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1.   Background

Two Moderate Resolution Imaging Spectroradiometer (MODIS) sensors are currently operating on-board the NASA’s Earth Observing System (EOS) Terra and Aqua spacecraft, launched on December 18, 1999 and May 4, 2002 respectively. The MODIS protoflight model (PFM) is on Terra and the flight model 1 (FM1) on Aqua. Each MODIS has 36 spectral bands: 20 reflective solar bands (RSBs) with wavelengths from 0.41 to 2.1(m and 16 thermal emissive bands (TEBs) with wavelengths from 3.7 to 14.4(m. It makes observations over a ±55˚ scan angle range and at three spatial resolutions (nadir): 250m for bands 1-2 (40 detectors each), 500m for bands 3-7 (20 detectors each), and 1km for bands 8-36 (10 detectors each). MODIS radiometric calibration accuracy requirements at typical scene radiance are ±2% (1() for the RSB reflectance factors and ±5% for the RSB radiance. For the TEB, the calibration requirements at typical scene radiance are ±1% except ±0.75% for band 20, ±10% for band 21 (for fire detection), and ±0.5% for bands 31 and 32 (for SST). The RSBs are calibrated on-orbit by a solar diffuser (SD) and a solar diffuser stability monitor (SDSM) system and the TEBs by an on-board blackbody (BB). Figure1 shows the MODIS scan cavity and its on-board calibrators. In addition, lunar observations are performed monthly at a fixed phase angle to track the radiometric stability for some RSBs1-5. This paper provides a brief description of MODIS RSB on-orbit calibration and focuses on the study of the detector-to-detector calibration difference due to the use of the SD and SD screen (needed for high gain bands calibration). Unless otherwise mentioned, the work presented here is performed by MODIS Characterization Support Team.
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Figure 1: MODIS scan cavity and its on-board calibrators: solar diffuser (SD), solar diffuser stability monitor (SDSM), blackbody (BB), and spectroradiometric calibration assembly (SRCA)

2.   MODIS RSB on-orbit calibration

MODIS RSBs (bands 1-19 and 26) on-orbit calibration is performed using a SD/SDSM system. The SD (space-grade Spectralon() bi-directional reflectance factor (BRF) was calibrated pre-launch at Raytheon/SBRS using reference samples traceable to the NIST reflectance standard. For the high gain bands (bands 8-16 for ocean color), a SD screen (SDS) is placed in front of the SD. The SDSM is operated during each SD calibration to track the SD BRF degradation using 9 individually filtered detectors with wavelengths from 0.41 to 0.94(m6. The MODIS Level 1B (L1B) primary data product for reflective solar bands (RSB) is the earth view (EV) reflectance factor EVcos(EV). It is calculated by
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where EV is the EV pixel’s solar zenith angle, m1 is the calibration coefficient determined from SD measurements, dES_EV is the Earth-Sun distance in AU at the time of the EV observation, and 
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 is the sensor’s EV digital response corrected for instrument background, viewing angle, and temperature effects. Applying the same expression to the SD observations and including the SD degradation factor (SD) and the SDS vignetting effect ((SDS), the calibration coefficient, m1, can be determined by
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For bands that do not use the SDS, (SDS = 1. The SDS vignetting function was determined on-orbit from SD observations (with and without SDS) during spacecraft yaw maneuvers using bands that do not saturate without the screen. The RSB calibration is performed for each band, detector, sub-frame (for 250m and 500m bands), and mirror side. The calibration coefficients are provided to the L1B through time-dependent LUTs.

