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Good Practice Protocol: Land Cover and Change 
Validation and Area estimation
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Reporting recommendations and key messages

• All maps contain errors; their accuracy needs to be 
assessed using an “independent reference sample”.

 Unvalidated map = untested hypothesis

• Accuracy assessment is a critical component that 
requires serious investment.

• The recommended approach is a probability-based 
sampling design (i.e design-based inference).

• Maps validated only at the global scale should be used 
with caution for regional applications, as map accuracy 
varies in space. • Reference data uncertainty needs to be 

minimized or incorporated in the estimates.

• The area of land cover class should be 
estimated from the reference sample, not 
derived via pixel counting.

optional
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Accuracy comparison at global and continental levels

• WorldCover, followed by GLAD GLC, showed the highest overall 
accuracy.

• GLAD GLC performed best in Europe, Eurasia, and Oceania, and 
WorldCover for the rest. 

• A global validation dataset originally produced for the CGLS-
LC100; updated for WorldCover Validation (2020/2021). 

• 21 K sample units supporting statistical (design-based) 
validation; applicable to maps with 10-100m resolution 

• One-stage cluster estimator
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County-level accuracy comparison – 47 countries

Accuracy for countries where >100 PSUs are available. 

• Variation in accuracy highlights the need for map accuracy information at the scales at which 
the maps are utilized. 

• Available sample size was key limitation for assessment for all countries.
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Local area and uncertainty estimation to support 
subnational applications: model-based approach

Indicator Kriging Kriging with external 
drifts

INLA-SPDE

Spatial 
predictor

No Yes: forest probability

Prediction Provides spatially explicit prediction and uncertainty estimates

Aggregates 
over an area

Block kriging Posterior sampling for 
uncertainty 
propagation

• Model-based approach as a complementary tool for subnational applications 
• Forest area estimation at the regional scale.
• The reference map (Szantoi et al 2020) was used to draw samples.
• Using sampled data and spatial predictor: the Dynamic World forest probability as a predictor

SRS sample 

Szantoi, Z., Brink, A., Lupi, A., Mammone, C., and Jaffrain, G.: Key landscapes for conservation land cover and 
change monitoring, thematic and validation datasets for sub-Saharan Africa, Earth Syst. Sci. Data, 12, 3001–3019
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Spatial prediction and block estimates and its 
uncertainty 

• Model prediction over 61 grid blocks (30 
x30km). 

• KED and INLA aligned well with the ground 
reference. 

• Can be used for local map accuracy assessment. 

Proportion of instances where the 
reference value is contained within the 
95% prediction interval 

• The model-based methods produced 
higher PICP than the sample-based 
method (SRS). 

OA =85.4%OA =90.1% OA= 89.5%

Grid level estimation
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Comparison of the area estimates: model and design 
based methods

• Compared to the reference, generally, the 
model-based and sample-based methods 
produced similar estimates. 

• All model-based estimates generally have a 
smaller median SD than sample-based 
estimates. 

• Block KED and INLA performed generally 
well.  

• Further analysis is required to assess their 
general applicability. 
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Conclusion

1. The community-endorsed guidelines recommend using statistically rigorous methods that 
rely on independent, probability-sampled reference data. 

2. Map comparison showed varied accuracy, particularly at the country level. There is a 
need for map accuracy information at the scales at which the maps are utilized. 

3. Model-based area estimation approaches produced spatially consistent regional 
estimates compared to the sample-based method. Further investigation is needed to 
assess their general usability. 

4. Critical challenges remain for spatially and temporally detailed validation of LC maps.  
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