection statistics and measures. This triplet of output
files is archived twice to create two identical sets of DLT tapes. These
tapes, which contain every orbit of every satellite acquired in time order,
are referred to as “The LAS Stitched Archive”, Series-A and Series-B. Two
copies are created to defend against the possibility of media failure; it is
highly desirable to avoid re-stitching because of the enormous amount of
data and metadata that has to be manipulated. The two copies are again
stored in the EOC data storeroom, though one (B) is only held temporarily.
There are currently 225 A-series tapes containing about 7.2 TB of stitched
images.

2.2.3 Archiving and Distribution

The original choice of the LAS/ADAPS environment, motivated by its ca-
pacity to generate various metadata and provide a ready made interface to
AVHRR data files, has some implications for output file formats. This is
because the EOC is the only Australian institution using LAS/ADAPS, so
the output files are incompatible with all other potential Australian users.
Moreover the arch format is not compatible with the EOC-supported CSIRO
AVHRR Processing System (CAPS) software.

Since the output of the stitching is effectively just a longer segment
of higher quality HRPT, there is no reason why it can’t be stored in the
same format that the reception stations use. The standard format that
is being adopted in Australia at present is the Australian Satellite Data
Archive (ASDA)1 format which, containing an integral and very detailed
ASCII text human-readable header, is well suited to long term archival.
Several institutions and users have procedures for handling the ingest of
HRPT data in ASDA format, as does the CAPS package.

1A detailed description of the ASDA format can be found at:
http://www.dar.csiro.au/publications/turner96/arcfrep.htm,
http://www.bom.gov.au/climate/satellite/asda
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The translation is complicated by incorporating a data re-organisation
step. Generally users are interested in time series of data from one satellite,
for example all the ascending passes of NOAA-14. To facilitate this type
of use, the ASDA tapes are organised so that each contains only data from
one satellite in one direction (ascending or descending) in time order. To
do this efficiently (without having to change tapes all the time), many LAS
tapes are read until there is enough data on disk from every satellite (in
both directions) to write complete ASDA output tapes.

The process of converting the LAS stitched archive to ASDA format is
accomplished in several steps (Figure 2.3). Firstly a sequence of the Series-
A tapes are restored to disk. This verifies the readability of these tapes
(establishing that the Series-B tapes are indeed redundant). Once these
data are successfully restored, the corresponding identical Series-B tapes
are removed from the data store and recycled. The LAS archive format
data on disk are reformatted back to full HRPT format and the TIP data
is restored. Lastly, an ASDA header is created and prepended. These files
are then written to the recycled Series-B tapes and to a set of DLT media
provided by CSIRO Marine Research, creating two sets of ASDA tapes. One
set is is kept at the EOC in Canberra while the other is sent to CMR in
Hobart for their use and to provide an off-site archive in case of disaster at
the EOC.

2.3 Alice Springs

In May 2002 Geoscience Australia, in conjunction with the Bureau of Me-
teorology, established a dedicated NOAA reception facility at their site at
Alice Springs in Central Australia. This system acquires about 15 overpasses
daily and the data are transferred electronically to Canberra, usually within
an hour of acquisition. These data, in ASDA format, have been provided to
the EOC since May 2002 and are made available to the public via the EOC
web site (http://www.eoc.csiro.au/perl/acres.pl).

At present these data are archived to DLT weekly. A dedicated system
is used to hold all these data online on an ongoing basis. The archive tapes
are ingested into the stitching process at the appropriate time (i.e. when all
data from the pther stations arrives).

2.4 GAC Data

As part of its efforts to maximise the length of the AVHRR timeseries, the
EOC has sought to acquire daily GAC data from the NOAA archives extend-
ing back to the early 1980s. Approximately 30 GB of this data, consisting
of the daily afternoon overpasses of Australia have been accumulated. The
EOC is in the process of organising and cataloguing these data.
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Figure 2.3: Schematic of reformatting to ASDA and duplication of archive.
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2.5 Historical HRPT Data

Additional HRPT data exist in Australia prior to the commencement of
the Global 1 km project acquisition by the EOC in April 1992. The EOC
already holds copies of data from Aspendale and Hobart since 1990 and
1986 respectively. A computer and tape system was recently sent to DOLA
in Perth to facilitate copying of their archive. With the assistance of staff
at AIMS, the EOC has obtained agreement from James Cook University
in Townsville to make a copy of their archive of pre-1992 HRPT. All these
data, once copied and present at the EOC, will be ingested and catalogued
via the stitching process to make the most comprehensive Australian 1 km
archive possible.



Chapter 3

Holdings

3.1 Introduction

This chapter provides a summary of the content of the existing catalogued
data set. The data are aggregated on a monthly basis and distinguished by
spacecraft and pass direction (ascending or descending, a or d). The first
three tables provide data for the 1km HRPT stitched data set beginning in
April 1992 through to the middle of 2003.

At the time of writing the pre-1992 daily GAC holdings at the EOC
are being catalogued. The GAC data includes essentially every Australian-
region afternoon pass from 1981 to 1992. Updated versions of these tables
will be made available on the CSIRO AVHRR Time Series (CATS) web site:
http://www.eoc.csiro.au/cats

The tables will also be extended as the pre-1992 HRPT data is ingested
and, where applicable, stitched. The EOC currently holds all Hobart HRPT
data from 1986 and we expect to obtain a significant volume of data from
Townsville dating from the mid to late 1980s. The holdings in Perth extend
back to 1983 but are relatively sparse in the earlier years.

The fourth table is an inventory of the navigation state vectors derived
at CSIRO Marine Research in Hobart for use with the CAPS software (see
Chapter 4). Existence of these vectors is crucial to achieve best practice
navigation of the data. Where necessary these vectors will be generated
from the EOC data set once the necessary software has been ported from
Marine Research.

Quicklook images for the whole data set since April 1992 can be viewed
on the web at: http://www.eoc.csiro.au/cats/cgi/daily browse.pl.

19
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3.2 Passes per Month

These tables give the number of HRPT stitched passes held in the archive for
each satellite pass type for every month. Since the stitching process combines
the individual acquisitions from the different reception stations, these passes
are generally longer but fewer in number. On any given day, three or four
full passes of each satellite in each direction are acquired by the Australian
continental reception stations. As a consequence, typical numbers of passes
per month for any satellite will be about 3.5×days/month in each direction.

yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1992/04 - - - - 107 25 21 28 - - - - - - - -
1992/05 - - - - 116 32 33 33 - - - - - - - -
1992/06 - - - - 107 33 36 29 - - - - - - - -
1992/07 - - - - 119 40 35 38 - - - - - - - -
1992/08 - - - - 119 63 54 61 - - - - - - - -
1992/09 - - - - 113 76 60 69 - - - - - - - -
1992/10 - - - - 114 75 64 74 - - - - - - - -
1992/11 - - - - 110 73 63 70 - - - - - - - -
1992/12 - - - - 110 77 64 76 - - - - - - - -
1993/01 - - - - 107 74 58 69 - - - - - - - -
1993/02 - - - - 101 73 58 73 - - - - - - - -
1993/03 - - - - 110 74 62 68 - - - - - - - -
1993/04 - - - - 105 79 64 78 - - - - - - - -
1993/05 - - - - 109 81 67 80 - - - - - - - -
1993/06 - - - - 101 81 64 78 - - - - - - - -
1993/07 - - - - 106 86 67 80 - - - - - - - -
1993/08 - - - - 104 81 65 78 - - - - - - - -
1993/09 - - - - 98 79 76 82 - - - - - - - -
1993/10 - - - - 111 103 112 117 - - - - - - - -
1993/11 - - - - 106 104 115 117 - - - - - - - -
1993/12 - - - - 107 104 106 114 - - - - - - - -
1994/01 - - - - 110 98 117 111 - - - - - - - -
1994/02 - - - - 97 89 104 98 - - - - - - - -
1994/03 15 12 - - 110 106 114 117 - - - - - - - -
1994/04 61 56 - - 108 115 109 113 - - - - - - - -
1994/05 51 49 - - 108 116 113 120 - - - - - - - -
1994/06 81 71 6 2 101 109 110 107 - - - - - - - -
1994/07 68 77 - - 106 117 112 114 - - - - - - - -
1994/08 78 95 1 - 108 118 113 116 - - - - - - - -
1994/09 85 96 - - 81 82 109 106 - - - - - - - -
1994/10 110 117 - - 36 39 118 120 - - - - - - - -
1994/11 109 112 - - - - 114 114 - - - - - - - -
1994/12 107 114 - - - - 118 121 - - - - - - - -
1995/01 108 112 - 1 1 - 114 116 47 49 - - - - - -
1995/02 84 100 - - - - 103 103 103 104 - - - - - -
1995/03 92 101 - - 1 - 111 118 115 119 - - - - - -
1995/04 84 91 - - - - 112 113 107 119 - - - - - -
1995/05 88 92 - - - - 116 118 116 124 - - - - - -
1995/06 84 89 - - - - 97 108 105 118 - - - - - -
1995/07 98 93 - - - - 88 107 118 128 - - - - - -
1995/08 8 6 1 1 - - 94 114 120 127 - - - - - -
1995/09 - - 49 53 - - 116 122 115 122 - - - - - -
1995/10 - - 41 41 - - 114 124 117 127 - - - - - -
1995/11 - - 53 54 - - 116 123 116 122 - - - - - -
1995/12 - - 45 47 - - 117 127 120 127 - - - - - -
1996/01 - - 53 56 - - 119 123 118 129 - - - - - -
1996/02 - - 54 55 - - 111 118 111 116 - - - - - -
1996/03 - - 60 63 2 7 118 125 122 126 - - - - - -
1996/04 - - 51 53 - - 112 120 108 119 - - - - - -
1996/05 - - 58 51 - - 111 119 117 120 - - - - - -
1996/06 - - 50 51 - - 116 119 114 122 - - - - - -
1996/07 - - 52 51 - - 121 128 117 126 - - - - - -
1996/08 - - 75 71 - - 119 124 114 124 - - - - - -
1996/09 - - 64 67 - - 113 111 113 112 - - - - - -
1996/10 - - 77 74 - - 120 128 119 125 - - - - - -
1996/11 - - 75 72 - - 115 116 118 120 - - - - - -
1996/12 - - 78 76 - - 118 127 121 128 - - - - - -
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yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1997/01 - - 58 57 - - 115 118 114 121 - - - - - -
1997/02 - - 60 58 - - 105 113 104 114 - - - - - -
1997/03 - - 81 73 - - 114 124 120 128 - - - - - -
1997/04 - - 65 64 - - 111 115 115 116 - - - - - -
1997/05 - - 64 58 - - 118 123 120 130 - - - - - -
1997/06 - - 65 69 - - 113 117 116 121 - - - - - -
1997/07 - - 76 57 - - 116 116 120 125 - - - - - -
1997/08 - - 66 63 - - 114 117 120 127 - - - - - -
1997/09 - - 39 41 - - 114 121 117 124 - - - - - -
1997/10 - - 49 52 - - 115 114 111 123 - - - - - -
1997/11 - - - - - - 112 113 114 124 - - - - - -
1997/12 - - - - - - 116 122 121 124 - - - - - -
1998/01 - - - - - - 114 123 118 128 - - - - - -
1998/02 - - - - - - 105 109 108 119 - - - - - -
1998/03 - - - - - - 116 120 121 129 - - - - - -
1998/04 - - - - - - 109 118 112 122 - - - - - -
1998/05 - - - - - - 116 117 120 126 - - - - - -
1998/06 - - - - - - 113 114 116 119 36 35 - - - -
1998/07 - - - - - - 116 121 120 128 82 83 - - - -
1998/08 - - - - - - 117 123 121 126 82 84 - - - -
1998/09 - - - - - - 111 117 116 126 76 82 - - - -
1998/10 - - - - - - 114 120 121 128 81 81 - - - -
1998/11 - - - - - - 113 116 116 122 77 81 - - - -
1998/12 - - - - - - 116 120 118 126 104 112 - - - -
1999/01 - - - - - - 116 120 121 128 116 128 - - - -
1999/02 - - - - - - 102 111 105 116 111 114 - - - -
1999/03 - - - - - - 108 114 113 125 119 124 - - - -
1999/04 - - - - - - 114 116 114 125 118 119 - - - -
1999/05 - - - - - - 125 128 124 133 126 129 - - - -
1999/06 - - - - - - 108 116 113 123 114 121 - - - -
1999/07 - - - - - - 105 115 115 126 118 123 - - - -
1999/08 - - - - - - 116 121 117 128 120 128 - - - -
1999/09 - - - - - - 111 121 115 125 113 121 - - - -
1999/10 - - - - - - 110 117 116 127 110 121 - - - -
1999/11 - - - - - - 112 119 115 121 112 124 - - - -
1999/12 - - - - - - 107 113 113 126 110 107 - - - -
2000/01 - - - - - - 107 107 116 128 105 91 - - - -
2000/02 - - - - - - 95 98 105 116 93 90 - - - -
2000/03 - - - - - - 96 99 107 119 105 117 - - - -
2000/04 - - - - - - 93 97 104 114 108 118 - - - -
2000/05 - - - - - - 112 119 111 123 117 123 - - - -
2000/06 - - - - - - 107 117 108 114 112 119 - - - -
2000/07 - - - - - - 105 121 107 121 105 115 - - - -
2000/08 - - - - - - 104 116 105 122 88 89 - - - -
2000/09 - - - - - - 112 116 103 116 93 93 5 - - -
2000/10 - - - - - - 116 121 105 122 81 89 115 90 - -
2000/11 - - - - - - 111 113 103 117 73 77 93 95 - -
2000/12 - - - - - - 107 114 110 127 70 69 98 104 - -
2001/01 - - - - - - 110 114 111 125 64 60 98 103 - -
2001/02 - - - - - - 97 100 98 108 46 47 98 107 - -
2001/03 - - - - - - 109 114 106 120 79 68 105 114 - -
2001/04 - - - - - - 105 103 109 123 88 74 113 124 - -
2001/05 - - - - - - 108 115 110 120 97 85 110 118 - -
2001/06 - - - - - - 113 115 98 98 95 84 112 119 - -
2001/07 - - - - - - 113 126 88 99 110 119 117 127 - -
2001/08 - - - - - - 111 122 102 105 104 107 113 127 - -
2001/09 - - - - - - 113 124 94 106 91 83 111 124 - -
2001/10 - - - - - - 116 127 99 104 95 83 116 129 - -
2001/11 - - - - - - 113 124 73 58 96 86 113 123 - -
2002/01 - - - - - - 114 129 51 41 106 113 114 128 - -
2002/02 - - - - - - 102 115 57 53 98 101 106 117 - -
2002/03 - - - - - - 116 128 62 53 106 108 118 129 - -
2002/04 - - - - - - 113 125 66 61 113 124 113 126 - -
2002/05 - - - - - - 117 126 92 99 114 124 115 130 - -
2002/06 - - - - - - 110 119 91 96 107 117 113 124 - -
2002/07 - - - - - - 116 122 83 91 101 96 117 129 28 28
2002/08 - - - - - - 110 117 44 45 110 119 113 126 103 107
2002/09 - - - - - - 111 115 36 32 110 109 113 124 101 111
2002/10 - - - - - - 116 119 28 29 115 129 115 129 106 123
2002/11 - - - - - - 110 111 42 37 103 101 113 124 103 116
2002/12 - - - - - - 91 96 65 58 92 107 114 125 109 115
2003/01 - - - - - - 107 112 56 59 107 120 115 126 115 125
2003/02 - - - - - - 93 99 49 46 103 115 106 118 106 114
2003/03 - - - - - - 100 106 50 48 101 103 116 129 115 127
2003/04 - - - - - - 105 107 60 65 92 106 113 126 113 121
2003/05 - - - - - - 113 114 65 67 106 122 118 129 117 123
2003/06 - - - - - - 102 105 67 64 108 120 116 119 114 118
2003/07 - - - - - - 89 85 60 58 72 71 96 102 97 96
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3.3 Average Local Solar Time

The location of the sun at the time of overpass affects the pixel illumination
during the day and the thermal regime by day and night. Consequently
long term orbital drift affects the capacity of any given satellite to produce
a consistent environmental record. This table provides an indication of the
variation in the local solar time of the overpasses for each satellite. “Local
solar time” is defined as the number of hours since (solar) midnight at the
centre of each scene (e.g. 15.4 = 3.24 pm local time).

yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1992/04 - - - - 15.4 2.5 19.9 7.0 - - - - - - - -
1992/05 - - - - 15.5 2.5 19.9 7.0 - - - - - - - -
1992/06 - - - - 15.5 2.6 19.9 7.1 - - - - - - - -
1992/07 - - - - 15.5 2.7 19.9 7.1 - - - - - - - -
1992/08 - - - - 15.6 2.9 19.8 7.2 - - - - - - - -
1992/09 - - - - 15.7 3.0 19.7 7.3 - - - - - - - -
1992/10 - - - - 15.7 3.1 19.7 7.2 - - - - - - - -
1992/11 - - - - 15.7 3.1 19.7 7.2 - - - - - - - -
1992/12 - - - - 15.8 3.1 19.8 7.2 - - - - - - - -
1993/01 - - - - 15.9 3.2 19.7 7.2 - - - - - - - -
1993/02 - - - - 15.9 3.3 19.7 7.2 - - - - - - - -
1993/03 - - - - 16.1 3.3 19.7 7.2 - - - - - - - -
1993/04 - - - - 16.1 3.4 19.7 7.2 - - - - - - - -
1993/05 - - - - 16.1 3.5 19.7 7.2 - - - - - - - -
1993/06 - - - - 16.2 3.5 19.7 7.2 - - - - - - - -
1993/07 - - - - 16.3 3.6 19.7 7.2 - - - - - - - -
1993/08 - - - - 16.3 3.7 19.7 7.2 - - - - - - - -
1993/09 - - - - 16.4 3.8 19.7 7.2 - - - - - - - -
1993/10 - - - - 16.5 3.7 19.8 7.1 - - - - - - - -
1993/11 - - - - 16.6 3.8 19.8 7.0 - - - - - - - -
1993/12 - - - - 16.6 3.9 19.7 7.1 - - - - - - - -
1994/01 - - - - 16.7 4.0 19.7 7.1 - - - - - - - -
1994/02 - - - - 16.7 4.1 19.7 7.1 - - - - - - - -
1994/03 21.1 8.3 - - 16.9 4.1 19.7 7.0 - - - - - - - -
1994/04 21.1 8.3 - - 16.9 4.1 19.7 6.9 - - - - - - - -
1994/05 21.2 8.4 - - 17.1 4.2 19.7 6.9 - - - - - - - -
1994/06 21.1 8.5 18.3 5.9 17.1 4.3 19.7 6.9 - - - - - - - -
1994/07 21.3 8.5 - - 17.2 4.4 19.7 6.9 - - - - - - - -
1994/08 21.3 8.6 18.2 - 17.3 4.5 19.7 6.9 - - - - - - - -
1994/09 21.3 8.6 - - 17.3 4.6 19.6 6.9 - - - - - - - -
1994/10 21.5 8.6 - - 17.5 4.7 19.6 6.9 - - - - - - - -
1994/11 21.5 8.7 - - - - 19.6 6.9 - - - - - - - -
1994/12 21.6 8.7 - - - - 19.6 6.9 - - - - - - - -
1995/01 21.7 8.7 - 5.4 17.5 - 19.5 6.9 14.1 1.1 - - - - - -
1995/02 21.7 8.8 - - - - 19.5 6.8 14.1 1.1 - - - - - -
1995/03 21.7 8.9 - - 18.0 - 19.5 6.8 14.1 1.1 - - - - - -
1995/04 21.7 9.0 - - - - 19.5 6.7 14.1 1.2 - - - - - -
1995/05 21.7 9.0 - - - - 19.5 6.7 14.1 1.2 - - - - - -
1995/06 21.7 9.1 - - - - 19.4 6.7 14.1 1.2 - - - - - -
1995/07 21.8 9.1 - - - - 19.4 6.7 14.1 1.2 - - - - - -
1995/08 21.8 9.1 17.9 5.4 - - 19.4 6.7 14.1 1.3 - - - - - -
1995/09 - - 17.8 5.3 - - 19.4 6.7 14.1 1.3 - - - - - -
1995/10 - - 17.7 5.3 - - 19.3 6.6 14.1 1.3 - - - - - -
1995/11 - - 17.7 5.3 - - 19.3 6.6 14.1 1.3 - - - - - -
1995/12 - - 17.7 5.3 - - 19.3 6.5 14.1 1.3 - - - - - -
1996/01 - - 17.7 5.3 - - 19.3 6.5 14.1 1.3 - - - - - -
1996/02 - - 17.7 5.2 - - 19.3 6.5 14.2 1.4 - - - - - -
1996/03 - - 17.4 5.2 18.5 6.2 19.2 6.5 14.1 1.4 - - - - - -
1996/04 - - 17.6 5.3 - - 19.2 6.5 14.1 1.4 - - - - - -
1996/05 - - 17.5 5.1 - - 19.1 6.4 14.2 1.5 - - - - - -
1996/06 - - 17.5 5.1 - - 19.1 6.4 14.3 1.5 - - - - - -
1996/07 - - 17.5 5.1 - - 19.1 6.3 14.3 1.5 - - - - - -
1996/08 - - 17.6 5.0 - - 19.1 6.3 14.3 1.5 - - - - - -
1996/09 - - 17.5 5.0 - - 19.0 6.3 14.3 1.6 - - - - - -
1996/10 - - 17.5 4.9 - - 19.0 6.3 14.3 1.6 - - - - - -
1996/11 - - 17.5 4.9 - - 19.0 6.3 14.3 1.6 - - - - - -
1996/12 - - 17.5 4.9 - - 18.9 6.2 14.4 1.6 - - - - - -
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yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1997/01 - - 17.4 4.8 - - 18.9 6.2 14.4 1.7 - - - - - -
1997/02 - - 17.5 5.1 - - 18.9 6.1 14.5 1.7 - - - - - -
1997/03 - - 19.8 7.1 - - 18.9 6.1 14.5 1.7 - - - - - -
1997/04 - - 18.9 7.1 - - 18.8 6.1 14.5 1.8 - - - - - -
1997/05 - - 19.7 7.3 - - 18.8 6.1 14.5 1.8 - - - - - -
1997/06 - - 20.4 7.5 - - 18.7 6.1 14.6 1.8 - - - - - -
1997/07 - - 19.2 6.3 - - 18.7 6.1 14.6 1.9 - - - - - -
1997/08 - - 19.7 6.5 - - 18.7 6.0 14.7 1.9 - - - - - -
1997/09 - - 19.5 7.1 - - 18.7 5.9 14.7 1.9 - - - - - -
1997/10 - - 17.3 4.5 - - 18.6 5.9 14.7 1.9 - - - - - -
1997/11 - - - - - - 18.5 5.9 14.7 2.0 - - - - - -
1997/12 - - - - - - 18.5 5.9 14.8 2.1 - - - - - -
1998/01 - - - - - - 18.5 5.8 14.9 2.1 - - - - - -
1998/02 - - - - - - 18.5 5.8 14.9 2.1 - - - - - -
1998/03 - - - - - - 18.4 5.7 14.9 2.1 - - - - - -
1998/04 - - - - - - 18.4 5.7 14.9 2.2 - - - - - -
1998/05 - - - - - - 18.4 5.7 15.0 2.2 - - - - - -
1998/06 - - - - - - 18.3 5.6 15.1 2.3 19.9 6.9 - - - -
1998/07 - - - - - - 18.3 5.6 15.1 2.3 19.9 7.0 - - - -
1998/08 - - - - - - 18.3 5.6 15.1 2.4 19.9 7.0 - - - -
1998/09 - - - - - - 18.3 5.5 15.2 2.4 19.9 7.0 - - - -
1998/10 - - - - - - 18.2 5.5 15.3 2.5 19.9 7.0 - - - -
1998/11 - - - - - - 18.1 5.5 15.3 2.5 19.9 7.0 - - - -
1998/12 - - - - - - 18.1 5.5 15.3 2.5 19.9 7.1 - - - -
1999/01 - - - - - - 18.1 5.4 15.4 2.6 19.8 7.1 - - - -
1999/02 - - - - - - 18.1 5.3 15.4 2.7 19.8 7.1 - - - -
1999/03 - - - - - - 17.1 4.3 15.5 2.7 18.6 5.9 - - - -
1999/04 - - - - - - 17.6 4.9 15.5 2.8 19.5 6.8 - - - -
1999/05 - - - - - - 17.9 5.3 15.6 2.9 19.8 7.1 - - - -
1999/06 - - - - - - 17.9 5.3 15.7 2.9 19.8 7.1 - - - -
1999/07 - - - - - - 17.9 5.2 15.7 2.9 19.9 7.1 - - - -
1999/08 - - - - - - 17.9 5.2 15.8 2.9 19.8 7.1 - - - -
1999/09 - - - - - - 17.9 5.1 15.9 3.1 19.8 7.1 - - - -
1999/10 - - - - - - 17.8 5.1 15.9 3.1 19.8 7.1 - - - -
1999/11 - - - - - - 17.8 5.0 16.0 3.2 19.8 7.1 - - - -
1999/12 - - - - - - 17.7 5.0 16.0 3.3 19.8 7.1 - - - -
2000/01 - - - - - - 17.7 4.9 16.1 3.3 19.8 7.1 - - - -
2000/02 - - - - - - 17.7 4.9 16.2 3.3 19.8 7.0 - - - -
2000/03 - - - - - - 17.7 4.9 16.2 3.4 19.8 6.9 - - - -
2000/04 - - - - - - 17.7 4.9 16.3 3.5 19.9 7.0 - - - -
2000/05 - - - - - - 17.6 4.9 16.3 3.6 19.8 7.1 - - - -
2000/06 - - - - - - 17.6 4.8 16.5 3.6 19.8 7.0 - - - -
2000/07 - - - - - - 17.5 4.8 16.5 3.7 19.7 7.1 - - - -
2000/08 - - - - - - 17.5 4.8 16.5 3.8 19.5 7.3 - - - -
2000/09 - - - - - - 17.5 4.8 16.6 3.9 19.6 7.2 14.3 - - -
2000/10 - - - - - - 17.5 4.7 16.7 3.9 19.5 7.2 15.4 2.9 - -
2000/11 - - - - - - 17.5 4.7 16.8 4.0 19.5 7.2 14.3 1.4 - -
2000/12 - - - - - - 17.4 4.7 16.9 4.1 19.5 7.2 14.3 1.4 - -
2001/01 - - - - - - 17.4 4.6 16.9 4.1 19.5 7.2 14.3 1.5 - -
2001/02 - - - - - - 17.4 4.6 17.0 4.2 19.5 7.2 14.3 1.4 - -
2001/03 - - - - - - 17.3 4.6 17.1 4.3 19.6 7.1 14.3 1.4 - -
2001/04 - - - - - - 17.3 4.6 17.2 4.4 19.6 7.0 14.3 1.4 - -
2001/05 - - - - - - 17.3 4.6 17.3 4.4 19.5 7.0 14.2 1.5 - -
2001/06 - - - - - - 17.3 4.6 17.3 4.5 19.5 7.0 14.2 1.5 - -
2001/07 - - - - - - 17.3 4.5 17.5 4.6 19.6 6.9 14.2 1.4 - -
2001/08 - - - - - - 17.3 4.5 17.5 4.7 19.5 6.9 14.2 1.5 - -
2001/09 - - - - - - 17.3 4.5 17.5 4.7 19.5 7.0 14.2 1.4 - -
2001/10 - - - - - - 17.2 4.5 17.7 4.9 19.5 7.0 14.2 1.5 - -
2001/11 - - - - - - 17.2 4.5 17.7 5.0 19.5 6.9 14.2 1.5 - -
2002/01 - - - - - - 17.1 4.4 17.8 5.3 19.5 6.7 14.2 1.4 - -
2002/02 - - - - - - 17.1 4.4 17.9 5.3 19.5 6.7 14.2 1.5 - -
2002/03 - - - - - - 17.1 4.4 18.0 5.4 19.5 6.7 14.2 1.4 - -
2002/04 - - - - - - 17.1 4.4 18.1 5.4 19.4 6.7 14.2 1.4 - -
2002/05 - - - - - - 17.1 4.4 18.3 5.3 19.4 6.7 14.2 1.4 - -
2002/06 - - - - - - 17.1 4.4 18.4 5.5 19.4 6.7 14.2 1.5 - -
2002/07 - - - - - - 17.1 4.3 18.5 5.5 19.3 6.7 14.2 1.5 22.3 9.5
2002/08 - - - - - - 17.1 4.3 18.5 5.7 19.3 6.6 14.2 1.5 22.4 9.6
2002/09 - - - - - - 17.1 4.4 18.6 5.7 19.3 6.6 14.2 1.5 22.4 9.6
2002/10 - - - - - - 17.2 4.4 18.7 5.9 19.3 6.5 14.2 1.5 22.4 9.6
2002/11 - - - - - - 17.5 4.5 18.8 5.9 19.2 6.5 14.2 1.5 22.4 9.6
2002/12 - - - - - - 17.9 4.5 18.9 6.0 19.2 6.5 14.3 1.5 22.5 9.7
2003/01 - - - - - - 17.1 4.3 18.9 6.1 19.2 6.5 14.3 1.5 22.5 9.7
2003/02 - - - - - - 17.1 4.3 19.0 6.2 19.2 6.5 14.3 1.5 22.5 9.7
2003/03 - - - - - - 17.0 4.3 19.1 6.3 19.1 6.5 14.3 1.5 22.5 9.7
2003/04 - - - - - - 17.1 4.3 19.2 6.3 19.1 6.4 14.3 1.5 22.5 9.7
2003/05 - - - - - - 17.0 4.3 19.4 6.5 19.1 6.4 14.3 1.6 22.5 9.7
2003/06 - - - - - - 17.0 4.3 19.3 6.5 19.1 6.3 14.3 1.6 22.6 9.7
2003/07 - - - - - - 17.5 4.5 19.4 6.6 19.0 6.4 14.3 1.6 22.6 9.7
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3.4 Average Lines per Pass

