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A Land Climate Data Record
Multi instrument/Multi sensor Science Quality Data Records used to quantify 
trends and changes

Emphasis on data consistency – characterization  
rather than degrading/smoothing the data 
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Land Climate Data Record (Approach)
Needs to address geolocation, calibration, atmospheric/BRDF correction issues



Atmospheric correction (AC)

• Estimate of the surface spectral reflectance, 
as would have been measured at ground 
level if there were no atmospheric 
scattering or absorption

• Generic approach for AC for multiple 
sensors

• AC products for EO sensors:
• MODIS (Terra, Aqua) 

• Products: MOD09, MYD09

• VIIRS (S-NPP)
• Products: VNP09

• OLI (Landsat-8) and MSI (Sentinel-2)
• LaSRC algorithm/product
• Harmonization Landsat / Sentinel 2 (HLS) 

project
• USGS’ on demand SR product for OLI

A true color composite of MODIS/Aqua (top) and VIIRS/S-NPP 
(bottom) images acquired on July, 1, 2017

A true color composite of Landsat-8 image without AC (left) and 
with AC (right). Image is acquired on October, 14, 2013(Vermote et al., 2016, RSE)



Flowchart of the LaSRC atmospheric correction scheme
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Home page: http://modis-sr.ltdri.org

LaSRC relies on

 the use of very accurate (better than 1%) vector radiative  transfer modeling of the 
coupled atmosphere-surface system (6S)

 the inversion of key atmospheric parameters

Aerosols

Water vapor and ozone from daily MODIS product.

LaSRC Surface Reflectance

http://modis-sr.ltdri.org/


AVHRR CALIBRATION 



AVHRR CALIBRATION 



AVHRR CALIBRATION 

Automated monthly VIIRS cross comparison (over BELMANIP sites) with 
MODIS Aqua from 2012. the stability of both VIIRS and MODIS Aqua is 
excellent in both red and NIR as shown (+/- 0.5%).

BELMANIP sites



AVHRR GEOLOCATION 



AVHRR CLOUD SCREENING  FROM CLAVR (1996) till now



AVHRR THE URGE FOR ATMOSPHERIC CORRECTION

Mount Pinatubo eruption 1991 second largest in 20h century



Stratospheric AOT from AVHRR

Vermote, E., Saleous, N.E., Kaufman, Y.J. and Dutton, E., 1997. Data pre‐processing: Stratospheric aerosol perturbing effect on 
the remote sensing of vegetation: Correction method for the composite NDVI after the Pinatubo eruption. Remote Sensing 
Reviews, 15(1-4), pp.7-21.



Comparison of the Stratospheric AOT obtained from 
AVHRR with SAGE data for September 1982 (El 
Chichon eruption) 

El Chichon and Pinatubo

Eric F. Vermote, Nazmi El Saleous, "Stratospheric aerosol perturbing effect on the remote sensing of vegetation: 
operational method for the correction of AVHRR composite NDVI," Proc. SPIE 2311, Atmospheric Sensing and 
Modelling, (4 January 1995); 



AVHRR long term correction for stratospheric aerosol 
has been successfully tested.

El Chichon
Pinatubo

Red curve: AVHRR NDVI not corrected for stratospheric aerosol
Blue curve: AVHRR NDVI corrected for stratospheric aerosol



AVHRR ATMOSPHERIC CORRECTION EVOLUTION

Pathfinder I: Partial correction
James, M.E. and Kalluri, S.N., 1994. The Pathfinder AVHRR land data set: An improved coarse resolution 
data set for terrestrial monitoring. International Journal of Remote Sensing, 15(17), pp.3347-3363. 

Pathfinder II: Improved correction fixed Pathfinder I issues
El Saleous, N.Z., Vermote, E.F., Justice, C.O., Townshend, J.R.G., Tucker, C.J. and Goward, S.N., 2000. 
Improvements in the global biospheric record from the Advanced Very High Resolution Radiometer 
(AVHRR). International Journal of Remote Sensing, 21(6-7), pp.1251-1277.

LTDR (Version 2.,3., 4.): Improvement on going, water vapor correction, aerosol correction. 
Franch, B., Vermote, E., Roger, J.C., Murphy, E., Becker-Reshef, I., Justice, C., Claverie, M., Nagol, J., Csiszar, 
I., Meyer, D. and Baret, F., 2017. A 30+ year AVHRR land surface reflectance climate data record and its 
application to wheat yield monitoring. Remote Sensing, 9(3), p.296



AVHRR ATMOSPHERIC CORRECTION EVOLUTION



AVHRR LTDR IMPROVEMENTS ARE ON GOING

Villaescusa-Nadal, J.L., Franch, B., Roger, J.C., Vermote, E.F., Skakun, S. and Justice, 
C., 2019. Spectral Adjustment Model's Analysis and Application to Remote 
Sensing Data. IEEE Journal of Selected Topics in Applied Earth Observations and 
Remote Sensing.



AVHRR LTDR IMPROVEMENTS ARE ON GOING

Villaescusa-Nadal, J.L., Franch, B., Vermote, E.F. and Roger, J.C., 2019. Improving 
the AVHRR Long Term Data Record BRDF Correction. Remote Sensing, 11(5), 
p.502.



AVHRR LTDR APPLICATIONS



AVHRR LTDR APPLICATIONS

Here we analyse 35 years’ worth of satellite 
data and provide a comprehensive record of 
global land-change dynamics during the 
period 1982–2016. We show that—contrary to 
the prevailing view that forest area has 
declined globally5—tree cover has increased 
by 2.24 million km2 (+7.1% relative to the 1982 
level). This overall net gain is the result of a 
net loss in the tropics being outweighed by a 
net gain in the extratropics.

https://www.nature.com/articles/s41586-018-0411-9#ref-CR5


CONCLUSIONS

• AVHRR data record is well alive and continue to improve and be used 
by a large land user community.

• Most of the improvement are due to the overlapping with MODIS 
Aqua, Terra.

• We recommend operating missions as long as possible to enable 
overlap of at least a few years (especially for applications)
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