3. Detector-to-detector Calibration difference 

This investigation focuses on the detector-to-detector relative calibration difference in the MODIS RSBs from using the SD and SDS (for high gain bands). This approach uses the Moon as a reference source and applies to all RSBs that do not saturate (B1-4, 8-12, and 17-19) when viewing the Moon. SWIR bands are excluded due to a crosstalk problem. For each lunar observation a quantity called integrated lunar irradiance is computed for each detector. It is then normalized to the band averaged lunar irradiance. Ideally the lunar irradiance determined by each detector within a band should be the same. Figure 2 is a time series of these normalized quantities for Aqua MODIS B1 (aggregated to 1km resolution).
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Figure 2: A time series of the ratios of the lunar irradiance determined from each detector to the band-averaged lunar irradiance for Aqua MODIS band 1 (aggregated to 1km resolution).
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Table 1: Average (over lunar observations shown in Figure 1) of the ratios of the lunar irradiance determined from each detector to the band-averaged lunar irradiance for Aqua MODIS bands 1-4, 8-12, and 17-19.
Table 1 is a summary of the normalized quantities for Aqua MODIS bands 1-4, 8-12, and 17-19, averaged over more than 20 lunar observations. The typical standard deviation for each number in Table 1 is about 0.002. It appears that there is a calibration bias from detector to detector, assuming the RVS is not detector-dependent. This difference, on average, is about ±0.4% varying from detector 1 to 10. The results in Table 1 are also illustrated in Figure 3. Figure 4 presents the similar results from Terra lunar calibration (over 40 lunar observations). Bands 1 and 2 (250m resolution bands) have relatively large variations in both Terra and Aqua results.
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Figure 3: Ratios (averaged) of lunar irradiance measured by individual detector to the band-averaged value for Aqua MODIS bands 1-4, 8-12, and 17-19.

Figure 4: Ratios (averaged) of lunar irradiance measured by individual detector to the band-averaged value for Terra MODIS bands 1-4, 8-12, and 17-19.

Keep in mind that the bands 1-4, 17-19 calibration has no SDS effect and bands 8-12 calibration uses both SD and SDS. So the averaged SDS effect, if any, on detector-to-detector calibration difference should be very small. This is in agreement with the optical ray trace modeling results shown in Figure 5. It uses the real SD calibration viewing geometry on a scan-by-scan basis to examine SDS vignetting effect along scan (same detector across all bands) and along track (all detectors in a band) for the Terra MODIS VIS FPA. The variation from scan to scan is within ±0.2%. Since the calibration coefficient, m1, is averaged over all scans in the sweet spot range (20 scans for each mirror side), the use of SDS vignetting function will not cause any significant detector-to-detector calibration difference.

[image: image9]
Figure 5: Simulated MODIS SDS scan-by-scan vignetting effect (normalized to the average value) for VIS FPA. Top: detector 5 for all bands in along scan direction. Bottom: All 10 detectors in band 10 in along track direction.

Figures 6 and 7 examine the detector-to-detector calibration difference using science product: normalized water leaving radiance (nLw) retrieved from Aqua MODIS (bands 8 and 10) observations on day 2003 173. Like the lunar approach, the water leaving radiance from an individual detector is normalized to the band average value. Be aware that 1% difference in nLw corresponds to approximately 0.1% calibration difference at top of the atmosphere (TOA) radiance. The detector-to-detector difference or variation seen here (bands 8 and 10) is within the same range as our lunar observations. The results in Figure 6 and 7 are provided by Bryan Franz (NASA SeaWiFS/SIMBIOS Projects).
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Figure 6: Normalized water leave radiance (detector value to band average) from Aqua MODIS band 8 at 412nm (from Bryan Franz).
Figure 7: Normalized water leave radiance (detector value to band average) from Aqua MODIS band 10 at 488nm (from Bryan Franz)

4. Summary 

The detector-to-detector calibration difference in MODIS RSBs is examined using its lunar observations. Both Terra and Aqua MODIS show similar calibration biases, varying ±0.4% from detector 1 to 10 in the along track direction. This difference is possibly induced from the SD calibration. The results also show that the effect on the detector-to-detector calibration difference due the SDS is very small (less than ±0.2% from modeling). MCST is continuously working with science groups to address the impact due to the detector-to-detector calibration difference on the science products and to further improve the L1B calibration and science product quality.
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6. Appendix: MODIS design specifications and its primary applications
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