Individual reception stations usually acquire between one and five thousand
lines per pass. The stitching process increases the pass length to as much as
8500 lines. The table below gives the average pass length for each pass type,
in units of thousands of lines (for example 6.8=6800 lines). Generally values
greater than 4 (average) indicate two or more stations are being stitched to
make longer passes. Lesser values are typical of overpasses acquired by only
one station.

yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1992/04 - - - - 5.8 4.9 5.0 4.9 - - - - - - - -
1992/05 - - - - 5.9 5.0 5.0 4.9 - - - - - - - -
1992/06 - - - - 5.7 4.8 5.0 4.5 - - - - - - - -
1992/07 - - - - 5.8 4.9 4.8 4.7 - - - - - - - -
1992/08 - - - - 6.1 5.0 5.3 4.9 - - - - - - - -
1992/09 - - - - 6.4 5.1 5.9 4.8 - - - - - - - -
1992/10 - - - - 6.5 5.0 5.4 4.9 - - - - - - - -
1992/11 - - - - 6.5 5.0 5.8 5.0 - - - - - - - -
1992/12 - - - - 6.5 5.1 5.9 5.0 - - - - - - - -
1993/01 - - - - 6.5 5.1 5.9 4.9 - - - - - - - -
1993/02 - - - - 6.3 5.0 6.3 5.0 - - - - - - - -
1993/03 - - - - 6.1 4.8 5.9 4.7 - - - - - - - -
1993/04 - - - - 6.6 5.1 6.1 5.1 - - - - - - - -
1993/05 - - - - 6.6 5.4 6.2 5.3 - - - - - - - -
1993/06 - - - - 6.8 5.4 6.3 5.2 - - - - - - - -
1993/07 - - - - 6.6 5.4 6.4 5.3 - - - - - - - -
1993/08 - - - - 6.7 5.3 6.3 5.2 - - - - - - - -
1993/09 - - - - 6.6 5.5 5.7 5.3 - - - - - - - -
1993/10 - - - - 6.3 5.5 5.8 5.6 - - - - - - - -
1993/11 - - - - 6.6 5.6 6.3 5.8 - - - - - - - -
1993/12 - - - - 6.5 5.6 6.3 5.6 - - - - - - - -
1994/01 - - - - 6.4 5.4 5.9 5.7 - - - - - - - -
1994/02 - - - - 6.4 5.4 5.9 5.8 - - - - - - - -
1994/03 4.5 4.3 - - 6.4 5.8 6.1 5.6 - - - - - - - -
1994/04 4.4 4.2 - - 6.5 6.0 6.3 5.7 - - - - - - - -
1994/05 4.2 4.1 - - 6.3 5.8 6.0 5.5 - - - - - - - -
1994/06 4.1 4.5 2.5 3.7 6.5 5.8 6.0 5.6 - - - - - - - -
1994/07 4.3 4.6 - - 6.2 5.7 5.9 5.3 - - - - - - - -
1994/08 3.9 5.2 4.7 - 6.3 5.8 5.9 5.4 - - - - - - - -
1994/09 4.6 5.2 - - 5.9 5.7 6.0 5.6 - - - - - - - -
1994/10 5.4 5.1 - - 3.5 3.5 6.0 5.6 - - - - - - - -
1994/11 5.3 5.4 - - - - 6.2 5.5 - - - - - - - -
1994/12 5.4 5.2 - - - - 6.1 5.6 - - - - - - - -
1995/01 5.1 5.1 - 0.5 4.8 - 6.2 5.6 5.0 4.4 - - - - - -
1995/02 5.4 5.1 - - - - 6.3 5.7 5.0 4.5 - - - - - -
1995/03 5.1 5.3 - - 2.7 - 6.4 5.6 5.0 4.7 - - - - - -
1995/04 5.1 5.3 - - - - 6.0 5.6 5.6 5.3 - - - - - -
1995/05 4.9 5.4 - - - - 6.1 5.8 5.4 5.4 - - - - - -
1995/06 4.9 5.2 - - - - 6.4 5.6 6.0 5.5 - - - - - -
1995/07 5.0 5.3 - - - - 6.4 5.4 5.8 5.6 - - - - - -
1995/08 4.7 5.6 2.3 4.8 - - 6.8 5.5 6.3 6.0 - - - - - -
1995/09 - - 3.8 3.7 - - 6.3 5.8 6.4 6.0 - - - - - -
1995/10 - - 3.9 3.8 - - 6.2 5.7 6.4 5.8 - - - - - -
1995/11 - - 3.6 3.6 - - 6.2 5.7 6.5 5.9 - - - - - -
1995/12 - - 3.6 3.6 - - 6.2 5.6 6.3 5.9 - - - - - -
1996/01 - - 3.7 3.8 - - 6.2 5.8 6.2 5.9 - - - - - -
1996/02 - - 3.6 3.6 - - 6.1 5.7 6.0 5.9 - - - - - -
1996/03 - - 3.5 3.3 3.1 2.9 6.3 5.7 6.4 5.9 - - - - - -
1996/04 - - 3.9 3.8 - - 6.2 5.6 6.5 6.0 - - - - - -
1996/05 - - 3.7 3.7 - - 5.9 5.5 5.9 5.7 - - - - - -
1996/06 - - 3.6 3.7 - - 6.0 5.7 6.1 5.9 - - - - - -
1996/07 - - 3.8 3.9 - - 5.9 5.4 6.2 5.8 - - - - - -
1996/08 - - 3.8 3.9 - - 6.3 5.8 6.6 6.0 - - - - - -
1996/09 - - 3.9 3.7 - - 6.0 5.9 6.3 6.0 - - - - - -
1996/10 - - 4.0 4.4 - - 6.5 5.8 6.6 6.2 - - - - - -
1996/11 - - 4.3 4.6 - - 6.4 5.9 6.6 6.0 - - - - - -
1996/12 - - 4.0 4.3 - - 6.3 5.7 6.5 6.0 - - - - - -
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yyyy/mm 09A 09D 10A 10D 11A 11D 12A 12D 14A 14D 15A 15D 16A 16D 17A 17D
1997/01 - - 4.1 4.3 - - 5.9 5.7 6.1 5.8 - - - - - -
1997/02 - - 3.9 4.6 - - 6.3 5.8 6.4 6.0 - - - - - -
1997/03 - - 3.2 2.9 - - 6.2 5.6 6.4 5.8 - - - - - -
1997/04 - - 3.7 3.7 - - 6.3 5.9 6.3 6.2 - - - - - -
1997/05 - - 4.1 4.6 - - 6.3 6.0 6.4 6.1 - - - - - -
1997/06 - - 4.0 3.9 - - 6.3 5.9 6.4 6.1 - - - - - -
1997/07 - - 4.5 4.4 - - 6.2 5.7 6.3 6.0 - - - - - -
