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1 Introduction 

1.1 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 various CCI HRLC products and at comparing them to existing LC 
maps.  

The quality assessments included in the present document are first made on RR prototypes whose areas 
correspond to one S2 tile for Africa (T37PCP), two for Amazonia (21KUQ and 21KXT) and one for Siberia (42WXS). 
A first delivery was done in July 2020 but the SAR S1 prototypes for Siberia and Amazonia had smaller area than 
other prototypes. Therefore, these prototypes were updated 02/10/2020 and 09/10/2020 respectively. While 
fusion products were updated on 10/10/2020 for MRF algorithm, and 15/10/2020 for LOGP algorithm. Some of 
the analyses were already done by the time the problem with SAR S1 size was noticed and were not repeated.  
The quality of all RR prototypes have been evaluated qualitatively and the Africa RR prototypes were 
quantitatively assessed. 

Second, static land cover ƳŀǇǎ ƻǾŜǊ ŀ άȊƻƻƳ ŀǊŜŀέ were made available on 21/10/2020 for Amazonia and 
Siberia.  The PVIR includes their qualitative assessment and reports about the improvements brought from the 
RR stage to these LC maps classified at a larger extent. 

Inter-comparison was done for all the products available at the time of the document conclusion. However, 
problem of SAR S1 size affected the RR products inter-comparison in case of 21KUQ and 21KXT tiles. Additional 
details are provided in Section 4.1. 

Regarding the second production, the products were delivered on the following dates. The static map for Siberia 
was provided initially on 04/02/2022, but the reprocessed and final version was provided on 24/06/2022. The 
static map in Amazon was provided on 15/04/2022. The static map for Africa was provided on 18/07/2022. The 
first versions of historical maps for Siberia were provided on 12/08/2022, while the second and final versions of 
products for Siberia were provided on 22/08/2022. Historical products for Amazon were provided on 
01/09/2022, and for Africa on 06/10/2022. This report refers to the final versions of products. 

This document (PIVIR-Part A) only includes intercomparison analysis. For validation analysis refer to PIVIR ς Part 
B. 

1.2 Purpose and scope 
The Product Validation and Intercomparison Report Part A and B give a complete report of the activities executed 
to assess the quality of the following CCI HR Land Cover products: 

¶ HRLC prototypes on limited spatial extents dedicated to a Round Robin (RR) assessment. 

¶ An HRLC map at the zoom level at a spatial resolution 10m that is a precursor to the HRLC maps at the 
subcontinental level. 

¶ An HRLC map at the subcontinental level at a spatial resolution of 10m as reference static input to the 
climate models. 

¶ A long-term record of regional HRLC maps at a spatial resolution of 30m in sub-regions of the static 
input for historical analysis every 5 years. 

¶ The change information at 30 m and yearly scale for HRLC map update. 

 

1.3 Applicable documents 
Ref. Title, Issue/Rev, Date, ID 

[AD1] CCI HR Technical Proposal, v1.1, 16/03/2018 
[AD2] CCI Extension (CCI+) Phase 1 ς New ECVs ς Statement of Work, v1.3, 22/08/2017, ESA-CCI-PRGM-EOPS-

SW-17-0032 
[AD3] Data Standards Requirements for CCI Data Producers, v2.0, 17/09/2018, CCI-PRGM-EOPS-TN-13-0009 
[AD4] CCI_HRLC_Ph1-D1.1_URD, the latest version 
[AD5] CCI Extension (CCI+) Phase 1 ς Product User Guide (PUG) ς v2.0.3, 29/10/2022, ESA-CCI-HRLC 
[AD6] CCI_HRLC_Ph1-D2.5_PVP, the latest version 
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1.4 Reference documents 
Ref. Title, Issue/Rev, Date, ID 

[RD1] The Global Climate Observing System: Implementation Needs, 01/10/2016, GCOS-200 
[RD2] Bartsch, Annett; Widhalm, Barbara; Pointner, Georg; Ermokhina, Ksenia; Leibman, Marina; Heim, Birgit 

(2019): Landcover derived from Sentinel-1 and Sentinel-2 satellite data (2015-2018) for subarctic and arctic 
environments. Zentralanstalt für Meteorologie und Geodynamik, Wien, PANGAEA, 
https://doi.org/10.1594/PANGAEA.897916 

1.5 Acronyms and abbreviations 
AUE Atlas of Urban Expansion 
CCI Climate Change Initiative 
ESA European space agency 
FAO Food and Agriculture Organization 
FCMU ς SBB Forest Cover Monitoring Unit Foundation for Forest Management and Production Control 
FNF Forest / Non-Forest map 
FROM-GLC Finer Resolution Observation and Monitoring of Global Land Cover 
GHS BU Both GHS BU LDS and GHS BU S1 
GHS BU LDS Global Human Settlement Built-Up Grid ς Landsat 
GHS BU S1 Global Human Settlement Built-Up Grid ς Sentinel-1 
GL30 GlobeLand30 
GSW Global Surface Water 
GUF Global Urban Footprint 
HR High resolution 
INPE Brazilian National Institute for Space Research 
LC Land cover 
LCC Land cover change 
LCCS Land cover classification system 
LOGP Logarithmic opinion pool decision fusion 
LSTM Long Short-Term Memory 
LSTM ς MC LSTM Monthly Composite 
LSTM ς TS LSTM Time Series 
MRF Markov Random Field decision fusion 
OA Overall accuracy 
PA tǊƻŘǳŎŜǊΩǎ ŀŎŎǳǊŀŎȅ 
PAb .ŜƴŎƘƳŀǊƪ ǇǊƻŘǳŎŜǊΩǎ ŀŎŎǳǊŀŎȅ 
PVIR Product Validation and Intercomparison Report 
PVP Product Validation Plan 
RF Random Forest classification algorithm 
RR Round Robin 
SVM Support Vector Machine classification algorithm 
UA ¦ǎŜǊΩǎ ŀŎŎǳǊŀŎȅ 
UAb .ŜƴŎƘƳŀǊƪ ǳǎŜǊΩǎ ŀŎŎǳǊŀŎȅ 
WSF World Settlement Footprint 

2 Overview of the CCI HR LC products 

2.1 Overview 
In the second and final production three types of land cover products were generated and validated thematically 
within the ESA CCI HRLC project:  

- 10-m static sub-continental LC maps for the year 2019.  

- 30-m regional historical (1990-2019) LC maps, generated every five years, since 1990 on reduced areas. 

https://doi.org/10.1594/PANGAEA.897916
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- 30-m land cover change detected on an annual basis on Landsat time series. It was used to backdate, 
on a 5-year basis back to 1990, the detailed spatio-temporal 10-m static LC map. 

In the first production, there was a fourth product, 10-m Round Robin local LC prototypes for the year 2019, 
produced through a Round Robin (RR) exercise during which optical and SAR classifications. This product was 
benchmarked with the aim of selecting the best algorithm, therefore it was not included in the second 
production. In the first production, the historical maps for 2019 were not included.  

All thrŜŜ ǘȅǇŜǎ ƻŦ ƭŀƴŘ ŎƻǾŜǊ ǇǊƻŘǳŎǘǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ƻǾŜǊ ǘƘǊŜŜ ŀǊŜŀǎ ǎŜƭŜŎǘŜŘ ǘƘǊƻǳƎƘ ƪŜȅ ǳǎŜǊǎΩ Ŏƻƴǎǳƭǘŀǘƛƻƴ 
and internal consultation regarding feasibility and needs (Figure 1). The RR sites, in gray, covered 4 Sentinel-2 
(S2) tiles located in the Amazonian region (21KUQ, 21KXT), in Siberia (42WXS), and in Africa (T37PCP).  The static 
LC maps, in green, cover the regions of Amazon, Sahel and Siberia. The historical LC maps are restricted to the 
orange areas. The geographical coordinates of the three regions are the following:  

Amazonia:  

 Static map: (23.6°S - 0°S; 42.9°W ς 62.1°W)      
 Historical LC and LCC map: (23.6°S ς 11.7°S; 46.7°W ς 62.1°W) 

Sahel: 

 Static map: (0.1°S ς 18.1°N; 9.9°E ς 43.3°E),  
 Historical LC and LCC map: (3.5°N ς 16.3°N; 27.0°E ς 43.3°E) 

Siberia:  

 Static map: (51.3°N ς 75.7°N; 64.4°E ς 93.4°E), 
 Historical LC and LCC map: (59.4°N ς 73.9°N; 64.8°E ς 87.4°E). 

 

 

Figure 1. Final localisation of the 3 study areas for the static and historical map [AD5]. 

2.2 Legend 
Table 1 details the levels of the land cover legend associated with the CCI HRLC products. This legend is used 
both for the classification of the static map and for historical maps [AD5].  
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Table 1. Legend for the CCI HRLC [AD5] 
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3 Benchmarking with other existing products 

CƻǊ ōŜƴŎƘƳŀǊƪƛƴƎΣ hǾŜǊŀƭƭ ŀŎŎǳǊŀŎȅ όh!ύΣ tǊƻŘǳŎŜǊΩǎ ŀŎŎǳǊŀŎȅ όt!ύ ŀƴŘ ¦ǎŜǊΩǎ ŀŎŎǳǊŀŎȅ ό¦!ύ ŀǊŜ ŎƻƳǇǳǘŜŘ ŦƻǊ 
each RR product and static product using the existing land cover maps as a reference. Although the names of the 
indicators are referring to the accuracy, in case of inter-comparison they are expressing agreement between the 
products that are supposed to have the same accuracy/level of details. The computation is the same as for OA, 
PA and UA, however the existing land cover maps cannot be considered as actual reference data set and 
therefore ǘƘŜȅ ǿƛƭƭ ōŜ ŘŜƴƻǘŜŘ ǿƛǘƘ άōέ ƛƴ ǘƘŜ ǎǳōǎŎǊƛǇǘ ǘƻ ǊŜŦŜǊ ǘƻ ōŜƴŎƘƳŀǊƪ ŀŎŎǳǊŀŎȅ. The results will be shown 
in the separate subsections depending on if the metrics are for overall assessment or class specific. Individual 
ŀŎŎǳǊŀŎȅ ƛƴŘŜȄŜǎ ǘƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ά9ȄŎŜƭƭŜƴǘέ if both scores PAb and UAb are above 90% % for 
most of the compared datasetsΣ άWŜƭƭέ ƛŦ ǘƘŜ ǎŎƻǊŜǎ ŀǊŜ ōŜǘǿŜŜƴ тл҈ ŀƴŘ фл҈, ŀƴŘ άRŜƭŀǘƛǾŜƭȅ ƎƻƻŘέ ƛŦ ǘƘŜ 
scores are between 50% and 70%. The classes for which individual accuracy indexes are less than 50% for most 
of the compared datasets are not considered in the conclusions. 

3.1 RR prototypes 
At the moment of inter-comparison, the delivered prototypes from the SAR chain had a defect in terms of tile 
size for 21KXT and 21QUQ regions ς they were smaller than the prototypes from optical chain. The black area in 
Figure 2 represents the area that is missing ς 47% in 21KXT and 38% in 21KUQ tiles - in case of RF (S1) algorithm. 
The discrepancy in size between SAR and optical prototypes is present also in Africa, but it is negligible. Since size 
discrepancy also affects fusion prototypes, correcting the defect and recomputing results would take significant 
amount of time, so it is omitted. 

