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Changelog
Issue  Changes Date |
1.0 First version 17/07/2020
1.1 Second version with the results of the visual qualitative assessment of th 18/08/2020
prototypes
1.2 The thirdversion incluésa section on the quantitative assessment of the | 18/11/2020

prototypes for Africa and a sectian the qualitative assessment of Amaz(¢
and Siberialt also includes results of inteomparison with existing lant
cover for all RR prototypes andait maps in Siberia and Amazon.

13 Updated version according to CCl_ HRLC Phl ARESRIRIsx 07/12/2020
Sectiors 4.2.2and 4.2.3were updated to includeesultsof inter-comparison
with Atlas of UrbarExpansioras suggested during AR2.

1.4 Updated with the quantitative assessment of the RR prototypes for Amaz 04/02/2021
and Siberiaand update of the quantitative assessment of the RR prototy
for Africa. Also includesqualitative assessment of the African zoom area ¢
Amazonian historical maps.

2.0 Version of the documentor the final review 10/11/2022
In this issue the intercomparison analysis (PRéR A) has been separate
from the validation one (PVIRart B). This document refers to validatit
report (PVIRPart B), only.

21 Section2.2 was updated to tke into accountchanges in the legend of th  23/12/2022
static LC products v20221Rovided midDecember Section3 was updated
to reflect the augmentation of the number of validation samples. Secti
4.1.1.24.1.2.2 and4.1.3.2about the results of the quantitative assessme
were also updated accordingly.

2.2 The gualitative assessment sections were updated to take into acaben 10/02/2023
improvements of the products brought after the final meeting. Updates w
made to reporting accuracy figures with the confidence interGalrrection
of Table 3. Details were added to the description of the validation databs

DetailedChange Record

Issue RID Description of discrepancy Sections
1.3 FRO1 It does not match the document versiol The flename of version v1.z
It should beW/ Lyl w[/ ¢t & is fixed.

insteadof / L @l w[ / ¢t mTT
FRO2 The WMo Datdzlass (0 valug¥ not present, Section 2 Updated Table 1.
in the table reporting the new legend
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1 Executive summary

The Product Validation and Intercomparison Report (PVIR) is a living document that describes and presents all
activities aimed at evaluating the quality of the vari@llsnate Change Initiativ€C) High Resolution Land Cover
(HRLQ productsvisually andjuantitatively. The benchmarking witbther existing LC mapsas done in a second
version of the PVIR

After the introduction (Sectior), we briefly describe the CCI HRLC products that were validated (SBction
Specifiovalidation catabases were built byhotointerpretationof high and vershigh resolution imagery (Section

3). Results of these qualitative and quantitative assessments arelddtai Sectiord. Annexes to 7 provide
complementary information about thhierarchy of the classes in the legend, the detailed confusion matrices of
the products quantitatively validated in Sectidrand the qualitative and quantitative results of the previous
validation exercises.

Systematic visual qualitative assessments were performmeeach version of the producthis task provides
useful complementary insightsn the macroscopierrorsto quantitative accuracy assessment. The main issues
observed in the static LC maps relateties and sensoswath bordersaffecting the spatial consistency of the
classifications. Similar processing artefacts were observed in the historical LC maps.

Specific validations were conducted to estimate the accudditiye static regional LC maps and historical LC map
series. Unlike most quantitative validation exercisesreported in the literature this one iscompletely
independent in terms ofhe people responsibléor production and validation and dfie data sourcesisedfor
processing andalidation. This is a requirement frorthe CEOSPVSThis certainly removes the positive bias

that might favourthe accuracy estimates of mapgen a validation sample is obtained as a subset of a larger
training sample ensembler when the same E@me seriesis used for training and validati. This strict
independence must beonsideredvhen making comparisons between the accuracy estimates of CClI HRLC maps
and maps validatedsingother protocols, typically less independent

For the static maps, we evaluated the presence/absenceld@ass at a specific location as described in the
PVHADSG] For the validation ofhe historical productswe considered¢hange as LC transition between pairs

of Best Class layers of consecutive perigdlthough the validation database includes the year of change, we
decided to evaluatenly the presence/absercof at leasta LC transition over the full period.C transitions
referred to a permanent modificatioof the LG and not of the seasonality of the surfageén comparison with
baseline statusThe validation results provided here should be interpreted in light of this chdluehistorical

CCIl HRCproductsconsist of several layers (see sectib) that could also be validatl according to the climate
modellers priorities, andiven a proper understandingf the definition of the change they represent.

A total of 4546consolidated samples were retained to build six specific validation databases covering 3 regions
and two types of LC product$his consolidation step took place in order to increase the confidence in the
obtained results by enhancing the validati sampling.The additional sampling allowed to consider the most
recent LC products version provided in December 282amples were interpreted based on HR and VHR imagery,
andalongseries of NDVI profilesere available through the Collect Earth, Google Earth and Glovis interfaces.

The guidelines described by tiREOS PV&lso recommend using thenap classefor stratification inthe case

of stratified random samplingSuch stratifiedcandom sampling derivedfrom the LC static classes or the LC
change detection strata were used for the quantitative validation of the static and historical maps, respectively.
Poststratification cannot be properly performed for missing LC classes in the maphdikdass'Aquatic or
regularly flooded woody vegetationh Africa. For the sake of simplicity, this class was not quantitatively
validated.