1997/08 - - 4.3 4.5 - - 6.4 5.9 6.5 6.0 - - - - - -
1997/09 - - 4.8 4.7 - - 6.3 6.0 6.3 6.0 - - - - - -
1997/10 - - 4.4 4.5 - - 6.0 5.9 6.3 5.8 - - - - - -
1997/11 - - - - - - 6.3 6.1 6.3 5.9 - - - - - -
1997/12 - - - - - - 6.5 6.0 6.5 6.1 - - - - - -
1998/01 - - - - - - 6.3 6.0 6.4 6.0 - - - - - -
1998/02 - - - - - - 6.3 6.0 6.4 6.0 - - - - - -
1998/03 - - - - - - 6.4 6.0 6.4 6.0 - - - - - -
1998/04 - - - - - - 6.5 5.9 6.6 6.1 - - - - - -
1998/05 - - - - - - 6.2 5.9 6.4 6.1 - - - - - -
1998/06 - - - - - - 5.4 5.4 5.8 5.6 5.4 4.9 - - - -
1998/07 - - - - - - 6.1 5.8 6.2 5.9 5.7 5.4 - - - -
1998/08 - - - - - - 6.3 6.0 6.5 6.2 5.6 5.4 - - - -
1998/09 - - - - - - 6.4 6.0 6.5 6.2 5.8 5.5 - - - -
1998/10 - - - - - - 6.3 5.9 6.5 6.2 5.5 5.5 - - - -
1998/11 - - - - - - 6.2 5.9 6.5 6.2 5.6 5.3 - - - -
1998/12 - - - - - - 6.1 5.9 6.5 6.0 6.1 5.7 - - - -
1999/01 - - - - - - 6.1 6.0 6.6 6.1 6.4 5.8 - - - -
1999/02 - - - - - - 6.1 5.6 6.5 6.0 6.2 5.8 - - - -
1999/03 - - - - - - 6.1 5.9 6.5 6.0 6.2 5.9 - - - -
1999/04 - - - - - - 6.0 5.9 6.5 6.1 6.3 6.0 - - - -
1999/05 - - - - - - 5.7 5.7 6.2 6.0 6.1 5.8 - - - -
1999/06 - - - - - - 5.9 5.8 6.4 6.0 6.3 5.7 - - - -
1999/07 - - - - - - 5.9 5.6 6.3 5.9 6.0 5.8 - - - -
1999/08 - - - - - - 6.1 5.7 6.7 6.0 6.1 5.8 - - - -
1999/09 - - - - - - 6.4 5.7 6.6 6.1 6.3 5.7 - - - -
1999/10 - - - - - - 6.0 5.4 6.4 5.9 6.0 5.4 - - - -
1999/11 - - - - - - 6.0 5.2 6.5 6.1 6.1 5.2 - - - -
1999/12 - - - - - - 5.5 4.9 6.6 6.0 6.0 5.5 - - - -
2000/01 - - - - - - 5.0 5.0 6.0 5.5 4.7 4.7 - - - -
2000/02 - - - - - - 5.4 5.2 6.1 5.4 4.6 4.4 - - - -
2000/03 - - - - - - 5.6 5.2 6.3 5.7 5.0 4.2 - - - -
2000/04 - - - - - - 5.2 4.9 6.5 6.0 5.3 4.6 - - - -
2000/05 - - - - - - 5.9 5.6 6.6 5.9 6.1 5.5 - - - -
2000/06 - - - - - - 5.4 5.0 6.3 5.4 5.5 5.0 - - - -
2000/07 - - - - - - 5.8 5.2 6.8 5.9 5.4 5.0 - - - -
2000/08 - - - - - - 6.0 5.2 6.9 5.9 4.2 4.0 - - - -
2000/09 - - - - - - 5.5 5.4 6.6 6.3 4.5 4.5 3.6 - - -
2000/10 - - - - - - 5.5 5.5 6.6 6.1 4.1 3.9 4.2 4.1 - -
2000/11 - - - - - - 5.5 5.2 6.6 5.8 3.9 3.7 5.0 4.7 - -
2000/12 - - - - - - 5.5 4.9 6.5 5.7 4.0 3.9 5.0 4.8 - -
2001/01 - - - - - - 5.5 5.1 6.6 6.0 3.9 3.9 5.7 5.5 - -
2001/02 - - - - - - 5.1 5.0 6.9 6.1 3.7 3.7 5.9 5.3 - -
2001/03 - - - - - - 5.7 5.1 6.5 6.0 4.9 5.1 6.0 5.4 - -
2001/04 - - - - - - 5.2 5.1 6.5 5.8 4.9 5.5 5.7 5.3 - -
2001/05 - - - - - - 6.0 5.6 6.4 5.4 5.0 5.6 6.6 6.3 - -
2001/06 - - - - - - 5.9 5.8 6.0 5.7 5.1 5.8 6.6 6.1 - -
2001/07 - - - - - - 6.2 5.5 5.6 5.1 5.8 5.2 6.5 6.0 - -
2001/08 - - - - - - 6.4 5.6 5.9 5.4 5.7 5.3 6.6 6.0 - -
2001/09 - - - - - - 6.3 5.5 5.8 5.2 4.7 5.0 6.4 6.1 - -
2001/10 - - - - - - 6.3 5.7 6.2 5.6 4.8 5.1 6.6 6.0 - -
2001/11 - - - - - - 6.5 5.9 4.9 5.2 5.2 5.7 6.6 6.1 - -
2002/01 - - - - - - 6.2 5.6 4.7 5.0 5.5 5.0 6.4 5.9 - -
2002/02 - - - - - - 6.5 5.7 5.3 5.4 5.8 5.4 6.5 6.1 - -
2002/03 - - - - - - 6.1 5.5 5.1 5.8 5.4 4.9 6.5 6.0 - -
2002/04 - - - - - - 6.4 5.8 4.9 5.3 6.1 5.5 6.6 6.1 - -
2002/05 - - - - - - 6.4 5.9 4.8 4.7 6.1 5.6 6.7 6.2 - -
2002/06 - - - - - - 6.3 5.9 5.5 4.8 5.8 5.3 6.5 6.1 - -
2002/07 - - - - - - 6.0 5.6 5.8 5.1 5.7 5.7 6.6 6.0 4.6 4.3
2002/08 - - - - - - 6.1 5.6 4.6 4.5 5.7 5.0 6.5 6.1 5.6 5.1
2002/09 - - - - - - 6.4 5.9 4.1 4.2 5.8 5.5 6.6 6.1 5.8 5.5
2002/10 - - - - - - 5.7 5.3 4.7 4.3 6.0 5.3 6.6 6.1 5.9 5.3
2002/11 - - - - - - 5.7 5.4 4.8 4.9 5.6 5.5 6.5 6.0 6.0 5.4
2002/12 - - - - - - 6.1 5.6 4.6 4.3 5.9 5.1 6.8 6.2 6.0 5.5
2003/01 - - - - - - 6.0 5.5 4.8 4.7 6.0 5.3 6.6 6.2 5.9 5.5
2003/02 - - - - - - 6.1 5.5 4.9 4.7 5.9 5.3 6.6 6.1 5.7 5.4
2003/03 - - - - - - 6.2 5.7 4.6 4.8 5.8 5.7 6.7 6.1 5.9 5.3
2003/04 - - - - - - 5.9 5.4 4.7 4.6 5.7 4.9 6.7 6.1 5.8 5.4
2003/05 - - - - - - 5.9 5.5 4.8 4.7 5.9 5.2 6.6 6.1 5.8 5.3
2003/06 - - - - - - 5.8 5.6 4.9 4.9 5.9 5.3 6.4 6.3 5.7 5.5
2003/07 - - - - - - 5.7 5.5 4.6 4.7 5.8 5.7 6.6 6.1 5.6 5.4
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3.5 Satellite State Vectors

