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ABSTRACT

The SeaWiF$S Project uses monthly lunar calibrations to monitor the on-orbit radiometric stability of SeaWiF'S
over the course of its mission. Ongoing analyses of the steadily increasing lunar calibration data set have led
to improvements in the calibration methodology over time. The lunar measurements must be normalized to a
common viewing geometry for the calibration time series to track the radiometric stability of the instrument,
Corrections computed from the time and geometry of the observations include Sun—-Moon and instrument—-Moon
distances, oversampling of the lunar image, and variations in the lunar phase angles. The Project has recently
implemented a correction for lunar libration that is computed from regressions of the libration angles of the
observations against the lunar radiances. Decaying exponential functions of time are fit to the geometry-corrected
calibration time series. The observations for bands 1,2,and 5-8 are fit to two simultaneous exponential functions
of time, while bands 3 and 4 are fit to single exponential functions of time. The corrections to the radiometric
response of the instrument over time are the inverses of these fits. The lunar calibration methodology provides
top-of-the-atmosphere radiances for SeaWiFS that are stable to better than 0.07% over the course of the mission,
with residual time drifts that are smaller than -0.004% per thousand days. The resulting water-leaving radiances
are stable to better than 0.7%, allowing the Project to implement a vicarious calibration of the water-leaving
radiances that is independent of time. The calibration methodology presented here will be used to generate the
calibration table for the fifth reprocessing of the SeaWiF$S global ocean data set.
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1. INTRODUCTION

SeaWiFS in an eight-band visible and near-infrared scanning radiometer designed to have high radiometric sen-
sitivity over oceans without saturating over bright clouds. The SeaWiFS bands are provided in Table 1. The
on-orbit calibration strategy for the instrument uses monthly lunar calibrations to monitor the radiometric sta:
bility of the individual bands.

For each lunar calibration, the radiances observed by SeaWiFS are integrated over the lunar images. The
time series used to monitor the radiometric stability of the instrument are these integrated radiances for each
band, normalized by the integrated radiances of the first calibration. The uncorrected time series are shown in
Fig. 1. Periodic signals in the time series arise from variations in the geometry of the observations from one
lunar calibration to the next. In order to track the radiometric stability of the instrument, the measurements
must be normalized to a common viewing geometry. Geometric corrections are computed and applied for the
Sun-Moon and instrument—Moon distances, the oversampling of the lunar images in the along-track direction
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Table 1. SeaWiFS Bands. The nominal center wavelengths and bandwidths are in nanometers.

Band 1 2 3 4 5 6 7 8
Wavelength | 412 | 443 | 490 | 510 | 555 | 670 | 765 | 865
Bandwidth | 20 | 20 | 20 | 20 | 20 | 20 | 40 | 40
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Figure 1. Lunar Calibration Time Series. The periodicities arise from variations in the observing geometry from
one calibration to the next.

the phase angles of the observations, and the libration angles of the observations. The current implementations
of these corrections for SeaWiF$S are improvements on previous geometry correction methodologies.!»?

2. DISTANCE CORRECTIONS

The distance corrections normalize the observations to a Sun—-Moon distance of one Astronomical Unit and to
an instrument—Moon distance of one mean Earth-Moon distance. The corrections have the form:

_ Rsun—Moon (t) 2 Rinst—Moon (t) 2
file) = (Romspem®)(Rimichtom(®)) )
where:
Rsuyn—Moon = Sun—Moon distance
AU = Astronomical Unit
Rinst—Moon = Instrument—Moon distance
MLD = mean Earth-Moon distance = 384401 km
t = time of the observations

The distance corrections are shown in Fig. 2. The calibration time series with the distance corrections applied
are shown in Fig. 3. The distance corrections have removed the large-scale periodic signal from the time series.

3. OVERSAMPLING CORRECTION

During lunar calibrations, the spacecraft pitches across the Moon (in the along-track direction) at a slower
rate than the scan rate of the instrument, resulting in an oversampled image of the Moon. The oversampling
correction compensates for the pitch rate across the Moon. Since the pitch rate is not known during the lunar
calibration maneuvers, the correction is computed by dividing the actual size of the Moon, as seen from the

Proc. of SPIE Vol. 5542



0.90

Distance Corrections

0.80

T T T T T T T T [T T T T T T [T T T T T T T T o v oT

070 . . . . + . . : L

ITEERETETY ARRERL TS FE R RERNA FRNRNREE T AENNER AR

o

500 1000 1500 2000 2500

Days Since First Image

Figure 2. Distance Corrections. These are the combined Sun-Moon and instrument-Moon corrections.
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Figure 3. Lunar Calibration Time Series with Distance Corrections. The distance corrections have removed the

large-scale periodic signal from the time series.
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Figure 4. Oversampling Correction. The correction has been normalized to the mean of the time series. The change
in the correction between the 6" and 7t* calibrations is due to a change in the control gains of the spacecraft attitude
control system, which caused a change in the pitch rate of the spacecraft during the lunar calibrations.

spacecraft, by the apparent size of the Moon in the along-track direction in the lunar image. The correction has

the form: D
Moon
f2 (t, @ 7) B YMoon(aa’Y) arctan (Rlnst—Moon(t)) (2)

where:

YMoon = angular size of the Moon in the lunar image

Dasoon = diameter of the Moon = 3476.4 km

a = phase angle

¥ = track angle

The mean value of the oversampling correction over the SeaWiFS mission is 0.279 £ 0.007. This form of the
oversampling correction is used when comparing SeaWiFS lunar observations with external observations or mod-
els. The concern in monitoring the radiometric stability of the instrument is variations in the oversampling from
calibration to calibration. So, the oversampling correction is normalized by the mean of the correction over the
mission, yielding a correction with a mean value of unity over the the mission. This correction is shown in Fig. 4,
The change in the correction between the 6* and 7¢* calibrations is due to a change in the control gains of the
spacecraft attitude control system in May of 1998, which caused a change in the pitch rate of the spacecraft
during the lunar calibrations. The calibration time series with the oversampling correction applied are shown in
Fig. 5. The oversampling correction reduces some of the high-frequency periodic signal in the time series and
reduces the scatter in the first six calibrations that was caused by the initial gains of the attitude control system.

3.1. Lunar Image Size Determination

The size of the Moon in the lunar images is the observational input into the oversampling correction. This
parameter is derived from the 2"¢ derivative of the radiance profile across the Moon. The edge locations of each
profile are determined from the first maximum and first minimum of the profile coming from the off-of-the-Moon
direction. The first maximum is the first pixel where the edge of the Moon is detected within the pixel and
the first minimum is the first pixel where the Moon fills the pixel completely. The edge location is defined to
be the point where the radiance is % of the difference in the radiances of the pixels at the first maximum and
first minimum. The two edges of the profile are determined from the appropriate maximum and minimum. For
each lunar image, the size is computed for each profile across the Moon in the along-track direction. Since the
central profile across the Moon cannot be identified from the navigation data, the size for the image is defined
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