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The NOAA-K, -L, -M series of Polar Orbiting
Environmental Satellites (POES) herald a new era of
improved atmospheric monitoring. The first of these
satellites (NOAA-15) was launched in May 1998 and
carries an ATOVS (Advanced TIROS Operational
Vertical Sounder) instrument complement that repre-
sents a significant improvement over previous NOAA
polar orbiting spacecraft (NOAA, 1998). Here, we
provide a brief description of the new spacecraft,
describe the Australian facility to receive and process
the data, and record the first results of their impact on
regional (operational) numerical weather prediction.

Background
NOAA-15 carries, amongst its instrument comple-
ment, four important instruments for operational
meteorology. They are the Advanced Very High
Resolution Radiometer (AVHRR/3), the High
Resolution Infrared Radiation Sounder (HIRS/3) and
the Advanced Microwave Sounding Units A and B
(AMSU-A and AMSU-B).
The 5-channel AVHRR imager has been flown

previously on the TIROS-N/NOAA series of satel-
lites, and a 4-channel AVHRR imager has been
employed on early (morning) satellites. The instru-
ment flying on NOAA-15, however, has an addition-
al channel (3A) which is a 1.6 µm channel for deter-
mining cloud characteristics and providing improved
snow and ice discrimination. This channel will be
switched on during the day while the 3.9 µm channel
(3B) will be switched on during the night. The
HIRS/3 is similar in many respects to HIRS/2 but has
improved performance standards. The AMSU-A and
AMSU-B are new instruments and represent a signif-

icant development over the 4-channel Microwave
Sounding Unit (MSU) flown on all TIROS-N/NOAA
satellites to date.
AMSU-A is a 15-channel microwave sounder,

designed for all-weather temperature profiling of the
atmosphere using the 50 GHz O2 absorption band. It
also measures atmospheric moisture and surface char-
acteristics. The AMSU-B is a 5-channel radiometer
with three channels spanning the 183 GHz water
vapour absorption line. Its purpose is to obtain global
humidity profiles. The AMSU instruments are sum-
marised in Table 1. The central frequencies of the
bands sensed by the AMSU-A and -B channels are
listed, and, in some cases, the centres of multiple
bands contributing to the sensed radiation are denoted
using f0 ± x ± z (GHz) notation.
Overall, because of its ability to sound through

‘non-precipitating’ cloud (English et al. 1999), the
AMSU gives the NOAA series of satellites a far
stronger all-weather sounding capability and the
fields of view of the instruments (50 km, 16 km
respectively) represent a significant gain in horizontal
resolution. In essence, the AMSU can provide
improved all-weather temperature soundings through
the troposphere and stratosphere and can provide
moisture profiles, even in cloudy conditions. It also
provides improved stratospheric temperature sound-
ing, obviating the need to deploy another series of
Stratospheric Sounding Units on the NOAA satellites.

Real-time reception of direct readout
ATOVS data in the Australian region
Direct broadcast data from the NOAA-15 satellite are
received at the four S-band ground stations used by
the Bureau of Meteorology. These stations are in
Melbourne, Perth, Darwin and Casey in Antarctica.
Selected parts of the data received are transmitted to
Melbourne and used in a real-time regional data
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assimilation system. In practice, some difficulties
with data reception were encountered during this
experiment, due to radio interference resulting from
problems with the transmitting antennae on NOAA-
15. Subsequently, these problems were addressed by
NOAA/NESDIS in late 1999 and a more complete
direct readout data coverage from the satellite was
provided. Despite these problems in data coverage,
however, it was possible to undertake a first series of
real-time forecast impact trials over the Australian
region.
AMSU-A data were used, as AMSU-B data were

affected by radio interference, and a focus on one
instrument hastened the introduction of direct readout
ATOVS sounding data into the National
Meteorological Operations Centre (NMOC) which,
with the demise of NOAA-11 and NOAA-12 has only
limited sounding data available at the key analysis
times of 0000 UTC and 1200 UTC. Assimilation of
the AMSU-A raw radiance observations was under-
taken in real time. The inferred temperature incre-
ments in comparison to a forecast model background
field were used in a parallel real-time regional fore-
cast system. The NMOC operational forecast system
was used as the control.