Satellite state vectors are derived using specialised image-fitting software
developed and run at CSIRO Marine Research in Hobart and enable very
precise and highly consistent geolocation of the AVHRR imagery. Marine
Research has generated vectors on an as-needed basis in the past but the
collection is by no means complete. The EOC is collaborating with Marine
Research to port the software to the EOC to use it to generate a complete
set of state vectors for the entire AVHRR data set. The following table gives
an indication of the vectors currently available. A vector can be generated
for every overpass acquired at Hobart so there can sometimes be as many
as 150 vectors per month.

yyyy/mm 09 11 12 14 15 16 17
1986/04 60 - - - - - -
1986/05 116 - - - - - -
1986/06 130 - - - - - -
1986/07 130 - - - - - -
1986/08 126 - - - - - -
1986/09 131 - - - - - -
1986/10 148 - - - - - -
1986/11 133 - - - - - -
1986/12 138 - - - - - -
1987/01 131 - - - - - -
1987/02 114 - - - - - -
1987/03 14 - - - - - -
1987/04 - - - - - - -
1987/05 - - - - - - -
1987/06 - - - - - - -
1987/07 - - - - - - -
1987/08 - - - - - - -
1987/09 - - - - - - -
1987/10 - - - - - - -
1987/11 - - - - - - -
1987/12 - - - - - - -
1988/01 - - - - - - -
1988/02 - - - - - - -
1988/03 - - - - - - -
1988/04 - - - - - - -
1988/05 - - - - - - -
1988/06 - - - - - - -
1988/07 - - - - - - -
1988/08 - - - - - - -
1988/09 - - - - - - -
1988/10 - - - - - - -
1988/11 - - - - - - -
1988/12 - - - - - - -
1989/01 - - - - - - -
1989/02 - - - - - - -
1989/03 - - - - - - -
1989/04 - - - - - - -
1989/05 - - - - - - -
1989/06 - - - - - - -
1989/07 - - - - - - -
1989/08 - - - - - - -
1989/09 - - - - - - -
1989/10 - - - - - - -
1989/11 - 87 - - - - -
1989/12 - 150 - - - - -
1990/01 - 139 - - - - -
1990/02 - 134 - - - - -
1990/03 - 149 - - - - -
1990/04 - 145 - - - - -
1990/05 - 153 - - - - -
1990/06 - 143 - - - - -
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yyyy/mm 09 11 12 14 15 16 17
1990/07 - 118 - - - - -
1990/08 - - - - - - -
1990/09 - - - - - - -
1990/10 - - - - - - -
1990/11 - - - - - - -
1990/12 - 16 - - - - -
1991/01 - 141 - - - - -
1991/02 - 134 - - - - -
1991/03 - 156 - - - - -
1991/04 - 140 - - - - -
1991/05 - 150 - - - - -
1991/06 - 137 - - - - -
1991/07 - 145 - - - - -
1991/08 - 147 - - - - -
1991/09 - 150 - - - - -
1991/10 - 124 - - - - -
1991/11 - - - - - - -
1991/12 - - - - - - -
1992/01 - - - - - - -
1992/02 - - - - - - -
1992/03 - 57 - - - - -
1992/04 - 160 - - - - -
1992/05 - 158 - - - - -
1992/06 - 153 - - - - -
1992/07 - 162 - - - - -
1992/08 - 157 - - - - -
1992/09 - 152 - - - - -
1992/10 - 154 - - - - -
1992/11 - 157 - - - - -
1992/12 - 158 54 - - - -
1993/01 - 159 136 - - - -
1993/02 - 139 121 - - - -
1993/03 - 161 142 - - - -
1993/04 - 156 137 - - - -
1993/05 - 162 136 - - - -
1993/06 - 149 129 - - - -
1993/07 - 157 134 - - - -
1993/08 - 161 134 - - - -
1993/09 - 141 124 - - - -
1993/10 - 163 123 - - - -
1993/11 - 150 130 - - - -
1993/12 - 160 136 - - - -
1994/01 - 146 121 - - - -
1994/02 - 129 103 - - - -
1994/03 - 153 139 - - - -
1994/04 - 152 131 - - - -
1994/05 - 161 141 - - - -
1994/06 - 147 138 - - - -
1994/07 - 161 129 - - - -
1994/08 132 156 148 - - - -
1994/09 143 110 130 - - - -
1994/10 148 - 147 - - - -
1994/11 126 - 142 - - - -
1994/12 131 - 154 - - - -
1995/01 135 - 156 49 - - -
1995/02 116 - 141 143 - - -
1995/03 37 - 152 157 - - -
1995/04 - - 151 151 - - -
1995/05 - - 158 160 - - -
1995/06 - - 150 152 - - -
1995/07 - - 158 158 - - -
1995/08 - - 164 164 - - -
1995/09 - - 150 153 - - -
1995/10 - - 161 163 - - -
1995/11 - - 156 158 - - -
1995/12 - - 162 166 - - -
1996/01 - - 157 157 - - -
1996/02 - - 148 152 - - -
1996/03 - - 161 165 - - -
1996/04 - - 152 148 - - -
1996/05 - - 144 143 - - -
1996/06 - - 156 155 - - -
1996/07 - - 154 156 - - -
1996/08 - - 160 163 - - -
1996/09 - - 111 115 - - -
1996/10 - - 161 163 - - -
1996/11 - - 133 138 - - -
1996/12 - - 151 158 - - -
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yyyy/mm 09 11 12 14 15 16 17
1997/01 - - 141 137 - - -
1997/02 - - 143 144 - - -
1997/03 - - 155 158 - - -
1997/04 - - 120 131 - - -
1997/05 - - 150 159 - - -
1997/06 - - 144 156 - - -
1997/07 - - 148 159 - - -
1997/08 - - 151 159 - - -
1997/09 - - 144 151 - - -
1997/10 - - 139 145 - - -
1997/11 - - 131 146 - - -
1997/12 - - 148 154 - - -
1998/01 - - 149 155 - - -
1998/02 - - 134 147 - - -
1998/03 - - 144 162 - - -
1998/04 - - 141 160 - - -
1998/05 - - 146 162 - - -
1998/06 - - 130 145 54 - -
1998/07 - - 144 159 111 - -
1998/08 - - 143 154 142 - -
1998/09 - - 138 160 134 - -
1998/10 - - 138 157 128 - -
1998/11 - - 139 158 111 - -
1998/12 - - 144 156 43 - -
1999/01 - - 146 162 153 - -
1999/02 - - 112 122 121 - -
1999/03 - - 132 153 149 - -
1999/04 - - 131 152 150 - -
1999/05 - - 130 149 147 - -
1999/06 - - 123 133 132 - -
1999/07 - - 118 134 127 - -
1999/08 - - 136 156 129 - -
1999/09 - - 152 160 148 - -
1999/10 - - 155 163 153 - -
1999/11 - - 153 158 139 - -
1999/12 - - 148 159 128 - -
2000/01 - - 138 161 101 - -
2000/02 - - 130 149 113 - -
2000/03 - - 149 159 155 - -
2000/04 - - 138 150 149 - -
2000/05 - - 141 157 150 - -
2000/06 - - 136 151 150 - -
2000/07 - - 136 163 145 - -
2000/08 - - 142 160 - - -
2000/09 - - 135 151 - - -
2000/10 - - 140 161 - 79 -
2000/11 - - 142 152 - 140 -
2000/12 - - 140 158 - 145 -
2001/01 - - 140 158 - 141 -
2001/02 - - 122 145 - 144 -
2001/03 - - 121 149 - 146 -
2001/04 - - 129 154 - 153 -
2001/05 - - 133 158 - 148 -
2001/06 - - 126 146 43 145 -
2001/07 - - 149 150 150 151 -
2001/08 - - 156 145 137 157 -
2001/09 - - 152 140 118 142 -
2001/10 - - 152 142 147 153 -
2001/11 - - 152 15 149 148 -
2001/12 - - 160 - 160 157 -
2002/01 - - 159 - 157 156 -
2002/02 - - 143 - 128 139 -
2002/03 - - 157 - 136 157 -
2002/04 - - 152 43 150 153 -
2002/05 - - 155 142 148 159 -
2002/06 - - 140 144 134 151 -
2002/07 - - 150 134 117 157 50
2002/08 - - 140 - 148 156 137
2002/09 - - 144 - 138 152 144
2002/10 - - 149 - 158 160 149
2002/11 - - 142 8 130 147 151
2002/12 - - 148 126 138 161 154
2003/01 - - 206 126 148 231 235
2003/02 - - 186 102 142 223 219
2003/03 - - 199 117 127 237 233
2003/04 - - 208 136 131 239 234
2003/05 - - 197 137 159 246 240
2003/06 - - 154 136 154 230 229
2003/07 - - 204 144 103 234 229



Chapter 4

Processing Stream

4.1 Overview

The overarching goal of the EOC Satellite Environmental Time Series project,
with respect to AVHRR, is to deliver a data set of environmental variables
corrected for non-surface effects using CSIRO best-practice processing. This
chapter describes the components of the EOC’s strategy for delivering this
and their current development status.

