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ABSTRACT 

Terra MODIS has provided continuous global observations for science research and applications for more 
than 18 years. The MODIS Thermal emissive bands (TEB) radiometric calibration uses a quadratic function 
for instrument response. The calibration coefficients are updated using the response of an on-board blackbody 
(BB) in quarterly warm-up and cool-down (WUCD) events. As instrument degradation and electronic 
crosstalk of long-wave infrared (LWIR) bands 27 to 30 developed substantial issues, accurate calibration is 
crucial for a high-quality L1B product. The on-board BB WUCD temperature ranges from 270 K to 315 K 
and the derived nonlinear response has a relatively large uncertainty for the offset, especially for these LWIR 
bands, which affects the measurements of low brightness temperature (BT) scenes.  

In this study, the TEB radiometric calibration impact on the L1B product is assessed using selected cold 
targets and the measurements during regular lunar rolls. The cold targets include Antarctic Dome Concordia 
(Dome-C) and deep convective clouds (DCC) for the calibration assessment, focusing on bands 27 to 30. 
Dome-C area is covered with uniformly-distributed permanent snow, and the atmospheric effect is small and 
relatively constant. Usually the DCC is treated as an invariant earth target to evaluate the reflective solar band 
calibration. The DCC can also be treated as a stable target to assess the performance of TEB calibration. 
During a scheduled lunar observation event with a spacecraft roll maneuver to view the moon through the 
space view port, the instrument cavity provides a stable reference for calibration assessment. The long-term 
trending of BT measurements and the relative difference between scan mirror sides and detectors are used for 
the assessment of the calibration consistency and stability. The comparison of L1B products over the selected 
targets before and after the calibration coefficients update can be used to assess the impact of a calibration 
look-up table (LUT) update. This assessment is beneficial for future calibration algorithm and LUT update 
procedure improvements for enhancing the L1B product quality.  
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1. INTRODUCTION

The Moderate Resolution Imaging Spectroradiometer (MODIS) onboard the Terra satellite has operated for 
more than 18 years in mission since its launch in 1999 [1-4]. The instrument has provided continuous global 
observations for science research and applications. Measurements from the MODIS instrument have 
produced an unprecedented amount of science data products with primary applications for studies of the 
Earth’s land, ocean and atmosphere [5-9]. MODIS has 36 spectral bands, where bands 1 to 19 and 26 are 
reflective solar bands (RSB) covering a wavelength range of 0.41 μm to 2.1 μm and bands 20 to 25 and 27 to 
36 are thermal emissive bands (TEB) with a wavelength range of 3.8 μm to 14.2 μm. The onboard solar 
diffuser (SD) and Blackbody (BB), together with lunar observations and Earth view measurements, are used 
for post-launch calibrations. After 18 years of on-orbit operation, the electronic crosstalk among bands 27 to 
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30 has increased substantially which caused biases in the EV brightness temperature (BT) measurements, 
surface feature contamination, and other downstream products such as water vapor and cloud mask. The 
crosstalk in these bands has been characterized and corrected using lunar measurements. The calibration 
coefficients obtained from lunar measurements are updated regularly to maintain accuracy and consistency of 
the L1B product, especially for the increasing contamination from electronic cross-talk in the PV LWIR 
bands. This is particularly important to characterize the instrument response change after the February 2016 
safe mode [10]. The electronic cross-talk correction for bands 27–30 of Terra MODIS is derived using 
observations of the Moon. Lunar roll event are scheduled monthly and the cross-talk coefficients are updated 
whenever the change in the coefficients exceed the update criterion. The correction of the PV LWIR bands 
cross-talk has been implemented in Collection 6.1 (C6.1) for both on-orbit calibrations and Earth radiance 
retrieval over the entire mission [10]. The implementation of cross-talk correction results in improvement of 
calibration accuracy and reduction of image artifacts. 

During quarterly-scheduled warm-up and cool-down (WUCD) on-orbit calibrations, the BB temperature 
ranges from 270 K to 315 K. The instrument nonlinear coefficients, which are derived using the WUCD data, 
are updated following the LUT delivery procedure [11, 12]. Due to the challenge of accurately determining a0 
from these on-orbit WUCD calibrations, the C6.1 algorithm handles a0 differently for the two mirror sides. 
To assess the impact of the a0 uncertainty, cold targets can be used to provide a good indication for the 
calibration consistency between the two mirror sides. Due to the degradation in the instrument performance 
after the safe mode event of Feb. 2016, it has become necessary to revisit the existing a0 and a2 coefficients 
update procedure, particularly for the PV LWIR bands.  

