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General concepts: Need for Accuracy Assessment

• Ensure that the map produced 

comply with the specifications.

• Map product finalised.

• Can the map be considered “true” 

and reliable statistics can be 

extracted from it.

• Anything else?
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Validation / Verification / Accuracy

ISO Definition:

• Verification: confirmation of a claim, through the provision of objective evidence, that specified requirements 

have been fulfilled

• Validation: confirmation of a claim, through the provision of objective evidence, that the requirements for a 

specific intended use or application have been fulfilled

• Was the product made in the right way? To which extent the products meet the technical specifications set 

part of validation / verification

• Was the right product made? Fitness for purpose and limitations (if any) of the products with respect to their 

intended and potential uses part of validation

• Validation Plan:

• Validation Framework: criteria for validation, analysis of product specifications and standards

• Validation approach: methodology and guidance to implement validation
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Validation Plan: standards and criteria

OGC INSPIRE FGDC

Positional Accuracy Positional Accuracy Positional Accuracy

Temporal Accuracy Temporal Quality

Thematic Accuracy Thematic Accuracy Attribute Accuracy

Completeness* Completeness* Completeness*

Cloud Cover

Consistency and integrity Logical Consistency Logical Consistency

Definition 

(for semantic 

interoperability)

Usability Lineage

Language

Projection

Scale

*may cover different concept 

Examples of criteria:

• Geographic area to be 

reported: national, river 

basin, pan-European…

• Indicator threshold: e.g. less 

than 5 m RMSE

• Accepted uncertainty of 

accuracy measure: 90% 

overall accuracy, less than 

10% omission and 

commission errors…
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Accuracy assessment: Product Specifications

Criteria for accuracy assessment, example of 

Pan-European Copernicus Land Monitoring 

Service Forest Type Product:

• The overall target thematic accuracy is 

90% for both the broadleaf and the 

coniferous class. 

• The 90% accuracy value must be 

understood as follows: 10% for 

commission errors and 10% for 

omission errors for the forest classes.

Forest Type 100m
Acronym

FTY

Product category

Aggregated status layer

Reference year

2018 (March to October)

Geometric resolution

Pixel resolution 100m x 100m, fully conform with the EEA reference grid

Coordinate Reference System

European ETRS89 LAEA projection

Geometric accuracy (positioning scale)

Less than half a pixel. According to ortho-rectified satellite image base delivered by ESA.

Thematic accuracy

Determined by the accuracy of the source Forest Type 2018 in 10m spatial resolution (FTY_2018_010m) and thus indirectly by the

Forest Additional Support Layer (FADSL_2018_010m) at 10m spatial resolution and the Tree Cover Density 2018 at 10m spatial

resolution.

Data type

8bit unsigned raster with LZW compression

Minimum Mapping Unit (MMU)

Pixel-based (no MMU)

Tree cover density threshold

10%

Necessary attributes

Raster value, count, class name, area (in km2), percentage (taking outside area not into account)

Raster coding (thematic pixel values)

0: all non-forest areas

1: broadleaved forest

2: coniferous forest

3: mixed zones

254: unclassifiable (no satellite image available, or clouds, shadows, or snow)

255: outside area

Metadata

XML metadata files according to INSPIRE metadata standards

Delivery format

GeoTIFF
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Validation Approach

• Completeness: is the whole area covered? Are 

there missing part? Percentage covered?

• Positional Accuracy: evaluation of the 

differences between the positions of the objects 

of the product with respect to reference data e.g. 

5m RMSE

• Thematic Accuracy: accuracy assessment 

• Temporal quality: are the source data compliant 

with the defined reference period

• Usability: does the product complies with the 

user needs?

• Logical Consistency: 

• Conceptual: Data model compliance, 

minimal mapping unit / Width

• Domain: compliant attribute values

• Format: file / attribute names and 

attribute coding and overall file format 

compliant

• Topological: compliance with defined 

rules

• Symbology: compliance with defined 

colour coding and or symbols

• Map projection: presence and 

compliance of defined map projection
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Accuracy Assessment

❑ The implementation of an accuracy assessment plan consists of three 

stages:

1. Stratification and sampling design

2. Response design

3. Confusion matrix and accuracy measures

❑ Thematic maps are normally assessed with a confusion or error matrix

❑ Continuous data such as biomass or tree cover density maps requires a different 

analytical framework
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Stratification and Sample Design: Overview

• Probability sample: the probability of sample units to be drawn needs to be known

• A probability sample is obtained via a random or systematic approach

• Samples drawn from area frame (geography) rather than list frame

• Samples can be points, lines or polygons

• Examples of sampling approaches: Simple random sampling, stratified random 

sampling, stratified systematic random sampling…

• A stratification can be used: 

