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p CARD4L Concrete 

Examples:
Sentinel-2, Landsat 

and Sentinel-1

Ferran Gascon (ESA), Steve Labahn (USGS) 
and David Small (University of Zurich)
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Outline

▪ Copernicus Sentinel-2 

✓ ARD products (L2A, L2H and L2F)

✓ CARD4L assessment

✓ Way Forward

▪ Landsat 

✓ ARD product

✓ CARD4L assessment

✓ Way Forward

▪ Copernicus Sentinel-1 

✓ ARD product

✓ CARD4L assessment 

✓ Way Forward
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Sentinel-2 / ARD Products

ARD
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Sentinel-2 / ARD Products / Level-2A

Top-of-atmosphere 
Reflectance

Surface Reflectance Scene Classification

Aerosol Optical 
Thickness

Water Vapour

Ispra (Italy)
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Sentinel-2 / ARD Products / Level-2A

http://ceos.org/ard
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Sentinel-2 / Level-2A CARD4L Assessment

CARD4L Product Family Specifications for Surface Reflectance include requirements regarding:

• General metadata

• Per-pixel metadata

• Radiometric and atmospheric correction

• Geometric correction

For each requirement:

❑ THRESHOLD – minimum requirement 

considered sufficient to render the product  

ready for analysis; 

❑ TARGET – more stringent requirement 

that further improves the product 

quality/usefulness.
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Sentinel-2 / Level-2A CARD4L Assessment

✓ Process initiated to certify Sentinel-2 Level-2A products.

✓ Sentinel-2 products expected to be compliant with 

CARD4L threshold requirements by mid-2021, after:

o Global activation of geometric refinement meeting multi-

temporal registration performances <0.5 pixel 95% Circular 

Error.

o Inclusion of a DOI (Digital Object Identifier) in the metadata.
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Sentinel-2 / Level-2A CARD4L Assessment

• Since 30 March 2021,
geometric refinement already
available over Europe and
Africa.

• Multi-temporal registration
performances <5m at 95%
Circular Error.

Malaga (Spain)
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Sentinel-2 / Way Forward / L2H and L2F

✓ Goal is to provide S2-like surface reflectances with increased frequency.

✓ Surface reflectances will be generated through a harmonisation/fusion process

combining data from different sensors (starting with Sentinel-2 and Landsat).
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Sentinel-2 / Way Forward / L2H and L2F
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USGS Landsat Collection 2

▪ Landsat Collection 2 released to the public on 1 December 2020!

▪ Level-1 Top of Atmosphere/At Sensor

▪ Level-2 Surface Reflectance and Surface Temperature

▪ Products available through all standard USGS interfaces

▪ EarthExplorer (https://earthexplorer.usgs.gov/)

▪ M2M (Machine-to-Machine)

▪ Bulk Metadata Service

▪ Products also available for direct cloud access within Amazon 

Web Services (AWS) – S3/COG/STAC

▪ Product generation commenced in September 2020 and entire 

Landsat archive (~8.8 million scenes) processed in ~5 weeks

▪ Now, focus is on generation of Collection 2 U.S. ARD tiles

https://earthexplorer.usgs.gov/
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Collection 1 vs. Collection 2 Summary
Geometry

Collection 1 Collection 2
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Collection 1 vs. Collection 2 Summary
Radiometry / Level-2 Processing

Collection 1 Collection 2



VH-RODA Workshop 2021 | 20-23 April 2021 | Slide  14

V
H

-R
O

D
A

 2
0

2
1

 o
n

lin
e

 w
o

rk
sh

o
p

Collection 1 vs. Collection 2 Summary
Level-2 Processing (Continued)

Collection 1 Collection 2
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Collection 1 vs. Collection 2 Summary
Packaging and Metadata

Collection 1 Collection 2
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https://www.usgs.gov/core-science-systems/nli/landsat/landsat-collection-2

https://www.usgs.gov/core-science-systems/nli/landsat/landsat-collection-2
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https://ceos.org/ard/index.html#slide4

https://ceos.org/ard/index.html%23slide4
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USGS Landsat / Way Forward

▪ Complete CARD4L SR/ST PFS v5.0 compliance check

▪ Initiate CARD4L SR/ST PFS v6.0 self-assessment / peer 

review / compliance check

▪ Latest version pending annual review/update

▪ Finalize CARD4L AR PFS v1.0 (May 2021, LSI-VC-10)

▪ Investigate remaining CARD4L “target-level” gaps with 

USGS Landsat Collection 3

▪ Traceability

▪ Uncertainty

▪ BRDF Correction

▪ Terrain Illumination Correction

▪ Terrain Shadow Mask
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Copernicus Sentinel-1 CARD4L Products

Before CARD4L (status quo): 

▪ Radar products typically delivered in slant-range or ground-range

e.g. Sentinel-1:  

▪ Single-Look-Complex (SLC) products with backscatter amplitude and phase in slant range raster(s)

▪ Ground-Range-Detected (GRD) products with backscatter amplitude in ground range raster