The size defect affects the possibility of comparison of prototypes from SAR processing chain (RF(S1)) results and 
results from the optical chain (SVM (S2)), LSTM ς TS (S2), and LSTM - MC (S2)) for 21KXT and 21KUQ regions. 

Despite this issue, it is possible to compare results between different prototypes derived from optical chain as 
well as the two fusion types. In regions 37PCP and 42WXS there are no constraints for comparison, since in these 
regions the size if correct.   

 

 

Figure 2. RF (S1) size defect illustration 

3.1.1 Overall benchmark accuracy of RR products  

RR products OAb results are shown in the two tables, one classification outputs (Table 2) and one for fusion 
outputs (Table 3).  

In Table 2 coloured values represent the highest scores among different algorithms. In case of 21KXT and 21KUQ 
only optical algorithms ς SVM, LSTM-TS and LSTM ς MC - were compared and the highest score is highlighted 
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with red colour. For 37PCP and 42WXS all algorithms, including RF (S1),  were compared and the highest one is 
emphasised in green.  

Table 2. Overall accuracy for SAR and optical processing chain RR prototypes 

RR 
tile 

Algorithm FNF 
FROM-

GLC 
GHS 

BU S1 
GL30 

GSW 
season
ality 

GSW_
v1_2 

MapBi
omas 

ESA 
DUE 

GlobP
ermafr

ost 

2
1

K
U

Q 

RF (S1) 69% 51% 100% 50% 100% 100%     

SVM (S2) 55% 51% 100% 54% 99% 99%     

LSTM - TS (S2) 61% 47% 99% 51% 98% 98%     

LSTM - MC (S2) 58% 47% 100% 53% 98% 98%     

2
1

K
X

T 

RF (S1) 77% 50% 98% 23% 99% 99% 49%   

SVM (S2) 84% 52% 100% 36% 100% 99% 52%   

LSTM - TS (S2) 83% 44% 99% 32% 99% 99% 43%   

LSTM - MC (S2) 84% 48% 99% 34% 99% 99% 47%   

3
7

P
C

P RF (S1) 89% 54% 88% 56% 99% 99%     

SVM (S2) 93% 60% 98% 58% 99% 99%     

LSTM - TS (S2) 91% 55% 96% 51% 98% 98%     

LSTM - MC (S2) 92% 58% 97% 53% 98% 98%     

4
2

W
X

S RF (S1) 80% 41% 100% 38% 95% 94%   28% 

SVM (S2) 75% 35% 100% 36% 93% 93%   35% 

LSTM - TS (S2) 77% 37% 100% 36% 95% 95%   40% 

 

In Table 3 better performance of different fusion algorithms is highlighted in orange colour. 

Table 3. Overall accuracy for fusion RR prototypes 

RR tile 
Algori
thm 

FNF 
FRO
M-
GLC 

GHS 
BU 
S1 

GL30 
GSW 
seasona
lity 

GSW_
v1_2 

MapBiom
as 

ESA DUE Glob-
Permafrost 

21KUQ 
LOGP 56% 53% 100% 54% 99% 99%     

MRF 56% 53% 100% 54% 99% 99%     

21KXT 
LOGP 85% 55% 100% 36% 99% 99% 54%   

MRF 85% 56% 100% 36% 100% 99% 55%   

37PCP 
LOGP 92% 61% 97% 60% 99% 99%     

MRF 93% 62% 98% 61% 99% 99%     

42WXS 
LOGP 78% 38% 100% 39% 95% 94%   31% 

MRF 78% 35% 100% 40% 95% 94%   33% 

 

OAb results were used to calculate the yield from fusion. The fusion algorithm with better performance MRF was 
compared to RF and SVM algorithms since these are the two algorithms involved in the fusion. Comparison is 
done by mean of difference shown in the Table 4 where positive yield is highlighted in green and negative in red.  

Table 4. Yield from fusion 

RR tile 
Comparis
on 

FNF 
FROM 
GLC 

GHS 
BU S1 

GL30 
GSW 
seasonality 

GSW_
v1_2 

MapBi
omas 

ESA DUE 
Glob-
Permafrost 

37PCP MRF-RF 4% 8% 10% 5% 0% 0% 0% 0% 
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MRF-SVM 0% 2% 0% 3% 0% 0% 0% 0% 

42WXS 
MRF-RF -2% -6% 0% 2% 0% 0% 0% 5% 

MRF-SVM 3% 0% 0% 4% 2% 1% 0% -2% 
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3.1.2 Per class benchmark accuracies ɀ 0ÒÏÄÕÃÅÒȭÓ ÁÃÃÕÒÁÃÙ ɉ0!bɊ ÁÎÄ 5ÓÅÒȭÓ ÁÃÃÕÒÁÃÙ ɉ5!b) ɀ RR products  

In this section results of UAb and PAb for RR products are presented. The results are organized in the tables where each table 
consists of results for two types of algorithms for producing RR products for single RR region as follows:  

¶ Table 5. UAb and PAb for Amazon 21KUQ ς RF (S1) and SVM (S2) algorithms 

¶ Table 6. UAb and PAb for Amazon  21KUQ ς  LOGP and MRF decision fusion algorithms 

¶ Table 7. UAb and PAb for Amazon  21KUQ ς LSTM - TS (S2) and LSTM - MC (S2) algorithms 

¶ Table 8. UAb and PAb for Amazon  21KXT  ς RF (S1) and SVM (S2) 

¶ Table 9. UAb and PAb for Amazon  21KXT  ς  LOGP and MRF decision fusion algorithms 

¶ Table 10. UAb and PAb for Amazon  21KXT  ς LSTM - TS (S2) and LSTM - MC (S2) algorithms 

¶ Table 11. UAb and PAb for Africa 37PCP  ς RF (S1) and SVM (S2) algorithms 
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¶ Table 12. UAb and PAb Africa 37PCP  ς LOGP and MRF decision fusion algorithms 

¶ Table 13. UAb and PAb for Africa 37PCP  ς LSTM - TS (S2) and LSTM - MC (S2) algorithms 

¶ Table 14. UAb and PAb for Siberia 42WXS  ς RF (S1) and SVM (S2) algorithms ς part 1 

¶ Table 15. UAb and PAb for Siberia 42WXS  ς RF (S1) and SVM (S2) algorithms ς part 2 

¶ Table 16. UAb and PAb for Siberia 42WXS  ς  LOGP and MRF decision fusion algorithms ς part 1 

¶ Table 17. UAb and PAb for Siberia 42WXS  ς  LOGP and MRF decision fusion algorithms ς part 2 

¶ Table 18. UAb and PAb for Siberia 42WXS  ς LSTM ς TS 

In these tables the UAb and PAb scores above 50% are highlighted in red as this amount of agreement with existing data can be 
considered more than random. 

Furthermore, average of UAb and PAb was computed for summarizing numerous results and determining best performing 
algorithm. For comparison purposes average value for each of the indexes is separately shown for fusion algorithms and for 
classification algorithms as follows:  

¶ Table 19. Average UAb per fusion algorithm and RR region 

¶ Table 20. Average UAb per classification algorithm and RR region 

¶ Table 21. Average PAb per fusion algorithm and RR region 

¶ Table 22. Average PAb per classification algorithm and RR region 

¶ Table 23. Mean and standard deviation of UA and PA of SVM algorithm 

In Tables Table 19-Table 22 the highest score among algorithms is highlighted in yellow. Furthermore, last rows of the table 
highlighted in orange contain count of number of times when algorithm was better than the others.
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3.1.2.1 Table 5. UAb and  PAb for Amazon 21KUQ ɀ RF (S1) and SVM (S2) algorithms 

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water 
Water 

Permanent 
Water 

Seasonal 
Wetland 

R
F

 (
S

1
) 

2
1

 K
U

Q 

GL30 
PAb 55% 2% 21% 82% 20% 21% 22%   1% 

UAb 0% 0% 74% 70% 23% 24% 37%   14% 

FROM-GLC 
PAb 26% 4% 32% 92% 24% 15% 67%   4% 

UAb 0% 0% 5% 66% 88% 13% 16%   14% 

FNF 
PAb    57%   1%    

UAb    46%   1%    

GSW 
seasonality 

PAb        0% 7%  

UAb        1% 19%  

GSW_v1_2 
PAb        0% 8%  

UAb        0% 35%  

GHS BU S1 
PAb  0%         

UAb  0%         

S
V

M
 (

S
2

) 
2

1
K

U
Q 

GL30 
PAb 64% 3% 30% 92% 20% 6% 53%   4% 

UAb 0% 9% 73% 64% 22% 20% 16%   17% 

FROM-GLC 
PAb 54% 8% 42% 96% 24% 3% 88%   10% 

UAb 0% 5% 6% 57% 89% 7% 12%   9% 

FNF 
PAb    95%   90%    

UAb    39%   10%    

GSW 
seasonality 

PAb        74% 7%  

UAb        10% 24%  

GSW_v1_2 
PAb        81% 8%  

UAb        10% 42%  

GHS BU S1 
PAb  10%         

UAb  2%         
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3.1.2.2 Table 6. UAb and  PAb for Amazon  21KUQ ɀ  LOGP and MRF decision fusion algorithms  

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland 

L
O

G
P

 2
1
 K

U
Q 

GL30 
PAb 69% 3% 28% 92% 24% 7% 51%   4% 

UAb 0% 13% 73% 65% 23% 22% 24%   25% 

FROM-GLC 
PAb 54% 7% 42% 96% 27% 4% 89%   9% 

UAb 0% 7% 6% 57% 90% 8% 18%   13% 

FNF 
PAb    95%   89%    

UAb    39%   15%    

GSW seasonality 
PAb        73% 8%  

UAb        16% 24%  

GSW_v1_2 
PAb        81% 8%  

UAb        15% 42%  

GHS BU S1 
PAb  10%         

UAb  3%         

M
R

F
 2

1
 K

U
Q 

GL30 
PAb 72% 2% 28% 92% 24% 7% 51%   4% 

UAb 0% 14% 73% 65% 23% 22% 25%   25% 

FROM-GLC 
PAb 53% 6% 43% 97% 27% 3% 89%   9% 

UAb 0% 8% 6% 57% 90% 8% 19%   13% 

FNF 
PAb    95%   90%    

UAb    39%   16%    

GSW seasonality 
PAb        74% 7%  

UAb        17% 23%  

GSW_v1_2 
PAb        81% 8%  

UAb        16% 42%  

GHS BU S1 
PAb  8%         

UAb  3%         
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3.1.2.3 Table 7. UAb and  PAb for Amazon  21KUQ ɀ LSTM - TS (S2) and LSTM - MC (S2) algorithms  

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland 

L
S

T
M

 - 
M

C
 (

S
2
) 

