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Land Cover validation guidelines update

Main result of 2024:
2,5 catholique LIASA :

Version 0.1 released for review on August 30! “rin daimon

Committee on Earth Observation Satellites

Working Group on Calibration and Validation

Review: Comments from 12 reviewers received by the il

Land Cover Focus Area

end of October, 2024. Reviewers from: Europe (6),
USA (4), China (1), Brazil (1)

Overall feedback: overwhelmingly positive, valuable

SuggeStlons On ImprOVIng teXt readablllty (eg’ pOIntIng Land Cover and Change Map Accuracy Assessment and
to parts Of the teXt that need more Clarlty) Area Estimation Good Practices Protocol

Version 0.1 - 2024

Main suggestion by multiple reviewers:
adding a “Definitions” section or a Glossary of terms,
one reviewer provided a suggested list of terms to be
included in this section.

Editors: Alexandra Tyukavina, Sophie Bontemps, Giles Foody, Stephen V. Stehman, Anna
Komarova, Jaime Nickeson

Chapter leads: Alexandra Tyukavina (Chapters 1 - 5), Sophie Bontemps (Chapters 1, 2,
Appendix), Pontus Olofsson (Chapters 3, 5), Giles Foody and Julien Radoux (Chapter 4), Linda
See and Bryant Serre (Chapter 6), Xiao-Peng Song (Chapter 7)
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Land Cover validation guidelines update

Revision progress update:

Editors working on revisions in response to reviewers’
comments.

Main changes so far:

e New ‘Definitions’ section;

e New section on GCOS requirements for Land
Cover ECV products and Table 1.5 —>
Added overview of aerial photography from
traditional manned aircraft and a new Table 6.1
listing repositories of aerial photography;
New subsection on Fiducial Reference
Measurements (FRM) to the section about
standardized reference datasets.

Goal:
Finalize version 1.0 by the end of Summer 2025
(3 out of 12 reviewers’ comments left to address)

Table 1.5 Requirements for the Land Cover Essential Climate Variable (ECV) data
products from the Global Climate Observing System (GCOS) 2022 Implementation plan

(WMO, 2022)*

ECV Product

Requirement [and Cover

Requirements levels

Maps of Key IPCC Land Classes,
Related Changes and Land
Management Types

Maps of
High-Resolution
Land Cover

Horizontal (spatial) Goal 100 - 300 m <10m 10-300 m
resolution
Breakthrough 300 m-1km 10-30m 300 m-1km
Threshold >1km 300-100 m 1 km - 1 degree
Temporal resolution Goal 1 month
Breakthrough 1 year
Threshold 5 years
Timeliness Goal 3 months 1 month
(reporting/processing delay)
Breakthrough 1 year
Threshold 5 years
Temporal extent (time Goal > 50 years 30 - 50 years > 100 years
span)
Breakthrough 10 - 50 years 10 - 30 years 50 years
Threshold One time 30 years
Required measurement Goal 5% 5%
uncertainty (95%
confidence interval of overall
map accuracy, omission and  Breakthrough 20% 15%
commission errors of
individual land cover and
change classes, and of area  Threshold 35% 25%
estimates)
Stability (change per Goal 5%
decade in 95% confidence
interval of omission and Breakthrough 15%
commission errors of
individual land cover and Threshold 25%

change classes)

* Vertical resolution requirement is omitted from the table, because it does not apply to the Land Cover ECV products.
Goal is an ideal requirement above which further improvements are not necessary;

Breakthrough is an intermediate level between threshold and goal; 4
Threshold is the minimum requirement to be met to ensure that data are useful.



Validation methods
New paper: overview of global sampling methods + unified set of equations + code

) . - | Blocks |
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Y
Estimators | Appendix A.1.1 H Appendix A.1.2 ‘ I Appendix A.1.1 H Appendix A.1.2 l |Appendix A.1.1H Appendix A.1.2 I
B sashatyu / Global_sampling (Pubie https://github.com/sashatyu/Global_sampling

Remote Sensing of Environment

ELSEVIER Volume 324, 1July 2025, 114714 7<> Code (© Issues 19 Pullrequests () Actions [ Projects () Security |~ Insights

¥ main ~ ¥ 1Branch © 0 Tags Q Go tofile
Practical global sampling methods for S i

estl matlng area and map accuracy Of land [ A.1.1Equal probability sampling.ipynb Add files via upload ast month

m D A.1.1.Sample_data.txt Add files via upload last year
R cover and change = i
o A.1.1.Strata_info.txt Add files via upload last month
m Alexandra Tyukavinu a ,—O\ = y Stephen V. Stehman b’ Amy H. Pickens a’ Peter POtCIpOV t:lv 0O a2 Unequal probability sampling - pr... Update A.1.2 Unequal probability sampling - prop... last month
U Matthew C. Hansen ° https://doi.ora/10.1016/j.rse.2025.114714 [) A1.2Sample_datatat Addfiles via upload fast'year

[ A1.2Strata_info.txt Add files via upload last year


https://doi.org/10.1016/j.rse.2025.114714
https://github.com/sashatyu/Global_sampling