This paper focuses on the analysis of the Terra MODIS TEB nonlinear calibration coefficients a0 and a2 LUT 
update procedure and its impact on the Level 1B (L1B) product for C6.1 [10-12]. The cold targets, Dome-C 
and deep convective clouds (DCC), are used for this assessment. The scheduled lunar events provide the 
measurement of the cavity temperature that is lower than the BB nominal temperature. Cavity measurements 
provide another reliable data source to assess the calibration consistency. Section 2 presents the background 
of the MODIS calibration algorithm for the TEB and the Terra safe mode in February 2016. The Terra 
calibration update and its impact on the L1B product are presented in section 3. Section 4 discusses the 
assessments using cold targets and scheduled lunar events.  

 

2. BACKGROUND 

2.1 MODIS calibration algorithm and Collection 6.1  

MODIS has 16 TEB covering the mid-wave infrared (MWIR: bands 20-25) and long-wave infrared (LWIR: 
bands 27-36) spectral regions. All TEB are located on two cold focal plane assemblies (CFPAs): a short-wave 
and mid-wave infrared (SMIR) FPA and a long-wave infrared (LWIR) FPA. Bands 20-30 consist of ten 
photovoltaic (PV) detectors per band, while bands 31-36 consist of ten photoconductive (PC) detectors per 
band. The CFPAs are nominally controlled on-orbit at 83K using a passive radiative cooler. An on-board 
calibrator blackbody (BB) is used for the TEB calibration, with a variant temperature ranging from instrument 
ambient temperature (about 270 K) to 315 K measured using a set of 12 uniformly-distributed thermistors. 
Normally, it is set at 290 K for Terra MODIS, as shown in Figure 1. The on-board BB serves as the primary 
calibration source while the space view (SV) provides a reference for the instrument background and offsets. 
MODIS TEB calibration uses a quadratic calibration algorithm on a scan-by-scan basis for each TEB detector 
and for each side of the scan mirror. The BB WUCD is used to characterize the instrument nonlinear response 
coefficients on-orbit. The linear coefficient of the response function for each TEB is calibrated scan-by-scan 
with the nonlinear coefficient and offset from a LUT [11, 12].  
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The TEB calibration is based on a quadratic algorithm that converts the digital response of the sensor to 
calibration radiance (LCAL). The calibration radiance from the BB is adjusted for instrument self-emission due 
to the response versus scan angle (RVS) effect,  
              
  = + ( − ) + (1 − )              (1) 
 
where ε is the emissivity of the sources and L is the radiance from BB, scan mirror, and cavity. A quadratic 
function is used for the calibration of the instrument response, as shown in Eq. (2) 
 			 = + +                                                                                          (2) 
 
Equations (1) and (2) are used for the WUCD calibration, with the offset term a0, the quadratic term a2 and 
digital response of the BB given in digital count (dnBB). The linear coefficient for Earth radiance retrieval can 
be expressed as  
 
  = 	+ ( − ) 		+ (1 − ) − − /  
             (3) 
With the calibration coefficients, retrieval of Earth view radiance can be found using  
 
    = + + −( − )                (4) 
 
 
In the above calibration equations, the terms RVS and ε, are determined pre-launch whereas the a0, a2, and the 
band 21 b1 coefficients are updated quarterly (if necessary) using on–board BB WUCD measurements. 
Equations (1) and (2) summarize the calibration operation performed on all TEB detectors on a scan-by-scan 
basis. The calibration terms a0 and a2 shown in Equation (2) are computed on a quarterly basis during the BB 
WUCD process and after the cross-talk correction for the PV-LWIR bands.  
 
The strategy for these updates in Terra C6.1 are summarized in Table 1. In addition, band 21 b1 is derived 
using BB cool down events with the offset and nonlinear term forced to zero in the fitting (not shown in Table 
1). For C6.1, the BB dn is corrected for PV LWIR bands 27-30 cross-talk.  
 

 
Figure 1. The BB temperature during an on-orbit WUCD event. The red symbols are the WU data, 
with the CD data in blue used for calibrations. For C6.1, CD data are used for deriving the 
coefficients. 
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