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EU Thematic Strategy for Soil Protection 
adopted by the European Commission  on 
the 22nd of September 2006 

 

COMMUNICATION COM(2006) 231 on the 

Thematic Strategy for Soil Protection 

DIRECTIVE COM(2006) 232 establishing a 

framework for the protection of soil and 

amending Directive 2004/35/EC  

IMPACT ASSESSMENT SEC(2006) 620 of the 

Thematic Strategy for Soil Protection 

http://eusoils.jrc.ec.europa.eu/ 
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THEMATIC STRATEGY FOR SOIL PROTECTION 

• COMMUNICATION COM(2006) 231 on the Thematic Strategy for Soil Protection 

• DIRECTIVE COM(2006) 232 establishing a framework for the protection of soil 
and amending Directive 2004/35/EC  

• IMPACT ASSESSMENT SEC(2006) 620 of the Thematic Strategy for Soil 
Protection 

• REPORT COM(2012)46 final  on The implementation of the Soil Thematic 
Strategy and ongoing activities 

 

• COMMUNICATION COM(2012)94final on Accounting for land use, land use 
change and forestry (LULUCF) in the Union's climate change commitments 

• Proposal COM(2012)93final on accounting rules and action plans on greenhouse 
gas emissions and removals resulting from activities related to land use, land 
use change and forestry.  

• IMPACT ASSESSMENT SWD(2012)41final on the role of land use, land use 
change and forestry (LULUCF) in the EU's climate change commitments. 

SOIL protection: where we stand? 

“appropriate land uses and management practices in forestry and 
agriculture can limit emissions of C and enhance removals from atmosphere” 

“...with appropriate management practices, SOM can be 
maintained and even increased… Keeping C stocks is thus 
essential for the fulfillment of present and future emission 
reduction commitments of the EU” 

“decline SOM” 
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• Kyoto Protocol 

 Importance of European Soil Organic Carbon (SOC) data since “soils” is 

among the mandatory carbon pools under the “Land Use, Land-Use 

Change and Forestry” (LULUCF) activities in the Kyoto Protocol.  

• Climate Change & Agricultural Policies  

 The European soils hold around 5% of the SOC pool worldwide, which is 

estimated to be 1,500 Pg. 

• Roadmap to a Resource Efficient Europe 

 By 2020 SOC levels should not decrease overall and should increase for 

soils currently with less than 2% SOC. 
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European Commission 
(EU funded soil related projects) 

Data from specific in-house JRC 
 actions (e.g. ESDB, SOTER) 

Member States 

EIONET, EEA, etc 

Collaborative research 
(e.g. EuroGeoSurveys, FAO, ISRIC) 

Data from related JRC 
 and EC  actions 

 (e.g. LUCAS, BIOSOIL) 

Network of soil centres 
(e.g. ESBN) 

European Soil  
Data Centre 
(ESDAC) 
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European Soil Data Centre 



2 Indicators: Soil Organic Carbon (SOC) , Soil Erosion 
 
Soil Organic Carbon Content(%): Gravimetric SOC content (in %) in 
the cell for the depth 0-30cm 
 
SOC Stocks (t ha-1): The Organic Carbon density (t ha-1) in the soil for 
the depth range of 0-30cm  
 
ESDAC adopted a “light” data collection protocol 

 

Approach: INSPIRE Grid format (Grid Cells of 1km x 1km) 

 

Metadata: The period of ground survey(s), the method used for a spatial 
interpolation of point data and the land use types covered  

 
Time: 2009 - 2010 

Data collection Specifications 



8 countries provided datasets: Austria, Belgium, Bulgaria, 
Denmark, Italy, Netherlands, Poland, Slovakia  

 

5 countries limited coverage or point data: Estonia, Norway, 
Ireland, Serbia,  Switzerland. 

 

9 countries PCPs expressed their good will to participate 
but they were not in position to present something 
valuable: France, Finland, Greece, Hungary, Iceland, Turkey, 
Lithuania, Luxembourg, Sweden.  

 

16 Countries didn’t reply at all 

 

SOC data collection: Participation 



Country Number of 
1km Cells 

Area Coverage 
with SOC 

Value  (%) 

Average  
SOC (%) 
0-30cm 

Survey period, method and land use 
covered 

Austria 55,329 64.8 2.7 Period: 1970’s   Method: Kriging 
Land: agricultural 

Bulgaria 14,101 12.6 2.1 Period: 2004-2008 Method: no interpolation.  
Land: agricultural 

Denmark 42,917 100.0 2.0 Period: 2000’s  Method: 45,000 points interpolated 
Kriging in 250m x 250m cell.  
Land: all land areas 

Estonia 13,379 28.4 3.5 Period: 2002-2010, Method: Near Infrared Reflectance 
Spectroscopy (NIRS). Land: agricultural  

Ireland 1,322 1.8 13.3 Period: not specified, Method: No interpolation. 
Land: agricultural  

Italy 30,521 10.0 3.1 Period: 1991-2006, Method: 2 regions in northern Italy 
with SOC content data.   
Land: non-urban areas. 