Validation methods

Remote Sensing of Environment
ELSEVIER Volume 311, 1 September 2024, 114316

* Approaches to account Map assessment at different homogeneity

validation data Comparative validation of recent levels
10m_resolution global land COVer 0‘% 2‘5% 50% 75% IOO"/‘n ‘0% 0.01% (].‘1% 0.:1% 4% 10%  100%
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Validation data is error-free.
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WorldCover (10 m)

Reference label: green 0.08 [ 0.17]0.27 | 036 | 0.50 [ 0.69 | 0.71 | 2.36 | 1.71

0.57]0.97 | 1.42 | 1.80 | 2.58 | 3.94
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Using landscape context

Reference data homogeneity
Reference label: green OR blue OR orange

to account for validation Deemed most suitable. I 2 3 4 5 ¢ 7 g 9 fTou
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C.H=9 the landscape, the less
Homogeneity filter 9/9

th e va I | d at| on d ata error Reference data homogeneity Reference data homogeneity
Points A and B are discarded. Map 0/0 Sample

agreement units

B.H=4
I Homogeneity filter 4/9

PointAisdiscarded. T he more homogeneous
B.H=4

Considering the spatial context of the sample unit.

Large difference in spatial detail.



New LC products - GLAD GLC: 5-year global land cover (2000-2020)

otap Goballand GEE app: https://glad.earthengine.app/view/alcluc-2000-2020 & Google Earth Engine Apps

Global land cover and land use change 2000-2020
3 s

. E P.V. Potapov, M.C. Hansen, A.H. Pickens, A. Hernandez-Serna, A. Tyukavina, S
\ ; Turubanova, V. Zalles, X. Li, A. Khan, F. Stolle, N. Harris, X.-P. Song, A. Baggett, I.
Kommareddy, A. Komareddy (2022).

Recent advances in Landsat archive data processing and characterization enhanced
our capacity to map land cover and land use globally with higher precision, temporal
frequency, and thematic detail. Here, we present the first results from a project
aimed at annual multidecadal land monitoring providing critical information for
tracking global progress towards sustainable development. The global 30-m spatial
resolution dataset quantifies changes in forest extent and height, cropland, built-up
lands, surface water, and perennial snow and ice extent from the year 2000 to 2020.
Landsat Analysis Ready Data served as an input for land cover and use mapping.
Each thematic product was independently derived using locally and regionally
calibrated machine learning tools. Thematic maps validation using a statistical
sample of reference data confirmed their high accuracy (user’s and producer’s
accuracies above 85% for all land cover and land use themes, except for built-up
lands). Our results revealed dramatic changes in global land cover and land use over
the past 20 years. The bitemporal dataset is publicly available and serves as a first
input for the global land monitoring system. To share location copy URL.

Data Access:
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https://glad.earthengine.app/view/glcluc-2000-2020

Accuracy of 10 m and 30m GLC maps

Overall accuracy of the global land cover maps by continent

“WorldCover has the highest
global accuracies followed by

WorldCover 10 m GLAD GLC 30 m DynamicWorld 10 m ESRILULC 10m GLAD GLC. which outperforms
i L Ao ' Bt ' blocal ' WorldCover in Europe, Eurasia
North America ¢ North America ¢ North America ¢ North America ¢ . ’
Africa ¢ Africa 4 Africa & Africa ¥ and Oceania.
South America $ South America & South America ¢ South America ¢
Asia ¢ Asia L Asia €] Asia @
Eurasia Eurasia Eurasia Eurasia H |gh accu racies (above 80%)
Oceania Oceania (Oceania Oceania .
Europe ¢ Europe 'y Europe [ Europe [ are seen across all continents for
64 68 72 76 80 84 64 68 72 76 80 84 64 68 72 76 80 84 64 68 72 76 80 84 th Ose tWO maps, Where th ey
Overall Accuracy (%) Overall Accuracy (%) Overall Accuracy (%) Overall Accuracy (%) ConSiStentIy outperform Dynamic
Examples of global land cover maps in different landscapes World and ESRI| LULC.”
Filter location Long Island, New York, USA v
VHR base map WorldCover (10 m) Dynamic World (10 m) ESRI (10 m) GLAD (30 m) ;,;\ Remote Sensing of Environment
Long Island, New York, USA Long Island, New York, USA Long Island, New York, USA Long Island, New York, USA Long Island, New York, USA RESEVIER Volume 311, 1 September 2024, 114316

Comparative validation of recent
10m-resolution global land cover
maps

Panpan Xu ¢, Nandin-Erdene Tsendbazar ¢ 2 X, Martin Herold @ ®,

Sytze de Bruin ¢, Myke Koopmans °, Tanya Birch €, Sarah Carter ¢,

Steffen Fritz ¢, Myroslava Lesiv €, Elise Mazur d Amy Pickens f Peter Potapov f

Fred Stolle 9, Alexandra Tyukavina f Ruben Van De Kerchove 9,
Legend @ Water @ Trees ) Mixed vegetation ¥ Cropland @ Builtareas @ Bare ground  Snow &Ice Daniele Zanaga 9

Blog post that has 30m GLAD GLD map in addition to 10m maps presented in the paper  hites://doi.ora/10.1016/\.rse.2024.114316
https://landcarbonlab.org/insights/global-land-cover-maps-accuracy-applications/ 8



https://landcarbonlab.org/insights/global-land-cover-maps-accuracy-applications/
https://doi.org/10.1016/j.rse.2024.114316

the LCFM Global Land Cover 2020, 10 m resolution (LCM-10m)

Copernicus Global Land Cover & Tropical Forest Mapping & Monitoring Service.