The change detection productvas chosen for stratification to focus on high-priority changesfrom the
perspectiveof climate modders [AD6], and not necessarily the most obvious chanfpsclassification This
choiceis allowed from a statistical point of view botight have biased theamplng ona reduced amount of
change and mayb¢éhe most difficult landscapesAnother data source for stratificatiote.g. the Dynamic LC
maps)might haveyielded other accuracy estimateBhisimpactshould be further investigated

Severalprecautions have been taken to ensure maximum robustness in the reference data. Of all the photo
interpreted samples, onlyfully homogeneous footprints for which the interpreter was certain of his
interpretation were retained for validation. In the caseabfange validation, erosion was applied to the change
stratum so that only change hotspots with a minimum area of 0.81 ha were retaedhe one hand, this
increases our certainty about the photointerpretation of large changes. But on the other hasthatha positive
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effect on the final accuracy sinamly significantly largehangeis consideredin the confusionmatrices The
selection of homogenous samples and the focus on the hot spot of LC change also aim at reducing the issue of
geolocation betwen the reference datasets and th¢R L@roducts.

We first quantitatively evaluatethe static LC maps with their original legend ofI6 LC classes depending on

the region. In Siberia, the distinction between the leaf seasonality of evergreen and desidoubs could not

be photointerpreted with certainty. The two types of shrubs were merged into a single "Shrub Cover" class for
validation. We also performed a second assessment using an aggregated legend whessaslrifees are
grouped into a woody egetation class anavhere the woody and grassland vegetaticaa® grouped intoan
aquatic or regularly flooded vegetation cla3$ie first grouping is justified by the current absence of shrub PFT
in the ORCHIDEE scheme. The last grouping is to highiglatbility of the maps to detect the wetness of a
landscape rather than the vegetation type.

Great improvements in the accuracies of the classifications were demondsatee the intermediary products

(see Sectior¥) and the final version of thédRLC productover zoom areasThe final areabasedoverall
accuracies range from 70.13£7 % t081.7 +2.9 %for the static LC maps with the class grouping, and from 57.8
+4.3% to 67.9 8.5 %for the static maps in their full legend@he Amazonia static map yields the best accuracy
figures, probably due to the presence of compact LC patterns with few domarahtontrasted mapped LC
classes. The Siberia and Africa static LC mapsdbewraccuracy estimatearound 70%and & % These lower
estimates are not surprising given the complexity of both landscapes. In all maps, misclassifications between
forest types and between forest and shrubs typgere observed. Grasslands seem to be overestimated in each
product.

Largescale LC classification and LC chategection remainchallengingasks at high resolutionWe observed
strong discrepancies between the valttbn databaseand the mapsespecially in the evaluation of LC change
The reasons could libe heterogeneougjuality of the EO time seriehe robustness of the validation database,
the amount and uncertainty associatedith the validation and classification sources, th@ommon
understanding of thalefinition of LCchange, the minimum mapping unit of trehangedetection in the LC
change algothm and the validation databaseetc. Investigatingspecifically the reasons of these discrepancies
are expected to pave the way to improve the products accuracy performances

We strongly recommend thatewveral additional analyses be performed to bettenderstandthe above
mentioned results. For exampléhe definition of LC change in the CCl HR LC prodoatd be more precisely
specifiedand, in turn, the reference validation databasigould be updatedSimilarly, it would be interesting to
reduce thecurrent stratificationbias towards climate modelling prioritiesThe different quantity of missing
images throughthe years and a sensitivity analysis of the land cover change probability could also bring
additional insights tdoetter understand the cuent discrepancies andossiblyincrease therobustness of the
accuracy estimates of the change cla&scuratelargescale highresolutionLC mapping and more specifically
longterm LC change seem to remain a scientific challenge when validated withystia¢pendent protocols as
recommended by CEQPVS.

This document (PV4Rart B) only includes validation analysis. therintercomparison analysipleaserefer to
the PVIR; Part A.

1 Introduction

1.1 Purpose and scope

The Product Validation and Intercompariséteport Part A and Bjives a complete report of the activities
executed toassesshe quality of the following CEIRLand Cover products:

1 HRLC prototypes on limited spatial extents dedicated to a Round RobinsgeR3aent.

1 An HRLC map at the zoom level aspatial resolutionof 10m, precursor to theHRLC mapat the
subcontinental level

1 AnHRLC map dhe subcontinental level ah spatial resolutiorof 10m as reference static input to the
climate models.

1 A longterm record of regional HRLC mapsaatpatial resolutionof 30m in subregions of the static
input for historical analysis every 5 years.

1 The change information at 30 m and yearly scale for HRLC map update.
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1.2 Applicable documents
Ref.  Title, Issue/Rey Date, ID

[AD1] CCI HR Technical Proposal, v1.1, 16/03/2018

[AD2] CCI Extension (CCl+) PhagdNew ECVg Statement of Workv1.3, 22/08/2017ESACCIPRGMEOPS
SW17-0032

[AD3] Data Standards Requirements for CCI Data Produe21@, 17/09/2018CCIPRGMEOPS N-13-0009

[AD4] CCI_HRLC _PB1.1 URDthe latest version

[AD5] CCI Extension (CCl+) Phagd’toduct User Guide (PUGY1.1, 04/05/2020, ESECIHRLC

[AD6] CCI_HRLC_PBPR.5 PVPthe latest version

1.3 Reference documents
Ref. Title, Issue/Rey Date, ID

[RD1] World Meteorological Organization (WMO); United Nations Educational, Scientific and Cultural
Organization; Intergovernmental Oceanographic Commission; United Nations Environment Programme;
International Science Council, (ISC). The 2022 GCOS ECVs Requirer@shido &3a5. 2022.