Netherlands 29,866 77.3 3.5 Period: 1989-2000. Method: Selection of sites 
Land: agricultural 

Norway 14,249 4.1 3.2 Period: not specified. Method: not specified 
Land: agricultural 

Poland 220,090 70.1 2.6 Period: Mid 1990’s. Method: Extrapolation to polygon 
from point data. 
Land: agricultural  

Serbia 1,181 1.3 2.0 Period: not specified. Method: no interpolation  
Land: agricultural  

Slovakia 26,959 54.0 1.3 Period: 1961- 1970. Method: Spatial interpolation 
Land: agricultural  

Switzerland 105 0.3 4.5 Period: not specified. Method: no interpolation 
Land: agricultural  

SOC:  A Snapshot of EIONET data 



SOC (%) 0-30cm EIONET Map 

Panagos et al. (2013) 



Organic carbon content (%) in 
the surface horizon (0-30 cm) of 

soils: total 73-79 GtC in EU 

National Soil Organic 
Carbon stocks in Gt. 

European topsoil organic carbon 
estimates (OCTOP) 

Aggregated results 

Model output 

Input Data: 
Climate 
Soil 
Land cover  
Topographic 

Jones et al., 2005 



EIONET vs. OCTOP SOC content  
for common land use / cover (LUC) 

Country EIONET LUC 
Type 

Common LUC Mask SOC Factor  

EIONET 
SOC(%) 

OCTOP 
SOC(%)  

Ratio 

OCTOP/EIONET 

Austria Agriculture 2.3 3.8 1.7 

Bulgaria Agriculture 1.9 2.4 1.3 

Denmark All areas 2.0 4.3 2.1 

Italy Non-urban 3.2 3.8 1.2 

Netherlands Agriculture 3.6 7.1 1.9 

Peat<10% Agriculture 3.1 4.0 1.3 

Peat>95% Agriculture 7.5 27.1 3.6 

Poland Agriculture 2.5 4.8 1.9 

Slovakia Agriculture 1.3 2.7 2.1 

Common LUC Mask: Common Grid cells with the same LUC type 



Austria 

 Data provider: Federal Research and Training Centre for Forests, 

Natural Hazards and Landscape (BFW)  



Austria 

•The average SOC content 
of the EIONET data is 
2.1% for grid cells for 
which a proportion of > 
50% of agricultural land is 
given, while the average 
SOC content of all data is 
notably higher (2.7%) 
•The data cover 
agricultural land (both 
grassland and arable land) 
• 65% of the country area 

The spatial pattern of the distribution of SOC content 
for Austrian is similar to the OCTOP pattern. 



Denmark 

 Data provider: Institute of Agro-ecology and Environment  



Denmark 

• All Land cover types are 

included: The average 

EIONET-SOIL SOC value 

2.0% while the OCTOP 

estimates show a mean of 

4.3 

•Method: Interpolation of 

45,000 point samples using 

ordinary Kriging 

•100% of the country area 

Western part of the country: a similar pattern for the 
distribution of SOC content between the two data 
sets… but ……….. 
The OCTOP model estimates for the central part are 
about twice as high as the EIONET-SOIL data. 
 



Netherlands 

Data provider: Alterra Research Institute  



Netherlands 

In both datasets, the North-Eastern part of the country 
shows higher concentrations of SOC. The North-East 
areas follow a concentration of areas with Peat  
 

 

• Using a common LUC 
mask (mainly Agriculture 
land) the average EIONET-
SOIL SOC value 3.6% while 
the OCTOP estimates show 
a mean of 7.1%. 
• Field data sampled 
between 1989 and 2000. 
• 77% of the country area 



Poland 

Data provider: Institute of Soil Science and Plant Cultivation - 

State Research  



Poland 

Both EIONET-SOIL and OCTOP datasets have their 
highest values in the north-east part of the country. 