Assimilating radiance observations
from the NOAA-15 AMSU
instrument
Data received by direct readout from the NOAA-15
satellite over the Australian Region were transmitted
to the Bureau of Meteorology's head office in
Melbourne where they were navigated and calibrated
using the ATOVS and AVHRR Processing Package
(AAPP - Klaes and Schraidt, 1999). This package was
developed as part of the collaborative development
programme of the International TOVS Working
Group (Le Marshall and Rochard 1999) and was pro-
duced in Europe with the support of EUMETSAT and
assistance from NOAA/NESDIS and the Co-opera-
tive Institute for Meteorological Satellite Studies at
the University of Wisconsin, USA. It has been dis-
tributed to the international sounding community to
allow use of direct readout data and facilitate assimi-
lation of NOAA-15 observations.
The system has been adapted for use in the

Australian region and provides calibrated and navi-
gated radiance data in various formats for use in data
assimilation. These raw radiance observations are
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Table 1. AMSU-A (Channels 1 - 15) and AMSU-B (Channels 16 - 20) Channel Frequencies (GHz), Bandwidths (MHz),
Resolution (km), Polarisation and Purpose. The table also shows the sidebands contributing to the total detect-
ed energy (using f0 ± x ± z notation)

Channel Bandwidth Resolution Polarisation Purpose
Channel Frequencies (GHz) (MHz) (km) (nadir)

1 23.800 250 50 km V Sfc type & Precip.
2 31.400 160 50 km V Sfc type & Precip.
3 50.300 160 50 km V Sfc e & T
4 52.800 380 50 km V Sfc e & T
5 53.596 ± 0.115 170 50 km H T (p)
6 54.400 380 50 km H T (p)
7 54.940 380 50 km V T (p)
8 55.500 310 50 km H T (p)
9 f0=57.290344 310 50 km H T (p)
10 f0 ± 0.217 75 50 km H T (p)
11 f0 ± 0.322 ± 0.048 35 50 km H T (p)
12 f0 ± 0.322 ± 0.022 15 50 km H T (p)
13 f0 ± 0.322 ± 0.010 8 50 km H T (p)
14 f0 ± 0.322 ± 0.0045 3 50 km H T (p)
15 89.00 2000 50 km V Sfc type & Precip.
16 89.00 ± 0.100 2000 16 km V Sfc & Precip.& q (p)
17 150.00 ± 0.100 2000 16 km V e.& q (p)
18 183.31 ± 1.000 1000 16 km V e.& q (p)
19 183.31 ± 3.000 2000 16 km V e.& q (p)
20 183.31 ± 7.000 4000 16 km V e.& q (p)
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then assimilated locally, using a 1-dimensional varia-
tional assimilation technique (1-D Var - Eyre 1989).
In effect, the sounding system determines the atmos-
pheric sounding by finding the atmospheric profile
that is consistent with both the forecast first guess
profile and the observed radiances, taking account of
the known errors in the forecast profile, the errors in
the observing instrument and the errors involved in
generating the observed radiances from a specified
atmospheric profile. Overall, the profile determined is
a best fit, both to the first guess and the observed radi-
ances, given the known error characteristics of vari-
ous components of the system. In practice, the system
provides the most probable atmospheric profile vector
x, given a vector of multi-channel radiances ym and
background profile xb, by minimising the cost func-
tion

(ym - y(x))TE-1 (ym - y(x)) + (x - xb)TC-1 (x - xb) ...1

where E is the covariance of the expected errors in the
forward model y and the measurements, and C is the
expected error covariance in xb. This method follows
the non-linear approach to the retrieval problem
described by Rodgers (1976). Figure 1 shows a typi-
cal distribution of soundings derived from AMSU-A

observations near 2300 UTC on 23 May 1999. The
500 hPa temperatures shown are only indicative of
instrument coverage. It can be seen that soundings are
very dense (every 50 km, subsatellite). Missing data,
seen in the swaths, are largely due to problems with
data transmission from the satellite.
The inferred profiles have been used in a series of

preliminary real-time data assimilation experiments
over the Australian region. The aim of the experi-
ments was to gauge the impact of high-resolution
direct readout ATOVS AMSU-A data on the opera-
tional Limited Area Prediction System (LAPS - Puri
et al. 1998).