• To reduce the overall number of samples required thus reducing costs

• To ensure that all thematic classes (rare classes) are included
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Sample Units

❑ Point: most often used, but need to consider the 

mapping rules such as minimum mapping area / 

width

❑ Line or transect: sometimes used in difficult 

terrain (accessibility)

❑ Polygon or segment: we apply the same input 

rules as in production but on restricted areas, 

allowing evaluation of aspects other than 

thematic precision such as geometry

❑ Sampling can be done in several stages: 

Primary Sample Unit (PSU), Secondary Sample 

Unit (SSU)
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Sampling Approach

❑ Systematic: can be problematic if regular pattern in landscape

❑ Random: may be inefficient for rare classes

❑ Stratified: address rare classes

Random with minimum distance

Stratified Systematic

Systematic and random
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Stratification

❑ Definition: the partition of a study area 

into several distinct subsets whose goal 

is to improve the homogeneity of the 

data and therefore reduce their variance

❑ Allows a better representation of all the 

thematic classes

❑ Possibility of using the thematic map to 

be assessed as basis for stratification

❑ According to Cochran (1977) no need 

for more than 6-8 strata
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Number of Sample units per stratum

• Ensure sufficient level of precision at reporting level (e.g. administrative unit,…)

• Neyman allocation can be used for mono thematic maps: 𝑛ℎ=
𝑝ℎ(1−𝑝ℎ)

𝜎ℎ
2

• For multi thematic maps some optimal allocation algorithms 

exist, but are not often easy to implement

• Equal allocation reduces uncertainty of commission errors

• Proportional allocation reduces uncertainty of omission errors

and area estimates

• In practice a combination of proportional allocation and 

minimum number of samples for small strata (e.g. 50) is used

• Total number of sample units should not exceed 1000 per 

reporting unit, but this also depends on the number of thematic classes

where nh is the sample size 
for stratum h, ph is the 
expected error rate and 𝜎ℎ is 
the desired standard error
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Level of Reporting: Example of Pan-European Mapping

❑ Copernicus Land Monitoring Service: land.Copernicus.eu

❑ Need to find a compromise between number of sample units and 

representative results at sub-European level

❑ Grouping of  countries < 90,000 km² area

❑ 23 main groups 

(including French DOMs)

❑ Biogeographical regions

❑ Production teams

land.Copernicus.eu
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Stratification & Sample design – Example of CLMS High 

Resolution Layer Tree Cover Density product (TCD)

❑ Different sampling intensity applied:

→ Focus on strata for which there is a higher probability that errors will be found. 

❑ CLC tree covered classes were defined as follows based on CLC2006-12:

▪ 2.2.2 = fruit trees, orchards

▪ 2.2.3 = olives

▪ 2.4.3 = agriculture with significant amount of natural vegetation

▪ 2.4.4 = agroforestry

▪ 3.1.1 = broadleaf forest

▪ 3.1.2 = coniferous forest

▪ 3.1.3 = mixed forest

▪ 3.2.4 = transitional woodland, shrub
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Stratification & Sample design – TCD

❑ First unstratified sampling at Pan-European level of 15,000 sample units

❑ The first level of stratification is defined according to countries or group of 

countries with an area greater than 90,000 km²

❑ The second level stratification was defined as follows:

Strata Description Number of sample units

Commission Low Probability TC 1-100% & CLC impervious 

classes 

minimum of 50 PSUs per country / 

group of countries

Commission High Probability TC 1-100% & CLC non TC classes minimum of 50 PSUs per country / 

group of countries

Omission High Probability TC 0% & CLC TC classes minimum of 150 sample units per 

country / group of countries

Omission Low Probability Rest of the area minimum of 50 PSUs per country / 

group of countries
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Sample design

❑ Stratified systematic sample design 

based on the EU Land Use and 

Coverage Area frame Survey (LUCAS) 