2
1

 K
U

Q 

GL30 
PAb 62% 13% 30% 90% 12% 16% 62%   4% 

UAb 0% 4% 76% 66% 22% 19% 12%   13% 

FROM-GLC 
PAb 42% 24% 42% 95% 14% 9% 94%   10% 

UAb 0% 2% 6% 59% 90% 8% 8%   6% 

FNF 
PAb    94%   93%    

UAb    41%   6%    

GSW seasonality 
PAb        65% 23%  

UAb        6% 27%  

GSW_v1_2 
PAb        74% 23%  

UAb        6% 44%  

GHS BU S1 
PAb  24%         

UAb  0%         

L
S

T
M

 - 
T

S 
(S

2
) 

2
1

 K
U

Q 

GL30 
PAb 42% 29% 26% 86% 14% 19% 57%   6% 

UAb 0% 2% 75% 68% 23% 19% 14%   13% 

FROM-GLC 
PAb 8% 66% 37% 93% 15% 15% 94%   13% 

UAb 0% 1% 6% 62% 86% 11% 10%   6% 

FNF 
PAb    91%   91%    

UAb    42%   8%    

GSW seasonality 
PAb        65% 24%  

UAb        8% 26%  

GSW_v1_2 
PAb        73% 23%  

UAb        7% 42%  

GHS BU S1 
PAb  51%         

UAb  0%         
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3.1.2.4 Table 8. UAb and  PAb for Amazon  21KXT  ɀ RF (S1) and SVM (S2) 

Algorith
m 

Dataset 
Inde

x 
Barelan

d 
Built-

up 
Croplan

d 
Fores

t 
Grasslan

d 
Shrublan

d 
Wate

r 
Water 

Permanent 
Water 

Seasonal 
Wetlan

d 
Wetland 

Herbaceous 

R
F

 (
S

1
) 

2
1

 K
X

T
 

GL30  
PAb 0% 45% 4% 74% 11% 25% 64%   1%  

UAb 0% 6% 97% 60% 0% 8% 27%   4%  

FROM-GLC 
PAb 27% 51% 9% 79% 39% 37% 88%   12%  

UAb 0% 3% 4% 77% 98% 8% 23%   12%  

MapBiomas 
PAb 0% 60% 18% 76% 38% 28% 81%    5% 

UAb 0% 5% 3% 76% 98% 5% 22%    4% 

FNF 
PAb    41%   5%     

UAb    80%   5%     

GSW 
seasonality 

PAb        58% 22%   

UAb        35% 6%   

GSW_v1_2 
PAb        64% 17%   

UAb        27% 10%   

GHS BU S1 
PAb  56%          

UAb  4%          

S
V

M
 (S

2
) 

2
1

 K
X

T 

GL30 
PAb 0% 29% 25% 79% 41% 13% 39%   18%  

UAb 0% 21% 91% 55% 4% 8% 28%   36%  

FROM-GLC 
PAb 17% 40% 47% 86% 40% 24% 71%   61%  

UAb 0% 16% 4% 74% 94% 9% 30%   16%  

MapBiomas 
PAb 1% 42% 65% 83% 40% 17% 59%    56% 

UAb 0% 18% 3% 73% 95% 5% 22%    23% 

FNF 
PAb    76%   4%     

UAb    76%   4%     

GSW 
seasonality 

PAb        70% 18%   

UAb        36% 5%   

GSW_v1_2 
PAb        77% 14%   

UAb        27% 10%   

GHS BU S1 
PAb  36%          

UAb  12%          
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3.1.2.5 Table 9. UAb and  PAb for Amazon  21KXT  ɀ  LOGP and MRF decision fusion algorithms  

Algorith
m 

Dataset 
Inde

x 
Barelan

d 
Built-

up 
Croplan

d 
Fores

t 
Grasslan

d 
Shrublan

d 
Wate

r 
Water 

Permanent 
Water 

Seasonal 
Wetlan

d 
Wetland 

Herbaceous 

L
O

G
P

 2
1

K
X

T 

Dataset 
GL30 

PAb 0% 40% 24% 81% 43% 12% 41%   19%  

UAb 0% 27% 91% 56% 4% 8% 25%   35%  

FROM-GLC 
PAb 20% 51% 50% 88% 43% 23% 74%   61%  

UAb 0% 19% 4% 75% 95% 9% 25%   15%  

MapBiomas 
PAb 0% 58% 68% 85% 43% 16% 63%    56% 

UAb 0% 24% 3% 74% 96% 5% 20%    22% 

FNF 
PAb    78%   4%     

UAb    77%   4%     

GSW 
seasonality 

PAb        71% 20%   

UAb        35% 5%   

GSW_v1_2 
PAb        77% 16%   

UAb        27% 9%   

GHS BU S1 
PAb  50%          

UAb  16%          

M
R

F
 2
1

 K
X

T 

GL30 
 

PAb 0% 42% 24% 82% 45% 11% 41%   19%  

UAb 0% 31% 92% 56% 4% 8% 29%   35%  

FROM-GLC 
PAb 19% 53% 50% 89% 45% 22% 74%   61%  

UAb 0% 22% 4% 75% 95% 10% 30%   16%  

MapBiomas 
PAb 0% 61% 69% 86% 44% 15% 63%    57% 

UAb 0% 28% 3% 75% 96% 5% 23%    23% 

FNF 
PAb    79%   4%     

UAb    77%   4%     

GSW 
seasonality 

PAb        71% 19%   

UAb        37% 5%   

GSW_v1_2 
PAb        78% 14%   

UAb        28% 10%   

GHS BU S1 
PAb  53%          

UAb  19%          
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3.1.2.6 Table 10. UAb and  PAb for Amazon  21KXT  ɀ LSTM - TS (S2) and LSTM - MC (S2) algorithms  
Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland Wetland Herbaceous 

L
S

T
M

 - 
M

C
 (

S
2
) 

2
1

 K
X

T 

Dataset 
GL30 

PAb 0% 39% 22% 76% 35% 16% 50%   21%  

UAb 0% 10% 92% 57% 4% 8% 15%   35%  

FROM-GLC 
PAb 14% 51% 38% 84% 33% 29% 83%   55%  

UAb 0% 7% 4% 78% 94% 9% 15%   12%  

MapBiomas 
PAb 3% 55% 51% 81% 33% 22% 72%    58% 

UAb 0% 9% 3% 77% 95% 5% 11%    20% 

FNF 
PAb    73%   5%     

UAb    78%   2%     

GSW seasonality 
PAb        83% 13%   

UAb        20% 2%   

GSW_v1_2 
PAb        88% 11%   

UAb        15% 3%   

GHS BU S1 
PAb  47%          

UAb  6%          

L
S

T
M 

- 
T

S 
(S

2
) 

2
1

 K
X

T 

GL30 
PAb 0% 41% 19% 73% 32% 17% 50%   20%  

UAb 0% 11% 92% 56% 4% 7% 12%   34%  

FROM-GLC 
PAb 16% 54% 37% 81% 28% 31% 82%   53%  

UAb 0% 8% 4% 76% 95% 8% 12%   12%  

MapBiomas 
PAb 3% 57% 50% 78% 28% 23% 73%    56% 

UAb 0% 9% 3% 75% 95% 4% 9%    20% 

FNF 
PAb    71%   5%     

UAb    78%   2%     

GSW seasonality 
PAb        76% 26%   

UAb        28% 2%   

GSW_v1_2 
PAb        83% 22%   

UAb        21% 4%   

GHS BU S1 
PAb  49%          

UAb  6%          
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3.1.2.7 Table 11. UAb and  PAb for Africa 37PCP  ɀ RF (S1) and SVM (S2) algorithms 

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland 

R
F

 (
S

1
) 

3
7

P
C

P
 

GL30 
PAb 0% 58% 53% 41% 13% 4% 99%   31% 

UAb 0% 2% 88% 22% 12% 2% 96%   25% 

FROM-GLC 
PAb 23% 85% 55% 59% 13% 7% 100%   8% 

UAb 2% 0% 87% 5% 7% 28% 96%   4% 

FNF 
PAb    26%   100%    

UAb    12%   95%    

GSW seasonality 
PAb        97% 80%  

UAb        100% 25%  

GSW_v1_2 
PAb        97% 66%  

UAb        100% 33%  

GHS BU S1 
PAb  84%         

UAb  0%         

S
V

M
 (

S
2

) 
3

7
P

C
P

 

GL30 
PAb 0% 46% 53% 32% 34% 8% 99%   36% 

UAb 0% 10% 89% 27% 18% 1% 98%   25% 

FROM-GLC 
PAb 53% 92% 56% 89% 42% 30% 100%   10% 

UAb 17% 0% 89% 13% 14% 33% 97%   4% 

FNF 
PAb    27%   100%    

UAb    21%   96%    

GSW seasonality 
PAb        96% 90%  

UAb        100% 29%  

GSW_v1_2 
PAb        96% 75%  

UAb        100% 39%  

GHS BU S1 
PAb  72%         

UAb  2%         
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3.1.2.8 Table 12. UAb and  PAb Africa 37PCP  ɀ LOGP and MRF decision fusion algorithms  

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland 

L
O

G
P

 3
7
P

C
P 

GL30 
PAb 0% 50% 56% 35% 32% 7% 99%   38% 

UAb 0% 9% 89% 29% 18% 1% 98%   32% 

FROM-GLC 
PAb 52% 95% 59% 90% 38% 28% 100%   10% 

UAb 19% 0% 89% 13% 13% 34% 97%   5% 

FNF 
PAb    28%   100%    

UAb    21%   96%    

GSW seasonality 
PAb        97% 91%  

UAb        100% 34%  

GSW_v1_2 
PAb        98% 77%  

UAb        100% 47%  

GHS BU S1 
PAb  77%         

UAb  2%         

M
R

F
 3

7
P

C
P 

GL30 
 

PAb 0% 52% 57% 36% 32% 6% 99%   38% 

UAb 0% 11% 89% 30% 18% 1% 98%   32% 

FROM-GLC 
 

PAb 53% 96% 60% 91% 38% 28% 100%   10% 

UAb 19% 0% 89% 13% 13% 35% 97%   5% 

FNF 
 

PAb    28%   100%    

UAb    22%   96%    

GSW seasonality 
 

PAb        97% 92%  

UAb        100% 35%  

GSW_v1_2 
 

PAb        98% 77%  

UAb        100% 47%  

GHS BU S1 
PAb  79%         

UAb  2%         
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3.1.2.9 Table 13. UAb and  PAb for Africa 37PCP  ɀ LSTM - TS (S2) and LSTM - MC (S2) algorithms  

Algorithm Dataset Index Bareland Built-up Cropland Forest Grassland Shrubland Water Water Permanent Water Seasonal Wetland 

L
S

T
M

 - 
M

C
 (

S
2
) 

3
7

P
C

P 

GL30 
PAb 0% 47% 47% 31% 24% 13% 99%   50% 

UAb 0% 7% 90% 24% 18% 1% 98%   17% 

FROM-GLC 
PAb 61% 91% 49% 91% 35% 44% 100%   17% 

UAb 11% 0% 90% 12% 16% 29% 97%   3% 

FNF 
PAb    27%   100%    

UAb    19%   96%    

GSW seasonality 
PAb        93% 84%  

UAb        100% 19%  

GSW_v1_2 
PAb        93% 70%  

UAb        100% 25%  

GHS BU S1 
PAb  71%         

UAb  2%         

L
S

T
M

 - 
T

S 
(S

2
) 

