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CEOS Analysis Ready Data for Land — CARDAL

“CEQS Analysis Ready Data (CEOS-ARD) are satellite data that have been
processed to a minimum set of requirements and organized into a
form that allows immediate analysis with a minimum of additional
user effort and interoperability both through time and with other Product  CEOS-AROTYpe \TC  Agency  Misons) (v T
datasets.”

Currently assessed (by Oct '22):

. Surface § _ con 'S e
https://ceos.org/ard/ ‘ EnMAP ferootamce | Y90 DLR EnMAP 00 lot assessed
C cuLI fencclisf r: 2 R esfl;:f: : ce 0 UsEs LaE "'f 3-33 .:ET IOg‘?-E 81%
Curl’ent PI’OdUCt Fam||y SpeC|f|Cat|OnS (PFS) Landsat Surface 6.0 USES Landsat 4 [ 3
° Surface Re.ﬂectances (CARD4L) Collection 2 Ternperature 5, 7.8, 9 100% 83%
. Landsat :
 Aquatic Reflectances Collection2 |+ - S8 1 50 uses 2t @ Notassessed
» Surface Temperature US. ARD
. . . Landsat . L
plus 2 radar PFS completed & multiple other in preparation Collection? | - SUNSCE | g ggg  Lendsst ®  \otassessed
U.S. ARD Ternperature 5, 7,8, 9 100%
MNormalised Sinergize &
) , , - Sentinel-1 « o
The CARDAL PFS includes requirements reg. Sentneb1R1C [ Rader 65 Digfalart e o Notassessed
dCKsCatler \rica
» General Metadata . ; .
. Sentinel-2 Surface .0 S Sentine 4 Not assessed
J Per-p|xe| Metadata Level-2A Reflectance - 2A,2B 100%

« Radiometric and Atmospheric Corrections
» Geometric Corrections
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The EnMAP processing chain — highlights ()

LO (archived products):

» Product includes full metadata as temporary processing of L1B, L1C & L2A
= rich metadata incl. RPCs, spectral smile coefficients, AOT & WV information
= all L1B, L1C, L2A processing on demand using latest cal. tables and processor versions

L1B (calibrated at-sensor radiances):
» Corrections applied: non-linearity, dark signal & offset,
response non-uniformity, straylight
* Improved defective pixel interpolation
and spectral smile correction (if required in the future):
PACO inversion (conversion to BOA_ref, interpolation,
re-conversion to TOA_rad)
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Ee
The ENMAP processing chain - highlights (lI) A’

L1C product:
» Ortho-rectification using Copernicus DEM (GLO-30)
« LoS improvement by image-to-image matching using Sentinel-2 reference mosaic
= per scene position accuracy measure using ICPs
= high relative consistency between EnMAP and S-2

L2A products:

» Land: PACO using MODTRAN 5.4.0 &

Fontenla 2011 solar irradiance model . 4 CARDAL
« BOA reflectance incl. terrain correction /&’ Analysis Ready Data
« De-hazing and cirrus correction o I
(user selectable parameters) "“; T — —
» ATCOR heritage, see validation in ACIX 1,2 & 3 (tbc) R [
- Water: MIP (by EOMAP), 2 products: ___:‘;":’:"‘"“_"_'_. | (e
- BOA water leaving reflectance | R S —
« BOA subsurface reflectance T W S
e




EnMAP - Data products and metadata

EMNMAP HSIL2A
1 1 1 1 1
'ENMAP.HSI.LZA-SPEETRAL-IMAGE| | EMMAP.H51LLZAOL |ENMAP.HSI.L2A—METADATA| |ENMAP.HSI.L2A—HI5TGR\"| [ EMMAP.H31L2A-LOG |
Spactral image I Quicklook VMIR |

