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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 

AVHRR

81 82 83 84 85 87 88 89 90 9186 92 93 94 95 96 98 99 00 01 0297 04 0503 07 09 100806

NPP

11  12  13  14  15  16  17

VIIRS

N07 N09 N11 N14

N16 N17

N09

MODIS
Terra

N16

SPOT  VEGETATION

JPSS 1

METOP

AVHRR (GAC) 1982-1999 + 2003-2006

MODIS (MO(Y)D09 CMG) 2000-present

VIIRS 2011 – 2025

SPOT VEGETATION 1999-2000

Sentinel 3  2016

Sentinel 3

Aqua

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019



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


AVHRR LTDR APPLICATIONS
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Franch, B., Vermote, E., Roger, J.C., Murphy, E., Becker-Reshef, I., Justice, C., Claverie, M., Nagol, 

J., Csiszar, I., Meyer, D., Baret, F., Masuoka, E., Wolfe, R. and Devadiga, S., 2016, A 30+ year 

AVHRR Land Surface Reflectance Climate Data Record and its application to wheat yield 

monitoring, Remote Sensing, 9, 296; doi:10.3390/rs9030296



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



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

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019

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


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 (rsurf blue / rsurf red)MSI =  (rsurf blue / rsurf 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.
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rsurf determined (*) using ratm, Tatm and Satm

from LUT assuming AOT, Aerosol model 

and knowing pressure, altitude, water vapor, 

ozone…

rsurf determined (*) using ratm, 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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Methodology for evaluating the 

performance of LaSRC surface 

reflectance

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

(aer, H2O, particle distribution

Refractive indices,sphericity)

comparison

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019



 
COLLECTION 5: accuracy or mean bias (red line), Precision or repeatability (green line) 

and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface 

reflectance in band 1 in the Red (top left), band 2 in the Near Infrared (top right also shown is 
the uncertainty specification (the line in magenta), that was derived from the theoretical error 

budget. Data collected from Terra over 200 AERONET sites from 2000 to 2009. 
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quantitative assessment of performances 

(APU) for MODIS



Improving the aerosol retrieval in 

collection 6 reflected in APU metrics

 
COLLECTION 6: accuracy or mean bias (red line), Precision or repeatability (green line) 

and Uncertainty or quadratic sum of Accuracy and Precision (blue line) of the surface 

reflectance in band 1 in the Red (top left), band 2 in the Near Infrared (top right also shown is 
the uncertainty specification (the line in magenta), that was derived from the theoretical error 

budget. Data collected from Terra over 200 AERONET sites for the whole Terra mission. 
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ratio band3/band1 derived 

using MODIS top of the 

atmosphere corrected with 

MISR aerosol optical depth 



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

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.



ACIX is an international collaborative initiative to inter-compare a set of 

atmospheric correction (AC) processors for high-spatial resolution optical 

sensors. The exercise will focus on Landsat-8 and Sentinel-2 imagery over a 

set of test areas. The inter-comparison of the derived Bottom-of-Atmosphere 

(BOA) products is expected to contribute to the understanding of the different 

uncertainty contributors and help in improving the AC processors

Atmospheric Correction Inter-comparison eXercise

Georgia Doxani | Serco for ESA/ESRIN, Georgia.Doxani@esa.int

Ferran Gascon | ESA/ESRIN, Ferran.Gascon@esa.int

Jean-Claude Roger | University of Maryland/NASA jean-claude.roger@nasa.gov

Eric Vermote | NASA, eric.f.vermote@nasa.gov

ACIX

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019

Doxani, G., Vermote, E., Roger, J.C., Gascon, F., Adriaensen, S., Frantz, D., Hagolle, O., Hollstein, A., 

Kirches, G., Li, F. and Louis, J., 2018. Atmospheric correction inter-comparison exercise. Remote Sensing, 

10(2), p.352.



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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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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Validation is on-going moving into a systematic routine 
assesment 
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Ground Validation is on going 

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019



Ground Validation is on going 
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Ground Validation is on going 
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Ground Validation is on going 
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Image from Google Earth Planet, 3m, 6 June 2019

Sentinel-2, 10m, 8 June 2019 Landsat 8, 30m, 15 June 2019

L8, S2, Planet are true 

color TOA refl. (red-

green-blue) with 0-

0.15

Ground Validation is on going



Ground Validation is on going 
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ACIX IACIX II CMIX

Atmospheric Correction 

Inter-comparison

Carsten Brockmann Sergii Skakun

Processors over 

WATER

Task Co-ordinators

Cloud Masking

Inter-comparison

Task Co-ordinators

Antoine Mangin Nima Pahlevan

Georgia Doxani Jean-Claude RogerEric VermoteFerran Gascon

Processors over 

LAND
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CMIX – Cloud Masking Inter-comparison 

eXercise

• Within the Atmospheric
Correction Inter-comparison Exercise 
(ACIX-II)

• Objective:
– to inter-compare a set of cloud detection

algorithms for space-borne high-spatial
resolution (10-30 m) optical sensors

• Contacts:
– Georgia Doxani, ESA (Georgia.Doxani@esa.int)

– Sergii Skakun, UMD (skakun@umd.edu)

– Carsten Brockmann, Brockmann Consult
(carsten.brockmann@brockmann-consult.de)
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ACIX-II

Teams
from various Space 

Agencies, R&D 
Companies, 

Research Institutes 
and Universities

18

Study Sites
spread globally based on 

the AERONET stations 
(location & 

measurements 
availability)

115

Months
for the participants to 

submit their results

3

Image Scenes
to be processed 

acquired by Sentinel-
2A, -2B and Landsat-8 

ACIX-Land

6500
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ACIX-II Schedule
ACIX-Land

Start  
1st ACIX II-CMIX 

workshop

Oct 
2018 

Nov 
2019

AC Results 
Submission

A 
2019 

Dec 
2019

Inter-comparison 
Results Presentation

2nd ACIX workshop

Report Release to 

the participants

Feb 
2020

Report 
Submission to 

Scientific Journal

CMIX 
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ACIX-II Preliminary results (L8)
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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…)

Land Use/Cover Changes, Environment and Emissions in South/Southeast Asia International Meeting, Johor Bahru, Malaysia, July 22-24, 2019