2 x 2 km sampling frame

❑ Selection of Primary Sampling Units 

(PSUs) based on LUCAS and densified 

LUCAS grid if required

❑ For HRLs TCD, PSU is the 100m pixel

❑ Selection of Secondary Sampling units 

(SSUs) for TCD based on a 5x5 20m grid

9 23 66 44 68 10 48 16 42 76 23 66 44 68 10 48 16 42 76 

8 71 12 69 25 51 29 60 37 7 71 12 69 25 51 29 60 37 7 

7 20 79 18 72 78 3 31 63 70 20 79 18 72 78 3 31 63 70 

6 33 11 80 11 59 32 38 9 64 33 1 80 11 59 32 38 9 64 

5 28 40 26 49 55 17 53 50 77 28 40 26 49 55 17 53 50 77 

4 45 27 41 67 6 65 15 73 5 45 27 41 67 6 65 15 73 5 

3 35 39 13 36 62 21 57 24 47 35 39 13 36 62 21 57 24 47 

2 8 58 74 46 14 75 2 56 34 8 58 74 46 14 75 2 56 34 

1 43 30 4 54 61 19 81 22 52 43 30 4 54 61 19 81 22 52 

9 23 66 44 68 10 48 16 42 76 23 66 44 68 10 48 16 42 76 

8 71 12 69 25 51 29 60 37 7 71 12 69 25 51 29 60 37 7 

7 20 79 18 72 78 3 31 63 70 20 79 18 72 78 3 31 63 70 

6 33 11 80 11 59 32 38 9 64 33 11 80 11 59 32 38 9 64 

5 28 40 26 49 55 17 53 50 77 28 40 26 49 55 17 53 50 77 

4 45 27 41 67 6 65 15 73 5 45 27 41 67 6 65 15 73 5 

3 35 39 13 36 62 21 57 24 47 35 39 13 36 62 21 57 24 47 

2 8 58 74 46 14 75 2 56 34 8 58 74 46 14 75 2 56 34 

1 43 30 4 54 61 19 81 22 52 43 30 4 54 61 19 81 22 52 

Row in 

block  
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

  Column in block →   
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18km

https://ec.europa.eu/eurostat/web/lucas/overview
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Sample design

❑ Stratified systematic sample design 

based on the EU Land Use and 

Coverage Area frame Survey (LUCAS) 

2 x 2 km sampling frame

❑ Selection of Primary Sampling Units 

(PSUs) based on LUCAS and densified 

LUCAS grid if required

❑ For HRLs TCD, PSU is the 100m pixel

❑ Selection of Secondary Sampling 

units (SSUs) for TCD based on a 5x5 

20m grid

18

https://ec.europa.eu/eurostat/web/lucas/overview
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Number of Sample units - TCD

There was a total of 17,296 sample units selected 

PSUs - TCD

Commission Omission

LABEL High Low High Low Total

AL+ME+MK+RS+XK 82 111 273 111 577

AT + CH + LI 74 99 248 99 520

BA + HR + SI 74 100 250 100 524

BE + LU+ NL + DK 70 95 239 95 499

BG 72 94 237 94 497

CZ + SK 72 100 250 100 522

DE 113 189 426 189 917

EE + LT + LV 84 118 286 118 606

EL + CY 78 105 260 105 548

ES 247 149 543 247 1186

FI 132 179 411 166 888

FR 149 264 576 266 1255

FR DOMs 70 84 219 85 458

HU 68 87 223 87 465

IE + UK 111 173 395 207 886

IS 70 89 230 90 479

IT + MT 109 167 384 167 827

NO 109 182 402 176 869

PL 109 172 393 172 846

PT 68 86 222 86 462

RO 95 141 341 143 720

SE 154 225 498 204 1081

TR 202 353 756 353 1664

TOTAL 2412 3362 8062 3460 17296
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PSUs - TCD

Number of Sample units - TCD

There was a total of 17,296 sample units selected 
Commission Omission

LABEL High Low High Low Total

AL+ME+MK+RS+XK 82 111 273 111 577

AT + CH + LI 74 99 248 99 520

BA + HR + SI 74 100 250 100 524

BE + LU+ NL + DK 70 95 239 95 499

BG 72 94 237 94 497

CZ + SK 72 100 250 100 522

DE 113 189 426 189 917

EE + LT + LV 84 118 286 118 606

EL + CY 78 105 260 105 548

ES 247 149 543 247 1186

FI 132 179 411 166 888

FR 149 264 576 266 1255

FR DOMs 70 84 219 85 458

HU 68 87 223 87 465

IE + UK 111 173 395 207 886

IS 70 89 230 90 479

IT + MT 109 167 384 167 827

NO 109 182 402 176 869

PL 109 172 393 172 846

PT 68 86 222 86 462

RO 95 141 341 143 720

SE 154 225 498 204 1081

TR 202 353 756 353 1664

TOTAL 2412 3362 8062 3460 17296
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Number of Sample units - TCD

There was a total of 17,296 sample units selected 
Commission Omission

LABEL High Low High Low Total

AL+ME+MK+RS+XK 82 111 273 111 577

AT + CH + LI 74 99 248 99 520

BA + HR + SI 74 100 250 100 524

BE + LU+ NL + DK 70 95 239 95 499

BG 72 94 237 94 497

CZ + SK 72 100 250 100 522

DE 113 189 426 189 917

EE + LT + LV 84 118 286 118 606

EL + CY 78 105 260 105 548

ES 247 149 543 247 1186

FI 132 179 411 166 888

FR 149 264 576 266 1255

FR DOMs 70 84 219 85 458

HU 68 87 223 87 465

IE + UK 111 173 395 207 886

IS 70 89 230 90 479

IT + MT 109 167 384 167 827

NO 109 182 402 176 869

PL 109 172 393 172 846

PT 68 86 222 86 462

RO 95 141 341 143 720

SE 154 225 498 204 1081

TR 202 353 756 353 1664

TOTAL 2412 3362 8062 3460 17296
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Example in Gabon: Unaligned Systematic Random sampling