Tree cover
I Shrubland
Il Grassland
I Cropland
Herbaceous wetland
| Mangroves
Il Moss and lichen
Il Bare/sparse vegetation
Built-up
Permanent water bodies
Il Snhow and ice

Release Today




OpenEarthMonitor - Ensemble Land Cover 30m 2000-2024+

GLC-FCS30D

GLAD-GCE

GMW | GPW | GMW

GLAD-GSW

NLCD-US

EGLC

BN NEEEE EEEE H iERNEm |

[

WorldCereal (+38M)

CLC Europe (+5M)

Mapbiomas (Brazil) (+3M)

1. GLanCE reference dataset (level 2) (+4M)
2. DW reference dataset (+1.3M)

3. GPW reference dataset (+70K)

4. GMW reference dataset (+180K)
5

6

7

+2.5M points
in US

Selection &

Harmonization

+891K
points in US

Global and
regional map time
series

Calibration using

reference
datasets
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OpenEarthMonitor - Ensemble Land Cover 30m 2000-2024+

EGLC x NCLD classifications ; openGeo

Connect - Create

NLCD Land Cover Classification Legend
I 11 Open Water

| 112 Perennial Ice/ Snow

| 121 Developed, Open Space

[0 22 Developed, Low Intensity

I 23 Developed, Medium Intensity
Il 24 Developed, High Intensity

1] 31 Barren Land (Rock/Sand/Clay)
[ 41 Deciduous Forest

I 42 Evergreen Forest

2 Permanent snow and Ice
B 3 Developed/urban

s
zx. 4 Bare soil . 43 Mixed Forest
il W:" e 1 5Rock oulcrops 8 51 Dwarf Scrub*
L2l 8 Shilting sand [ 152 Shrub/Scrub
£ . B 7 Deciduous forest #8171 Grassland/Herbaceous
+ M= ngc"m forest {172 Sedge/Herbaceous*
9 Mixed forest 73 Lichens*
10 Shrubland [ 74 Moss*
11 Natural semi-natural grasslanc =
12 Cropland |81 Pasture/Hay
I 13 Moss/Schen I 82 Cultivated Crops

90 Woody Wetlands
B 15 Wetlands I 95 Emergent Herbaceous Wetlands

16 Tundra

US as a pilot
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Global reference data set for land cover mapping at 10m

“% GLOBAL DATA COLLECTION (CGLOPS-1)

* Projects: e
* Copemicus Global Land Service (JRC) and ESA
WorldCover

» Total 165 696 clusters, each 100 records at
10m x 10m resolution

soeeeo

oseen

* Distribution: systematic (~35km) +
additional records in low accuracy areas

* Geo-Wiki toolbox

* Available by the end of this summer on
Zenodo

snow and ice ® tree * cops grassiand
* bare * shub *  ‘alowis” I ng culthation *  wethnd (herbacoous)
®  woter ®  ban/bultwp ®  rotsure fichen and moss
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LC validation dataset (forest vs. non-forest)

e JRC-Global Forest Cover

Forest and non-forest (land use)

e Sample unit area — 10x10m |

Joint Research Centre Data Catalogue

Home Datasets Collections About

European Commission > EU Science Hub > JRC Data Catalogue > Datasets > Validation dataset for the global map of forest co...

DATASET
S Validation dataset for the global map of forest cover 2020 - version 2 «
tools like vegetation index time Information about location and i o
series or sentinel data response image Selector of response image source Collection: JRC-FOREST : JRC Forest Research Activities >
o Important note Close (®

The information and links provided are maintained in distributed and heterogeneous information systems. Although we strive to maintain and keep
links and information updated, this may not always be possible because of changes that are not registered and updated in the relevant information
systems. Please, help us to maintain the system updated by indicating broken links or any other outdated information by contacting the relevant
contact point. You can also Contact Us.

PAGE CONTENTS Description

Description Data needed to replicate the accuracy assessment of the GFC2020 map - version 2. The dataset includes: two
CSYV files with the interpretation of the sample units used for the accuracy assessment and the information
regarding the stratification used, the R code to run the assessment, and a readme.txt file explaining the files and
Contributors the procedure to follow.

Contact

Data viewer with geographic location of primary sample unit (outer Label selector fields

extent of yellow cells with 100x100m) and secondary sample units.
Class labels were assigned to the red secondary sample unit of 10x10m.

Data description paper: GFC2020: A Global Map of Forest Land Use for year 2020 to
Support the EU Deforestation Regulation — ESSD — open for review

Field to jump to any sample unit
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