[RD2] Bartsch, Annett; Widhalm, Barbara; Pointner, Georg; Ermokhina, Ksenia; Leibman, Marina; Heim, Birgit
(2019): Landcover derived from Sentideaind SentineP satellite data (2012018) for subarctic and arctic
environments. Zentralanstal fir Meteorologie und Geodynamik, Wien,GLOBPERMAFROQST
https://doi.org/10.1594/GLOBPERMAFRGBIT916

1.4 Acronymsand abbreviations

CCl Climate Changhnitiative

DN Digit Number

ESA EuropeanraceAgency

FAO Food and Agriculture Organization
HR High Resolution

ISC International Science Council

LC Land cover

LCC Land cover change

LCCS Land cover classification system
LOGP Logarithmicopinion pool decision fsion
LSTM Long ShorTerm Memory

LSTM; MC LSTM Monthly Composite
LSTM; TS LSTM Time Series

MRF Markov Random Fieldecision fusion

NDVI Normalized Vegetation Index

OA Overall accuracy

PA t N2 RdzZOSNR& | OOdzNI O&
PVIR Product Validation and Intercomparison Report
PVP Product Validation Plan

RF Random Forest classification algorithm

RR Round Robin

S2 Sentinel2

SAR Synthetic Aperture Radar

SVM Support Vector Machine classificatialgorithm
UA aSNRa F OO0dzNT O@

UTM Universal Transverse Mercator coordinate system
VHR Very High Resolution

WGS84 World Geodetic System 1984

WMO World Meteorological Organization


https://doi.org/10.1594/PANGAEA.897916
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2 The CCI HR L&@oducts

2.1 Overview
Threemaintypes of productsvere generated and validated thematically within the ESA CCI HRLC project:

9 Static 10-m subcontinental LC mapgor 2019 The algorithms from the RR exercise with the best
accuracy figurewere selected and applied dhe subcontinental scale
9 Historical30-m regionaldynamicLC mapsén the 1990-2019 period, generated every five yeafsr the
periodon reduced areamside the sukcontinental static LC map¥et, land coverlmngewasdetected
on an annual basismong hese fiveyear intervalsWe evaluated thel C transitiondetween pairs of
Best Class laysrof consecutive periods
9 Historical 30-m change detection map$or 19902015 obtained from Landsat 5, 7 and 8 produetsa
spatial resolution 080mcovering the same extents as thistorical 36m regional LC map3he change
map was produced based on Landsat acquisitionsfor 1 vyear from 199019
Each historical change detection map is composed ofersa
0 Year the value is the year in which the pixel has changed and 0 fehange.
0 Probability:the probability of change from 0 to 100
o0 Temporal reliabilitytemporal distance between years in which the change has been calculated
0 PCCl1 forthe low priority of changesand 2 forthe high priorityof change.

Each type of product was delivered in the form of tiles and mosaics. The mosaic formeadsgased in priority,
although the tiles were also checked to some extent for comparison.

In addition, two types of intermediary products were receivget validated

1 10-m Round Robin local LC prototypes for the year 2019, produced through a Round R)lErdRise
during which optical and SAR classifications were benchmarked using a quantitative validation scheme.
1 aspatial sukset of the 16m static sukcontinental LC maps for the year 2019

Theproducts will be generated over three areas selected tldd | S& dza SNBRQ O2yadzZ Gl GA2Yy S
(Figure ). The RR sites, grey, cover4 Sentinef2 (S2)tiles located in the Amazonian region (21KUQ, 21KXT)
Siberia(42WXS) and Sahel (37PCPlhe static LC maps, green cover theextendedregionsin Amazon

(including Mato Grosso), Sahel and Siberia. The historical LC maps are restrictedramtiesareas.

CCI HRLC areas
1 static

history
I rrobin

Figurel: Distribution of the study sites per type of CAHR L@roduct.

The geographical coordinates of the three selected regarashe following:
Africa:

{GF A O ¢YBI1INY9.OW AR {
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Amazonia:
Static map: (23.6°0°S; 42.9°W¢ 62.1°W)
Historical LC and LCC map: (23®1%$.7°S; 46.7°W 62.1°W)

Siberia:
Static map: (51.3°N 75.7°N; 64.4°E 93.4°E),
Historical LC and LCC map: (59.478.9°N; 64.8°E 87.4°E).

As the production of the LC map was an iterative process, so were the validation exéralsed. details the
date ofversions, bands and dates of the products for which validation is presefteton4.1and ®ction4.2
detail the results of the quantitative assessment of the last version of static LC products (v2@22ii@ynamic
products respectivelyAccuracy figuresf the previousvalidated productscan be foundn Sectiony.

Tablel: Summary of theversions of theproductsusedfor validation.