3
7

P
C

P 

GL30 
PAb 0% 49% 43% 35% 22% 20% 99%   47% 

UAb 0% 6% 90% 22% 16% 1% 97%   13% 

FROM-GLC 
PAb 60% 91% 46% 92% 31% 40% 100%   13% 

UAb 14% 0% 92% 10% 13% 27% 97%   2% 

FNF 
PAb    30%   100%    

UAb    18%   96%    

GSW seasonality 
PAb        94% 88%  

UAb        100% 20%  

GSW_v1_2 
PAb        94% 75%  

UAb        100% 28%  

GHS BU S1 
PAb  72%         

UAb  1%         
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3.1.2.10 Table 14. UAb and  PAb for Siberia 42WXS  ɀ RF (S1) and SVM (S2) algorithms ɀ part 1  
Algorithm Dataset Index Bareland Built-up Forest Forest deciduous broadleaf Forest evergreen needleleaf Grassland Lichens and Mosses 

R
F

 (
S

1
) 4
2

W
X

S 

FROM-GLC 
PAb 47% 0%  77%     24% 5% 

UAb 9% 0% 90%     73% 5% 

ESA DUE GlobPermafrost 
PAb 22%     4% 33% 46% 53% 

UAb 17%     5% 35% 12% 0% 

GL30 
PAb 29% 0% 40%     10% 0% 

UAb 3% 0% 88%     4% 0% 

FNF 
PAb     75%         

UAb     66%         

GSW seasonality 
PAb               

UAb               

GSW_v1_2 
PAb               

UAb               

GHS BU S1 
PAb   0%           

UAb   0%           

S
V

M
 (

S
2

) 
4

2
W

X
S 

FROM-GLC 
PAb 58% 0% 69%     16% 5% 

UAb 19% 0% 79%     84% 6% 

ESA DUE GlobPermafrost 
PAb 1%     2% 25% 84% 89% 

UAb 2%     2% 35% 31% 2% 

GL30 
PAb 80% 0% 37%     6% 0% 

UAb 14% 0% 80%     4% 0% 

FNF 
PAb     66%         

UAb     57%         

GSW seasonality 
PAb               

UAb               

GSW_v1_2 
PAb               

UAb               

GHS BU S1 
PAb   0%           

UAb   0%           
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3.1.2.11 Table 15. UAb and  PAb for Siberia 42WXS  ɀ RF (S1) and SVM (S2) algorithms ɀ part 2  
Algorithm Dataset Index Permanent ice and snow Shrubland Shrubland evergreen Water Water Permanent Water Seasonal Wetland 

R
F

 (
S

1
) 

4
2

W
X

S 

FROM-GLC 
PAb 0% 53%   92%     40% 

UAb 0% 1%   63%     13% 

ESA DUE GlobPermafrost 
PAb     19%   61% 38% 28% 

UAb     58%   96% 29% 22% 

GL30 
PAb   0%   88%     33% 

UAb   0%   63%     76% 

FNF 
PAb       53%       

UAb       40%       

GSW seasonality 
PAb         63% 45%   

UAb         93% 16%   

GSW_v1_2 
PAb         62% 33%   

UAb         96% 12%   

GHS BU S1 
PAb               

UAb               

S
V

M
 (

S
2

) 
4

2
W

X
S 

FROM-GLC 
PAb 0% 43%   96%     50% 

UAb 0% 0%   56%     15% 

ESA DUE GlobPermafrost 
PAb     25%   56% 47% 49% 

UAb     62%   88% 25% 33% 

GL30 
PAb   0%   89%     30% 

UAb   0%   55%     61% 

FNF 
PAb       53%       

UAb       34%       

GSW seasonality 
PAb         55% 40%   

UAb         82% 11%   

GSW_v1_2 
PAb         55% 34%   

UAb         86% 9%   

GHS BU S1 
PAb               

UAb               
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3.1.2.12 Table 16. UAb and  PAb for Siberia 42WXS  ɀ  LOGP and MRF decision fusion algorithms ɀ part 1  

Algorithm Dataset Index Bareland Built-up Forest Forest deciduous broadleaf Forest evergreen needleleaf Grassland Lichens and Mosses 

L
O

G
P

 4
2

W
X

S 

FROM-GLC 
PAb 59% 0% 74%     18% 3% 

UAb 8% 11% 90%     78% 4% 

ESA DUE GlobPermafrost 
PAb 3%     6% 13% 64% 64% 

UAb 2%     5% 24% 20% 1% 

GL30 
PAb 81% 23% 39%     7% 0% 

UAb 15% 23% 87%     4% 0% 

FNF 
PAb     71%         

UAb     65%         

GSW seasonality 
PAb               

UAb               

GSW_v1_2 
PAb               

UAb               

GHS BU S1 
PAb   34%           

UAb   9%           

M
R

F
 4

2
W

X
S 

FROM-GLC 
PAb 58% 29% 72%   15% 2% 

UAb 10% 4% 88%   79% 3% 

ESA DUE GlobPermafrost 
PAb 3%   9% 6% 66% 66% 

UAb 2%   6% 20% 25% 1% 

GL30 
PAb 81% 23% 38%   6% 0% 

UAb 7% 23% 87%   4% 0% 

FNF 
PAb   68%     

UAb   63%     

GSW seasonality 
PAb        

UAb        

GSW_v1_2 
PAb        

UAb        

GHS BU S1 
PAb  35%      

UAb  9%      
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3.1.2.13 Table 17. UAb and  PAb for Siberia 42WXS  ɀ  LOGP and MRF decision fusion algorithms ɀ part 2  

Algorithm Dataset Index Permanent ice and snow Shrubland Shrubland evergreen Water Water Permanent Water Seasonal Wetland 

L
O

G
P

 4
2

W
X

S 

FROM-GLC 
 

PAb 0% 59%   97%     46% 

UAb 0% 1%   58%     13% 

ESA DUE GlobPermafrost 
PAb     23%   68% 58% 38% 

UAb     64%   97% 38% 24% 

GL30 
PAb   0%   93%     36% 

UAb   0%   58%     72% 

FNF 
PAb       57%       

UAb       37%       

GSW seasonality 
PAb         70% 59%   

UAb         96% 17%   

GSW_v1_2 
PAb         68% 47%   

UAb         99% 14%   

GHS BU S1 
PAb               

UAb               

M
R

F
 4

2
W

X
S 

FROM-GLC 
PAb 0% 58%  97%   50% 

UAb 0% 0%  58%   13% 

ESA DUE GlobPermafrost 
PAb   25%  68% 59% 44% 

UAb   65%  98% 38% 24% 

GL30 
PAb  0%  94%   39% 

UAb  0%  58%   69% 

FNF 
PAb    57%    

UAb    37%    

GSW seasonality 
PAb     70% 60%  

UAb     96% 17%  

GSW_v1_2 
PAb     68% 48%  

UAb     99% 14%  

GHS BU S1 
PAb        

UAb        
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3.1.2.14 Table 18. UAb and  PAb for Siberia 42WXS  ɀ LSTM ɀ TS algorithm  

Algorith
m 

Dataset Index 
Barelan

d 
Built-up Forest 

Forest 
deciduo

us 
broadle

af 

Forest 
evergre

en 
needlel

eaf 

Grassla
nd 

Lichens 
and 

Mosses 

Perman
ent ice 

and 
snow 

Shrubla
nd 

Shrubla
nd 

evergre
en 

Water 
Water 

Perman
ent 

Water 
Seasona

l 

Wetlan
d 

L
S

T
M

 - 
T

S 
(S

2
) 

4
2

W
X

S 

FROM-
GLC 

PAb 57% 0% 79%   14% 6% 0% 49%  98%   50% 

UAb 8% 0% 84%   87% 6% 0% 0%  57%   20% 

ESA 
DUE 

GlobPe
rmafro

st 

PAb 1%   3% 14% 84% 92%   31%  90% 58% 48% 

UAb 1%   2% 26% 35% 2%   67%  92% 58% 42% 

GL30 
PAb 78% 0% 42%   4% 0%  13%  93%   25% 

UAb 6% 0% 84%   3% 0%  0%  57%   71% 

FNF 
PAb   74%        57%    

UAb   59%        36%    

GSW 
season
ality 

PAb            88% 43%  

UAb            86% 17%  

GSW_v
1_2 

PAb            87% 42%  

UAb            90% 17%  

GHS BU 
S1 

PAb  0             

UAb  0%             
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3.1.2.15 Table 19. Average UAb per fusion algorithm and RR region  
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MRF 21KUQ 0 0.08 0.4 0.54     0.57     0.15   0.2 0.16 0.32 0.19   

LOGP 21KUQ 0 0.08 0.4 0.54     0.57     0.15   0.19 0.16 0.33 0.19   

MRF 21KXT 0 0.25 0.33 0.71     0.65     0.08   0.22 0.32 0.08 0.26 0.23 

LOGP 21KXT 0 0.22 0.33 0.7     0.65     0.07   0.18 0.31 0.07 0.25 0.22 

MRF 37PCP 0.1 0.04 0.89 0.22     0.15     0.18   0.97 1 0.41 0.18   

LOGP 37PCP 0.1 0.04 0.89 0.21     0.15     0.18   0.97 1 0.4 0.18   

MRF 42WXS 0.06 0.12   0.79 0.06 0.2 0.36 0.01 0 0 0.65 0.51 0.98 0.23 0.35   

LOGP 42WXS 0.05 0.12   0.81 0.05 0.24 0.34 0.02 0 0 0.64 0.51 0.97 0.23 0.36   

MRF 39 2 4 3 3 1 0 4 1 1 3 1 4 4 4 3 1 

LOGP 26 1 1 3 3 0 1 2 1 1 3 0 2 2 2 4 0 
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3.1.2.16 Table 20. Average UAb per classification algorithm and RR region  

A
lg

o
ri

th
m

 

R
R

 t
ile

 

B
a
re

la
n
d 

B
u
ilt

-u
p
 

C
ro

p
la

n
d 

F
o
re

s
t 

F
o
re

s
t 

d
e
ci

d
u
o
u
s
 

b
ro

a
d
le

a
f 

F
o
re

s
t 

e
v
e
rg

re
e
n
 

n
e
e
d
le

le
a
f 

G
ra

ss
la

n
d 

L
ic

h
e
n
s
 a

n
d
 

M
o
s
s
e
s 

P
e

rm
a
n
e
n
t 

ic
e
 a

n
d
 

s
n
o
w

 

