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ABSTRACT

The MODIS re ective solar bands (RSB) are calibrated on-orbit using a solar di user (SD) with its on-orbit
degradation, or change in the bi-directional re ectance factor (BRF) monitored using a solar di user stability
monitor (SDSM). By performing alternate observations of direct sunlight via an attenuation screen and of
sunlight re ected di usely o the SD, the SDSM monitors the on-orbit degradation of the SD. The MODIS
SDSM has 9 detectors, covering wavelengths from 0.41 to 0.9M. Both Terra and Aqua MODIS instruments
have successfully operated for more than 16 years on-orbit, with the SD experiencing signi cant degradation at
the shortest wavelength (about 50% for Terra MODIS and about 20% for Aqua MODIS at 0.41 m). The rst
VIIRS instrument on the Suomi NPP spacecraft was launched in October, 2011 and the follow-on instrument
was launched in November, 2017 on the JPSS-1 spacecraft (hnow NOAA-20). Both the VIIRS instruments carry
a MODIS-like SD and SDSM system with an improved design based on the lessons learned from MODIS. Unlike
MODIS, the VIIRS SDSM collects data using 8 detectors covering a similar wavelength range as MODIS. A
similar wavelength dependent SD degradation pattern is also observed in both VIIRS instruments. This paper
provides a comparison of the on-orbit performance of the four instruments in terms of the on-orbit changes in
the SDSM detector responses and on-orbit degradations of their SDs. The NOAA-20 VIIRS instrument is still
in its rst year of operation and hence the early performance of the Terra and Aqua MODIS and SNPP VIIRS
is discussed to provide a perspective comparison.

Keywords: SDSM, SD, Degradation, NOAA20, VIIRS, MODIS

1. INTRODUCTION

The MODIS instruments, on the Terra and Aqua platform, have a full complement of on-board calibrators
to provide inight radiometric, spatial, and spectral characterization.The on-board calibrators include a solar
di user (SD), a solar di user stability monitor (SDSM), a blackbody (BB) and the spectro-radiometric calibration
assembly (SRCA)!Measurements of the SD, with its on-orbit bi-directional re ectance factor (BRF) change
tracked using the SDSM, provide an anchor point to facilitate the calibration of the re ective solar bands (RSB).
Visible Infrared Imaging Radiometer Suite (VIIRS) is a follow-on MODIS instrument that has similar capabilities
to perform the RSB calibration.?The VIIRS instruments were built by the same instrument vendor as MODIS
and have 22 spectral bands: 14 RSB, 7 thermal emissive bands (TEB), and 1 day-night band (DNB). Although
the wavelength range of the RSB is essentially the same, MODIS has 20 re ective solar bands, with additional
spectral bands in the 0.90 to 0.94m range.

As expected, some of the lessons learned from the MODIS design have led to an improved SD and SDSM
calibration mechanism for Suomi NPP VIIRS, launched in October, 2011. Since launch in November, 2017,
the follow-on VIIRS instrument onboard the NOAA-20 (N20) spacecraft has been operating successfully and
collecting useful data to support its on-orbit calibration and generation of various science products. As expected,
it applies a similar SD and SDSM based calibration mechanism. The performance of the MODIS SD and SDSM
has been extensively reported in previous work. The focus of this paper is the early on-orbit performance
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comparison of N20 VIIRS relative to SNPP VIIRS, Terra MODIS and Aqua MODIS for the rst 180 days of
operation. Also compared is the long-term (6.5 years) performance of SNPP VIIRS with Terra and Aqua MODIS
on a similar timescale. The SD degradation for the four instruments is computed as a function of solar exposure
S0 as to provide a common baseline for comparison. Also discussed in detail is the performance of the SDSM
detectors.

Although the SD and SDSM calibration mechanism is common to MODIS and VIIRS instruments, instru-
ment speci ¢ design and operational con gurations need to be considered for a better understanding of their
on-orbit performance.The MODIS SDSM tracks the SD degradation for wavelengths less than 1Im using 9
detectors whereas VIIRS SDSM performs this activity via 8 detectors, each with a corresponding set of bandpass
lters. >4The data in SDSM is obtained from three view positions: 1) Attenuated sun view; 2) llluminated SD
view (with SD screen in place for VIIRS and optional con guration for MODIS); 3) dark view to measure the
background signal. A common behavior across the four instruments is the greater degradation of the SD at
shorter wavelengths and greater response degradation of the SDSM detectors at longer wavelengths. At the time
of this writing, Terra MODIS SD has experienced most degradation of around 50% at 0.41m, compared with
20% for Aqua MODIS and 40% for SNPP VIIRS. At 0.41 m, the N20 VIIRS has shown a SD degradation of
about 9% in the rst 180 days of operation, which is better performance (less degradation) compared to the
SNPP SD on a similar timescale.

2. SDSM SYSTEM AND ON-ORBIT OPERATION

The SDSM consists of a spherical integrating source (SIS) with a single input aperture and nine (8 in the case
of VIIRS) ltered detectors. Each lter has a narrow spectral bandpass so that change in SD re ectance is
e ectively monitored at discrete wavelengths from 0.4 m to 1.0 m. A three-position fold mirror enables the
SDSM detectors to sequentially view the direct sunlight, dark signal, and the illuminated SD. The direct sunlight
is attenuated via a 1.44% transmitting screen (0.1% attenuation in the case of VIIRS) to keep the radiance within
the dynamic range of the SDSMs detectors. The mapping of the MODIS and VIIRS detectors to wavelengths is
shown in Table I. It can be noted that MODIS SDSM detector 8 (0.904 m) is absent from VIIRS. The 0.904 m
detector maps to MODIS band 17 which has a similar wavelength, but is not present in either VIIRS instrument.
The rst seven VIIRS SDSM detectors are ltered to measure the degradation of the same wavelength centers
as the bands M1-M7.

