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Background

CEOS Future Data Architectures (FDA) Report: examined the changing 

landscape and context for CEOS agency EO programs and how they service 

user communities

Common concern raised by many CEOS agencies was the need for 

simplification of data handling and uptake by users 

One solution: Pursuit of CEOS standards for Analysis Ready Data (ARD), as 

part of a broader CEOS ARD strategy

ARD products are intended to be accessible and suitable for a wide range of users for a wide 

variety of applications … but may not be suitable for all purposes, and are not intended as a 

‘replacement’ for other types of satellite products



CEOS ARD strategy components

Activities foreseen in a successful strategy on ARD for CEOS:

• Thematic product families (CARD4L is the first)

• ARD stocktake and outlook (user investment confidence)

• Technical specification development and maintenance

• Pilots and feedback

• Promotion
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LSI-VC served as the forum for developing the CEOS Analysis-Ready Data definition (now known 

as CARD4L – CEOS Analysis-Ready Data for Land)

The CARD4L definition and the overall framework were endorsed at the CEOS Plenary in 2016 

CARD4L underpins future data architectures work being progressed within CEOS, enabling many 

users to more rapidly use data and help space agencies to maximise the potential of their data.

Work on ARD standards across CEOS has kicked-off with the development of the Product Family 

Specification for 3 initial products under CARD4L:

• Surface Reflectance (optical);

• Surface Temperature (thermal);

• Backscatter (Synthetic Aperture Radar)

• Future SAR: Interferometric, Polarimetric & others..

CEOS ARD for Land – CARD4L



CARD4L framework components
Three components: Definition, Product Family 

Specifications, and Product Alignment 

Assessment

‘Threshold’ and ‘Target’ requirements for 

candidate products in the Product family include:

• General metadata

• Per-pixel metadata

• Radiometric and atmospheric correction

• Geometric correction

CARD4L specifications for three initial products 

have been reviewed by expert community groups, 

and endorsed at LSI-VC7 (Feb 2019)



CEOS ARD for Land (CARD4L)

ceos.org/ard



CARD4L product alignment 

assessment

• A process to assess products that are CARD4L 

compliant has been defined

• Data providers proposing products for CARD4L 

assessment would do a self-assessment of 

products against the CARD4L specs as the first 

step

• Data providers would then approach LSI-VC for 

endorsement of a product as CARD4L compliant

• LSI-VC would work with WGCV to assess the 

product against CARD4L specifications

.



CARD4L product assessment: 

WGCV role and current status

• To assist with CARD4L product reviews, WGCV has 

proposed a process workflow

• Self assessment of surface reflectance and radar 

backscatter products derived from Landsat, Sentinel-2 

and ALOS were completed by: USGS, ESA, JAXA, GA 

and outcomes reported at LSI-VC7 (February 2019)

• Feedback provided to LSI-VC about experience with the 

process, description of the metadata parameters and 

need for clarity in some cases.

• Feedback about CARD4L specifications for Surface 

Reflectance was sought from the WGCV membership -

written feedback from N Fox on potential improvements.



GA Landsat SR: THRESHOLD specifications - summary

• “General Metadata”:

• “Per-pixel metadata”:

• “Radiometric and atmospheric corrections”:

• “Geometric corrections”:
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GA Landsat SR: TARGET specifications - summary
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• “General Metadata”:

• “Per-pixel metadata”:

• “Radiometric and atmospheric corrections”:

• “Geometric corrections”:
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• “General Metadata”:

• “Per-pixel metadata”:

• “Radiometric and atmospheric corrections”:

• “Geometric corrections”:

8/10

6/7

3/3

1/1

GA Sentinel-2 SR: THRESHOLD specifications - summary



GA Sentinel-2 SR: TARGET specifications - summary

• “General Metadata”:

• “Per-pixel metadata”:

• “Radiometric and atmospheric corrections”:

• “Geometric corrections”:

9/17

6/12

4/6

1/1
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Observations Analysis 

Ready Data

Structured time-series 

Products 
Information 

for decisions

Africa … is next

A fundamental requirement  is: EO data that have been processed to a minimum set of requirements and 

organised into a form that allows immediate analysis with a minimum of additional user effort, and, interoperability 

both through time and with other datasets …Analysis Ready Data



ARD products and validation

Focus of validation is not how the corrections are made, but how effective

the corrections are

PFS Process  - CARD4L



Summary results from field validation of SR

Sentinel-2BLandsat-8 Sentinel-2A



Sensitivity analyses for ARD parameters
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Low BRDF

Medium BRDF

High BRDF

Mean surface reflectance at 

different aerosol values
Mean surface reflectance at 

different values of solar angle 

normalisation

Mean surface reflectance at 

different water vapour values

Mean surface reflectance at 

different BRDF levels

Parameters Low Medium High

Aerosol optical depth 0.05 0.25 0.50

Water vapor (g/cm2) 0.5 1.5 3.5

Solar angle 25 45 70

BRDF low medium high



ESA Living Planet Symposium  May 2019 Milan

LPS 2019: Two sessions on Analysis 

Ready Data

The ARD session will consolidate the 

current state of knowledge, uptake and 

benefits of global efforts towards 

producing Analysis Ready Data (ARD) 

for Earth observations across the 

optical, thermal and microwave 

domains. 

Friday 17 May 2019



Thank you

medhavy.thankappan@ga.gov.au