Historic maps
Land cover dynamic

Static map019

Siberia v202212yv24062022 v22082022 Bestdass layer
Amazonia v202212yv14042022 v01092022 Bestdass layer
Africa v202212y27102022 v06102022 Bestdass layer

2.2 Class codeassociated with the CCI HR L&gend

Figure2 detailsthe codesassociatedvith the land coveclass labels dhe CCI HRLC products. Land cover classes
are described using the conventions of theod and Agriculture OrganizatioRAQ Land Cover assification
System (LCQSStatic maps of Amazonia and Africa include 16 classes including a distinction of permanent and
seasonal waterTheseDNsare used both forthe classification of the static map and for historical m§hD5]

CODE DESCRIPTION
No data

Tree cover evergreen broadleaf

Tree cover evergreen needleleaf
Tree cover deciduous broadleaf

Tree cover deciduous needleleaf
Shrub cover evergreen

Shrub cover deciduous

70 Grasslands

80 Croplands

- Woody vegetation aquatic or regularly flooded

Grassland vegetation aquatic or regularly flooded

110 Lichens and mosses
120 Bare areas
Built-up

Open water - Open water seasonal

- Open water permanent

150 Permanent snow and/or ice

Figure2. The CCI HR LC legend includes 16 main land cover classes for Africa and AmazediassasiOpen Water
seasonat and 0Open Water permanerg are mergedinto 60pen Watek in Siberia.
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3 Specificvalidation databass

A total of4546consolidated samples.e. fully homogeneous and interpreted with high certaintgre retained
to build six specific validation databases covering 3 regions and two types odducys(Table2).

Table2. Number of consolidated samples forming the validation daiases of each product

Number of consolidatedamples Siberia Amazonia Africa Total
Static LC maps 549 857 748 2154
Historical LC maps 627 970 795 2392

The class "Aquatic or regularly flooded woody vegetation" is absent from the static map of Africa. The initial few
reference samplebelonging to this class could not be increased using the stratification approach based on the
map classes. Therefore, the class was removed from the quantitative accuracy assedsn&iberia, the
distinction between shrub evergreen and deciduous leafssmalities could not be photointerpretated with
certaity.. 2 i K AKNUzo G&LSa ¢6SNBE YSNEHSR Ayid2 | dzyAldzS

Table3, Table4 and Table5 detail the number of certain and homogeneous samples by digee 2019 static
maps of Siberia, Amazon, and AfriSalecting certain and homogeneous samples ainesisiiing themaximum
robustness in the reference datiespite the possible geolocation errors of the reference VHR imagery, and the
potential uncertainty in evaluating the proportions of land surface elements in heterogerlandscapesThe

ratio of retainedcertain and homogesoussamples tahe total number ofsampless82.8 73.6 and 77.7% for
Siberia, Amazon and Africa, respectivllie total number ofamplescorresponds to the sum of original and
augmented samples as described in section S5r2[AD6]

a { KNXzc

Table3. Siberiastatic class area (m?) anithe number of certain and homogeneous samples from the perspective of the
reference and the mapTotal ofsamples: 549.

Code Class label Area REF MAP
20 Tree cover evergreen needleleaf 5.9909E+11 72 73
30 Tree cover deciduous broadleaf 4.7982E+11 48 68
40 Tree cover deciduous needleleaf 1.1759E+11 27 14
50 Shrub cover 9.3333E+10 77 22
70 Grassland 1.0022E+12 110 99
80 Croplands 2.8987E+11 61 64
90 Woody vegetation aquatic or regularly flooded 1.9595E+11 4 35
100 Grassland vegetation aquatic or regularly flooded 1.7079E+11 19 33
110 Lichen and mosses 4.0976E+10 29 33
120 Bareareas 4.6924E+10 26 38
130  Builtup 6451053109 25 21
140 Open Water permanent 3.094E+11 51 49

Tabled4. Amazoniastatic class area (m?) antthe number of certain and homogeneous samples from the perspective of
the reference and the mapTotal of samples857.

Code Class label Area REF MAP

10 Tree cover evergreen broadleaf 2.15E+12 241 237
30 Tree cover deciduous broadleaf 4.05E+11 60 55
50 Shrub cover evergreen 1.07E+11 82 41
60 Shrub cover deciduous 1.34E+11 29 30
70 Grassland 1.77E+12 132 168
80 Croplands 5.26E+11 100 102
920 Woody vegetation aquatic or regularly flooded 6950000000 25 33
100 Grassland vegetation aquatic or regularly flooded 2.58E+10 22 25
120 Bare areas 2.64E+10 24 30
130  Builtup 1.86E+10 36 42
141  Open Water seasonal 6990000000 3 24
142  Open Water permanent 1.48E+11 103 70

Table5. Africa static class area (m?) anlde number of certain and homogeneous samples from the perspective of the
reference and the mapTotal of samples748.

Code Classdbel Area

REF MAP
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10 Tree cover evergreen broadleaf 1.16E+12 88 79
30 Tree cover deciduous broadleaf 5.22E+11 43 44
50 Shrub cover evergreen 646000000 32 23
60 Shrub cover deciduous 8.2E+11 56 57
70 Grassland 2.39E+12 126 183
80 Croplands 9E+11 68 69
100  Grassland vegetation aquatic or regularly flooded 2.46E+10 42 46
120 Bare areas 1.31E+12 118 78
130  Builtup 1.19E+10 36 36
141  Open Water seasonal 4260000000 19 50
142  Open Water permanent 2.03E+11 120 83

Figure3 illustrates various characteristicg the samples used for the validation of théstoric CCI HR LC maps
for Siberia (&g c), Amazonidd ¢f), and Africag ¢ i). The certainty of interpretiton and homogeneity of the
footprints relate to the full validation database while the proportion of stadohel change samples describes the
final validation database including only certain and homogeneous samples.