Square 
segments as 

PSUs

665 Segments 
covering the 

whole country
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Stratified Random Sampling Design for the Republic of Congo

• 2000-2012 CNIAFF Forest loss map used for 

stratification

• Sampling design according to Olofsson et al. (2014)

• 1000 pixels sampled

• Minimum of 75 pixel/point samples for smallest 

stratum: F loss

• Rest of samples allocated proportionally for F (662) 

and NF (263) strata
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Response design

❑ How is the “ground truth” or better “reference” data collected

❑ Field visit or independent interpretation on THR data: the collection of reference data should be 

based on more accurate protocol and / or data sources

❑ Need to take into account the rules of interpretation used in production:

▪ Definition of classes

▪ Concept of minimum mapping area / width

❑ Double blind interpretation:

▪ The production is not aware of the checkpoints

▪ The validation team is not aware of the production data

❑ Plausibility analysis:

▪ The production is not aware of the checkpoints

▪ Validation based on whether the classification of samples is plausible
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• Area Samples: F/NF polygons are digitized on screen independently or SSU / 
sampled pixels individually interpreted following selected forest definition and 
map product specifications

• Point samples: Point is labelled considering forest definition and mapping rules

Response design F/NF for Republic of Congo

Map Reference
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Thematic accuracy - Response design
26

Interpretation tool for 
reference data 
labelling

TCD values 
collected for each 
17,296 PSUs
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Response Design: Blind interpretation

Example: response design & sample units for HRL IMD
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• Vector datasets: the geometric information is used to take into account
potentials geometric shifts

Response Design: Blind interpretation

• Raster datasets (HR Layers): 
▪ Apply a “8-Neighbors” shifts and re-

interprete the sample units (SSUs) in
each spatial position

▪ Minimize the difference Prod. Vs
Validation regarding the average
sealing to take into account potentials
geometric shifts



29

❑ Sample Units in disagreement are re-interpreted (Product vs. First blind interpretation)

❑ Interpretation carried out knowing the blind interpretation AND the map products

classification.

❑ Code added during the Plausibility analysis:

o 1 = both codes (product codification and bulk interpretation) are 

plausible

o 2 = Product codification is correct

o 3 = Bulk interpretation is correct

o 4 = Both codes are wrong

Response Design: Plausibility
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❑ Plausibility approach : 1 = both codes (product codification and bulk 

interpretation) are plausible

Response Design: Plausibility

• Product: Patch of 
hedgerows

• Blind: Patch of trees

• Plausibility: Patch of 
shrub

RZ 
GLE
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❑ Plausibility approach: 2 = Product codification is correct

Response Design: Plausibility

RZ 
LCLU

• Product: Inland freshwater
marshes (7111)

• Bulk/Blind: Mesic 
grasslands without trees 
(T.C.D. < 30%) (4222)

• CQ/Plausibility: Inland
freshwater marshes
(7111)
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❑ Plausibility approach: 3 = Blind interpretation is correct

Response Design: Plausibility

• Product: Other features

• Blind: Patch of trees

• Plausibility: Patch of trees

RZ 
GLE
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❑ Plausibility approach: 4 = Both codes are wrong

Response Design: Plausibility

• Product: patch of 
hedgerows

• Blind: Linear of trees

• Plausibility: Patch of trees

RZ 
GLE
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Analytical Framework: Formation and 

interpretation of confusion matrices

Thematic accuracy usually presented in the form of an error matrix. Cross-tabulate the frequency of 

occurrence of class combinations observed in a double sample of reference data and the 

classification:

Because of the use of a stratified approach, there may be different sampling intensities for each 

stratum and a weighting correction factor for the should be applied to each PSU within a given 

stratum:

Reference Data API

1 2 3 4

Pine 1 35 4 12 2

Cedar 2 14 11 9 5

Oak 3 11 3 38 12

Cottonwood 4 1 0 4 2

Total 61 18 63 21

Where i and j are the columns and rows in the matrix, N
is the total number of possible units (population) and πuh

is the sampling intensity for pixel u and stratum h.
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Strata weight - TCD

