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Introduction

AVHRR has been flown onboard NOAA satellites since 1978 and
will continue to be in orbit through ~2020. NESDIS generates two
operational products over ocean: Sea Surface Temperature, SST
(from 1981), and Aerosol Optical Depth, AOD (from 1990). The
two products are generated within the same processing stream
after the common pre-processing (navigation, calibration, cloud
screening, preliminary QC) done within the Main Unit Task
(MUT) system. SST & AOD retrievals from daytime orbits of
NOAA-16 and -17 are analyzed in this study.

Objective
1) Review and evaluate the current SST and AOD products
2) Identify strengths and weaknesses for coming MUT redesign

Data
NOAA-16&-17 Aerosol Observations (AEROBS) 8-km data
Anti-solar side of orbit; outside 40° cone glint angle
AOD and SST (Daytime; Sub-sample of SST)
1 week of global data (3-11 Dec 2003)

NOAA Orbital Configuration

NOAA maintains two platforms in space: morning (equator
crossing time at launch, EXT~0630/1830 local time) and afternoon
(EXT~0200/1400). NOAA-17 is the first mid-morning platform
(EXT~1000/2200). For the first time, morning platform has
enough illumination for aerosol retrievals. Distribution of local
time of observations in AEROBS data is shown in Fig.l. It
deviates from the EXT due to cross-scanning. Additionally, EXT
systematically changes with time (Fig.2-3). The SST and AOD
products are thus highly non-uniform in local observation time.

AVHRR Instrument

AVHRR/1 (flown onboard TIROS-N, NOAA-6, -8, -10) had two
solar reflectance bands (SRB) centered at 0.63 and 0.83 pm (bands
1-2) and two Earth emission bands (EEB) at 3.7 and 11 pm (bands
3-4). AVHRR/2 (flown onboard NOAA-7, -9, -11, -12, -14) has an
additional band 5 centered at 12 pm. This split-window
enhancement was critically important for SST retrievals during
daytime because of solar contamination in band 3. AVHRR/3
(flown onboard the current generation of NOAA-KLM satellites,
NOAA-15 to -17, and to be flown on NOAA-N and three
METOP platforms) has an additional SRB at 1.61 pm (termed 3A
to differentiate it from band 3@3.7 um that is now termed 3B).
Also, AVHRR/3 has a refined sensitivity in the SRBs at low
radiances, achieved through the concept of a “dual-gain”. This
feature is important for aerosol retrievals.

GLOBAL OPERATIONAL SST AND AEROSOL PRODUCTS FROM AVHRR:
CURRENT STATUS, DIAGNOSTICS, AND POTENTIAL ENHANCEMENTS

Alexander Ignatov?, Alex.Ignatov@noaa.gov, (301)763-8053 (x190)

NESDIS MUT System

MUT system was set up at NESDIS in the early 1980s, and it has
remained largely unchanged in its overall structure and
functionality. It consists of two subsystems: the SST and aerosol
observations (SST/AEROBS), which share much in common.
The two products reside on the NESDIS Central Environmental
Monitoring Satellite Computer System (CEMSCS) as rotating
files, one per product and platform. Each file contains all
AOD/SST retrievals during the last 8 days. The files are
renewed automatically 4 times a day around 0100, 0700, 1300,
and 1800 EST. In this study, we use two AEROBS files (NOAA-
16 and -17), which also include SST.

Sample Definitions
For the analyses below, the 8-km AEROBS data from 3-11 Dec
2003 have been first averaged into 1dayx(1°)? space-time boxes,
resulting in N=62,197 (NOAA-16) and 56,054 (NOAA-17) grids.
[The ~11% difference in a sample size between the AM and PM
platforms may be due to a diurnal cycle in cloud cover. Or, it
may result from the fact that calibration of the AVHRR SRBs
used for cloud screening may be offset between the two
platforms.] The NOAA-16 and -17 samples overlap in a sub-
sample called intersection (in which both NOAA-16 and -17 data
retrievals are available. There are N=17,728 [idayse(d:®such
grids (~30% of the full samples). i &

SSTs

Parameters of the Non-
Linear ~ SST  (NLSST)
equations are tuned against -
buoy SSTs, independently -
for the platforms. The two
SSTs are in excellent
agreement. Cross-platform .
statistics (available in the '
intersection sub-sample
only): R*>>0.99, bias 107K,
noise 0.7K.

=

SST Anomalies

More  appropriate  is
performing analysis in SST

anomalies. Bauer-
Robinson  (1985)  SST
climatology was

subtracted from NLSST.
Cross-platform bias is still
within ~102 K, and noise
~0.7K. But the R? dropped
down to ~0.69. The RMS
anomaly (“signal” we are
after) in Fig.7a is about 1K.
" Noise is ¥0.72/2~05K. The
signal-to-noise ratio is ~2.
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View Angle and Cloud trends in SST
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NLSST treated empirically
Trends consistent for the two
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e tom seroeo | Cloud biases consistent. May [ o2
et ™ | be real (surface cooler under
coudy  conditions)  or
residual cloud. Check w/

| surface data

@ e

Cross-platform  differences
are due to lack of onboard
L calibration of AVHRR solar *
| reflectance bands.

AOD errors are amplified .
in calculating the Angstrom 7|
exponent.

In NOAA operations, the
aerosol model cannot be
estimated from AVHRR
bands 1 and 2. Band 3A is
not always available. Thus | “
NOAA continues to use
single-channel aerosol
algorithm.

Aerosol/SST

wep oz ssrose s | SST anomaly is negatively

EQUENCY OF sec

i aLoBAL ST DEG 2009

and non-linearly correlated

with slant-path AOD.
————

N (PAELS 1 DAY x 1 DEG)

AOD positively correlated

with ambient cloud amount &7 ==
(May be related to the
negative correlation “SST- ::n
cloud” in Fig.9. )
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Conclusion

SST is derived from AVHRR Earth emission bands, which are
well-calibrated onboard. As a result, it is relatively accurate, and
well-reproducible from the two platforms. In a global sense, the
errors in the SST product are mainly random (although they may
be localized regionally and/or seasonally), with noise oy~0.5K.
SST reveals view angle-, cloud- and aerosol-related biases.
Diurnal signal is not seen because platforms are calibrated
against buoys independently.

The aerosol product, on the other hand, is derived from the solar
reflectance bands which are not calibrated onboard. As a result,
the AVHRR aerosol product is subject to significant systematic
errors (up to At~(3-5)x10 in band 1), which may additionally
change in time as the calibration slopes in the AVHRR solar
reflectance bands degrade. Aerosol model cannot be estimated in
the operational reality, and thus single-channel retrievals will be
continued.

Plans

The MUT processor and SST algorithm are currently under a
fundamental redesign, in preparation for METOP era with 1-km
global resolution. CLAVR-x will be used as a front end. Satellite
data will be merged with NCEP files to facilitate skin-to-bulk
SST conversion and atmospheric correction. Comprehensive self-
and cross-consistency checks of the SST/Aerosol products will
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