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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
datasets.”

https://ceos.org/ard/

Current Product Family Specifications (PFS):
 Surface Reflectances (CARDA4L)
« Aquatic Reflectances
 Surface Temperature

plus 2 radar PFS completed & multiple other in preparation

The CARDAL PFS includes requirements reqg.
» General Metadata
* Per-pixel Metadata
« Radiometric and Atmospheric Corrections
» Geometric Corrections
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Currently assessed (by June '22):
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The EnMAP processing chain - highlights (1)

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 EnMAP .
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The EnMAP processing chain - highlights (ll)

L1C product:
* Ortho-rectification using Copernicus DEM (GLO-30)

EnMﬂ“P
il

« 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
« BOA reflectance incl. terrain correction
« De-hazing and cirrus correction
(user selectable parameters)
» ATCOR heritage, see validation in ACIX 1,2 & 3 (tbc)

«  Water: MIP (by EOMAP), 2 products:
» BOA water leaving reflectance
e BOA subsurface reflectance
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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

|

Quality cloud shadow

_| Quality haze | :‘ DIMS Product Typs
_| == | :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- L0-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




Mapping EnMAP to CARDAL (l)

« LO+ processing metadata

Screening and housekeeping parameters
(e.g., temperatures)

« L1B processing metadata

Overall quality rating (nominal-reduced-low)

Radiometric quality rating (nominal-reduced-low)

Per mille values for saturation & crosstalk, defective pixels,
striping and other artefacts

Absolute numbers of dead pixels

If required: indication flag for spectral smile

Summary of sensor & processor logs

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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Mapping EnMAP to CARDAL (ll)

« L1C processing metadata
« RMSE (x, v, 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
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Mapping EnMAP to CARDAL (lll)

 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



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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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
Infrared (250 nm to 2500 nm) Hyperspectral
Imaging Devices

EnMAP ARD paper incl. further details p . -
Remote Sens. 2021, 13, 4536. . remote sensing mfy
https://doi.org/10.3390/rs13224536
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Analysis-Ready Data from Hyperspectral Sensors—The Design
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