Commission Omission

LABEL High Low High Low

AL+ME+MK+RS+XK 2.67971821 0.44241337 0.11482057 1.49857630

AT + CH + LI 2.04142316 0.59091710 0.01689773 1.61964669

BA + HR + SI 2.96075326 0.53185830 0.06208468 0.94230039

BE + LU+ NL + DK 0.74270409 0.51976168 0.05836892 2.36274750

BG 1.91698431 0.30546173 0.08449589 1.53966516

CZ + SK 2.30085347 0.42600981 0.05715658 1.59281736

DE 2.92235279 0.99965119 0.03625813 2.80125741

EE + LT + LV 3.09804540 0.72878076 0.04748719 1.36365352

EL + CY 1.95582270 0.64157431 0.10808149 1.65348760

ES 2.24904110 1.76061715 0.15712912 2.45634992

FI 5.42704464 0.59644387 0.03134921 0.74167927

FR 3.17816009 1.03453337 0.07047529 3.20369145

FR DOMs 2.61120243 0.04259741 0.01096788 0.08610773

HU 0.87779958 0.31664479 0.03525263 2.10267544

IE + UK 0.69171685 0.76967362 0.08052551 3.36372122

IS 0.00615944 0.00816788 0.00556458 2.38016521

IT + MT 3.21931227 1.02772151 0.07818544 2.06968553

NO 2.80792950 0.96698479 0.07602096 2.03529765

PL 2.88903204 0.70059505 0.05500502 2.75564626

PT 1.58613087 0.32302879 0.21713021 1.04878658

RO 2.43062670 0.39113601 0.11157068 2.70444111

SE 5.43348764 0.82180652 0.04890186 1.08740746

TR 2.81324789 0.66139620 0.34963660 3.56302852

Commission Omission

LABEL High Low High Low Total

AL+ME+MK+RS+X

K 82 111 273 111 577

AT + CH + LI 74 99 248 99 520

BA + HR + SI 74 100 250 100 524

BE + LU+ NL + DK 70 95 239 95 499

BG 72 94 237 94 497

CZ + SK 72 100 250 100 522

DE 113 189 426 189 917

EE + LT + LV 84 118 286 118 606

EL + CY 78 105 260 105 548

ES 247 149 543 247 1186

FI 132 179 411 166 888

FR 149 264 576 266 1255

FR DOMs 70 84 219 85 458

HU 68 87 223 87 465

IE + UK 111 173 395 207 886

IS 70 89 230 90 479

IT + MT 109 167 384 167 827

NO 109 182 402 176 869

PL 109 172 393 172 846

PT 68 86 222 86 462

RO 95 141 341 143 720

SE 154 225 498 204 1081

TR 202 353 756 353 1664

TOTAL 2412 3362 8062 3460 17296
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Example confusion matrix

• Diagonal elements represent agreement

• Errors of omission are off-diagonal elements which were identified in the 

reference data but omitted in the classification e.g. 4

• Commission errors are off-diagonal elements which were included in the 

classification but were other classes in the reference data e.g. 14

Reference Data API

1 2 3 4

Pine 1 35 4 12 2

Cedar 2 14 11 9 5

Oak 3 11 3 38 12

Cottonwood 4 1 0 4 2

Total 61 18 63 21
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Accuracy measures

Reference Data API Total Prod Accuracy %

1 2 3 4

Pine 1 35 4 12 2 53 66.0

Cedar 2 14 11 9 5 39 28.2

Oak 3 11 3 38 12 64 59.4

Cottonwood 4 1 0 4 2 7 28.6

Total 61 18 63 21 163

User Accuracy % 57.4 61.1 60.3 9.5 Overall Accuracy % =

MAI % 61.4 38.6 59.8 14.3 52.8

Overall Accuracy % = 100.(Sum of diagonal elements/Total observations)

Producer Accuracy % = 100.(Diagonal element/Row total)

User (mapping) Accuracy % = 100.(Diagonal element/Column Total)

Mean Accuracy Indicator (MAI) % = 100.(2.Diagonal /(Row + Column))

F-score is a measure of 

accuracy calculated from the 

Producer and User 

accuracies. F1-score is same 

as MAI: 𝐹1 = 2.
𝑃𝐴 .𝑈𝐴

(𝑃𝐴+𝑈𝐴)
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Accuracy Measures

❑ Overall accuracy and User and producer accuracy should be computed for all thematic classes and 95%

confidence intervals should be calculated for each accuracy.

❑ The standard error of the error rate can be calculated as follows:

𝜎ℎ =
𝑝ℎ(1−𝑝ℎ)

𝑛ℎ
where nh is the sample size for stratum h and ph is the expected error rate.

❑ The standard error is calculated for each stratum and an overall standard error is calculated based on the

following formula: 𝜎 = σ𝑤ℎ
2. 𝜎ℎ

2 In which wh is the proportion of the total area covered by each stratum.

❑ The 95% confidence interval is +/- 1.96*𝜎.