700 A

4 ns = 705 ns = 705 ns = 627
600 500
600 4
500 4
500 4 400 1
400 4
SI 400 + 300 4
300 4 300 4
200 4
200 4 200 J
100 100 4 100 1
0 0- 0-
certain reasonable doubtful homogene heterogene no change change
(@) (b) (©)
000 4 = = B =
ns = 1151 000 4 ns = 1151 700 ns = 970
800 - 600 4
800 4
500 4
AM 600 - 600 - 400 4
400 400 4 300
200+
200 4 4
200 100 4
0 0- 0
certain reasonable doubtful homogene heterogene change no change
(d) (e) ®
800 4 ns = 1048 ns = 1048 ns = 795
800 + 800 4
600 1
600 + 600 4
AF 400
400 4 400 4
200 200 200 1
0 0- 0
certain  doubtful reasonable homogene heterogene no change change
(@) (h) ()

Figure3. Summary information about the validation database used for the validation of the historical CCI HRL(
products. (ac) Siberia database with (a) the proportion of samples for the three certainty levels of the
photointerpretation, (b) the proportion of hom@eneous and heterogeneous samples, and (c) the proportion of sta
and changed samples among the homogeneous and certain samples forming the final validation datafbassilar
explanation for Amazonia (& f) and Africa (g i). ns is the totalhumber of samples.
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4 Results of theaccuracy assessment

4.1 Static 16m sub-continental LC map2019

4.1.1 Siberia

Despite somdingeringtile effects, the map looks good, and the water is wlelineated but the major problem
is thelarge amounbf grassland that contaminates some clas&mme urban and water pixels contamiedare
areas Bareareaswere sometimescontaminatinglakesbut this problem has been fixe@he following sectios
illustrate and detaitheseproblems.

4.1.1.1 Visual qualitative assessment

This section presents the qualitative assessment of the Siberia Figyré4). As expected no pixel is classified

Fa GGNBS O20SN) SOSNANBESY oONBFIRESITFeéd |1 26SOSNE GKS
missing Despite some tile effects, the map loogsod, and the water is well delimited, but the major problem

is the important part of grassland that contaminates some classes.

According to the reference data observatl)ot of areas are covered by snow for around 9 months, sometimes
less, sometimes moré\ccording to the definition of the legenti) monthsof snow cover define the permanent
snow and ice clag® - AnneX. Therepresentation of the landscape in the Northern latitudes without snow is
thuscorrect in the Siberia maps.

Figure4. Mosaic of the Siberia static map (WGS84, UTM45N).

4.1.1.1.1 Tile effect

Tile effects were visible all around the 45XWC tiles and led to large differamicksntical vegetation patterns
in the v17012022 static map. The v24062022 static mampsoved as this tile effect disappears, although a
small error remains in the norttvestern part of the mapHigure5).
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(a) (b)
Figureb. lllustration of an improvement of the tile effect betweerfa) the static map v17012022 an@h) the static map
v24062022.
4.1.1.1.2 Differentiation cropland grassland

Figure6 shows a good distinction between fields and grasslands. Lakes, urban and forest patches are also well
delineated.

68.500 68.550

55.000

54.950

54.900

siberia_static_2019_24062022 ] Google Earth [ E—

(a) (b)
Figure6. Crop and grassland delineatigfa) on the static mapv24062022and (b) on Google Earth

4.1.1.1.3 Shrub

There are large areas where the static map and the GlobPermafrost map [RD1] disagree for low vegetation areas
(Figure7). The static map tends to place grasslands whileGlebPermafrosmap places shrubs. In general, the
GlobPermafrost map is correct, as shown by @mogleEarthzoom inFigure7 (d-f).
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Google Earth ] Google Earth )

() (d)

72710 72715 72.710 72715

65.840- 3 65.840

0 50 100m
GlobPermafrost S

(e) (f)

siberia_static_2019_24062022

Figure?. lllustration of the overestimation of grasslands versus shrubs by compa(ajdhe static map v24062022b)
the GlobPermafrost map an¢t) Google Earth. Zooming in on the shrubs gives a better view of the probjes-f).

4.1.1.1.4 Trees

The difference between evergreen and deciduous needlefesgfs is sometimesdoubtful. Figure8 shows a

straight line delimiation betweena majority of deciduous needleleaf in tiNorth and a majority of evergreen
in the South while the highresolution inagery indicates similar vegetatipmostlycomposedf deciduous trees.
The misclassification of tHeaf seasonality may be engendered the tiling effect.
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(@) (b)

Figure8: Errors to separate the different foredipes.

4.1.1.1.5 Bare areas

According to the legend of the project, extraction sites are supposed to be classified as bare soil but the

v24062022 static map systematically classifies them as-lyppilireas. The new version of the map (v202212)
corrects this error and allows fora more accurate classification of mining sites as bare soil.

86.000 86.100 86.000 86.200

86.200 86.100

55.700

55600

e AT : I8 : S Wi SR AT IR, 2 N
siberia_static_2019_24062022 0 25 5 km Siberia_static_2019_122022 0 25 5 km
A ’

Figure9: lllustration of a mine that is classified as basoilin the v202212 map.

4.1.1.1.6 Water bodies

Water bodies are well detected, as shown here with the lakes and with thenders of a river well defined
(FigurelQ). The classification is improved in tkB4062022 static magompared to thev17012022 static map
since the lake ig/ell classified as a water body and no longer as bardfgilirel1l).
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Figurelo. lllustration of wetland and water bodydetection.

61,100

siberia_static_2019_17012022

@)

Figurell. lllustration of improved classification for lakega) the Siberiastatic mapv17012022b) the Siberiastatic map

V2.

