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Principles for inclusion of 
LULUCF in climate policy 
Climate and energy package specifies criteria: 
•  Harmonised modalities for all 27 MS ensuring 

permanence and environmental integrity, accurate 
accounting rules and accurate monitoring 

•  Alignment with accounting requirements for LULUCF 
resulting from international negotiations 

•  Ensure robust accounting 
•  Potential to improve accounting exists, for instance live 

up to recommendations from IPCC guidelines:  
•  Accuracy: Key categories / higher methodological “tiers” 
•  Completeness: Land-use categories, activities and carbon pools 



Accounting obligations:  
Co-Decision proposal 
 •  Accounting at national level 

•  Mandatory accounting for:  
•  afforestation, reforestation, deforestation 

activities 
•  forest management,  
•  croplands and grazing lands 

•  Voluntary accounting for Wetlands and Re-
vegetation 

•  Must account for carbon dioxide, methane 
and nitrous oxide 



CONSISTENT REPRESENTATION OF 
LANDS 

•  2006 IPCC Guidelines for National Greenhouse 
Gas Inventories 
•  Approach 3: Spatially-explicit land-use conversion 

data 
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Figure 3A.3.2 Simple random layout of plots (left) and systematic layout (right) 

 

 

 

 

 

 

 

Somewhat simplified, the reason why systematic random sampling generally is superior to simple random 
sampling is that sample plots will be distributed evenly to all parts of the target area.3 With simple random 
sampling, some parts of an area may have many plots while other parts will not have any plots at all. 

Permanent sample plots and time-series data 
Greenhouse gas inventories must assess both current state and changes over time (e.g., in areas of land-use 
categories and carbon stocks). Assessment of changes is most important and it involves repeated sampling over 
time. The time interval between measurements should be determined based on the frequency of the events that 
cause changes, and also on the reporting requirements. Generally, sampling intervals of 5-10 years are adequate, 
and in many countries data from well designed surveys are already available for many decades, especially in the 
forest sector. Nevertheless, since estimates for the reporting are required on an annual basis, interpolation and 
extrapolation methods will need to be applied. Where sufficiently long time-series are not available, it may be 
necessary to extrapolate backwards in time to capture the dynamics of carbon stock changes. 

When undertaking repeated sampling, the required data regarding the current state of areas or carbon stocks are 
assessed on each occasion. Changes are then estimated by calculating the difference between the state at time (t + 1) 
from the state at time t. Three common sampling designs can be used for change estimation: 

x The same sampling units are used on both occasions (permanent sampling units); 

x Different, independent sets of sampling units are used on both occasions (temporary sampling units); 

x Some sampling units can be replaced between occasions while others remain the same (sampling with 
partial replacement). 

Figure 3A.3.3 shows these three Approaches. 

Figure 3A.3.3 Use of different configurations of permanent and temporary sampling units 
for estimating changes   
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3 In unusual cases when there is a regular pattern in the terrain that may coincide with the systematic grid system, systematic 

sampling may lead to less precise estimates than simple random sampling. However, such potential problems generally can 
be handled by orienting the grid system in another direction. 
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  Time 1      Time 2 
Figure 3A.4.1C The sample of grid cells can be distributed irregularly 
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Figure 3A.4.1D Generalised maps can be prepared using the grid cells, which can also be aggregated into 
polygons 
                        

 

  

 

 
Note:  F = Forest Land, G = Grassland, C = Cropland, W = Wetlands, S = Settlements, O = Other Land 
 

 

When using Approach 3, inventory compilers should: 

x Use a sampling strategy consistent with the advice provided in this chapter. This strategy should ensure that 
the data are unbiased and can be scaled up where necessary.  The number and location of the sampling units 
may need to change over time in order to remain representative.  

x Where remote sensing data are used, develop a method for its interpretation into land categories using 
ground reference data as set out in this chapter (Remote sensing techniques). Care should be taken to 
correctly assign land cover information obtained through imagery, into land-use category. Conventional 
forest inventories or other survey data can be used for this. It is necessary to avoid possible misclassification 
of land types and map accuracy established by means of ground reference or very high resolution remotely 
sensed data. The conventional technique is to establish a matrix5 showing, for any given classification of 
land, the proportion of misclassification as one of the other candidate classifications.  

x Construct confidence intervals for those land category areas and changes in area that will be used in the 
estimation of carbon stock changes, emissions and removals. 

x Derive summary tables of the national areas under different land-use conversion. 

