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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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El Chichon Pinatubo

Degradation in channel 1
(from Ocean observations)

Channel1/Channel2 ratio
(from Clouds observations)

BRDF CORRECTIONCALIBRATION
ATMOSPHERIC CORRECTION

Land Climate Data Record (Approach)
Needs to address geolocation,calibration, atmospheric/BRDF correction issues



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



Stratospheric AOT from AVHRR
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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.
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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); 



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

Algorithm reference for L8: Vermote E., Justice C., Claverie M.,  Franch B., 
(2016) “Preliminary analysis of the performance of the Landsat 8/OLI land 
surface reflectance product", Remote Sensing of Environment, 185,46-56.

The MODIS Collection 6 AC algorithm 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 are retrieved from data itself at the pixel level.

Water vapor and ozone from daily MODIS product or NCEP.
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Landsat8/OLI and Sentinel 2 and VIIRS 
Surface Reflectance is largely based on 

MODIS C6 (LaSRC)

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


Flowchart of the atmospheric correction 
scheme
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Reading Inputs, LUT
and Ancillary data

Aerosol
Opt. Thick. 

and
Aerosol model
for each pixel

Surface 
reflectance

for each pixel
and

each band

Using the relationship between the blue surface reflectance (490 nm) and the red 
surface reflectance (665 nm) known from MODIS, we are able to retrieve the AOT.

We loop the AOT until (ρsurf blue / ρsurf red)MSI =  (ρsurf blue / ρsurf red)MODIS

The retrieved AOT is used to compute 
the surface reflectance at 443 and 2190 nm. 

The aerosol model is then derived by minimizing the 
residual.

with

ρsurf determined (*) using ρatm, Tatm and Satm
from LUT assuming AOT, Aerosol model 

and knowing pressure, altitude, water vapor, 
ozone…

ρsurf determined (*) using ρatm, Tatm and 
Satm from LUT knowing AOT, Aerosol 
model, pressure, altitude, water vapor, 

ozone…

Computation of surface 
reflectances

for all channels 

Generic approach for aerosol inversion and atmospheric 
correction
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Error budget for surface reflectance based 
on error estimates on inputs

E.F. Vermote & N.Z. El Saleous, 2006. Operational Atmospheric Correction of MODIS Visible to Middle Land Surface 
Data in the case of an Infinite Lambertian Target, Earth Science Satellite Remote Sensing Book, Volume 1, Chapter 8, 

p.123-153.
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http://modis-sr.ltdri.org/guide/Satellite_Remote_Sensing_Chapter_8.pdf


Example 1: calibration error impact
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Example 2: Aerosol retrieval algorithm
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Example 3: Aerosol model
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Overall theoretical accuracy
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Other sources of error
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Franch, B., Vermote, E.F., Sobrino, J.A. and Fédèle, E., 2013. Analysis of directional effects 
on atmospheric correction. Remote sensing of environment, 128, pp.276-288.



Methodology for evaluating the 
performance of surface reflectance product

Subsets of Level 1B 
data processed using 
the standard surface 
reflectance algorithm

Reference data set

Atmospherically 
corrected TOA 

reflectances derived 
from Level 1B subsets

Vector 6S
AERONET measurements
(τaer, H2O, particle distribution

Refractive indices,sphericity)

comparison
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quantitative assessment of performances (APU) 
for MODIS (Collection 5: Fixed ratio blue/red)



Improving the aerosol retrieval in 
collection 6 reflected in APU metrics
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ratio blue/red derived using 
MODIS top of the 
atmosphere corrected with 
MISR aerosol optical depth 



Aerosol retrieval also shows improvement
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Scatterplot of the MOD09 AOT at 550nm versus the AERONET measured 
AOT at 550nm for East Coast sites selection: GSFC (top left), Stennis (top 
right), Walker Branch (bottom left) and Wallops (bottom right).



Aerosol retrieval also shows improvement
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Scatterplot of the MOD09 AOT at 550nm versus the AERONET measured 
AOT at 550nm for the West Coast sites selection: UCLA (top left), La Jolla (top 
right), and Fresno (bottom left) and Table Mountain (bottom right). 



Aerosol retrieval also shows improvement
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Scatterplot of the MOD09 AOT at 550nm versus the AERONET measured 
AOT at 550nm for for a very bright site in Saudi Arabia (Solar Village)



The “preliminary” analysis of OLI SR performance in the red band 
over AERONET  is very similar to MODIS Collection 6
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Evaluation of the performance of Landsat8



This is confirmed by comparison with 
MODIS 
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ACIX results for the LaSRC algorithm (L8/S2A) (Land sites 
only, no cloud)
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ACIX results for the LaSRC algorithm (L8/S2A) (Land sites 
only, no cloud)
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ACIX results for the LaSRC algorithm (L8/S2A) (Land sites 
only, no cloud)
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Regional Science Meeting, 28-30th May, 2018, Philippines

Doxani G. , Vermote E. (619), Roger JC. (619/UMCP), Gascon F., Adriaensen S., Frantz D., Haggle O., Holstein A., Kirches G., Fuqin Li 
F., Jérôme Louis J., Antoine Mangin A., Pahlevan N. (619/SSAI), Bringfried Plug B., Quinten Vanhellemont Q., « Atmospheric Correction Inter-
comparison eXercise », Accepted in remote sensing.



Use of combined L8/S2A is on-going
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The accuracy, precision and uncertainty (APU) values 
estimated when inter-comparing atmospherically 
corrected images acquired by Landsat-8/OLI and 
Sentinel-2A/MSI satellites

Skakun, S., Vermote, E., Roger, J.C. and Franch, B., 2017. Combined 
Use of Landsat-8 and Sentinel-2A Images for Winter Crop Mapping 
and Winter Wheat Yield Assessment at Regional Scale. AIMS 
Geosciences, 3(2), pp.163-186.



Use of combined L8/S2A is on-going
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Skakun, S., Vermote, E., Roger, J.C. and Franch, B., 2017. Combined Use of Landsat-8 and Sentinel-2A Images for Winter 
Crop Mapping and Winter Wheat Yield Assessment at Regional Scale. AIMS Geosciences, 3(2), pp.163-186.



Sentinel 2 has “features” that help improving the SR product (e.g cloud mask)
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Skakun, S., Vermote, E., Roger, J.C. and Justice, C., 2017. Multispectral Misregistration of Sentinel-2A Images: Analysis and 
Implications for Potential Applications. IEEE Geoscience and Remote Sensing Letters, 14(12), pp.2408-2412.

L1C cloud mask (red) Shift between band 4 and 2 Parallax cloud mask (magenta)



Validation is on-going moving into a systematic routine 
assesment 
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Conclusions
• Surface reflectance code (LaSRC) is mature and pathway 

toward validation and automated QA is clearly identified.
• Algorithm is generic and tied to documented validated 

radiative transfer code so the accuracy is traceable enabling 
error budget. 

• The use of BRDF correction enables easy cross-comparison 
of different sensors (MODIS,VIIRS,AVHRR, LDCM, Landsat, 
Sentinel 2 ,Sentinel 3…)

• Sentinel 2 surface reflectance validation shows good 
performances but needs to be extended using the whole 
record on the full collection of AERONET sites.
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