Quicklook SWIR |

[Header fila) |

NN

Quality classes |

—| Quality cloud I
—| Quality cloud shadow |
_| Quality haze | E DIMS Product Type Sourge: DLR
_| == | :l DIMS5 Preduct Component
— Quality snow | 20220427T092849Z_006_V010001_20220428T1450242-HISTORY.XML
_| Quality test flags I |:| Preduct File 20220427T092849Z_006_V010001_20220428T145024Z-LOG. XML
) 20220427T092849Z_006_V010001_20220428T145024Z-METADATA.XML
—| Defective pixel mask | + Not delivered to user 20220427T092849Z_006_V010001_20220428T145024Z-QL_PIXELMASK_SWIR.TIF
20220427T092849Z_006_V010001_20220428T145024Z-QL_PIXELMASK_VNIR.TIF
20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_CIRRUS.TIF
- . 20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_CLASSES.TIF
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_CLOUDSHADOW.TIF
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_CLOUD.TIF
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_HAZE.TIF
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_SNOW.TIF
ENMAPO1- L0-DTO000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_TESTFLAGS_SWIR.TIF
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-QL_QUALITY_TESTFLAGS_VNIR.TIF
ENMAPO1- LO-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-SPECTRAL_IMAGE_SWIR.TIF
ENMAPO1- LO-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-SPECTRAL_IMAGE_VNIR.TIF
ENMAPO1- LO-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-VC_DATA_SWIR.BIN
ENMAPO1- LO-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-VC_DATA_VNIR.BI
ENMAPO1- LO-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-AUX_DATA_SWIR.OUT
ENMAPO1- L0-DT0000000001_20220427T092849Z_006_V010001_20220428T145024Z-AUX_DATA_VNIR.OUT

ENMAPO1- LO-DT0000000001_20220427T7092849Z_006_V010001_20220428T7145024Z-DM.TGZ




Threshold Target
1. General Metadata
1.1 Traceability n.a. no EIIM P
1.2 Metadata Machine Readability ok ok [l,,m\
H 1.3 Data Collection Ti k
Mapping EnMAP to CARDAL (I) 13 Gecragheatres o o
1.5 Coordinate Reference System ok ok
1.6 Map Projection ok ok
. 1.7 Geometric Correction Methods n.a. ok
° L0+ pI'OCGSSIng metadata 1.8 Geometric Accuracy of the Data n.a. ok
« Screening and housekeeping parameters S Sl B % %
(e.g., temperatures) e P
1.13 Algorithms ok partially
1.14 Auxiliary Data ok no
° L1 B processing metadata 1.15 Processing Chain Provenance n.a. no
. . . 1.16 Data Access ok ok
« Qverall quality rating (nominal-reduced-low) 1.17 Overall Data Quality ok
« Radiometric quality rating (nominal-reduced-low) 2. Per-Pixel Metadata
. . . . 2.1 Metadata Machine Readability ok ok
« Per mille values for saturation & crosstalk, defective pixels, | G7nooee ok ok
striping and other artefacts S ompee Tl - -
i 2.5 Cloud k k
« Absolute numbers of dead pixels atoue o o
i o i i i 2.7 Land/Water Mask A k
« If required: indication flag for spectral smile 2.7 Land Watet Mg D2 ok
« Summary of sensor & processor logs 2.9 Tertain Shadow Mask no
2.10 Terrain Occlusion n.a. no
2.11 Solar and Viewing Geometry ok no
2.12 Terrain lllumination Correction n.a. no
2.13 Aerosol Optical Depth Parameters n.a. thd
3. Radiometricand Atmospheric
Corrections
3.1 Measurement ok no
3.2 Measurement Uncertainty n.a. partially
3.3 Measurement Normalisation n.a. no
3.4 Directional Atmospheric Scattering ok ok
3.5 Water Vapour Caorrections ok ok
3.6 Ozone Corrections n.a. ok
4. Geometric Corrections
4.1 Geometric Correction ok ok




Mapping EnMAP to CARDAL (ll)

* L1C processing metadata
« RMSE (x, y, xy) based on ICPs
* RMSE & orthoResidual (x, y, xy) based on GCPs
* Number of matching points (GCPs, ICPs)

« L2A processing metadata
» Qverall L2A quality rating (nominal-reduced-low)
» Scene-averaged SZA, WV & AOT
» Cover percentages for cloud, cloud-shadow, haze,
cirrus, snow, water, terrain shadows, sun-glint
 Information on processing (terrain correction
& DDVs)

Threshold Target
1. General Metadata
1.1 Traceability n.a. no
1.2 Metadata Machine Readability ok ok
1.3 Data Collection Time ok no
1.4 Geographical Area ok ok
1.5 Coordinate Reference System ok ok
1.6 Map Projection ok ok
1.7 Geometric Correction Methods n.a. ok
1.8 Geometric Accuracy of the Data n.a. ok
1.9 Instrument ok ok
1.10 Spectral Bands ok ok
1.11 Sensor Calibration n.a. no
1.12 Radiometric Accuracy n.a. no
1.13 Algorithms ok partially
1.14 Auxiliary Data ok no
1.15 Processing Chain Provenance n.a. no
1.16 Data Access ok ok
1.17 Overall Data Quality n.a. ok
2. Per-Pixel Metadata
2.1 Metadata Machine Readability ok ok
2.2 No Data ok ok
2.3 Incomplete Testing ok ok
2.4 Saturation ok partially
2.5 Cloud ok ok
2.6 Cloud Shadow ok ok
2.7 Land/\Water Mask n.a. ok
2.8 Snow/lce Mask n.a. ok
2.9 Terrain Shadow Mask n.a. no
2.10 Terrain Occlusion n.a. no
2.11 Solar and Viewing Geometry ok no
2.12 Terrain lllumination Correction n.a. no
2.13 Aerosol Optical Depth Parameters n.a. thd
3. Radiometricand Atmospheric
Corrections
3.1 Measurement ok no
3.2 Measurement Uncertainty n.a. partially
3.3 Measurement Normalisation n.a. no
3.4 Directional Atmospheric Scattering ok ok
3.5 Water Vapour Caorrections ok ok
3.6 Ozone Corrections n.a. ok
4. Geometric Corrections
4.1 Geometric Correction ok ok