4.1.1.2 Quantitative assessment

google earth | == I —

79.200 79.300 79.400 79.500

61.100 555

Siberia_static_2019_24062022 o —

(b)

The accuracy estimatex the Siberia static map obtained with tts&9 homogeneouand certain samples and
the grouping of the original legend show an OA’0f1 +3.7 % {Table6). This estimate is 12 % higher than the
overall accuracy obtained using a legend with a grouping of the shrub typessan8y#4.3 %, Table7). This
significant differenceconfirms the difficulty of distinguishindn the classification and photimterpretation
exercisestree types,trees from shrubs and shrubs from grasses in an aigadwarf woody vegetationArea-

based confusion matrices adetailedin Sectiorb.

Along thewoody vegetation, thévestclassiied classes are § Opgen Wateé | 4/ RR I&0f | Y R& ¢
above 90 %UA = 95.9 5.79% PA =93.1 £7.3%)and 70 %UA = 81.2 9.8%; PA = 72.7 ¥2.7%) respectively.
The builtup class is weltlassified from a user perspective (UA = 8515 8%) but showsigh rates obmissions.
This version of the static map of Siberia reduces the proportion of the grassland class in favouwefiime

classes (ees or grass) which, according to our samples increases their respective commission error (see Section

7.3for the assessment of the previous viens of the map).

G high draidsiBnieBdRs (PAZR +E2/PA) # is mixed
with short vegetation and wetlands (woody and herbaceod)t surprisingly, robust training and reference
data for this classmostly present at high latitudesre difficult to obtain.The lack of valid, clouftee, welt
distributed EO data throughout the year may also explain the redacediracyof the &Vegetation aquatic or
regularly flooded estimates(UA =20.6 £9.6% and PA 51.8 +20.4%)for which temporal estimation is critical
by definition Bare areasrethe least precise class showing both omissions and commissions.

[/ £ I lichersand mosses A a LJ2 2 NI &

gAlK

t
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Table6. The aea-basedaccuracy estimatesf the Siberia static map V@212 witha grouping of the original legenavere
derived using 549 homogeneous samples phaiterpreted with certainty. Accuracy figureare reported in %with a 95
%confidence interval OA, PA and UA stand for overall, producer, and user accuracy.

Labé OA (%) UA (%) PA (%)
Woody vegetation 88.7 +4.7 76 £4.5
Grassland 55.6 £9.8 69.317.1
Croplands 81.2 +9.6 72.7+12.7
Vegetation aquatic or regularly flooded 701 +3.7 20.6 £9.6 51.8+20.4
Lichens and mosses T 485+ 17.2 222+125
Bare areas 34.2+15.3 12.948.0
Built-up 85.7 £ 15.3 13.2+10.4
Open Water 95.9 15.7 93.1 7.3

Table7. The aea-basedaccuracy estimatesf the Siberia static map v202212 withgrouping ofthe shrub classes were
derived using 549 homogeneous samples phétberpreted with certainty. Accuracy figureare reported in %with a
95%confidence interval OA, PA and UA stand for overall, producer, and user accuracy.

Label OA(%) UA(%) PA(%)
Tree coververgreen needleleaf 68.5+10.8 72.2 8.2
Tree cover deciduous broadleaf 54.4+12.0 76 £11.6
Tree cover deciduous needleleaf 42.9+26.9 23.6+13.3
Shrub cover 59.1+21.0 13.8 5.3
Grassland 55.6+9.8 70.5 6.9
Croplands 578+43 81.2+9.6 72.8+12.7
Woody vegetation aquatic or regularly flooded T 29+57 18.8 + 34.7
Grassland vegetation aquatic or regularly flood 15.2+12.3 235+17.4
Lichens and mosses 485+ 17.2 22.2+125
Bare areas 34.2 £15.3 12.918.0
Built-up 85.7 £ 15.3 13.2+10.4
Open Water 95.9 5.7 93.2 £7.3

4.1.2 Amazonia

4.1.2.1 Visual qualitative assessment

This section shows the qualitative assessment of the Amazonia statidrigapel 2). In general, the map seems
quite accurate, at least more accurate than the static map of Siberia.

As expected, no pixels were classified in the categdriésNE S 02 @GS NJ R S CA[RMAEZKISEY I SYSRR f YSX 554
FYR at SNXYI ySy i Samepikels hayabred dldssifi€isis "Tree cover evergreen needleleaf”, which

wasnot foreseen but seems correct agedleleaf tree plantationsvere foundin this areaNo satelliteswaths

or tile effect are visible on the map.
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Figurel2. Mosaic of the Amazonia Static magPSG4326

As in the Siberian map, grasslands tend to contaminate the other classes, especially the cropland class. Many
deforested areas are used as perennial pastures which should be classified as grassland. These two types of
agriculture are difficult to differenate. Favouring grassland over cropland tends to improve the accuracy of the
map, although this isot always corregtas shown ifrigurel3.

1
1
L]
" ”‘-
1
M ar
LS .

0 250 500 750 1000 m 0 250 500 750 1000 m
[ . N .

Figurel3. Contamination of crops by grassland (WGS&4.12,-10.14).

Much of the mangroves are well classified. The most common error is confusiothwitiategoryd ¢ NS S 02 @S NJ
SOSNENBSY oONRBIFRfSIFTFTE D
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Figurel4. Mangroves are well detected45.11,-1.48EPSG4326

A small part of the map is filled with an unexpected cover of evergreen néealled trees. The area covered
by this class is equal to 0.07% of the map. This class ip@dgnt in the lower right corner of the extent and
corresponds to tree plantations as shownFigurel5.