S
h
ru

b
la

n
d 

S
h
ru

b
la

n
d
 

e
v
e
rg

re
e
n 

W
a
te

r 

W
a
te

r 
p
e
rm

a
n
e
n
t 

W
a
te

r 
s
e
a
s
o
n
a
l 

W
e
tl
a
n
d 

W
e
tl
a
n
d
 

H
e
rb

a
ce

o
u
s 

LSTM - MC (S2) 21KUQ 0 0.02 0.41 0.56   0.56   0.13  0.09 0.06 0.36 0.1  

RF (S1) 21KUQ 0 0 0.39 0.61   0.55   0.18  0.18 0.01 0.27 0.14  

SVM (S2) 21KUQ 0 0.05 0.4 0.53   0.56   0.14  0.13 0.1 0.33 0.13  

LSTM - TS (S2) 21KUQ 0 0.01 0.4 0.57   0.55   0.15  0.11 0.07 0.34 0.1  

LSTM - MC (S2) 21KXT 0 0.08 0.33 0.73   0.64   0.07  0.11 0.18 0.02 0.24 0.2 

RF (S1) 21KXT 0 0.04 0.35 0.73   0.65   0.07  0.19 0.31 0.08 0.08 0.04 

SVM (S2) 21KXT 0 0.17 0.33 0.70   0.65   0.07  0.21 0.32 0.08 0.26 0.23 

LSTM - TS (S2) 21KXT 0 0.08 0.33 0.71   0.64   0.06  0.09 0.24 0.03 0.23 0.2 

LSTM - MC (S2) 37PCP 0.06 0.03 0.9 0.19   0.17   0.15  0.97 1 0.22 0.1  

RF (S1) 37PCP 0.01 0.01 0.88 0.13   0.1   0.15  0.96 1 0.29 0.14  

SVM (S2) 37PCP 0.09 0.04 0.89 0.2   0.16   0.17  0.97 1 0.34 0.15  

LSTM - TS (S2) 37PCP 0.08 0.02 0.91 0.17   0.15   0.14  0.97 1 0.24 0.08  

RF (S1) 42WXS 0.1 0  0.81 0.05 0.35 0.3 0.02 0 0 0.58 0.56 0.95 0.19 0.37  

SVM (S2) 42WXS 0.12 0  0.72 0.02 0.35 0.4 0.03 0 0 0.62 0.48 0.85 0.14 0.36  

LSTM - TS (S2) 42WXS 0.05 0.25  0.76 0.02 0.26 0.42 0.03 0 0 0.67 0.5 0.89 0.31 0.44  

LSTM - MC (S2) 6   2 1   1   1    1   

LSTM - TS (S2) 18  1 1 2 1  3 1 1 1 1 2 2 1 1  

SVM (S2) 23 1 3 2  1 1 2 1 1 1  3 3 1 2 1 
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3.1.2.17 Table 21. Average PAb per fusion algorithm and RR region  
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MRF 

21KUQ 

0.62 0.05 0.36 0.95     0.26     0.05   0.77 0.78 0.08 0.06   

LOGP 0.62 0.07 0.35 0.94     0.26     0.06   0.76 0.77 0.08 0.06   

MRF 

21KXT 

0.06 0.52 0.48 0.84     0.45     0.16   0.45 0.74 0.16 0.4 0.57 

LOGP 0.07 0.5 0.47 0.83     0.43     0.17   0.45 0.74 0.18 0.4 0.56 

MRF 

37PCP 

0.26 0.76 0.58 0.52     0.35     0.17   1 0.98 0.84 0.24   

LOGP 0.26 0.74 0.57 0.51     0.35     0.18   1 0.98 0.84 0.24   

MRF 

42WXS 

0.47 0.29   0.59 0.09 0.06 0.29 0.23 0 0.29 0.25 0.83 0.69 0.56 0.44   

LOGP 0.47 0.28   0.61 0.06 0.13 0.3 0.22 0 0.3 0.23 0.82 0.69 0.55 0.4   

MRF 36 4 3 3 3 1 0 3 1 0 2 1 4 3 3 4 1 

LOGP 23 2 1 0 1 0 1 2 0 0 4 0 3 4 2 3 0 
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3.1.2.18 Table 22. Average PAb per classification algorithm and RR region  
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LSTM - MC (S2) 

21KUQ 

0.52 0.2 0.36 0.93   0.13   0.12  0.83 0.69 0.23 0.07  

RF (S1) 0.41 0.02 0.27 0.77   0.22   0.18  0.3 0 0.07 0.03  

SVM (S2) 0.59 0.07 0.36 0.94   0.22   0.05  0.77 0.78 0.08 0.07  

LSTM - TS (S2) 0.25 0.49 0.32 0.9   0.14   0.17  0.81 0.69 0.24 0.09  

LSTM - MC (S2) 

21KXT 

0.1 0.48 0.37 0.79   0.34   0.22  0.53 0.85 0.12 0.38 0.58 

RF (S1) 0.13 0.53 0.1 0.67   0.29   0.3  0.6 0.61 0.19 0.06 0.05 

SVM (S2) 0.1 0.37 0.46 0.81   0.4   0.18  0.43 0.73 0.16 0.39 0.56 

LSTM - TS (S2) 0.11 0.5 0.35 0.76   0.29   0.24  0.52 0.8 0.24 0.37 0.56 

LSTM - MC (S2) 

37PCP  

0.37 0.7 0.48 0.5   0.3   0.28  1 0.93 0.77 0.33  

RF (S1) 0.18 0.76 0.54 0.42   0.13   0.05  0.99 0.97 0.73 0.19  

SVM (S2) 0.33 0.7 0.54 0.49   0.38   0.19  1 0.96 0.83 0.23  

LSTM - TS (S2) 0.36 0.71 0.44 0.52   0.27   0.3  1 0.94 0.82 0.3  

RF (S1) 

42WXS 

0.32 0  0.64 0.04 0.33 0.27 0.24 0 0.33 0.19 0.77 0.62 0.39 0.34  

SVM (S2) 0.47 0  0.58 0.02 0.25 0.35 0.35 0 0.28 0.25 0.79 0.55 0.4 0.43  

LSTM - TS (S2) 0.45 0  0.65 0.03 0.14 0.34 0.37 0 0.31 0.31 0.82 0.88 0.48 0.41  

LSTM - MC (S2) 8 1  1         3 1  1 1 

LSTM - TS (S2) 20 1 3  2 1   1  4 1 2 1 3 1  

SVM (S2) 20 2 1 3 2  1 4  1   1 2 1 2  
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3.1.2.19 Table 23. Mean and standard deviation of UA and PA of SVM algorithm  
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21KUQ 

mean PA 0.59 0.07 0.36 0.94     0.22     0.04   0.77 0.78 0.08 0.07   

mean UA 0 0.05 0.4 0.53     0.56     0.14   0.13 0.1 0.33 0.13   

21KXT 

mean PA 0.06 0.37 0.46 0.81     0.4     0.18   0.43 0.74 0.16 0.4 0.56 

mean UA 0 0.17 0.33 0.7     0.64     0.07   0.21 0.32 0.08 0.26 0.23 

37PCP 

mean PA 0.26 0.7 0.55 0.49     0.38     0.19   1 0.96 0.82 0.23   

mean UA 0.08 0.04 0.89 0.2     0.16     0.17   0.97 1 0.34 0.14   

42WXS 

mean PA 0.46 0   0.57 0.02 0.25 0.35 0.31 0 0.22 0.25 0.79 0.55 0.4 0.43   

mean UA 0.12 0   0.72 0.02 0.35 0.4 0.03 0 0 0.62 0.48 0.85 0.15 0.36   

21KUQ 

std PA 0.07 0.04 0.08 0.02     0.03     0.02   0.21 0.05 0.01 0.04   

std UA 0 0.04 0.47 0.13     0.47     0.09   0.03 0 0.13 0.06   

21KXT 

std PA 0.1 0.06 0.2 0.04     0.01     0.06   0.29 0.05 0.03 0.3   

std UA 0 0.04 0.51 0.1     0.52     0.02   0.12 0.06 0.04 0.14   

37PCP 

std PA 0.37 0.23 0.02 0.34     0.06     0.16   0.01 0 0.11 0.18   

std UA 0.12 0.05 0 0.07     0.03     0.23   0.01 0 0.07 0.15   

42WXS 

std PA 0.41 0   0.18     0.42 0.5   0.3   0.23 0.01 0.07 0.11   

std UA 0.09 0   0.13     0.41 0.03   0   0.12 0.03 0.09 0.23   
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3.1.3 Conclusions 

This section provides insight into performance of the algorithms as well as into benchmark accuracy. Since the 
results are based on the inter-comparison with existing land cover products term άǘƘŜ ōŜǎǘέ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ "the 
best agreement with the other products". 

3.1.3.1 Algorithm comparison ɀ RR products  

With respect to the algorithm comparison in case of Amazon (21KXT and 21KUQ) only optical algorithms ς SVM, 
LSTM-TS and LSTM ς MC - were compared, while for 37PCP and 42WXS all algorithms, including RF, were 
compared in terms of their OAb scores.  

SVM (S2) algorithm from optical chain is the best according to OAb (Table 2) in all regions except in 42WXS 
(Siberia) where RF (S1) is slightly better. From the point of view of class indexes, UAb and PAb, RF (S1) was not 
considered for comparison with other algorithms because size discrepancy of RF (S1) prototypes makes it difficult 
to summarize results. Only in case of Siberia SVM (S2) was compared with RF (S1) because only in this case OAb 

was somewhat higher for RF (S1) than for the SVM (S2). The SVM (S2) and RF (S1) comparison relies on Table 14 
and Table 15 and it suggest that better performance of RF (S1) can be attributed to the more successful 
classification of Forest, Forest deciduous broadleaf, Forest evergreen needleleaf, and Shrubland. Nevertheless, 
SVM was more successful with Bareland, Grassland, Lichens and Mosses, Shrubland evergreen and  Wetland, so 
the difference in performance of the two algorithms is small.  

Regarding comparison of optical chain algorithms from the point of view of individual class indexes they were 
compared taking into consideration count of number of times when an algorithm had better average PAb or UAb 

score than the others in a region for a class. Average UAb (Table 20) is showing that SVM (S2) was better than 
other two algorithms 23 times, LSTM-TS (S2) 18 times, while LSTM-MC (S2) only 6 times. Looking at the average 

PAb  (Table 22), SVM (S2) and LSTM-TS (S2) were better than other algorithms equal number of times - 20, while 
LSTM - MS (S2) 8 times. Therefore, average PAb or UAb are also indicating that SVM (S2) is performing better than 
other algorithms. 

Regarding fusion algorithms, MRF had slightly better scores than LOGP (Table 3, Table 19 and Table 21). In 
addition, success of fusion algorithm was estimated based on the difference between OAb of fusion algorithms 
and of SVM and RF algorithms since these are the two algorithms involved in the fusion (Table 4). From Table 4 
it can be seen that in most of the cases the yield from fusion is positive. However, in case of 42WXS there are 
some negative values. That is probably due to the fact that MRF gives more weight to the optical chain outputs, 
while in the case of 42WXS SAR chain outputs (i.e. RF (S1)) had better OAb score.  

3.1.3.2 Benchmark accuracy ɀ RR products  

From the point of view of benchmark accuracy, for binary maps that are specifically derived for certain class ς 
FNF, GHS BU S1, GSW seasonality, GSW_v1_2 - OAb is very high due to the presence of the class that represent 
all the other classes but the one of interest for the map. Therefore OAb for these maps is not informative, and 
only PAb and UAb were taken into consideration for the following conclusions. 