Mapping EnMAP to CARDAL (lIl)

 Per-pixel metadata (quality layers)

Quicklook images for VNIR & SWIR, ortho-rectified
Per-pixel mask images: land, water, background,
cloud, cloud-shadow, haze, cirrus, snow

Defective pixel mask (3-D cube of defects)
Aggregated quality flags: saturation, artefacts,
interpolation and overall quality rating

« ATBDs, Cal / Val reports & uncertainty studies

i DLR

To be published at www.enmap.org

Threshold Target
1. General Metadata
1.1 Traceability n.a. no
1.2 Metadata Machine Readability ok ok
1.3 Data Collection Time ok no
1.4 Geographical Area ok ok
1.5 Coordinate Reference System ok ok
1.6 Map Projection ok ok
1.7 Geometric Correction Methods n.a. ok
1.8 Geometric Accuracy of the Data n.a. ok
1.9 Instrument ok ok
1.10 Spectral Bands ok ok
1.11 Sensor Calibration n.a. no
1.12 Radiometric Accuracy n.a. no
1.13 Algorithms ok partially
1.14 Auxiliary Data ok no
1.15 Processing Chain Provenance n.a. no
1.16 Data Access ok ok
1.17 Overall Data Quality n.a. ok
2. Per-Pixel Metadata
2.1 Metadata Machine Readability ok ok
2.2 No Data ok ok
2.3 Incomplete Testing ok ok
2.4 Saturation ok partially
2.5 Cloud ok ok
2.6 Cloud Shadow ok ok
2.7 Land/\Water Mask n.a. ok
2.8 Snow/lce Mask n.a. ok
2.9 Terrain Shadow Mask n.a. no
2.10 Terrain Occlusion n.a. no
2.11 Solar and Viewing Geometry ok no
2.12 Terrain lllumination Correction n.a. no
2.13 Aerosol Optical Depth Parameters n.a. thd
3. Radiometricand Atmospheric
Corrections
3.1 Measurement ok no
3.2 Measurement Uncertainty n.a. partially
3.3 Measurement Normalisation n.a. no
3.4 Directional Atmospheric Scattering ok ok
3.5 Water Vapour Caorrections ok ok
3.6 Ozone Corrections n.a. ok
4. Geometric Corrections
4.1 Geometric Correction ok ok
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http://www.enmap.org/

Order & Processing Workflows

« Access via www.enmap.org

« EOWEB® GeoPortal provides catalogue search and retrieval functions for orders and archived data
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L d it
COC &5 |

. C e ity "o linnciOn s caagprsin': (U _Zane o sane_carer v
* Provides access to all scene-specific Metadata A —— ———————

. . Filter by Time & Filter by Collection @ proc.enComectionType* : Combined
| FiresiND Ll
quickliooks, quality parameters etc. o osicmarscrie s vttcmpeses e -
I Starttime Endime ) [ TanDEM-X Pursul TSX-1 Like Experimental
. 1970-01-01 |5 20220517 [E8 I Sipegie proc enCirusHazeRemoval* : |No v
00w |HH (00| v | 23| v |HH (59 |v MM
of archived products el Mokl ol st :
[¥]EnMAP-HSI (LO)
[ ENMAP-HSI, Calibration Data proc enTerrainCorrection* -| Automatic v
Show Advanced Map | Choose arange |v. T e
- 2 ©Ozone Column* : Automatic
Search proc.enSeason’ : Automatic i

0ofBresults selected - Toggle View @gg “ @ showitems:[20 |v proc.enWalerType* - | Turbid v

* Following OGC (Open Geospatial CoNSOrtium) =« « o e wm o b o s s i s 0 oot 5 e | oo o

