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This project aims to deliver an independent, statistically robust validation framework that enhances the reliability and usability of Copernicus Land Monitoring Service
(CLMS) products. The CLMS Validation System Environment (CLMS-VSE) provides a cross-cutting sampling design, harmonized validation workflows and a cloud-based
software to calculate product accuracy measures and store validation data and audit trails.

It is applied to a range of Copernicus land data products, including established High Resolution Layers (HRL), the CORINE Land Cover (CLC) and Priority Area Monitoring
products (e.g., Urban Atlas, Coastal Zone), but also novel products such as the new annual HRL Crop Types and the CLCplus Backbone (BB).

Project Status

Thematic Accuracy Approach

Result example

During the initial ramp-up phase in 2024, the CLMS-VSE
concept, first validation methods as well as software
prototypes were implemented. They were applied to validate
the new CLMS products CLCplus BB, Grassland Mowing
(GRAM) and Crop Types (CTY) as well as new product versions
of the High Resolution Layer (HRL) Tree Cover and Forest (TCD,
FYT) and the HRL Grasslands (GRA).

Following the conclusion of the ramp-up phase, the CLMS-VSE
and its validation elements are evolving from conceptual
development towards full operational implementation, with a
growing number of CLMS products entering structured
validation cycles and verifications.

CLMS-VSE setup

The CLMS-VSE has automated the calculation of thematic
accuracies for CLMS products at three reporting levels (whole
product extent, biogeographical regions, and validation
areas), and for blind and plausibility validations, while keeping
an audit trail of each product validation. Its modular
implementation allows the further evolution and uptake of
additional accuracy measures as well asautomated reporting.

CLMS-VSE is a cloud-based software using only open-source
technology that makes use of optimized workflows splitin:

« Jobs: that aggregates all validation steps and associated
validation data.

 Documentation: validation reports and database-stored
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ee Cover Density (TCD) (2021)V01_R0O0O7/04/2025  Started 2 Jobste n 'Accuracy Table (VA) marked complete
#88 Tree Cover Density (TCD) (2018) V01_R00 07/04/2025 Started 128 files created: 64 CSV, 64 PNG 2 months ago
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Graphical User Interface — CLMS-VSE Home Page

Validation Elements

Thematic Accuracy involves the assessment of classification
correctness, comparing CLMS product information with
independent CLMS-VSE validation data across samples.

Schematic example of the sampling design

Selection of validations areas (orange squares), sampling locationsg (blue)
within the validation area (white outline), and sampling unitse(yellow)
populated with existing reference data.

0 Validation areas - definition and selection
e Definition based on NUTS2 area.

* Selection based on Biogeographical Regions (BGR),
CLCplus BB classes, reference data availability, CLMS
product type/distribution.

e Stratified random sampling framework.

9 Sampling Design

« Regular sampling frame of points on a 2x2 km grid,
aligned with the Copernicus grid and Land Use and
Coverage Area frame Survey from Eurostat (LUCAS)
Master Frame grid.

e Stratified random sampling from each CLCplus BB
2018 raster strata.

9 Sampling Units

* Tailored to fit CLMS products.

Usability Assessment

The CLMS validation framework was applied during the ramp-
up phase to validate the overall thematic acurracy of the new
CLCplusBB 2021 raster product:

Margin of Error

Overall
Accuracy 95% Cl)
5.

Method

Blind validation approach

0.
Plausibility validation approach

Thematic accuracy results at EEA38 per CLCplus BB 2021 class

Plausibility validation approach

Blind Validation approach

F1 F1
Product UA MoE PA MoE UA MoE PA MoE ¢ .o

Class  [%]  [%] [%] [%] 15" %] (%] %] (%] 19

1 716 | 26 | 752 | 3.6 | 73.4
84.3 1.9 84.5 1.3 84.4
79.3 1.5 83.5 1.4 81.4 1.4 .
58.3 3.1 71.1 2.8 64.1 | 83.1 2.5 2.0 84.5
65.3 2.3 53.4 1.9 58.8 | 76.4 1.8 2.2 74.9
72.9 1.3 82.0 1.0 77.2 | 79.7 1.2 0.9 82.8

0.8 83.3 1.2
57.2 9.5 30.9 7.2 40.1 81.9 8.7
70.1 2.9 50.6 3.0 58.8 80.4 2.3
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Green = Higher than CLMS product target accuracies
= within 5% of target accuracy, Red = MoE >5%
UA = User's Accuracy, MoE = Margin of Error, PA = Producer's Accuracy
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CLCplus BB example: small urban structures and
surrounding landscape in Germany
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Benefits

The validation framework addresses the different validation
quality elements referred to in the ISO19157:2023 standard,
titled "Geographic information -- Data quality,” focussing on
temporal and thematic accuracy. In addition to the ISO19157,
usability assessments are included.

Usabiltiy assessment caninclude
* Review & control of product documentation.

 In-depth usability assessments such as time series
comparison, e.g. for CLCplus BB raster2018-2021-2023.

The following CLMS products will be validated in 2025:

Full-coverage Land Cover & Use

High Resolution

High Resolution

High Resolution Layer Small

* Independent validation information on CLMS product
reliability and usability.

« Optimised validation workflows to benefit from cross-
product commonalities.

e CLMS-VSE software to support reproducibility of validation
results and reusability of validation data and procedures.

Land Cover & Use in Priority Areas

Reference &
Validation Data

High Resolution
Layer Imperviousness Protected Areas Urban Atlas m

High Resolution
Layer Grasslands

CLCplus Backbone

La’éﬁf{ﬁ;ﬁ?ﬁ' = Layer Croplands Landscape Features
CLCplus Tree Cover and Grasslands Croplands Small Landscape Imperviousness Protected Areas Urban Atlas 2021: EU Hydro 2.0
Backbone 2023: Forests 2022, 2023: 2022, 2023: 2022, 2023: Features 2021: 2021, 2024: (PA) 2021 (test phase verification)
- Urban Atlas status

- CLCplus BB raster - Tree Cover - Grassland - Crop Type (CTY) - Woody Vegetation - Imperviousness vector layer (UA)

(CLCplus BB) Density (TCD) Mowing (GRAM) - Cropping Layer (WVL) Density (IMD) - Building Block

- Herbaceous Patterns (CP) - Small Woody - Imperviousness Heights (BBH)
Cover (HER) Features (SWF) 2021 Build-up (IBU)

- Imperviousness
Change Classified
(IMCC) 2021/2024

- Imperviousness
Build-up Change
(IBUC) 2021/2024
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