On average OAb with multiple-class existing maps is around 50% being the highest in comparison of SVM 
algorithm with FROM-GLC map (60%) in 37PCP. Agreement of 60% can be considered moderately good given 
that also other map contains certain errors. 

wŜƎŀǊŘƛƴƎ ƛƴŘƛǾƛŘǳŀƭ ŀŎŎǳǊŀŎȅ ƛƴŘŜȄŜǎ ǘƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ άŜȄŎŜƭƭŜƴǘέ ƛŦ ōƻǘƘ ǎŎƻǊŜǎ PAb and UAb 

(in the Table 5- Table 18Σ  ύ ŀǊŜ ŀōƻǾŜ фл҈Σ άǿŜƭƭέ ƛŦ ǘƘŜ ǎŎƻǊŜǎ ŀǊŜ ōŜǘǿŜŜƴ тл҈ ŀƴŘ фл҈ ŀƴŘ άǊŜƭŀǘƛǾŜƭȅ ƎƻƻŘέ 
if the scores are between 50% and 70%.  

Forest is classified relatively good or well by majority of the algorithms in all regions except in 37PCP. In case of 
21KUQ and 42WXS forest is classified relatively good, while in the case of 21KXT it is well classified.  

In case of 37PCP Water and Water Permanent have excellent accuracy. This is probably due to the big water 
body present in the 37PCP region. The large water body might be the reason why also OAb is higher for 37PCP 
than for the other tiles. Also Cropland is relatively good classified in 37PCP.  

For 42WXS Forest, Water, Water Permanent are classified relatively good.  

Other classes either have low scores or the scores from comparison with different existing datasets are 
contradictory therefore it is  not possible to derive conclusions.  
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Moreover, standard deviation was computed for UAb and PAb  for SVM (S1) algorithm (Table 23)  in order to have 
insight into variation of scores. Large variation among the scores indicate that there is large variation in the 
existing maps regarding a certain class, therefore at least some of the maps are not accurate enough regarding 
that class. The highest deviation was present for Grassland, Cropland and Lichens and Mosses classes. Out of the 
ŎƭŀǎǎŜǎ ŦƻǊ ǿƘƛŎƘ ǿŜǊŜ ƭŀōŜƭŜŘ ǿƛǘƘ ŀǘ ƭŜŀǎǘ άǊŜƭŀǘƛǾŜƭȅ ƎƻƻŘέ ǎŎƻǊŜΣ CƻǊŜǎǘ ŀƴŘ ²ŀǘŜǊ tŜǊƳŀƴŜƴǘ ƘŀǾŜ ƭƻǿ 
standard deviation, while for the Water class it is moderate. 

3.2 HRLC static maps ς first production 
Static maps in zoom area for Amazon and Siberia were provided on 23/10/2020. The maps are provided as set 
of tiles for each region. There is 266 tiles in Amazon and 204 tiles in Siberia. Some of the tiles are partially or 
completely out of the region of interest. This impacts inter-comparison in some cases because existing datasets 
were collected based on the region of interest of the project. More in detail, existing dataset were collected 
within a bounding box which is slightly bigger than the region of interest of the project to take into account 
possible change of size due to reprojection. However, it did not capture all the tiles included in the static map of 
Amazon and Siberia. In Figure 3 and Figure 4 it is precisely highlighted for which tiles of static map existing data 
are not collected for Siberia and Amazonia respectively.  

.  

Figure 3. Tiles of static map in zoom area of Siberia 
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Figure 4. Tiles of static map in zoom area in Amazon 

Inter-comparison results will be shown per tile and per whole region of interest. In case of per-tile results the 
tiles in which existing data are partially missing will not be considered as they are not comparable to the tiles 
where existing data are available. On the opposite, results for whole region will take into account also partially 
covered tiles.  

OAb was computed for each tile the existing dataset available in a region. Moreover, all error matrices per region 
were summed up in order to derive error matrix based on which OAb was computed for a region as a whole. 
Please note that with summation of all error matrices in a region some pixels are accounted more than once due 
to the overlapping of the tiles. Depending on the classification outcome of the overlapping tiles same pixels might 
have different values. This approach was selected in order to avoid selecting specific mosaicking method that 
may produce different outcomes with respect to the mosaicking method on the project level that is to be decided 
in future. Nevertheless, it gives general idea of the agreement of the static maps with existing LC maps in a region.  

The results of OAb do not take into account binary maps: FNF, GHS BU S1, GSW seasonality, GSW_v1_2, AUE.  OAb 

for these maps is very high due to the presence of the class that represent all the other classes but the one of 
interest for the map and therefore can be misleading. 

3.2.1 Siberia   

3.2.1.1 Overall benchmark accuracy 

In Siberia there are 3 existing multiple-class land cover maps with which static product for Siberia region was 
compared: ESA DUE GlobPermafrost, FROM-GLC and GL30.  During inter-comparison it was observed that GL30 
contains some classes which are not included in the official product legend. We requested more details about 
classes from the map producer, however we did not receive reply by the day of conclusion of processing of static 
products of the first production. Thus, results of inter-comparison with GL30 in Siberia were not reported for the 
first production.  

Table 24. Overall benchmark accuracy for whole Siberia 

Existing dataset OAb 

ESA DUE GlobPermafrost 46% 
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FROM-GLC 50% 

 

Given that there are many tiles the results of OAb per tile will be displayed in the form of maps of tiles with 
associated values of OAb. There are 2 OAb maps, one for inter-comparison with FROM GLC (Figure 5) and one with 
ESA DUE Permafrost (Figure 6). Some of the tiles have more than one value displayed. The second value is for 
the tile that is underneath the displayed one. For most of the tiles the OAb values for overlapping tiles is similar. 

 

Figure 5. OAb for each tile of static map in Siberia based on FROM GLC 

The ESA DUE Permafrost size is smaller than the zoom area in Siberia therefore the appearance of the map is 
different with respect to the previous map.  
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Figure 6. OAb for each tile of static map in Siberia based on ESA DUE Permafrost 
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3.2.1.2 Per class benchmark accuracy  

 

Table 25. UAb and PAb for whole Siberia 
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ESA DUE GlobPermafrost 

PAb 

32%    39% 1% 48% 16%   23%  92% 44% 46% 

FROM-GLC 41% 53% 0% 87%   19% 7% 0% 15%  97%   50% 

FNF    83%        90%    

GHS BU S1  54%              

GSW seasonality             86% 26%  

GSW_v1_2             88% 24%  

ESA DUE GlobPermafrost 

UAb 

25%    21% 17% 20% 10%   74%  99% 37% 7% 

FROM-GLC 5% 11% 0% 77%   43% 64% 0% 0%  91%   6% 

FNF    67%        83%    

GHS BU S1  9%              

GSW seasonality             96% 19%  

GSW_v1_2             52% 17%  
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3.2.2 Amazon 

3.2.2.1 Overall benchmark accuracy  

In Amazon there are 3 existing multiple-class land cover maps with which static product for Amazon region was 
compared: FROM-GLC, GL30 and MapBiomas. Table 26 is showing the consistency between static map in Amazon 
and each of the existing land cover maps. 

Table 26. Overall benchmark accuracy for whole Amazon 

Existing dataset OAb 

FROM-GLC 62% 

GL30 48% 

MapBiomas 62% 

 

As in the case of Siberia, also for Amazon results of OAb will be shown in form of maps for OAb with each of the 
three existing land cover available in the region. OAb with respect to FROM-GLC is shown in Figure 7, with respect 
to GL30 Figure 8 in and with respect to MapBiomas in Figure 9. 

 

Figure 7. OAb for each tile of static map in Amazon based on FROM GLC 



 

Ref CCI_HRLC_Ph1-D4.1_PVIRa 

 
Issue Date Page 

2.rev.1 01/02/2023 39 

 

  
 

 

Figure 8. OAb for each tile of static map in Amazon based on GL30 

The MapBiomas dataset does not completely cover zoom area in Amazon therefore the appearance of the map 
is different with respect to the previous two maps for Amazonia.  

 

Figure 9. OAb for each tile of static map in Amazon based on MapBiomas
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3.2.2.2 Per class benchmark accuracy  

 

Table 27. UAb and PAb for whole Amazon 
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FROM GLC 

PA  

53% 53% 68% 91% 54% 19% 80%   55%   

GL30 14% 43% 34% 88% 43% 17% 75%   17%   

MapBiomas 36% 59% 65% 88% 59% 21% 74%    40% 0% 

FNF    84%   26%      

GHS BU S1  59%           

AUE*   80%     28%      

GSW seasonality        83% 15%    

GSW v1 2        87% 12%    

FROM GLC 

UA  

0% 36% 67% 69% 74% 25% 67%   19%   

GL30 0% 38% 90% 65% 15% 22% 67%   38%   

MapBiomas 3% 48% 69% 67% 79% 20% 76%    27% 0% 

FNF    68%   52%      

GHS BU S1  26%           

AUE*  54%     38%      

GSW seasonality        76% 12%    

GSW v1 2        74% 21%    

 

*AUE  covers only partially 4 tiles out of 266 in Amazon.  
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3.2.3 Africa  

3.2.3.1 Overall benchmark accuracy  

In Africa there are 2 existing multiple-class land cover maps with which static product for African region were 
compared: FROM-GLC and GL30. Table 28 is showing the consistency between static map in Africa and each of 
the existing land cover maps. 

Table 28. Overall benchmark accuracy for whole Africa 

Existing dataset OAb 

FROM-GLC 44% 

GL30 33% 

 

Results of OAb will be shown in form of maps for OAb with each of the two  existing land cover available in the 
region. OAb with respect to FROM-GLC is shown in Figure 10, with respect to GL30 in Figure 11. 

 

Figure 10. OAb for each tile of static map in Africa based on FROM GLC 
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Figure 11. OAb for each tile of static map in Africa based on GL30 

3.2.3.2 Per class benchmark accuracy  

 

Table 29. UAb and PAb for whole Africa 
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FROM GLC 

PA 

85% 12% 46% 70% 19% 44% 84%     8% 

GL30 83% 20% 36% 36% 18% 38% 87%     21% 

GHS BU S1   28%                 

WSF   31%                 

FNF       35%     87%       

GSW seasonality               90% 63%   

GSW v1 2               91% 51%   

FROM GLC 

UA 

48% 1% 43% 19% 34% 56% 92%     1% 

GL30 43% 3% 43% 42% 50% 15% 61%     9% 

GHS BU S1   1%                 

WSF   5%                 

FNF       76%     84%       

GSW seasonality               99% 19%   

GSW v1 2               76% 32%   

 

3.2.4 Conclusions 

Overall agreement of the static map with existing land cover maps in Siberia is around 50% (Table 24). The highest 
agreement is in the northern parts of zoom area due to the dominance of water class which is generally well 
classified (Figure 5 and Figure 6). Agreement is slightly larger with FROM-GLC then with ESA DUE Permafrost. 
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Regarding individual accuracy indexes the cƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ άŜȄŎŜƭƭŜƴǘέ ƛŦ ōƻǘƘ ǎŎƻǊŜǎ PAb and UAb 

όƛƴ ǘƘŜύ ŀǊŜ ŀōƻǾŜ фл҈Σ άǿŜƭƭέ ƛŦ ǘƘŜ ǎŎƻǊŜǎ ŀǊŜ ōŜǘǿŜŜƴ тл҈ ŀƴŘ фл҈ ŀƴŘ άǊŜƭŀǘƛǾŜƭȅ ƎƻƻŘέ ƛŦ ǘƘŜ ǎŎƻǊŜǎ ŀǊŜ 
between 50% and 70% ( For Siberia according to the Table 25 classification of Forest class is relatively good, while 
for Water and Water permanent class it varies from relatively good to excellent, depending on the existing 
dataset with which static map is compared with. For other classes the results are low or not possible to interpret. 

