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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
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CEOS ARD strategy components

Activities foreseen in a successful strategy on ARD for CEOS:

* Thematic product families (CARDAL is the first)

ARD stocktake and outlook (user investment confidence)

Technical specification development and maintenance

Pilots and feedback

Promotion
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CEOS ARD for Land — CARDA4L

LSI-VC served as the forum for developing the CEOS Analysis-Ready Data definition (now known
as CARDA4L — CEOS Analysis-Ready Data for Land)

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

CARDAL 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 CARDAL:

» Surface Reflectance (optical);
» Surface Temperature (thermal);
» Backscatter (Synthetic Aperture Radar)

e Future SAR: Interferometric, Polarimetric & others..
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CARDA4L framework components

o . ‘:__‘_’: lr’:': “:& 43{@ Analysis Ready Data oﬁiﬁ?
Three components: Definition, Product Family s | 0™ | efectance rmnuiosn

Specifications, and Product Alignment et B

Assessment ——————
‘Threshold’ and “Target’ requirements for Document Hisory

H H . H . Version | Date Description of Change Author
candidate products in the Product family include: e o
L y thamks to al CEOS contribenors
100 16-04- 2047 induded document hizory, a88ed sumbering and | Lowis
PRAPNALION 10 IOCOvE Navigability and nteanal
rederancieg of sections, Added Gudance Section:
. Various minor edins
General metadata iy
1.7, 1.8 1.9 may noed revisiting
ASSed 3.1, mesurement

 Per-pixel metadata M Siomen
r IX Added 2.10, taraim occhusion
200 30-08- 2047 Feedback incorporated, circulated to LSIVC Lewis

210 06-09.2017 | Feadback rom ESA nConporated and comments Lowis
roted om 1,13, 112, 18:1.15,1.17,36.3541

» Radiometric and atmospheric correction ol e =

30 22.01.2018 Foedback ¥om the teleconterence (06/12/201E)
and post teleconference (emais) mduded.
31 31.01.2019 Proposod Snal SR PFS draft shared with USGS, ESA, | Siqueira

« Geometric correction cammaes The dr irsiod e ook

provided by the agencies’ ARD data sell-
ASLRSSMENT DEOLRSS.
311 06.02.2019 Fimal draft shared with LSIVC list and LSINC-7 Squeira

CARDAL specifications for three initial products e

311 2202.2019 | Comments and suggestions from LSIVC.7 mesting | Siqueira
{ménutes] and feadback from USGS incorgorated.

have been reviewed by expert community groups, B | | s o b iy | W
and endorsed at LSI-VC7 (Feb 2019)
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CEOS ARD for Land (CARDA4L)

Product Family Specifications

Surface Reflectance Surface Temperature Radar Backscatter

Data collected with multispectral sensors Data collected with multispectral sensors Data collected by Synthetic Aperture Radar
operating in the VIS/NIR/SWIR wavelengths. operating in the thermal infra-red(TIR) (SAR) sensors.
These typically operate with ground sample wavelengths. These typically operate with
distance and resolution in the order 10-100m ground sample distance and resolution in the
however the Specification is not inherently order 10-100m.
limited to this resolution.

Read Product Family Specification >> Read Product Family Specification >> Read Product Family Specification >>

ceos.org/ard
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CARDA4L P roduct ali gnment Product Alignment Assessment

-*-

assessment BER
» A process to assess products that are CARDA4L

compliant has been defined

Sl i mn

« Data providers proposing products for CARDA4L ‘ﬂ Saiclihndada —

assessment would do a self-assessment of =

products against the CARDAL specs as the first LSk SEC monitoes the process

step

« Data providers would then approach LSI-VC for
endorsement of a product as CARD4L compliant

e

L5 POLC approwes the
review and confirms
the CARDAL level

 LSI-VC would work with WGCV to assess the ' I

product against CARDA4L specifications

Data provider self-asesoes their The L5 POC inberacts
product using PFS document with data provider and WGOW
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CARDA4L product assessment:
WGCV role and current status

To assist with CARDA4L 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 CARDAL specifications for Surface
Reflectance was sought from the WGCV membership -
written feedback from N Fox on potential improvements.