 

                                                           
5 Sometimes called the confusion matrix. 
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LUCAS 
Land Use and Cover Area Frame Survey 
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3 In unusual cases when there is a regular pattern in the terrain that may coincide with the systematic grid system, systematic 

sampling may lead to less precise estimates than simple random sampling. However, such potential problems generally can 
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LUCAS overview 

•  Eurostat is lead Commission service 
•  Close collaboration and interest from other DGs 

•  Adaptation of the Italian AGRIT 
•  Heritage goes back to 1980’s FR Ter-Uti and JRC 

Monitoring Agricultural ResourceS (MARS)  
•  Systematic sampling of un-clustered points (two stage) 
•  First phase sample: One point every 2x2 km 
•  Second phase sub-sampling via stratification 

Stratification by “pragmatic” photo-interpretation 



Two-phase systematic sample 

•  Subsampling tuned to 
minimise spatial auto-
correlation 

•  Final 
sample 



LUCAS Stratification by photo-
interpretation 

•  Strata 
1.   Arable land 
2.   Permanent Crops    
3.   Grassland 
4.   Wooded areas and shrubland 
5.   Bare land, rare vegetation 
6.   Artificial Land 
7.   Water 

•  Made in 2005. still used. To be renewed 
•  Heterogeneous imagery (2006/9/12). In many cases it 

could not be used for field documents. 
•  Likely source of location errors. 
•  ~80% aerial ortho-photo, ~20% Image 2000 (Landsat ETM+, Panchro

+Multispectral) 

•  Subsampling with different rates for each stratum  
•  40-50% in agricultural strata, ~10% in the rest (some adaptations per country) 



In-situ data collection 

•  Positional accuracy with GPS has been a fundamental 
reason to move from segments to points.  

•  Still the image is necessary for the field work and should be 
priority if disagreement 
•  Image is used for stratification 

Ground survey 

Parameters 
• Land cover 
• Land use 
• Transect,  
• etc. 



Collection/survey years 

§  2003 
•  2006  
•  2009 
•  2012 

•  Planned: 
•  2015 (design nearly finalised) 
•  2018 (provisional) 

•  Complement to national surveys? 
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Sample size 2009 

•  * 2008                 ** National funds 

Member States Sampling size 

  

Member States Sampling size 
Austria                   4,969  Latvia                  3,827  
Belgium                   1,808  Lithuania                  3,864  
Bulgaria *                  8,100  Luxembourg                     153  
Czech Republic                   4,674  Malta **                      80  
Denmark                   2,554  Netherlands                  2,461  
Estonia                   2,680  Poland                18,530  
Finland                 19,946  Portugal                  5,426  
France                 32,417  Romania *               20,600  
Germany                 21,157  Slovakia                  2,895  
Greece                   7,819  Slovenia                  1,201  
Hungary                   5,513  Spain                29,917  
Ireland                   4,165  Sweden                26,665  
Italy                 17,851  United Kingdom                14,508  
          

Total                   263,780  



Main parameters observed 

•  Land cover (1 & 2) 
•  Land use (1 & 2) 
•  Land Cover percentage 
•  Area size 
•  Height of trees 
•  Width of features 
•  Transect (250 m to east) with Land Cover and linear 

features 
•  Land management (grazing) 
•  Water management 



Nomenclature 

•  Land cover and land use clearly distinguished 

•  Comparable with other main international 
nomenclatures (e.g. FFS agriculture, FAO, 
forestry)  
•  Some new parameters introduced 

•  Forest types have been introduced for forestry 
areas, in line with the EUNIS classification on 
forests (http://eunis.eea.europa.eu/about.jsp) 



Land cover nomenclature. Level 2 
A10 Built-up areas 

A20 Artificial non built-up areas 

B10 Cereals (+ triticale) 

B20 Root crops 

B30 Non permanent industrial crops 

B40 Dry pulses, vegetables and flowers 

B50 Fodder crops 

B70 Fruit trees & berries 

B80 Other Permanent Crops 

C10 Broadleaved and evergreen 
woodland 

C20 Coniferous woodland 

C30 Mixed woodland 

D10 Shrubland with sparse tree cover 

D20 Shrubland without tree cover 

E10 Grassland with sparse tree/shrub 
cover 

E20 Grassland without tree cover 

E30 Spontaneous vegetation 

F00 Bare Land 

G10 Inland water bodies 

G20 Inland running water 

G30 Coastal water bodies 

G50 Glacier, permanent snow 

H10 Inland wetlands 

H20 Coastal wetlands 



Nomenclature 
Land use 

U110 Agriculture ( + Kitchen garden + Fallow land) 

U120 Forestry 

U130 Fishing 

U140 Mining, Quarrying 

U150 Hunting 

U210 Energy production 

U220 Industry & Manufacturing 

U310 Transport, communication, … 

U320 Water & waste treatment 

U330 Construction 

U340 Commerce, Finance, Business 

U350 Community Services 

U360 Recreation, Leisure, Sport 

U370 Residential 

U400 Unused 



Soil parameters 

•  Coarse fragments 
•  Particle size distribution (FAO, 1990a)   

•  Clay content   
•  Silt Content   
•  Sand Content 

•  pH(CaCl2) 
•  pH(H2O) 
•  Organic carbon 



LUCAS External quality check 

•  Main conclusion of the external quality 
check: 

•   the overall rate of errors was 4.5%; 

•  Main sources of error: 
•  Mistakes in classification of the transect 
•  Mistakes in attribution of land cover and land use; 
•  photos were not always taken in a proper way.  



LUCAS Land cover change 

•  A large number of points in the sample have been 
kept from 2006 to 2009 and 2012. 

•  In principle - a very good sample to estimate land 
cover change matrices 
•  But the results are not yet convincing 

•  The identical location of the “same point” in 2006 
and 2009 was not well guaranteed 
•  Images for field documents were not the same   
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