Agreement of static map in Amazon with existing land cover maps in that region shows higher agreement than 
in Siberia. OAb in Amazon is 62% with respect to FROM-GLC and MapBiomas LC, while with respect to GL30 it is 
48%. There is couple of patches of tiles where agreement with FROM-GLC (Figure 7) and MapBiomas (Figure 9) 
exceeds 80%. Visual inspection or these patches showed that it is most probably associated with relatively 
homogeneous forest landscape. Agreement with GL30 (Figure 8) is generally lower compared to agreement with 
other two maps in Amazon. Class-wise agreement with existing maps was analysed based on FROM-GLC and 
MapBiomas because results of inter-comparison with them are similar (Table 27). In case of Permanent water, 
relatively well to good in case of Water and Forest and relatively well in case of Cropland and Grassland. 

According to the AUE dataset Built-up class is relatively well classified, which is not evident from other datasets. 
Given that AUE dataset is focused on big cities (Ribeirao Preto and partially Sao Paolo) it may indicate that 
classification of built-up class is more successful in cities with respect to built-up elsewhere. It might be affected 
by homogeneity of built up class in cities. 

For static map in Africa the agreement with existing HRLC is lower than with respect to other two regions. OAb 

with respect to FROM-GLC is 44%, and 33% with GL30 (Table 28). UAb and PAb (Table 29) are indicating that the 
Forest class is not classified as good as in Amazon or Siberia, and probably this is the reason behind low overall 
agreement. Water permanent class has excellent agreement, while the agreement with Water is well. Visual 
inspection of OAb for each tile of static map for GL30 and FROM-GLC (Figure 10, Figure 11) do not show any 
meaningful patterns. 

For further conclusions based on inter-comparison it would be important to have information about reliability of 
the existing products in the regions of interest for the project. The reliability of existing products could be 
estimated using the validation dataset of the project. 

 

3.3 HRLC historical maps ς first production 
Historical maps in zoom area for Amazon were provided on 28/12/2020, for Siberia on 15/01/2021, and for Africa 
on 18/03/2021. Table 30 contains details about the number of tiles per each region and each historical product 
available so far.  

Table 30. Number of tiles for each historical product 

Year Region Number of tiles Region Number of tiles Region Number of tiles 

2015 Amazon 266 Siberia 212 Africa 291 

2010 Amazon 266 Siberia 215 Africa 290 

2005 Amazon 266 Siberia 215 Africa 291 

2000 Amazon 263 Siberia 213 Africa 291 

1995 Amazon 266 Siberia 205 Africa 279 

1990 Amazon 262 Siberia 208 Africa 273 

 

3.3.1 Amazon 2015  

Following existing land cover maps are used for inter-comparison of historical products for 2015: 

¶ FROM GLC 2015 

¶ MapBiomas 2015  



 

Ref CCI_HRLC_Ph1-D4.1_PVIRa 

 
Issue Date Page 

2.rev.1 01/02/2023 44 

 

  
 

¶ TerraClass 2014 

¶ GHS BU LDS 2014 

¶ WSF 2015 

¶ FNF 2015 

¶ GSW seasonality 2015  

¶ GSW v1 2 2015 

¶ AUE 2014 (Sao Paolo), 2014 (Ribeirao Preto) 
 

3.3.1.1 Overall benchmark accuracy  

There are 3 existing multiple-class land cover maps for year 2015 with which historical product for Amazon region 
was compared: FROM-GLC, TerraClass and MapBiomas. Table 31 is showing the consistency between historical 
map in Amazon and each of the existing land cover maps. 

Table 31. Overall benchmark accuracy for whole Amazon in 2015 

Existing dataset OAb 

FROM-GLC 57% 

MapBiomas 57% 

TerraClass 63% 

Amazon results of OAb will be shown in form of maps for OAb with each of the three existing land cover available 
in the region. OAb with respect to FROM-GLC is shown in Figure 12, with respect to MapBiomas Figure 13 in and 
with respect to TerraClass in Figure 14. 

 

Figure 12. OAb for each tile of 2015 historical map in Amazon based on FROM GLC 

The MapBiomas dataset does not completely cover zoom area in Amazon therefore the appearance of the map 
is different with respect to the FROM-GLC map for Amazonia. 
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Figure 13. OAb for each tile of 2015 historical map in Amazon based on MapBiomas 

The TerraClass dataset covers only small portion of the zoom area in Amazon therefore the appearance of the 
map is different with respect to the previous two maps for Amazonia. 

 

 

Figure 14. OAb for each tile of 2015 historical map in Amazon based on TerraClass 
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3.3.1.2 Per class benchmark accuracy  

 

Table 32. UAb and PAb for whole 2015 Amazon 
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FROM GLC 

PA 

48% 75% 53% 91% 44% 7% 90%   19%  

MapBiomas 52% 73% 51% 92% 54% 11% 85%    20% 

TerraClass 7% 1% 36% 95% 47% 5% 62%     

GHS BU LDS  83%     96%     

WSF  69%          

FNF    85%   35%     

GSW seasonality        87% 33%   

GSW v1 2        90% 30%   

FROM GLC 

UA 

0% 30% 52% 67% 66% 18% 67%   12%  

MapBiomas 1% 54% 41% 65% 77% 25% 76%    36% 

TerraClass 1% 31% 34% 74% 66% 13% 62%     

GHS BU LDS  27%     40%     

WSF  36%          

FNF    67%   57%     

GSW seasonality        82% 14%   

GSW v1 2        80% 29%   

             

AUE Ribeirao Preto 
PA 

 70%     42%     

AUE Sao Paulo  66%     85%     

AUE Ribeirao Preto 
UA 

 77%     30%     

AUE Sao Paulo  79%     46%     
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3.3.2 Amazon 2010  

Following existing land cover maps are used for inter-comparison of historical products for 2010: 

¶ FROM GLC 2010 

¶ GL30 2010 

¶ MapBiomas 2010 

¶ TerraClass 2010 

¶ GUF 2011 

¶ FNF 2010 

¶ GSW seasonality 2010  

¶ GSW v1 2 2010 

3.3.2.1 Overall benchmark accuracy  

There are 4 existing multiple-class land cover maps for year 2010 with which historical product for Amazon region 
was compared: FROM-GLC, GL30, TerraClass and MapBiomas. Table 33 is showing the consistency between 
historical map in Amazon and each of the existing land cover maps. 

Table 33. Overall benchmark accuracy for whole Amazon in 2010 

Existing dataset OAb 

FROM-GLC 46% 

GL30 44% 

MapBiomas 51% 

TerraClass 67% 

Amazon results of OAb will be shown in form of maps for OAb with each of the four existing land cover available 
in the region. OAb with respect to FROM-GLC is shown in Figure 15, with respect to GL30 Figure 16, with respect 
to MapBiomas Figure 17 and with respect in and with respect to TerraClass in Figure 18 

 

Figure 15. OAb for each tile of 2010 historical map in Amazon based on FROM GLC 
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Figure 16. OAb for each tile of 2010 historical map in Amazon based on GL30 

 

The MapBiomas dataset does not completely cover zoom area in Amazon therefore the appearance of the map 
is different with respect to the previously displayed maps for Amazonia. 

 

Figure 17. OAb for each tile of 2010 historical map in Amazon based on MapBiomas 

The TerraClass dataset covers only small portion of the zoom area in Amazon therefore the appearance of the 
map is different with respect to the previous three maps for Amazonia. 
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Figure 18. OAb for each tile of 2010 historical map in Amazon based on TerraClass 
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3.3.2.2 Per class benchmark accuracy  

 

Table 34. UAb and PAb for whole 2010 Amazon 
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FROM GLC 

PA 

12% 55% 42% 70% 36% 4% 44%      

GL30 22% 58% 35% 78% 34% 6% 79%      

MapBiomas 43% 75% 58% 81% 45% 9% 77%    65% 0% 

TerraClass 10% 36% 60% 92% 51% 9% 10%      

GUF  75%           

FNF    77%   20%      

GSW seasonality        85% 15% 55%   

GSW v1 2        88% 14% 4%   

FROM GLC 

UA 

1% 4% 43% 68% 51% 7% 28%      

GL30 0% 11% 67% 66% 16% 17% 29%      

MapBiomas 1% 19% 38% 62% 82% 18% 32%    16% 0% 

TerraClass 0% 10% 55% 77% 77% 12% 40%      

GUF  14%        27%   

FNF    71%   2%   33%   

GSW seasonality        38% 3%    

GSW v1 2        37% 5%    
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3.3.3 Amazon 2005  

Following existing land cover maps are used for inter-comparison of historical products for 2005: 

¶ MapBiomas 2005 

¶ TerraClass 2004 

¶ FNF 2007 

¶ GSW seasonality 2005 

¶ GSW v1 2 2005 

3.3.3.1 Overall benchmark accuracy  

There are 2 existing multiple-class land cover maps for year 2005 with which historical product for Amazon region 
was compared: TerraClass and MapBiomas. Table 35 is showing the consistency between historical map in 
Amazon and each of the existing land cover maps. 

Table 35. Overall benchmark accuracy for whole Amazon in 2005 

Existing dataset OAb 

MapBiomas 55% 

TerraClass 75% 

Amazon results of OAb will be shown in form of maps for OAb with each of existing land cover available in the 
region. OAb with respect to MapBiomas is shown in Figure 19, and with respect to TerraClass in Figure 20. As it 
can be seen from the figures none of the available land cover is as large as the zoom area. 