SLC                                        GRD

Overview

S-1A 
2019.07.04

A
z
im

u
th

A
z
im

u
th

Slant Range Ground Range
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Copernicus Sentinel-1 CARD4L Products

CARD4L Vision for SAR: 

▪ Image products all delivered in map coordinates

▪ Image product brightness calibrated to terrain-flattened gamma nought

standard across all products

▪ Multi-track and multi-sensor integration will be simplified by:

▪ Standardised products with common core properties in map 

geometry

▪ Standard terrain-flattening applied throughout to allow comparison 

across multiple tracks on a “level playing field”

Overview

Radiometric Terrain Correction:  
Terrain-flattened Gamma Nought Backscatter

Method:
Small, D. (2011). Flattening Gamma: Radiometric Terrain Correction for SAR Imagery. 
IEEE TGRS, 49(8), 3081–3093.  doi: 10.1109/TGRS.2011.2120616

Open-source implementations in e.g. ESA SNAP, NASA ISCE

NRB Wide-area application in e.g. 
• Digital Earth Africa by Sinergise & GA

https://www.digitalearthafrica.org/platform-resources/analysis-ready-data/sentinel-1

https://www.digitalearthafrica.org/platform-resources/analysis-ready-data/sentinel-1
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Copernicus Sentinel-1 CARD4L Products

CARD4L Vision for SAR: 

▪ Image products all delivered in map coordinates

▪ Image product brightness calibrated to terrain-flattened gamma nought

standard across all products

▪ Multi-track and multi-sensor integration will be simplified by:

▪ Standardised products with common core properties in map geometry

▪ Terrain-flattening applied throughout to allow comparison across multiple tracks 

on a “level playing field”

Overview

Product LSI-VC 
Endorsement

NRB Normalised Radar Backscatter
Radiometrically Terrain Corrected Backscatter Amplitude

V5.0 - 12 May 2020

POL Polarimetric SAR V3.0 - 12 May 2020

InSAR SAR Interferometry in slant range

GSLC Geocoded SLC for interferometry
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Copernicus Sentinel-1 CARD4L Products

CARD4L Vision for SAR: 

▪ Image products all delivered in map coordinates in 𝜸𝑻
𝟎 backscatter 

convention with terrain-flattening applied

▪ Normalised Radar Backscatter (NRB)

▪ Radiometrically Terrain Corrected (RTC) Backscatter 

▪ Terrain-flattened Gamma Nought (𝜸𝑻
𝟎)

▪ Revision of PFS 5.x to be submitted for LSI-VC for May 2021

▪ Polarimetric Radar (POL)
▪ Preserving coherent polarimetric content (phase information)

▪ Interferometry (InSAR)
▪ Interferograms formed in slant-range geometry; Time-series

▪ Geocoded SLC (Single-Look-Complex)
▪ Move SLC from slant-range native geometry to map coordinates

Overview
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5. Geocoding with nearest-neighbour or bilinear resampling to    

preserve matrix elements integrity. Layers are real and complex 

numbers. Only upper triangle matrix elements are saved

POL: Normalised Covariance Matrix ARD
Credit to François Charbonneau (NRCAN) & CARD4L team
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SLC product(s)

Geocode

LUT b0

Speckle Filter 
<Crtc>

[C]

[go
RTC]

scattering vector

1. Full or dual in any basis (linear, circular, compact)

2. Covariance matrices from calibrated bo data
[C2 ] dual-pol (HH-HV)

[C3]= 𝑘𝑘𝐻 =

𝑆𝐻𝐻
2 2𝑆𝐻𝐻𝑆𝐻𝑉

∗ 𝑆𝐻𝐻𝑆𝑉𝑉
∗

2𝑆𝐻𝑉𝑆𝐻𝐻
∗ 2 𝑆𝐻𝑉

2 2𝑆𝐻𝑉𝑆𝑉𝑉
∗

𝑆𝑉𝑉𝑆𝐻𝐻
∗ 2𝑆𝑉𝑉𝑆𝐻𝑉

∗ 𝑆𝑉𝑉
2

[C2] dual-pol (VV-VH)

3. g0 normalization to “flatten” radar backscatter (RTC)

4. Speckle filtering (ex.: boxcar and/or  Sigma-Lee, 7x7 to 11x11  

window). 50 to 100 independent looks required

𝐶𝛾𝑟𝑡𝑐𝑜 =
1

𝑁


𝑖

𝑁

𝐶𝑟𝑡𝑐 𝑖 =

𝑆𝐻𝐻 𝑟𝑡𝑐
2 2 𝑆𝐻𝐻𝑆𝐻𝑉

∗
𝑟𝑡𝑐 𝑆𝐻𝐻𝑆𝑉𝑉

∗
𝑟𝑡𝑐

2 𝑆𝐻𝑉𝑆𝐻𝐻
∗
𝑟𝑡𝑐 2 𝑆𝐻𝑉 𝑟𝑡𝑐

2 2 𝑆𝐻𝑉𝑆𝑉𝑉
∗
𝑟𝑡𝑐

𝑆𝑉𝑉𝑆𝐻𝐻
∗
𝑟𝑡𝑐 2 𝑆𝑉𝑉𝑆𝐻𝑉

∗
𝑟𝑡𝑐 𝑆𝑉𝑉 𝑟𝑡𝑐

2

NRB
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POL: Gamma Nought Covariance Matrix ARD