4.2 CAPS

The Common AVHRR Processing Software (CAPS) is an EOC-supported
project to develop a vehicle to deliver implementations of CSIRO best-
practice AVHRR processing algorithms to the user community. The goal
is to enable users to produce, from raw HRPT data, higher level products
of high quality and with a high degree of consistency.

Based on the N-dimensional Array Processor (NAP1), CAPS is already
a mature system providing high quality modular base processing in the
areas of radiometric calibration, geolocation, and cloud detection. Its use is
widespread in Australia, both within CSIRO and in a number of State and
Federal Government agencies, and it has also found application in a number
of international projects based overseas (for example, the European Union
Joint Research Centre’s World Fire Web2). Further information on CAPS
is available at:
http://www.dar.csiro.au/rs/avhrr processing software.htm.

The EOC is itself a heavy user of CAPS and the package provides the
foundation for the implementation of the processing stream that the EOC
is creating. Significant work at the EOC has modularised the implemen-
tation of CAPS to simplify the addition of new algorithms. The EOC is

1http://tcl-nap.sourceforge.net
2http://www.gvm.jrc.it/TEM/wfw/wfw.htm
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currently incorporating the necessary additional algorithms into CAPS to
enable complete end-to-end processing of the AVHRR data set, including
both HRPT and GAC. These will be discussed at the relevant points later
in this chapter.

4.3 Data Set

The details of the data set and its management have been well described
earlier in this document. The status of the work remaining to assemble the
full archive, as at October 2003,is as follows:

• The EOC has obtained daily afternoon pass GAC data for the period
1981—1991 and is currently in the process of cataloging it.

• The EOC has provided a Unix workstation and tape unit that has
been installed at DOLA in Perth. Replication of the pre-1992 Perth
HRPT data has commenced and the copied data will be progressively
transferred to the EOC. These will be ingested and catalogued in the
EOC system and, where possible, stitched with common passes from
Hobart and Townsville.

• Tapes holding the HRPT acquired in Townsville by James Cook Uni-
versity prior to 1992 have been borrowed, on the EOC’s behalf, by the
Remote Sensing staff at the Australian Institute of Marine Science.
Once shipped to the EOC, they will be read and decoded (format
currently unknown) for ingest in common with the other data.

• CSIRO Marine Research has already provided a complete copy of its
pre-1992 holdings to the EOC. These data will be ingested and stitched
with the Townsville and Perth data.

The data volumes involved in stitching the pre-1992 HRPT are less than
might be expected because there are fewer stations involved, and the fre-
quency of archival is generally less. However the need to decode some of the
unknown file formats may slow the process.

The EOC will also continue to ingest and stitch contemporary data as it
is received from participating reception stations and is committed to growing
the archive into the future. An investment is being made to streamline the
ingest and archival of the near-real-time data stream from Alice Springs with
the aim of providing a number of basic short term products automatically.

4.4 Radiometric Calibration

Radiometric calibration is the process of converting digital counts recorded
by the spacecraft instruments into physical quantities such as radiance. It is
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complicated by the inevitable physical evolution of the sensor components
after manufacture and launch, leading to a variation in sensitivity which
must be compensated for in order to obtain a data set consistent over time.

The AVHRR thermal channels are monitored by means of test-signals
generated on board the spacecraft. Measurements of these are entrained
in the HRPT stream permitting subsequent calibration. Unfortunately the
reflectance channels have no such facility and the only practicable means of
calibration after launch is by vicarious methods using supposedly invariant
targets. This has been an area of active research over many years and a
variety of methods have been developed. The best results have been col-
lated and documented by Mitchell (1999, 2001) as part of the CALWATCH
project. CAPS currently provides an implementation of these results and
permits calibration of all AVHRR instruments carried on NOAA-7 onwards.

In spite of the effort that has gone into deriving the sensor characteris-
tics that are incorporated within CALWATCH, some significant unmodelled
variability remains due, in part, to the influence of atmospheric and geo-
metric factors as the calibration sites. The EOC has recently developed a
statistical method of using high tropical clouds observed under a particular
set of conditions as invariant targets (King & Graetz, in preparation). This
has the potential to not only compensate for variation in the sensor gains
over the life of the individual AVHRR instruments, but also to effectively
cross-calibrate the instruments from one spacecraft to another, making it
possible to create the longest possible internally consistent time-series.

4.5 Geolocation

The geolocation method implemented in CAPS is an unpublished two stage
process developed at CSIRO Marine Research. The first stage involves using
coastline matching on multiple overpasses from several days (up to 30) to
refine a sophisticated spacecraft orbital model. The result of this process is
a state vector, describing the position and velocity of the spacecraft, at a
specific epoch. This stage is currently performed by CSIRO Marine Research
in-house using their own processing system. State vectors are released on
the internet daily.

In the second stage CAPS, uses the tabulated state vectors and the
orbital model to geolocate the pixels in scenes close in time to the state
vector epoch. This method consistently achieves an accuracy of better than
a pixel.

The inventory of existing state vectors is given in Chapter 3. The set
is incomplete because Marine Research have only been able to generate
them for overpasses received in Hobart. The EOC is working with Marine
Research to port the software used in stage 1 so that a complete set of
state vectors can be produced for the entire archive. By using the stitched
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scenes, which contain a greater length of coastline than those acquired only
at Hobart, the EOC expects to produce a more precise set of historical state
vectors than has been possible in the past.

4.6 Cloud Detection

CAPS includes an implementation of the CLAVR (Stowe et al., 1998) cloud
detection algorithm. Although some of the internal parameters of the algo-
rithm are tuned to work with data from the AVHRR carried on NOAA-14,
experience indicates that this algorithm is very successful when applied to
data from several of the other AVHRR instruments. Some testing remains
to verify that this is the case throughout the time series.

4.7 Atmospheric Correction

Correction of the reflectance channels for the effects of atmospheric water
vapour and aerosol is important to achieve the highest possible accuracy in
the retrieved time series of surface variables. The physics of the process is
well understood (e.g. Rahman and Dedieu, 1994, and Mitchell and O’Brien,
1993). The major difficulty is that of obtaining historical records of water
vapour and aerosols.

An implementation of the Mitchell and O’Brien correction algorithm ex-
ists and has been demonstrated in the Modular AVHRR Processing System
(MAPS) package (Dilley et al., 2000). Porting of this code into the CAPS
environment has commenced. The major components involve the core code
to perform the corrections and the design of an interface to manage the
ancillary data.

To address the issue of historical fields of water vapour and aerosols,
three approaches are possible:

• Use a climatology that provides mean values of the fields of interest,
possibly on a seasonal basis.

• Use the outputs of numerical weather models

• Derive values on a scene by scene basis using other instruments carried
on the spacecraft (e.g. TOVS).

In the case of water vapour, all three of these methods are potentially ap-
plicable. The NCEP3 weather model reanalysis global water vapour fields for
the period 1981 to the present have been acquired by the EOC. The NASA
Water Vapor Project (NVAP) dataset derived from satellite, balloon and
ground observations, for the period 1988 to 1999 are also held at the EOC.

3http://www.cdc.noaa.gov/cdc/reanalysis/reanalysis.shtml
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Arrangements have also been made to receive contemporary water vapour
fields from the numerical weather models run daily at CSIRO Atmospheric
Research.

The situation with regard to aerosols is more difficult. At present the
only climatology is the Global Aerosol Data Set (GADS4) which is known to
be of poor quality over Australia. Nevertheless Dilley et al. demonstrated
good results using it. There is a possibility of deriving a much more accurate
aerosol climatology from the Australian ATSR data set held by Marine
Research using the method of North (2002) but this will involve further
research and development.

4.8 Illumination and Viewing Geometry

The relative positions of the sun and the satellite directly influence the ob-
served reflectance at the ground because most surfaces are non-Lambertian.
The properties of the of the variation in reflectance with illumination and
viewing angles are characterised by Bi-directional Reflectance Distribution
Functions (BRDF). These are usually analytical functions with a small num-
ber of parameters or coefficients that vary with location to represent changes
in surface reflectance.

A successful implementation of BRDF correction based on the model of
Roujean et al.(1992) exists in the MAPS package. This is currently part way
through being ported to CAPS. A set of BRDF coefficients for Australia is
available for the seven months of the POLDER mission5. The EOC holds
these data and is organising them to support the CAPS BRDF implemen-
tation.

The launch of POLDER-2 on ADEOS-2 at the end of 2002 offers the
prospect of obtaining a complete 12 months of BRDF coefficients for use in
correcting AVHRR data.

A second option involves deriving a new set of rolling coefficients di-
rectly from the AVHRR time series on an ongoing basis. Significant new
development would be required to implement this.

4.9 Temporal Compositing and Filtering

The EOC has conducted research into best practice temporal compositing
and filtering techniques to minimise the impact of non-surface effects on
satellite time series (Lovell & Graetz, 2001 and Lovell et al., 2003). Imple-
mentations of these algorithms in NAP (compositing) and IDL (filtering)
are complete and in regular operational use at the EOC.

