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Introduction 

 Terra MODIS makes continuous observations over a wide Field of 
View (± 55°) in 36 spectral bands with wavelengths from 0.4 to 14.4 µm 
and at nadir spatial resolutions of 0.25 km, 0.5 km, and 1 km.  

L7 ETM+ acquires earth scene measurements via six multispectral 
bands from 0.45 to 12.36 µm at 30 m spatial resolution.  

The calibration uncertainties of the MODIS Top-of-Atmosphere 
(TOA) reflectance products are ±2% and a 5% uncertainty requirement 
has been specified for the L7 ETM+ at-sensor spectral radiances.  

Our previous work [1, 2] focused on monitoring the long-term 
radiometric calibration stability of ETM+ and MODIS using the pseudo-
invariant calibration sites (PICS) from the North African desert (Libya 4, 
Mauritania 1/2, Algeria 3, Algeria 5 and Libya 1).  

The results from that study showed long-term drifts in the TOA 
reflectance trending for the short wavelength bands of Terra MODIS 
using the Libya 4 site with similar result obtained from other Saharan 
test sites.  

As an extension and improvement to the previous work, in this paper, 
the L7 ETM+ TOA reflectance trends are compared with both the 
Collection 5 (C5) and Collection 6 (C6) TOA reflectance products to 
establish the impact of MODIS C6 on the long-term studies from the two 
sensors.  
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Improvements in MODIS Collection 6 

Several enhancements have been made to the L1B data production 
through major version releases [3]. 

Although, the format of a C6 MODIS L1B granule is identical to the 
corresponding C5 products, the improved radiometric accuracy 
especially in the short wavelength bands will significantly enhance the 
quality of the downstream science products.  

In C5 and previous algorithms, the on-orbit RVS change was solely 
tracked using the solar diffuser and lunar gain measurements with a 
linear approximation.  

In C6, this approach was improved by supplementing the on-board 
measurements with the response trending from the PICS to accurately 
characterize the gain change at all scan-angles. 

This approach is applied to Bands 1-4, 8, and 9 of Terra MODIS and 
result in mitigating the long-term drifts observed in the C5 trending.  

  

T-test to Evaluate the Long Term Trends  

 A commonly used test for the slope of the regression line is the Student’s T-test.  

The slope of a regression line is tested for null slope with the null hypothesis stating 
that no long-term drift is observed and alternative hypothesis stating that the slope is 
significant therefore indicating a temporal drift. The p-value denoting the probability of 
the test-statistic under null-hypothesis is tested at a 5% level. 

The results from all six African CEOS PICS are included in the below table. It 
summarizes the p-values for each of three datasets on a per-band basis.  

Table III. T-test for slope of the TOA reflectance regression fit parameters over the 
CEOS reference PICS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

TOA Reflectance Trending 
 The TOA reflectance was computed on a band-by-band basis for both sensors over the 

selected ROI for each site. The multi-year TOA reflectance trending for the spectrally 
matching Terra MODIS (C5 denoted in red and C6 denoted in orange) and L7 ETM+ 
(denoted in blue) bands are shown in Figure 1.  
 

 The following observations should be noted:  a) the visible annual oscillations can be 
attributed to surface and atmospheric BRDF b) the band-dependent offset are because of 
the differences in spectral bandpasses. c) A long-term drift of up to 8% observed in the 
C5 trending for MODIS B3 and a marginal, but evident degradation observed in MODIS 
B1, 2 and 4. However, MODIS C6 trends (denoted in orange) show a major 
improvement in mitigating the degradation observed in these bands as evident from any 
absence of a long-term drift (within 2%) d). The results from the MODIS B6 and 7 are 
essentially the same for the C5 and C6.  
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. TOA Reflectance trending for L7 ETM+ and Terra MODIS (C5 and C6). 

Figure 2 shows the BRDF normalized reflectance trending for the three data-sets for the 
spectrally matching shorter wavelength bands. Some residual season pattern is still evident 
in the BRDF normalized reflectance trending; however, the associated long-term drift in 
MODIS C5 and improvement in the corresponding C6 products is more evident.  

Table II summarizes the long-term reflectance change for each of the three datasets over 
the  Libya 4 site. In addition to the long-term drift in the reflectance, the percent standard 
error values are also presented.   

Table II. Long-term drifts observed in the TOA reflectance trending from Libya 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. BRDF-normalized TOA Reflectance trending for short wavelength bands of the L7 
ETM+ and Terra MODIS (C5 and C6) over the Libya 4 site. 

  

Summary 

 Temporal analyses of satellite observations provide unparalleled information 
regarding the various characteristics of the Earth’s surface and atmosphere.  

 Both the L7 ETM+ and Terra MODIS RSB are widely used to derive a variety of 
science products and an accurate on-orbit characterization of the sensor change is 
imperative for a meaningful interpretation of derived scientific parameters.  

 A long-term drift of up to 6% was observed in the short-wavelength RSB of Terra 
MODIS in the C5 products.  Various enhancements as developed by MCST were 
incorporated in the subsequent C6 products.  

 Long-term TOA reflectance trending from desert PICS confirm that the drift is 
significantly reduced to be within the specified calibration uncertainty (2% in TOA 
reflectance) of MODIS RSB.  

 Consequently, a better long-term agreement is observed between MODIS C6 and 
L7 ETM+ in comparison with MODIS C5.  

 In addition, a long-term drift of about 3% has been observed in the Band 1 of L7 
ETM+.  Further effort is underway to achieve an improved consistency of the 
observed ETM+ drift across all ground targets. 

  

Methodology and Data Processing 

All available ETM+ and MODIS images over the six sites were chosen 
for this analysis.  

Identical ROIs were chosen for each of three datasets (ETM+, MODIS 
C5, and MODIS C6) processed for this study. 

 

Table I.  ROI co-ordinates and dimensions for the  PICS. 

 

 

 

 

 

 

Near-simultaneous nadir acquisitions were selected to minimize the 
impact of site and atmospheric bidirectional reflectance distribution 
function (BRDF).  

All the L7 ETM+ data products were generated using the LPGS and 
the MODIS data products were generated using the MODAPS collection 
5 and 6 release (C5 and C6).  

The retrieved TOA reflectances are dependent upon the sensor and 
solar zenith angle as well as the relative azimuth between the sun and the 
imaging sensor.   

A semi-empirical BRDF model has been used to derive the model 
coefficients on a wavelength and sensor-specific level  

The detailed procedure and methodology associated with the BRDF 
correction has been documented in [2]. 
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