Sentinel-1 VV-VH color composite over San Andreas Fault

▪ Diagonal elements of the covariance matrix are equivalent to NRB

Credit to François Charbonneau (NRCAN) & CARD4L team

𝐶𝛾𝑟𝑡𝑐𝑜 =

0 0 0

0 2 𝑆𝑉𝐻 𝑟𝑡𝑐
2 2 𝑆𝑉𝐻𝑆𝑉𝑉

∗
𝑟𝑡𝑐

0 2 𝑆𝑉𝑉𝑆𝑉𝐻
∗
𝑟𝑡𝑐 𝑆𝑉𝑉 𝑟𝑡𝑐

2

bo go
RTC
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POL: Polarimetric Decomposition ARD
Credit to François Charbonneau (NRCAN) & CARD4L team
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SLC product(s)

Geocode

LUT b0

Speckle Filter 
<Crtc>or <Trtc>

[C] or [T]

[go
RTC]

Decompose

Objective: To raise the polarimetric information to 
interpretation level

5. Polarimetric decomposition

▪ Yamaguchi, Cloude-Pottier, van Zyl, Freeman-Durden, Touzi, 

Generalized Freeman-Durden, etc.

▪ Output layers depend on chosen polarimetric decomposition 

(intensities, angles, classes, …)

Steps 1 to 4: Exactly the same as for covariance matrix ARD

IMPORTANT: If NN interpolation is used for CovMat ARD and for Pol. 
Decomposition ARD, polarimetric decomposition outputs are IDENTICAL

6. Geocoding
Nearest-neighbor (NN) interpolation preferred to preserve 
decomposed parameter integrity, other choices such as bilinear, Sinc, 
Bspline, etc. allowed depending on type of data (i.e.: intensities, 
angles (a, b, c), entropy, …)
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CARD4L InSAR Product Family Specification

“Standard” InSAR workflow 
▪ A series of mature algorithms applied in a regular order

▪ Ideal candidate for CARD4L

▪ remove barriers to entry for  “novice” users

▪ PFS will cover stack processing with one primary 

reference image

▪ CARD4L products:

▪ Geocoded unwrapped interferogram

▪ Geocoded wrapped interferogram (optional)

▪ Geocoded interferometric coherence

Data centres distributing InSAR products, e.g.:

▪ COMET-LiCS Sentinel-1 InSAR portal

▪ Alaska Satellite Facility

▪ NASA-JPL “The ARIA Standard Displacement Product is a Geocoded 

Unwrapped Interferogram product”

▪ GA – plans to systematically process and distribute InSAR products 

for Australia

In development, credit to Matthew Garthwaite (GA) and CARD4L team
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CARD4L GSLC – Geocoded SLC
In development, credit to Howard Zebker (Stanford) and CARD4L team

GSLC, a user-friendly product

▪ InSAR and other analyses usually start with

SLC images

▪ Most SLCs are produced in radar coordinates

and require significant phase corrections to 

yield deformation

▪ For many users:

▪ Radar coordinates are mysterious and require 

resampling

▪ Phase corrections for viewing and topography 

are complex and need InSAR expertise

▪ Avoid these impediments with GSLC products

▪ GSLC products enable simple ingestion of radar 

data in common coordinates

▪ These are readily combined for InSAR analysis

▪ InSAR vs. GSLC

InSAR deformation – e.g. Volcanism in Hawaii

Radar backscatter image
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CARD4L SAR / Way Forward

CARD4L Status / Outlook: 

Overview

Product LSI-VC Endorsement

NRB Normalised Radar Backscatter
Radiometrically Terrain Corrected Backscatter Amplitude

V5.0 - 12 May 2020
revision for May 2021 in progress

POL Polarimetric SAR V3.0 - 12 May 2020
revision for May 2021 in progress

InSAR SAR Interferometry in slant range (in development)

GSLC Geocoded SLC for interferometry (in development)

MSB Multi-Source Backscatter

Multi-track and multi-sensor integration of backscatter 
amplitudes into wide-area backscatter composites

Method recently published:  
Small, D., Rohner, C., Miranda, N., Rüetschi, M., & Schaepman, M. E. (2021). Wide-Area 
Analysis-Ready Radar Backscatter Composites. IEEE-TGRS. 
doi 10.1109/TGRS.2021.3055562

(in early development)

S1A+S1B+RS2
2-day composites

Small, D., Rohner, C., Miranda, N., Ruetschi, M., & Schaepman, M. E. (2021).  (open access)
Wide-Area Analysis-Ready Radar Backscatter Composites. IEEE TGRS. doi: 10.1109/TGRS.2021.3055562