 

Figure 19. OAb for each tile of 2005 historical map in Amazon based on MapBiomas 
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Figure 20. OAb for each tile of 2005 historical map in Amazon based on TerraClass 
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3.3.3.2 Per class benchmark accuracy  

 

Table 36. UAb and PAb for whole 2005 Amazon 
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MapBiomas 

PA 

39% 71% 58% 85% 53% 11% 72%   61% 0% 

TerraClass 6% 2% 56% 92% 54% 9% 68%     

FNF    80%   38%     

GSW seasonality        80% 15%   

GSW v1 2        84% 14%   

MapBiomas 

UA  

1% 27% 41% 68% 78% 17% 46%   14% 0% 

TerraClass 0% 12% 38% 86% 75% 7% 50%     

FNF    74%   31%     

GSW seasonality        63% 3%   

GSW v1 2        61% 6%   
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3.3.4 Amazon 2000  

Following existing land cover maps are used for inter-comparison of historical products for 2000: 

¶ MapBiomas 2000 

¶ GL30 2000 

¶ GHS BU LDS 2000 

¶ TreeCover 2000 

¶ GSW seasonality 2000 

¶ GSW v1 2 2000 

¶ AUE 2000 (Sao Paolo), 2001  (Ribeirao Preto) 

3.3.4.1 Overall benchmark accuracy  

There are 2 existing multiple-class land cover maps for year 2000 with which historical product for Amazon region 
was compared: GL30 and MapBiomas. Table 37 is showing the consistency between historical map in Amazon 
and each of the existing land cover maps. 

Table 37. Overall benchmark accuracy for whole Amazon in 2000 

Existing dataset OAb 

GL30 43% 

MapBiomas 50% 

Amazon results of OAb will be shown in form of maps for OAb with each of the four existing land cover available 
in the region. OAb with respect to GL30 is shown in Figure 21, and with respect to MapBiomas in Figure 22.  

 

Figure 21. OAb for each tile of 2000 historical map in Amazon based on GL30 

The MapBiomas dataset does not completely cover zoom area in Amazon therefore the appearance of the map 
is different with respect to the GL30 map for Amazonia. 
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Figure 22. OAb for each tile of 2000historical map in Amazon based on MapBiomas 
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3.3.4.2 Per class benchmark accuracy  

 

Table 38. UAb and PAb for whole 2000 Amazon 
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GSW seasonality        74% 21%    
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1% 13% 27% 64% 78% 15% 36%    14% 0% 

GL30 0% 9% 76% 63% 16% 17% 36%   26%   
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TreeCover    82%         
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AUE Sao Paulo 
PA 
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AUE Ribeirao Preto  43%     33%      

AUE Sao Paulo 
UA 

 89%     1%      
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3.3.5 Amazon 1995  

Following existing land cover maps are used for inter-comparison of historical products for 1995: 

¶ MapBiomas 1995 

¶ GSW seasonality 1995 

¶ GSW v1 2 1995 

3.3.5.1 Overall benchmark accuracy  

There is only 1 existing multiple-class land cover map ς MapBiomas ς for year 1995 with which historical product 
for Amazon region was compared. Table 39 is showing the consistency between historical map in Amazon and 
the existing land cover map. 

Table 39. Overall benchmark accuracy for whole Amazon in 1995 

Existing dataset OAb 

MapBiomas 56% 

Amazon results of OAb will be shown in form of maps for OAb . OAb with respect to MapBiomas is shown in Figure 
23. The MapBiomas dataset does not completely cover zoom area in Amazon. 

 

Figure 23. OAb for each tile of 1995 historical map in Amazon based on MapBiomas 
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3.3.5.2 Per class benchmark accuracy  

 

Table 40. UAb and PAb for whole 1995 Amazon 
D

a
ta

s
e
t 

In
d
e
x 

B
a
re

la
n
d 

B
u
ilt

-u
p
 

C
ro

p
la

n
d 

F
o
re

s
t 

G
ra

ss
la

n
d 

S
h
ru

b
la

n
d 

W
a
te

r 

W
a
te

r 

p
e
rm

a
n
e
n
t 

W
a
te

r 
s
e
a
s
o
n
a
l 

W
e
tl
a
n
d
 

H
e
rb

a
ce

o
u
s 

W
e
tl
a
n
d
 

S
h
ru

b
b
y 

MapBiomas 

PA 

39% 70% 39% 91% 58% 7% 63%   52% 0% 

GSW seasonality        67% 3%   

GSW v1 2        74% 3%   
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UA 

1% 21% 35% 65% 75% 24% 52%   17% 0% 

GSW seasonality        45% 4%   

GSW v1 2        42% 10%   

 

3.3.6 Amazon 1990  

Following existing land cover maps are used for inter-comparison of historical products for 1990: 

¶ MapBiomas 1990 

¶ GHS BU LDS 1990 

¶ GSW seasonality 1990 

¶ GSW v1 2 1990 

¶ AUE 1988 (Sao Paolo), 1990  (Ribeirao Preto) 

3.3.6.1 Overall benchmark accuracy  

There is only 1 existing multiple-class land cover map ς MapBiomas ς for year 1990 with which historical product 
for Amazon region was compared. Table 41 is showing the consistency between historical map in Amazon and 
the existing land cover map. 

Table 41. Overall benchmark accuracy for whole Amazon in 1990 

Existing dataset OAb 

MapBiomas 56% 

Amazon results of OAb will be shown in form of maps for OAb . OAb with respect to MapBiomas is shown in Figure 
24. The MapBiomas dataset does not completely cover zoom area in Amazon. 
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Figure 24. OAb for each tile of 1990 historical map in Amazon based on MapBiomas 

3.3.6.2 Per class benchmark accuracy  

 

Table 42. UAb and PAb for whole 1990 Amazon 
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3.3.7 Siberia 2015  

Following existing land cover maps are used for inter-comparison of historical products for 2015: 

¶ FROM GLC 2015 

¶ GHS BU LDS 2014 

¶ GSW seasonality 2015 

¶ GSW v1 2 2015 

¶ FNF 2015 

¶ WSF 2015 

3.3.7.1 Overall benchmark accuracy  

There is single existing multiple-class land cover maps for year 2015 - FROM-GLC - with which historical product 
for Siberia region was compared.  Table 43 is showing the consistency between historical map in Siberia and each 
of the existing land cover maps. 

Table 43. Overall benchmark accuracy for whole Siberia in 2015 

Existing dataset OAb 

FROM-GLC 53% 

Siberia results of OAb will be shown in form of maps for OAb with existing land cover available in the region. OAb 

with respect to FROM-GLC is shown in Figure 25. 

 

Figure 25. OAb for each tile of 2015 historical map in Siberia based on FROM GLC 
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3.3.7.2 Per class benchmark accuracy  

 

Table 44. UAb and PAb for whole 2015 Siberia 
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WSF    79%                     

FNF        78%         91%       

GSW 
seasonality                    81% 36%   

GSW v1 2                    84% 37%   
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UA 
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GHS BU LDS    6%             77%       

WSF    9%                     

FNF        56%         75%       
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3.3.8 Siberia 2010  

Following existing land cover maps are used for inter-comparison of historical products for 2010: 

¶ FROM GLC 2010 

¶ GL30 2010 

¶ GUF 2011 

¶ GSW seasonality 2010 

¶ GSW v1 2 2010 

¶ FNF 2010 

3.3.8.1 Overall benchmark accuracy  

There are 2 existing multiple-class land cover maps for year 2010 with which historical product for Siberia region 
was compared: FROM-GLC and GL30. Table 45 is showing the consistency between historical map in Siberia and 
each of the existing land cover maps.  

Table 45. Overall benchmark accuracy for whole Siberia in 2010 

Existing dataset OAb 

FROM-GLC 53% 

GL30 53% 

Siberia results of OAb will be shown in form of maps for OAb with each of the two existing land cover available in 
the region. OAb with respect to FROM-GLC is shown in Figure 26, and with respect to GL30  Figure 27. 

 

Figure 26. OAb for each tile of 2010 historical map in Siberia based on FROM GLC 
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Figure 27. OAb for each tile of 2010 historical map in Siberia based on GL30 
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3.3.8.2 Per class benchmark accuracy  

 

Table 46. UAb and PAb for whole 2010 Siberia 
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3.3.9 Siberia 2005  

Following existing land cover maps are used for inter-comparison of historical products for 2005: 

¶ FNF 2007 

¶ GSW seasonality 2005 

¶ GSW v1 2 2005 

3.3.9.1 Overall benchmark accuracy  

For year 2005 other multiple-class land cover do not exist, therefore OAb cannot be reported. 

3.3.9.2 Per class benchmark accuracy  

 

Table 47. UAb and PAb for whole 2005 Siberia 
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UA 
  

55% 77%     

GSW seasonality      92% 13% 

GSW v1 2      52% 10% 

 

 

 

 

3.3.10 Siberia 2000  

Following existing land cover maps are used for inter-comparison of historical products for 2000: 

¶ GL30 2000 

¶ GHS BU LDS 2000 

¶ TreeCover 2000 

¶ GSW seasonality 2000 

¶ GSW v1 2 2000 

3.3.10.1 Overall benchmark accuracy  

There is single existing multiple-class land cover maps for year 2000 ς GL30 - with which historical product for 
Siberia region was compared.  Table 48 is showing the consistency between historical map in Siberia and each of 
the existing land cover maps. 

Table 48. Overall benchmark accuracy for whole Siberia in 2000 

Existing dataset OAb 

GL30 50% 
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Siberia results of OAb will be shown in form of maps for OAb with existing land cover available in the region. OAb 

with respect to GL30 is shown in Figure 2. 

 

Figure 28. OAb for each tile of 2000 historical map in Siberia based on GL30 
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3.3.10.2 Per class benchmark accuracy  

 

Table 49. UAb and PAb for whole 2000 Siberia 
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3.3.11 Siberia 1995  

Following existing land cover maps are used for inter-comparison of historical products for 1995: 

¶ GSW seasonality 1994 

¶ GSW v1 2 1994 

3.3.11.1 Overall benchmark accuracy  

For year 1995 other multiple-class land cover do not exist, therefore OAb cannot be reported. 

3.3.11.2 Per class benchmark accuracy  

Table 50. UAb and PAb for whole 1995 Siberia 
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95% 16% 
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3.3.12 Siberia 1990  

Following existing land cover maps are used for inter-comparison of historical products for 1990: 

¶ GHS BU LDS 1990 

¶ GSW seasonality 1990 

¶ GSW v1 2 1990 

3.3.12.1 Overall benchmark accuracy  

For year 1990 other multiple-class land cover do not exist, therefore OAb cannot be reported. 

3.3.12.2 Per class benchmark accuracy  

Table 51. UAb and PAb for whole 1990 Siberia 
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3.3.13 Africa 2015  

Following existing land cover maps are used for inter-comparison of historical products for 2015: 
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¶ FROM GLC 2015 

¶ WSF 2015 

¶ GSW v1 2 2015 

¶ GSW seasonality 2015 

¶ GHS 2014 

¶ FNF 2015 

3.3.13.1 Overall benchmark accuracy  

There is single existing multiple-class land cover maps for year 2015 - FROM-GLC - with which historical product 
for Africa region was compared.  Table 52 is showing the consistency between historical map in Africa and the 
existing land cover map. 

 

Table 52. Overall benchmark accuracy for whole Africa in 2015 

Existing dataset OAb 

FROM_GLC 46% 

Africa results of OAb will be shown in form of maps for OAb with existing land cover available in the region. OAb 

with respect to FROM-GLC is shown in Figure 29. 

 

 

Figure 29. OAb for each tile of 2015 historical map in Africa based on FROM GLC 

3.3.13.2 Per class benchmark accuracy  

Table 53. UAb and PAb for whole 2015 Africa 
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