39

Aggregated results example: CLMS HRL 

Forest Types 2015

Plausibility Analysis

Overall Prod B CI 95% Prod C CI 95% Prod M CI 95%0 User B CI 95% User C CI 95% User M CI 95%

EEA39 89.7% 85,8% 0,4% 82,6% 0,4% 65,1% 0,6% 75,1% 0,5% 88,4% 0,4% 71,9% 0,5%

Alpine 87.2% 85,5% 1,3% 83,7% 1,4% 65,6% 1,8% 73,9% 1,6% 87,0% 1,3% 70,5% 1,7%

Anatolian 94.9% 79,5% 1,1% 75,0% 1,2% 100,0% 0,0% 49,2% 1,3% 71,4% 1,2% 22,2% 1,1%

Arctic 99.8% 32,0% 0,1% 70,0% 0,1% 64,1% 1,3% 100,0% 0,0% 36,8% 0,1%

Atlantic 92.3% 78,7% 1,2% 74,8% 1,2% 37,0% 4,7% 80,1% 1,1% 76,1% 1,1% 64,1% 1,3%

Black Sea 81.6% 86,5% 3,3% 90,0% 2,9% 70,3% 1,7% 67,4% 4,6% 78,3% 4,0% 37,0% 4,7%

Boreal 86.1% 89,5% 1,1% 84,9% 1,3% 56,8% 1,2% 63,5% 1,8% 92,8% 0,9% 70,3% 1,7%

Continental 91.6% 88,9% 0,8% 83,5% 0,9% 81,5% 0,9% 90,5% 0,7% 56,8% 1,2%

Macaronesia 100.0% 100,0% 0,0% 100,0% 0,0% 70,0% 1,3% 100,0% 0,0% 100,0% 0,0%

Mediterranean 86.7% 83,9% 1,0% 78,2% 1,1% 80,0% 2,2% 73,5% 1,2% 84,5% 1,0% 70,0% 1,3%