The assimilation methodology
The assimilation methodology was to use the real-
time operational NMOC regional assimilation sys-
tem, using all available data (including high-resolu-
tion direct readout and low-resolution NESDIS TOVS
(Le Marshall et al. 1994a), local high-resolution
cloud-drift winds (Le Marshall et al. 1994b) and
available JMA cloud-drift winds) as a control.
The analyses on which the forecasts reported here

are based start with a Bureau of Meteorology global

Fig. 1 AMSU-A based 500 hPa temperatures at 2300 UTC 23May 1999.



analysis, valid 12 hours prior to the forecast start
time. This is used as a first guess to the regional
analysis which then provides the base analysis for an
initialised six-hour forecast, a subsequent analysis
and a further initialised six-hour forecast. This fore-
cast is then used as a first guess to the final analysis
from which twenty-four and forty-eight hour fore-
casts are run. Forecasts are nested in fields from the
most recent Bureau of Meteorology global model
forecast (Bourke et al. 1995).
The LAPS analysis and forecast model uses the

same latitude/longitude/sigma coordinate system. The
configuration consisted of 160 x 110 grid-points at
0.75° spacing in the horizontal, and 19 levels in the
vertical, with an upper level of sigma 0.05. The analy-
sis system is a limited area adaptation of the global
multivariate statistical interpolation analysis (Seaman
et al. 1995).
The direct readout local ATOVS data from

Melbourne and selected orbits from Perth were
processed in real time using the AAPP methodology
and the 1-D Var. technique with an operational Global
ASsimilation and Prognosis (GASP) model (Bourke
et al. 1995) first guess temperature, moisture and
wind fields. As in previous NOAA direct readout
sounding systems, automatic quality control, includ-
ing elimination of precipitation affected data, was
used. This quality control was heavily dependent on
the forecast model first guess.
A series of parallel real-time forecasts were run

using the operational forecast system with ATOVS
data added to the operational database. The experi-
mental period was from 1100 UTC on 3 July to 1100
UTC on 12 July 1999 (17 cases), a period when the
1698 MHz direct readout downlink was subject to a
degree of noise. For these real-time forecasts, the S1
skill-scores (Teweles and Wobus 1954) were calcu-
lated on the NMOC operational verification grid
using the 0000 UTC and 1200 UTC analyses. The
verification grid consists of 58 points within the
domain 90°E to 170 °E, 55°S to 15°S. The exact grid
is seen in Bennett and Leslie (1981), Fig. 2.

Results
First results for this experiment are summarised in
Fig. 2. It can be seen, from this experiment, that,
despite the reduced coverage occasioned by problems
with the S-band downlink, the direct readout navigat-
ed and calibrated AMSU-A radiances provided to the
assimilation system were able to produce positive
impact in regional 24-hour forecasts (reduction in S1
skill-score at all levels throughout the troposphere).

The magnitude of this impact is limited but it is
anticipated to increase as the quality and coverage of
data received directly from the satellite improve and
as more Perth orbits become available for processing.
This expectation is reasonable as increased impact
with improved TOVS data coverage has already been
demonstrated in the Australian region (Le Marshall et
al. 1994a). Some improvement is also anticipated as
the algorithms used in this system are made more
noise-tolerant.

Conclusions
Although we were in the early stages in relation to the
full operational exploitation of ATOVS direct readout
data, the data available resulted in a limited positive
impact on a real-time forecast system in the
Australian region. In addition, other products from
the ATOVS instrument complement such as limb-cor-
rected radiances, cloud liquid water amounts, precip-
itation, surface characteristics (Grody et al. 1999) and
the upper tropospheric thermal anomalies associated
with tropical cyclones (Le Marshall et al. 1996) are
useful tools to aid the operational forecast process.
In summary, NOAA-15, the first of the NOAA-K

series of satellites, represents a significant advance on
its predecessors. It has significantly improved the all-
weather sounding capability of these satellites and
provided higher resolution temperature and moisture
data in cloudy areas. These preliminary results and
the potential products soon to be available (with the
solution of satellite broadcast problems) indicate that
the ATOVS system has significant potential for
improving the accuracy of operational forecasts over
the Australian region. These AMSU-A data are now
available and under evaluation in NMOC for the
Limited Area Prediction System.
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Fig. 2 S1 skill-scores for real-time operational assim-
ilation 24-hour forecasts without (OPS) and
with (AMSU-A) AMSU-A data.



Epilogue
The year 2002 will see the launch of the first of the
high spectral resolution advanced infrared sounders,
theAtmospheric Infrared Sounder (AIRS), on the sec-
ond EOS platform. Although this is designated as an
experimental instrument, it is anticipated that AIRS
data will be used for operational purposes around the
world. The next change in sounding instruments on
the operational NOAA series of satellites is expected
to be the Cross-track Infrared Sounder (CrIS) instru-
ment in 2009, an advanced sounder based on a
Michelson interferometer. These advanced sounders
will significantly improve the vertical resolution of
derived soundings, and reduce RMS error to less than
1 K in clear conditions. Both instruments will be
flown and used in conjunction with instruments simi-
lar to AMSU-A and AMSU-B.
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