1.5 2km
N )

Figurel5. Presence ofthetla @ G ¢ NBS 02 3SNJ SOGSNANBSYy ySSRt S-4855-2%2).2y (G(KS 1Y
Looking at the VHR imagdssis not clear whether these are needieavedtrees or not. Fortunately, two Google

street map views pass by these fields. As we can reee fhese imageg¢Figurel6), the trees are not needie

leaved and are more likely to leucalyptus sgplantations.Almost the entire area covered by the clasg NB S
2SN SOSNANBESY ONRIRfSIFTé¢ aKz2dzxZ R 085, adiolVER ilndgk &R | a4  a
highlightthe presence of needleleaf trees for this area
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Figurel6. Two examples of Eucalyptuse classified as needleleaf trees (WGS848.988,-22.728 and-48.677,-23.247).

However, the tree plantation just south of the second example in Figure 21 is classified as decithighe
vegetation resembles pine tre@sd indicates the presence of a "neediéaved tree cover{Figurel?).
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Figurel7. One of the rare needleleaf plantatiais classifiel as broadleaf (WGS8448.679,-23.25).

A look at the Sentine2 annual composite suggests that the entire area circled is planted with néssiled
trees and the NDVI profile extracted from Senti@eshows that this area is evergreen.

Tosummarise,&a Yl £ £ LI NI 2F GKS YILI A& OtlFraaiAFASR Fa a¢NBS O
areaisg St t Of Fr AAAFASR yR Ada Y2NB 2FiSy a¢NBS O020SNJ SHSN
205 NA (E@E NENSBiye yGISIRE £X BAFR & a ¢ N

LX I yGSR 6A0GK a¢NBS O2da

E L

T,

T - Sentinel-2 NDVI - Click on graph to load specific image in vi...

— NDVI
1.00

Rl s

0.25

NOWT

0.00

-0.25
402017 4 2048 0 2018 0 2020 4 2021 4 2022

Date

Figurel8. Yearly composite of Sentiné (left) and Landsat (upper right) and the NDVI profile (lower right) of the black
squarewhich show the difference betveen broadleaved and needleleaved evergreen trees.
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4.1.2.2 Quantitative assessment

The accuracy estimates of themazoniastatic mapwere obtained with the857 homogeneous and certain
samples The map witha grouping of the original legend shaewhe best of allOA 0f81.7 +2.9%(Table8) across
regions while the original map has an O&819 +3.5%(Table9). Againtree classes tend to be mixed with shrub
classesArea-based confusion matrices adetailedin Section 6.

C 2 dzNJ O®persVWa®rparmamnest Builtup & Woody vegetatiod T Ergpgaindg & A SdndRbal&nted K
per-class accuracies, above 90 %, 85 %, 80 %, and 75 %, respethigalyassland class has excellentPA of
90.2 £3.%%. Contrary to what might be expected, the grassland commis@ih=61.3 £7.4%)is due more to
the misclassificatiorof woody vegetation (primarily with evergreen shrub covEigure47) than cropland.
Vegetation aquatic or regularly floodeegnds to be omitted mosyl in favour of thedTree cover evergreen
broadleat woody vegetation class

Table8. The areabased accuracy estimates of tiemazoniastatic map v202212 witla grouping of the original legend
were derived using857homogeneous samlgs photointerpreted with certainty. Accuracy figureare reportedin %with
a95%confidence interval. OA, PA and UA stand for overall, producer, and user accuracy.

Label OA(%) UA(%) PA(%)
Woody vegetation 945+2.4 82.6 £3.3
Grassland 61.3+7.4 90.2 £3.9
Croplands 81.4+7.6 75.7 9.6
Vegetation aquatic or regularly flooded 817429 50+12.9 10.7 £5.3
Bare areas T 66.7 £17.2 56.8 + 39.2
Builtup 85.7 +10.8 100 +0.0
Open Water seasonal 8.3x+114 50.8 £ 59.6
OpenWater permanent 97.1 £3.9 90.8 +2.4

Table9. The areabased accuracy estimates of the Amazonia static map v20281 original legend were derived using
857 homogeneous samples phoifaterpreted with certainty. Accuracy figures and their standard errors are reported in
% with a95%confidence interval. OA, PA and UA stand for overall, producer, and user accuracy.

Label OA (%) UA PA
Tree cover evergreen broadleaf 77.6 £5.3 89+2.9
Tree cover deciduous broadleaf 50.9 +13.3 43.9+10.6
Shrub cover evergreen 26.8+13.7 45+2.4
Shrub cover deciduous 6.7 £9.0 4455
Grassland 61.3+7.4 91.6 +3.3
Croplands 67.0+35 81.4+7.6 76.1£9.6
Woody vegetation aquatic or regularly flooded R 424 +£17.1 3.1+2.2
Grassland vegetation aquatic or regularly flood 28 £18.0 10.6 194
Bare areas 66.7 £17.2 56.8 £ 39.2
Built-up 85.7 £ 10.8 100 +0.0
OpenWater seasonal 83x114 73.4+46.5
Open Water permanent 97.1 £3.9 88.9+2.9

4.1.3 Africa

4.1.3.1 Qualitative assessment

The visualualitative assessmerghows thatthe Africa static mags of good overall quality with landscape
patterns well delineatedFigure19). The main macroscopic issueoncern the tilingor sensorswath effects
observedthroughout the mapthat create sharp andinexpected spatial discrepancies between clagb&gure
20), and the absence of the mapping of the swampegis in the Central cuvette of the Congo BdBigure21).
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Figurel9. The Africa static map 2019nosaic.
(a) (b) (c)

Figure20. lllustration of the main types of artefacts observed in the Africa static map 201%; ¢atiles and sensor
swath border effects present throughout the map imply spatial inconsistency in tlassification

Figure21 illustratesa specific case of macroscopic error related to gisenceof dwoody vegetatioraquatic or
regularly flooded theyblace of swamp forestin the Cuvette Centrale, central ConBasin

Figure2l. lllustration of a macroscopic error observed in the Africa static map 2019 (v2022d#&ence of the edaphic
forest along the Congo river (18.44° LONG; 0.19° LAT). All coordinates are indicated in EPSG:4326.