Pannonian 97.1% 91,2% 1,6% 66,7% 2,6% 91,2% 1,6% 100,0% 0,0% 80,0% 2,2%

Steppic 97.9% 80,0% 2,7% 0,0% 0,0% 80,0% 2,7% 0,0% 0,0%

AL+ME+MK+RS+XK 86.9% 81,2% 2,9% 84,6% 2,7% 62,5% 3,6% 85,2% 2,7% 78,6% 3,1% 55,6% 3,7%

AT + CH + LI 90.1% 83,9% 3,0% 93,1% 2,1% 75,0% 3,6% 66,7% 3,9% 93,1% 2,1% 75,0% 3,6%

BA + HR + SI 89.8% 92,9% 2,4% 87,5% 3,1% 71,4% 4,3% 86,8% 3,2% 80,8% 3,8% 80,0% 3,8%

BE + LU+ NL + DK 95.1% 93,1% 2,1% 88,9% 2,3% 33,3% 3,5% 81,8% 2,9% 80,0% 3,0% 80,0% 3,0%

BG 94.7% 94,1% 2,1% 95,5% 1,9% 66,7% 4,2% 90,9% 2,6% 95,5% 1,9% 100,0% 0,0%

CZ + SK 87.9% 91,2% 2,4% 69,4% 4,0% 50,0% 4,2% 76,5% 3,6% 94,4% 1,9% 45,8% 4,2%

DE 93.2% 83,7% 1,7% 86,8% 1,6% 69,4% 2,2% 83,1% 1,8% 92,6% 1,2% 81,1% 1,8%

EE + LT + LV 88.4% 89,0% 2,3% 72,6% 3,3% 69,2% 3,4% 80,2% 2,9% 89,8% 2,2% 60,0% 3,6%

EL 89.5% 83,8% 3,0% 77,4% 3,4% 100,0% 0,0% 86,5% 2,8% 82,8% 3,1% 55,6% 4,0%

ES 88.7% 82,1% 1,6% 73,9% 1,8% 83,0% 1,5% 78,7% 1,7% 82,7% 1,5% 58,2% 2,0%

FI 82.7% 83,8% 2,1% 83,4% 2,3% 63,0% 2,9% 60,8% 3,0% 91,5% 1,7% 75,9% 2,6%

FR 90.1% 88,7% 1,2% 73,9% 1,7% 47,7% 1,9% 77,7% 1,6% 78,5% 1,6% 66,7% 1,8%

HU 96.6% 92,3% 2,1% 100,0% 0,0% 80,0% 3,1% 87,8% 2,5% 100,0% 0,0% 100,0% 0,0%

IE + UK 95.9% 65,1% 1,9% 80,0% 1,4% 93,3% 0,9% 77,8% 1,5% 100,0% 0,0% 63,6% 1,7%

IS 99.8% 32,0% 0,1% 70,0% 0,1% 100,0% 0,0% 36,8% 0,1% 0,0% 0,0%

IT 86.7% 91,3% 1,6% 81,6% 2,2% 47,1% 2,8% 70,5% 2,5% 83,8% 2,1% 69,6% 2,6%

NO 86.4% 69,7% 2,4% 73,6% 2,2% 66,2% 2,3% 66,1% 2,3% 77,9% 2,0% 73,6% 2,2%

PL 90.5% 87,7% 1,6% 86,2% 1,7% 52,9% 2,5% 62,3% 2,4% 90,1% 1,5% 78,3% 2,0%

PT 84.1% 77,4% 4,2% 62,5% 5,1% 72,7% 4,5% 77,4% 4,2% 71,4% 4,6% 72,7% 4,5%

RO 94.8% 92,8% 1,4% 81,8% 2,2% 68,0% 2,6% 90,2% 1,6% 94,7% 1,2% 89,5% 1,7%

SE 87.9% 92,3% 1,3% 88,8% 1,6% 75,7% 2,2% 57,1% 2,5% 92,7% 1,3% 83,9% 1,9%

TR 89.2% 81,0% 1,1% 83,1% 1,1% 49,1% 1,4% 58,7% 1,4% 82,7% 1,0% 43,3% 1,4%
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Effect of biased sample on accuracy estimates

❑ In unbiased confusion matrices row totals, expressed as proportions of 
the grand total, are also estimates of the proportion of the classes in 
the study region

❑ Column totals expressed as proportions of the grand total, are also 
estimates of the proportion of the classes in the map themes.

❑ In a biased confusion matrix this is not true and a confusion matrix 
becomes biased when it is not based on a random sample.

❑ This can occur when road transects are used to collect ground data 
thus making the assumption that the classes exist in the same 
proportions along roadsides as they do away from roads.  

❑ Such assumptions are frequently untrue and lead to over-sampling of 
some classes with respect to others

❑ The problem is that the errors are invisible but can have profound 
consequences when interpreting the results of a classification
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Effect of bias in confusion matrices

Reference Data API Total Prod Accuracy %

1 2 3 4

Pine 1 35 4 12 2 53 66.0

Cedar 2 28 22 18 10 78 28.2

Oak 3 11 3 38 12 64 59.4

Cottonwood 4 1 0 4 2 7 28.6

Total 75 29 72 26 202

User Accuracy % 46.7 75.9 52.8 7.7 Overall Accuracy % =

MAI % 54.7 41.1 55.9 12.1 48.0

• The confusion matrix above is the same as the previous one except that bias has 

been introduced by oversampling the Cedar class by a factor of 2

• We expect that omission errors will occur in the same proportion and have simulated 

the effect by multiplying the row through by 2
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Effect of bias in confusion matrices

• Producer accuracies are not changed but the amount of commission error 
introduced by Cedar occurrences within other classes is increased thus 
reducing their apparent User accuracies

• The apparent increase in the correctly identified Cedar leads to an increase in 
the estimate of its User accuracy

• Therefore, classes which are over sampled in a biased scheme will have their 
User accuracies overestimated and vice versa

• Since User accuracy by definition effects the client's use of the data, it is the 
client which is mis-led by the error

Reference Data API Total Prod Accuracy %

1 2 3 4

Pine 1 35 4 12 2 53 66.0

Cedar 2 28 22 18 10 78 28.2

Oak 3 11 3 38 12 64 59.4

Cottonwood 4 1 0 4 2 7 28.6

Total 75 29 72 26 202

User Accuracy % 46.7 75.9 52.8 7.7 Overall Accuracy % =

MAI % 54.7 41.1 55.9 12.1 48.0

Reference Data API Total Prod Accuracy %

1 2 3 4

Pine 1 35 4 12 2 53 66.0

Cedar 2 14 11 9 5 39 28.2

Oak 3 11 3 38 12 64 59.4

Cottonwood 4 1 0 4 2 7 28.6

Total 61 18 63 21 163

User Accuracy % 57.4 61.1 60.3 9.5 Overall Accuracy % =

MAI % 61.4 38.6 59.8 14.3 52.8

Biased Unbiased
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Accuracy Assessment

❑ The implementation of an accuracy assessment plan consists of three stages:

1. Stratification and sampling design

2. Response design

3. Confusion matrix and accuracy measures

❑ Thematic maps are normally assessed with a confusion or error matrix

❑ Continuous data such as biomass or tree cover density maps requires a 

different analytical framework
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Continuous data – TCD

❑ Target thematic accuracy:

▪ Scatterplot

▪ 10-15-30% threshold to create binary mask with less than 10-

15% omission and commission error

❑ Scatterplots should not be constructed with all sample units (different

sampling intensity)