=) ENMAPHSLLO

] 1. ENMAPHSILO 202205-04T105108.9462  2022-05-04T1051:13.3942 Enliap Hsl 1 EnMaP DESCENDING [} a2 5 1 010002 — swirProductQuality
Sta n d a rd S " ] 2 e ENMAPHSILO 2022-0504T10S108 9467 2022-05-04T1051:13.3942 EnMAP HsI 1 EnliAP DESCENDING [} an2 5 1 01.00.02 darkBeforeQualityAvailable yes
- &] 3 e ENMAPHSILO 2022-04-27T092656.5912  2022:04-27T0829:03.1262 Enhiap Hst 1 Enniap DESCENDING ) 364 1 3 01,0002 darkBeforeQualityScreeningResult  OK
B . . ENMARHSILO 2022.0427T092854.1362  2022-04-27T0826:58.6742 Enhiap Hst 1 Enliap DESCENDING [) 364 1 2 010002 darkAfterQuality Available yes
CSW (Catalog Service for the Web S
g . missingVCFramesSWIR 00
Inthe list below you vl ind the items you have selected for direct download and for offine processing, Proceed fo checkout missingSCPixelsSWIR 00

. . Under View/Edit 'Specfication’ you can review the download and ordering options you have specified for each tem
W M S We M a I n S e rV | C e To continue please press the ‘Proceed to checkout button at the top right. numberofChannelsMissing o
p p g Please note that currently your shopping cart contents willnot be available after logging out of EGP. You can access your submitted orders on the Home tab.

w ltems for Download (0) — qualityFlags
and ISO 19119/ 19115-2 INSPIRE conform e :
overallQuality NIR 0
IQualitySWIR 0

+ ltems for Offine Processing (1) overallQuality
x stripingBandingSWIR 0
Sorn vewsat o
View | ENMAPHSLLO:dims_n2_pl_dfd_ ims_op_pl_dfd_ Lo stripingBandingVNIR 0
if free of

tems | |spectean...| o0 qualityRadiometrySWIR 0
Start: 2022-04-27T09:28:54.1392, Stop: 2022-04-27T08:28:58 6742.0Mt Direction: DESCENDING saturationCrosstalk VIR 0
ProceseingLeve L2A, proc engpProcton:UTHZone f Scane_Carer, proc Banear I B SICK Vo Conoitd saturationCrosstalk SWIR o
Automatic, proc enSeason: Automatic, MitaterType: Turbid, p GeoTl . tos, fle generalArtfactsVNIR 0
generalArtfactsSWIR 12
deadPixelsVNIR 2

w ltems for Future Ordering (0)




Outlook & Next Steps

Under Development / Assessment

 DESIS:
. PFS A
° Preparatlon of CARDAL assessment Product CEDS-ARD Type Version A9ency Mission(s) {n[:;;s info
‘ DESIS L24 Surface Reflectance vh.0 OLR OESIS-on-155 TEA TEL
Envisat ASAR L LRl 2 vB.5 ESA Envisat TBA  TBA
Backscatter
Envisat MERIS Surface Reflectance vE.0 ESA Envisat TBA TBA
ERS ATSR Surface Reflectance v5.0 ESA ERS-1-2 TBA  TBA
Currently assessed (by Oct 22):
 EnNMAP

 Preparation of L2A “Water Product”
assessment reg. CEOS Aquatic Reflectance PSF

* ... and of course: Operational Phase
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Supported by:

% Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag

Thank you for your attention !

EUFAR Metadata Standards

https://www.eufar.net/cms/metadata-standards/

IEEE P4001 “Standard for Characterization and
Calibration of Ultraviolet through Shortwave

martin.bachmann@dilr.de

Infrared (250 nm to 2500 nm) Hyperspectral

Imaging Devices

EnMAP ARD paper incl. further details
Remote Sens. 2021, 13, 4536.
https://doi.org/10.3390/rs13224536

. remote sensing ﬁ“\"\w

Article

Analysis-Ready Data from Hyperspectral Sensors—The Design
of the ENnMAP CARD4L-SR Data Product

Martin Bachmann »*{, Kevin Alonso 2(9, Emiliano Carmona 2, Birgit Gerasch 2, Martin Habermeyer !,
Stefanie Holzwarth 117, Harald Krawczyk 2, Maximilian Langheinrich 209, David Marshall !, Miguel Pato 20,
Nicole Pinnel !, Raquel de los Reyes 2(7, Mathias Schneider 2, Peter Schwind ? and Tobias Storch 2

See also the related presentations by:
E. Carmona et al.

R. de los Reyes et al.

K. Alonso et al.

U. Heiden et al.