WGCV’s Role
Product Alignment Assessment

Data Provider
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s Recommendation to WGCV for vote

LSIVC POC informed of WGCV CARDAL
Vote Outcome Acceptance Review Panel
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GA Landsat SR: THRESHOLD specifications - summary

- “General Metadata”: 8/10
« "“Per-pixel metadata”: 7/7
« “Radiometric and atmospheric corrections”: 3/3

“"Geometric corrections”: 1/1

I COMPLIANT
~ NOT COMPLIANT
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GA Landsat SR: TARGET specifications - summary

© Not Compliant = Compliant
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X X X

<

“General Metadata’”: 9/17

“Per-pixel metadata”: 6/12

144

“"Radiometric and atmospheric corrections”:

“"Geometric corrections”: 1/1

4/6




GA Sentinel-2 SR: THRESHOLD specifications - summary

“General Metadata’”: 8/10

X X

“Per-pixel metadata”: 6/7
“"Radiometric and atmospheric corrections”: 3/3

“"Geometric corrections”: 1/1

S

© COMPLIANT
© NOT COMPLUANT
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GA Sentinel-2 SR: TARGET specifications - summary

@ Not Compliant = Compliant
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“"General Metadata”: 9/17
“Per-pixel metadata”: 6/12
“"Radiometric and atmospheric corrections”: 4/6

“Geometric corrections”: 1/1




<{> Digital Earth Africa ... is next 0‘0 o sTaaLi

Structured time-series

Write code

_ _ Information
Observations Analysis Products for decisions
Ready Data

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
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ARD products and validation

Calibrated Methods Analysis Ready Accuracy
iInstrument (recipes) Products
data ( )
> Surface Reflectance - OLI €— Truth?
Various sensors J / Which: h Surface Reflectance — ETM+ / Comparison )
Corrections - .\ .
are applied; Surface Reflectance - TM ;Vg;]ei(;?:;;
Algorithms are p
used; Surface Reflectance - MSI Internal
Ancillary data ) model-fitti
\ are used. -~ ) Surface Reflectance — Planet.  error

PFS Process - CARDA4L

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

Summary results from field validation of SR

Landsat-8
0.8 e Coastal Aerosol
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+ Red .
0.6 4 #NIR .
¢SWIR 1 At
0.5 - *SWIR 2 .
+Median error /4" *
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0.3 A
0.2 A R? coefficient = 0.99
slope = 1.016
0.1 intercept = 0.002
standard error = 0.01
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Field site Surface Reflectance
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Satellite Surface Reflectance

Sentinel-2A
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Field site Surface Reflectance

Satellite Surface Reflectance

Sentinel-2B
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Field site Surface Reflectance



Sensitivity analyses for ARD parameters

Parameters Low Medium | High
Aerosol optical depth 0.05 0.25 0.50
Water vapor (g/cm?) 0.5 1.5 3.5
Solar angle 25 45 70
BRDF low medium | high
Mean surface reflectance at Mean surface reflectance at Mean surface reflectance at Mean surface reflectance at
different aerosol values different values of solar angle different water vapour values different BRDF levels
normalisation
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= [}
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ESA Living Planet Symposium May 2019 Milan

LPS 2019: Two sessions on Analysis
Ready Data

living planet symposium Js
13—17gM£g 2019 | Mh‘an § \&\\\eesa

Home  About~ Authors» Attending»  Sponsorship-  Dates & Deadlines

The ARD session will consolidate the
current state of knowledge, uptake and
benefits of global efforts towards

woswravam S producing Analysis Ready Data (ARD)
- rrI—— C— for Earth observations across the
| —_——= /M MM optical, thermal and microwave

g " = —— -

e — domains.
2019 Living Planet Symposium

13-17 May 2019, MiCo - Milano Congressi

Milan, Italy Frlday 17 May 2019

We are pleased to invite you to participate in the European Space Agency’s 2019 Living Planet Symposium. The event, which is held every three years, will take place on 13-17 May
2019 in Milan, Italy. The Symposium is organised with the support of the Italian Space Agency

ce and society, and how disruptive technologies and actors are changing the traditional Earth Observation
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