→ A subsample was constructed based on equal sampling intensity: a

total of 8,001 observations (out of 17,296)
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Examples of density scatterplots for TCD
45

Scatterplot of first replicate sample units for HRL TCD, darker green 
indicates a greater number of observations, n=8,001, R²=0.67, 
Map_Density = 0.749*Validation_Density+2.542

Example of high forest cover: Scatterplot of all 
sample units for FI HRL TCD, n=385, R²=0.80, 
Map_Density = 0.645*Validation_Density+2.81

Example of low forest cover: Scatterplot of all 
sample units for the Anatolian bio-
geographical region HRL TCD, n=554, R²=0.19, 
Map_Density = 
0.585*Validation_Density+1.960

Pan-European

Finland Anatolian Bio-Region
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TCD/GFC Comparison

UMD GFCHRL TCD 2012

R2= 0,65
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Map_Density = 0.798*Validation_Density+3.502 

R²=0.62 Map_Density = 0.762*Validation_Density+2.464 R²=0.68 

TCD/GFC Comparison

UMD GFC HRL TCD



48

TCD/GFC Preliminary Validation results

without Gain & Loss for 

GFC

Blind Validation TCD Blind Validation GFC

Prod TC 95% CI User TC 95% CI Prod TC 95% CI User TC 95% CI

Pan-European

TC>10% 81.6% 1.9 89.0% 0.5 77.9% 1.83 86.2% 1.33

TC>15% 82.0% 2.1 88.0% 0.6 79.0% 2.09 85.6% 1.41

TC>30% 84.2% 2.2 85.9% 0.7 83.0% 2.20 83.1% 1.67

with Gain & Loss for GFC

Blind Validation TCD Blind Validation GFC

Prod TC 95% CI User TC 95% CI Prod TC 95% CI User TC 95% CI

Pan-European

TC>10% 81.6% 1.9 89.0% 0.5 75.3% 1.85 87.0% 2.66

TC>15% 82.0% 2.1 88.0% 0.6 76.5% 2.11 86.8% 1.42

TC>30% 84.2% 2.2 85.9% 0.7 81.0% 2.22 85.1% 1.69
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UMD GFC HRL TCD

Spatial distribution of Producer accuracies 

(omissions) - TC > 10%

Less than 80%

Between 80 and 85%

Greater than 85%
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UMD GFC HRL TCD

Spatial distribution of User accuracies 

(commissions) - TC > 10%

Less than 80%

Between 80 and 85%

Greater than 85%
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UMD GFC HRL TCD

Spatial distribution of Producer accuracies 

(omissions) - TC > 30%

Less than 80%

Between 80 and 85%

Greater than 85%
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UMD GFC HRL TCD

Spatial distribution of User accuracies 

(commissions) - TC > 30%

Less than 80%

Between 80 and 85%

Greater than 85%
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Spatial accuracy maps 

• Information from accuracy assessment 

can be used to produce Spatial Accuracy 

maps

• Use of Kriging or other interpolation 

methods

• These maps ca provide insight on the 

spatial distribution of the map accuracy

• This can be used to combine several 

maps with data fusion

• Use in modelling approach

Courtesy of IIASA
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Beyond Accuracy Assessment: statistical inference

• High overall accuracy

• Accuracy of stable Forest class high

• Low accuracy of change class

• Cannot reliably extract change area statistics from the map

• Uncertainty is unknown

 
 

 
Reference 

  

 

 

 
Stable NF Stable F Change Total 

User's 
accuracy 

 

M
ap

 

Stable NF 276 6   283 0,977 

 
Stable F 20 691 1 712 0,970 

 
Change 1 2 2 5 0,427 

Total 
 

297 699 3 1000 
 

Producer's 
accuracy 

 
  0,930 0,988 0,651 

Overall 
Accuracy 

0.969 
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Area Estimates: Gabon Example

• Forest cover and forest cover change estimates can be 

produced based on samples alone (Direct Expansion)

• Observations from reference samples and the map can 

be combined to improve the precision of estimates 

(Model Assisted Regression):
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Summary

❑ Thematic Accuracy is only one yet crucial element of validating a map product, validation include additional 

considerations notably whether the product is fit for purpose 

❑ The implementation of an accuracy assessment plan consists of three stages:

1. Stratification and sampling design

2. Response design

3. Confusion matrix and accuracy measures

❑ A matrix must be unbiased in order to be able to draw reliable conclusions, it must therefore be based on a 

probability sample for which any difference between the sampling intensity for each stratu will have been 

corrected by applying a weighting factor per stratum

❑ Thematic accuracy is only useful for checking that the map complies with its specifications

❑ Statistical inference can be applied to produce Area Estimates from the analysis of the combination of 

reference data with the map product
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