4http://www.lrz-muenchen.de/~uh234an/www/radaer/gads.html
5http://smsc.cnes.fr/POLDER/index.htm
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4.10 Processing Cluster

The sheer volume of the stitched HRPT data set (approaching 8 TB) presents
significant challenges in the areas of both storage and processing capacity.
The EOC has established a pilot system using a cluster of commodity PCs
running Linux to implement a 1.5 TB online archive and trial a parallel
processing approach to analysis of the data set. Software to coordinate
the processing and organise the data has been developed and tested in the
process.

The feasibility of this method has been well demonstrated with a variety
of data sets being successfully delivered to internal CSIRO projects with
unprecedented speed. At present the entire 11 years of afternoon pass data
is held on the pilot system. Funding has been allocated to develop a cluster
capable of storing and processing the entire data set. The hardware will be
procured as the whole of the processing pipeline nears operational readiness,
expected around February 2004.

4.11 WWW Delivery

The EOC intends to make processed data (images and/or time series) ac-
cessible via the internet. As part of the Web-CATS project, a web-based
front-end will allow the user to specify the nature of the procesing, includ-
ing choice of algorithms and ancillary data, spatial and temporal extent,
and the products will be delivered electronically (except where they are too
voluminous).

Development of this web site and its supporting database is under way
with significant infrastructure currently under test. A simplified prototype
system allowing rudimentary delivery of time series of pre-computed aggre-
gate data from the PAL 5-km dataset is complete (http://www.eoc.csiro.au/cats/bpal).

4.12 Summary

The table below summarises the status of each of the components described
above.
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Component Sub-component Status
CAPS Operational
Data Set HRPT, post-1992/04 Operational

HRPT, pre-1992/04 Copies coming to EOC
GAC, pre-1992/04 At EOC, being catalogued

Radiometric Calibration CALWATCH (absolute) Operational (in CAPS)
Relative Implementation in alpha test

Geolocation post-1992/04 Operational
pre-1992/04 Porting 50% complete but state

vectors to be generated when done
Cloud CLAVR Operational
Atmospheric Correction Ancillary data Acquired

Implementation Feasibility/pre-alpha
BRDF Ancillary data Acquired

Implementation Alpha
Compositing/Filtering Operational
Processing Cluster Pilot system Operational

Production system Funded
WWW Delivery Prototype Alpha

Production Under development
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Chapter 5

Conclusions

Within CSIRO AVHRR data are used not only by the EOC but also Atmo-
spheric Research, Marine Research, Land and Water, Livestock Industries,
Forestry and Forest Products, and Sustainable Ecosystems. Projects in
these divisions are utilising the capacity of AVHRR to provide measurments
of sea surface temperature, land surface temperature, vegetation condition,
fire hotspots and burn scars, and cloud climatologies. The scope of these
projects includes Earth System Science model-data fusion, regional hydro-
logical modelling, near real-time monitoring of bushfires, driving pasture
growth predictive models for the dairy industry, assessing sugar cane crop
harvest readiness, landcover change monitoring and ocean current dynamics.

The EOC NOAA-AVHRR data set is approaching 8 terabytes in size
and consists of nearly 100 000 individual satellite overpasses. It constitutes
a uniquely detailed record of the Australian regional environment since 1981
and will continue to grow until at least 2010. CSIRO has invested signifi-
cantly, not only in the management of these data, but also the analysis and
processing, to ensure that a wide variety of environmental applications are
realised.

The EOC is actively engaged in the implementation of a complete pro-
cessing pipeline for the whole of the archive. This includes the assembly of
a set of ancillary data (e.g. historical water vapour fields, navigation state
vectors, BRDF coefficients, calibration information) to enable best-practice
corrections for non-surface effects to be applied throughout the 22 years of
the data set. The data will be held online using a cluster of computers to
apply these corrections and to compute higher level products on demand.
This will allow advances in the processing algorithms to be incorporated
incrementally as they become available. The development of a web-based
interface to this system, currently underway, will ultimately allow users to
tailor the processing of the data to the needs of their particular application,
and to receive the data electronically via the internet.

At present data is being provided to a limited number of client projects

37
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within CSIRO upon request. These projects are acting as beta-testers for
the data set and, to some extent, influencing the order in which the infras-
tructure to support the processing and delivery is developed. As the current
phase of infrastructure development and capacity building draws to a close
over the next 6 months, the increasing automation of the processing and
data delivery will permit a change in emphasis to algorithm refinement and
efforts to improve the consistency of the processing across the length of the
archive.

By drawing together work from across CSIRO, the EOC’s goal of a
high quality, best-practice corrected and consistent time series of AVHRR
imagery available for operational use in the monitoring of the Australian
environment is nearing reality. As the only data set of its type covering the
last two decades of the 20th Century, its importance in earth observation
research and natural resource management will continue to increase.
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Acronyms and Abbreviations

ACRES Australian Centre for REmote Sensing
ADAPS AVHRR Data Acquisition and Processing System
ADEOS ADvanced Earth Observation Satellite
AIMS Australian Institute of Marine Science
ALRDC Australian Land Research Data Centre
ALS Alice Springs (CEOS station code)
ASCII American Standard Code for Information Interchange
ASDA Australian Satellite Data Archive
ATOVS Advanced TIROS Operational Vertical Sounder
ATSR Along Track Scanning Radiometer
A-to-D Analogue to Digital
AUSLIG Australian Land Information Group (now part of GA)
AVHRR Advanced Very High Resolution Radiometer
BOM Bureau Of Meteorology
BRDF Bidirectional Reflectance Distribution Function
CAPS Common AVHRR Processing System
CATS CSIRO AVHRR Times Series
CAR CSIRO Atmospheric Research
CEOS Committee on Earth Observation Satellites
CFQ Townsville, Cape Ferguson Queensland (CEOS station code)
CLAVR CLouds from AVHRR
CLW CSIRO Land and Water
CMR CSIRO Marine Research
CSIRO Commonwealth Scientific and Industrial Research Organisation
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DAR Darwin (CEOS station code)
DLI Department of Land Information (WA)
DLT Digital Linear Tape
DOLA Department Of Land Administration (now DLI)
EOC Earth Observation Centre
GA Geoscience Australia
GAC Global Area Coverage
GADS Global Aerosol Dataset
GB Giga Byte
HBT Hobart (CEOS station code)
HRPT High Resolution Picture Transmission
IDL Interactive Data Language
IR Infrared
JCU James Cook University
LAC Local Area Coverage
LAS Land Analysis System
MAPS Modular AVHRR Processing System
NAP N-dimensional Array Processor
NASA National Aeronautics and Space Administration
NCEP National Centers for Environmental Prediction
NDVI Normalised Difference Vegetation Index
NOAA National Oceanic and Atmospheric Administration
NPOESS National Polar-orbiting Operational Environmental Satellite System
NVAP NASA Water Vapor Project
PAL Pathfinder AVHRR Land
POLDER POLarization and Directionality of the Earth’s Reflectances
PTH Perth (CEOS station code)
POD Polar Orbiter Data
POES Polar Operational Environmental Satellite
SST Sea Surface Temperature
TB Terra Byte
TIP TIROS Information Processor
TIR Thermal Infrared
TIROS Television and Infra Red Operational Satellite
TOVS TIROS Operational Vertical Sounder
USGS United States Geological Survey
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Useful URLs

• NASA POES Program http://poes.gsfc.nasa.gov/

• NPOESS Program http://www.npoess.noaa.gov

• NOAA Polar Orbiter Data User’s Guide
http://www2.ncdc.noaa.gov/docs/podug/index.htm

• NOAA KLM User’s Guide
http://www2.ncdc.noaa.gov/docs/klm/index.htm

• Collected NOAA Satellites information
http://www.itc.nl/∼bakker/noaa.html

• NASA/USGS Global 1-km project
http://edcdaac.usgs.gov/1KM/1kmhomepage.html

• CSIRO AVHRR Time Series
http://www.eoc.csiro.au/cats

• EOC Stitched Archive quicklook imagery
http://www.eoc.csiro.au/cats/cgi/daily browse.pl

• ASDA format paper
http://www.dar.csiro.au/publications/turner96/arcfrep.htm

• ASDA format description and examples
http://www.bom.gov.au/climate/satellite/asda

• EOC archive of Alice Springs-acquired HRPT data
http://www.eoc.csiro.au/perl/acres.pl).

• N-dimensional Array Processor (NAP)
http://tcl-nap.sourceforge.net
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• CAPS software
http://www.dar.csiro.au/rs/avhrr processing software.htm

• NCEP Reanalysis water vapour data
http://www.cdc.noaa.gov/cdc/reanalysis/reanalysis.shtml

• Global Aerosol Dataset
http://www.lrz-muenchen.de/~uh234an/www/radaer/gads.html

• POLDER instrument
http://smsc.cnes.fr/POLDER/index.htm

• MAPS report
http://www.eoc.csiro.au/tasks/task4 2/AVHRRFinal2.pdf

• World Fire Web
http://www.gvm.jrc.it/TEM/wfw/wfw.htm
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