4.1.3.2 Quantitative assessment

The accuracy estimates of thdricastatic map obtained with th&48 homogeneous and certain sampleghe

Ot I'Vdoady vegetation aquatic or regularly flooded 6+ a | 6aSyid FNRBY YILI YR NBY2 Q!
OA with the legndgroupingis of 70.7 £3.3% {Table10) and 0f66.6 +3.5%(Tablel1) with the original legend.

The4.1 %of OAincreasebrought by thelegendgroupingdemonstrates how little confusion between woody

vegetation or wetland classes contributed to the errdtere, the errors mostly relate tooverestimated
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grasslandg44.8 +7.3%, Table10). contaminating all classe® dzli dWatelSyl a2yl f ¢ ® aAaOft  aai¥
the woody deciduous vegetation, bare areas, ahd troplands a common issue for any classification in semi

arid areasThe herbaceous wetlands tend to be omitted in favour of a wide variety of clasSes4.1%).Area

based confusion matrices adetailedin Section 6.

¢KS a. | NB -HzNBEéJéy B 8N LISNXYIFySydézr yR (GKS a¢NBS 02
the best UAfigureb 6 2 dzi yp 2 d C¢CKSANI t! Aa | fadzlKADKIBaz@&AOK 24
be omitted.¢ K S athLﬂSS;/NJ{SI 2y Ffée Ffa® MYy RE GRHzNG 2 F2 YAKEBI $IR | W:
2 GSNJ LISNXYI ySyice Ofl-éééécb CKAAa KrFra | €28 AYLI OG 2y (K

Tablel10. The areabased accuracy estimates of thefriea static map v202212 with grouping of the original legend were
derived using748homogeneous samples photmterpreted with certainty. Accuracy figures are reported in % with a
95%confidence interval. OA, PA and UA stand for overall, producer, and useasracy.

Label OA (%) UA (%) PA (%)
Woody vegetation 84.245.1 78.2 4.7
Grassland 44.8 £7.3 70.8 £7.3
Croplands 63.8+11.4 66.8 +9.8
Vegetation aquatic or regularly flooded 70.7 +3.3 58.7 +14.3 7.7+4.1
Bare areas I 94.9 +4.9 70.9 +5.9
Built-up 88.9+10.4 159+13.3
Open Water seasonal 10 8.4 1+£1.2

Open Water permanent 86.7 £7.3 77.9+£16.9
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Tablell. The areabased accuracy estimates of thdrfa static map v202212n its original legend were derived using
748homogeneous samples photmterpreted with certainty. Accuracy figures and their standard errors are reported in
% with a confidence interval (95% confidence level). OA, PA and UA stand for overall, producer, aracaseacy.

Label OA (%) UA (%) PA (%)
Tree cover evergreen broadleaf 96.2+4.3 92.7+4.9
Tree cover deciduous broadleaf 43.2+14.9 409+12.3
Shrub cover evergreen 56.5+20.8 0.2+0.0
Shrub cover deciduous 56.1+12.9 60.1+10.8
Grassland 448 £7.3 73.2+7.3
Croplands 66.6 £ 3.5 63.8+11.4 67.719.8
Grassland vegetation aquatic or regularly flooded 58.7+14.3 7.64.1
Bare areas 949+4.9 70.915.9
Built-up 88.9+10.4 159+13.3
Open Water seasonal 10+8.4 1+£1.2
Open Water permanent 86.7+7.3 77.9+16.9

4.2 Historical 30m regional dynamic L8est Clasand change detectiommaps
4.2.1 Siberia
4.2.1.1 Visual quality assessment of the land cover dynamic maps

4.2.1.1.1 Forestfires

Detection of forest fires in Siberia is probably one of the major challenges as it has a strong impact onltlimate.
was observed that the change from forest to grassland during forest fires was well detected, which is a good
point.

-,
1990 Best Class Mosaic e 1995 Best Class Mosaic e
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Figure22. lllustration of the nicely detected fires that induce loss of forest in thestrict of KhantysMansis(83.3168
LONG62.3812 LAY.

4.2.1.1.2 Some tiles are missing

Some areas in the Northern part of Siberia were missing irptbducts coveringhe years2000, 2010, 2015,
and 2019(Figure23). In other years, unmapped areas were found in euthern easparts of the extent as
shown inFigure24for 2005 and inFigure25for 1990 and 1995

Figure23. Representative example of the incompleteness of tBeE (i Sy i 2 F K S sofitheDgndmic/LGriaps a ¢ £ | & SN
2000, 2010, 2015, and 2019

Figure24. Presence oflzy’ YI LILISR ' NB I & Ay { KBynamic 8Eap2005 No dakads sHownanQyey addF (G K S
pink in the left and rght-hand side images, respectively.











































































































































































































































