Table 1. MODIS and VIIRS SDSM detectors and wavelengths ( m)

SDSM Detector | D1 D2 D3 D4 D5 D6 D7 D8 D9
MODIS 0.412 | 0.466 | 0.530| 0.554 | 0.646 | 0.747 | 0.857 | 0.904 | 0.936
VIIRS 0.412| 0.445| 0.488| 0.555| 0.672 | 0.746 | 0.865 | 0.926

The MODIS and VIIRS SDSM have been operated regularly via command uploads to the spacecraft. Table Il
provides a summary of the MODIS and VIIRS SDSM operation frequencies throughout the mission. During the
early on-orbit checkout stages, the SDSM was operated more frequently (per-orbit to daily basis) to accurately
characterize the initial degradation of the SD. The frequency of operation is gradually reduced as the missions
progress in an attempt to prolong the operability of the SDSM beyond its design life. In absence of SDSM
operation, the MODIS SD door is closed to prevent the SD panel from solar exposure. At present, a typical
collect for Aqua MODIS includes an orbit of close calibration (SD door open and SD screen deployed), followed
by an orbit of open calibration (SD door open and SD screen up). A similar sequence of operation was also
followed in the rst four years of Terra MODIS operation, until an anomaly with the SD door forced it to be
left permanently open with the SD screen deployed. As currently implemented, the time-interval between the
turn-on and turn-o of the SDSM is about 9 minutes for both MODIS instruments. In the case of VIIRS, there
is no SD door and a solar attenuation screen is permanently in place in front of the SD panel. The duration
of the SDSM collect is comparatively shorter, approximately 5 minutes for SNPP VIIRS and 3.25 minutes for
N20 VIIRS. Normally, the SDSM collects data using alternate views of the SD and Sun. However, in the case



of MODIS, it has also been operated in a xed mode where it views the SD for a prolonged duration during the

open calibration and the Sun during the close calibration.

Table 2. MODIS and VIIRS On-orbit SDSM Calibration Frequencies

Start Date End Date Calibration Frequency
Terra MODIS | 02/24/2000 | 03/21/2000 Daily (open + close, alt mode)
03/24/2000 | 01/16/2002 Weekly (open + close, alt mode)
01/30/2002 | 05/06/2003 Bi-weekly (open + close, x mode)
07/02/2003 | 02/17/2004 Weekly (close, alt mode)
03/02/2004 | 02/03/2009 Bi-weekly (close, alt mode)
02/24/2009 Present Tri-weekly (close, alt mode)
Aqua MODIS | 06/13/2002 | 06/30/2002 Weekly (open + close, alt mode)
07/07/2002 | 12/26/2005 Bi-weekly (open + close, alt mode)
01/09/2006 | 04/28/2008 Tri-weekly (open + close, alt mode)
05/20/2008 Present Tri-weekly (close), Every 6 weeks (open), alt mode
SNPP VIIRS | 11/08/2011 | 2/28/2012 Once per-orbit
2/29/2012 5/16/2014 Once per-day
5/16/2014 Present Three times/week
N20 VIIRS 11/30/2017 | 12/14/2017 Once per-orbit
12/14/2017 | 01/06/2018 Once every other orbit
1/6/2018 Present Once per-day

3. ESTIMATION OF SD DEGRADATION

A time-series of the ratio of the SDSM SD view response to its Sun view responses is used to determine the on-orbit
degradation of the SD. While determining the SD degradation, the SDSM can be treated as a ratioing radiometer
therefore canceling out the on-orbit changes and uctuations in the gain of SDSM detectors, degradation of the
optics as well as any changes in the electronics gain. The SD degradation at SDSM detectr ;, is tracked
using the ratios (normalized to the rst on-orbit SD/SDSM calibration) of its SD view response (dckp) to its
Sun view response (dg,,) as shown in Equation 1. Both the SD and Sun view responses are corrected for the
background and the solar illuminating and detector viewing geometries.
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As noted earlier, the SDSM has an attenuation screen permanently in place for the Sun-view. In the case
of two MODIS instruments, the transmission of this attenuation screen was not characterized prior to launch.
A design error in the SDSM sub-system, not discovered until post-launch, resulted in signi cantly large ripples
appearing in the SDSM Sun view responses of all 9 detectors. To mitigate the impacts of these ripples on
the monitoring of the SD degradation, a normalization approach was formulated during the early months of
Terra MODIS operation. As the observed ripples exist in all the SDSM detector responses, normalization is
made relative to SDSM detector 9 at 0.94 m, with the assumption that the degradation at this wavelength is
extremely small®In parallel, a modeling e ort to characterize the Sun-view response was also conductetl.As
the MODIS missions have continued to operate over a decade beyond their designed life, measurable degradation
(1% for Terra MODIS and about 0.5% for Aqua MODIS) has been observed at 0.94m (detector 9). To account
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Figure 2. SD degradation for the MODIS and VIIRS instruments as a function of Solar Exposure (hours). Aqua MODIS,
SNPP and N20 VIIRS compared on a multi-month timescale and Terra and Aqua MODIS compared with SNPP on a
multi-year time scale. (a) Initial SD degradation comparison at 0.412 m (SDSM D1) (b) Mission-long SD degradation
comparison at 0.412 m (c) Initial SD degradation comparison at 0.74 m (SDSM D6) (d) Mission-long SD degradation

comparison at 0.74 m (SDSM D6)
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Figure 3. (a) Cumulative SD degradation for the MODIS and VIIRS instruments after 30 hours of solar exposure on-orbit
(22 hours for N20 VIIRS). (b) Cumulative SD degradation for the MODIS and VIIRS instruments after 250 hours of solar

exposure on-orbit