•Using a common LUC mask 
(mainly Agriculture land) the 
average EIONET-SOIL SOC value is 
2.5% while the OCTOP estimates 
show a mean of 4.8%. 
•Spatial interpolation by using the 
1:25,000 soil-agricultural maps 
(texture, Soil Class was used for 
transferring the values to 
neighboring polygons) 
•Extensive national soil sampling 
program performed in mid-1990s 
which involved almost 50,000 
sampling locations  
•70% of the country area 



Slovakia 

Data provider: Slovakian Soil Science and Conservation Research 

Institute (SSCRI)  



Slovakia 

•Using a common LUC mask 
(Agriculture land) the average 
EIONET-SOIL SOC value is 1.3% 
while the OCTOP estimates 
show a mean of 2.7%.  
•16,636 soil profiles from 
agricultural soils were used in 
zonal statistics in order to 
assign values to the cells Soil 
samples from a random network 
of points sampled over a period 
from 1961 to 1970 
•54% of the country area 

Distribution of SOC content is similar in the south-
western part of the country while it is difficult to 
compare other areas due to the gaps in the EIONET 
dataset 



Italy (1/3) 

Data provider: Istituto Superiore per la Protezione e la Ricerca 

Ambientale, ISPRA  



Italy (2/3) 

•Period 1991-2006  
•10% of the whole country. 
Data are given for only two 
northern regions: Trentino-
Alto Adige and Veneto 

Spatial coverage within the geographic areas is 
fairly complete and the data pattern is very similar 
to the one from OCTOP  



Italy (3/3) 

REGION – 
Province 

Parameter Assessed EIONET-
SOIL (%) 

OCTOP 
(%) 

Alto Adige Maximum 13.7 32.9 

Mean 3.5 5.2 

Standard Deviation 1.7 2.8 

Trentino Maximum 22.4 9.7 

Mean 4.9 4.4 

Standard Deviation 2.7 2.3 

Veneto Maximum 10.5 19 

Mean 2.2 2.3 

Standard Deviation 1.8 1.9 



*Bulgaria provided data for the 0-25 cm depth 
 
**Italy has provided data for half of the regions (10) of the country 
 
The References in Literature (and national assessments) show that EIONET 
values are more realistic. 

Soil Organic Carbon stocks (t ha-1)  

Country Coverage 
with Values 

No of 1km 

Cells  

Mean SOC 
Stock 

EIONET SOC 
Stock 

OCTOP 
estimated 

stocks 

% t C ha-1 Tg Tg 

Bulgaria* 100.0 112,324 28.0 315.2 1,000 

Denmark 100.0 42,917 86.4 370.6  600 

Italy** 57.6 176,491 56.3 993.9 2,000 

Netherlands 77.3 29,866 100.1 298.8 600 

Poland 70.1 220,090 79.6 1,752.7  5,600 

Slovakia 54.0 26,959 45.3 122.3  600 



North-East Europe (Poland, Denmark), Central Europe (Austria, Slovakia) 
and The Netherlands, although the patterns of the spatial distribution of 
SOC content are similar the values of OCTOP were almost double the values 
of EIONET. 
 
In the 2 north-Italian regions (Veneto and Trentino-Alto Adige) suggest that 
the OCTOP modelling is well adapted to the conditions of ITALY. 
 
The major uncertainties in this comparison are:  

• the spatial distribution of the EIONET-SOIL data (agricultural lands or 
forests), 

• the depth of SOC layer(0-30cm or 0-20cm), 
• the time scale of the input layers in OCTOP modelled data 

 

Comparison EIONET vs. OCTOP 



1. Difference due to Peat 
 

2. Differences due to conditions of Pedo-Transfer Rule(PTR) 
 

3. Differences due to mapping procedures 
 

4. ……………………………………………….  
 

Possible reasons for different results 
between OCTOP and EIONET-SOIL 



Peats that have been drained and now are used as agricultural land. 
 
OCTOP is based on input data such as the ESDB originated from 1960s 
while the EIONET-SOIL datasets are generally more recent.  
 
NL: Agricultural areas with peat less than 10%, the EIONET-SOIL shows a 
mean SOC content of 3.1% which is very close to the OCTOP (4.0%). 
NL: Agricultural areas with peat more than 95%, the difference is enormous 
(7.5% for EIONET-SOIL, 27.1% for OCTOP).  
 
DK: in areas with 100% peat cover the average SOC content from EIONET-
SOIL is 6.6%, while the average SOC content for the OCTOP data is 27.5%. 
 
PL: 24 out of 57 SMU contain organic soils. In the organic soils with 40% or 
60% peat, EIONET mean value is 6.4% and 8.3%. Instead OCTOP mean 
value is 15.1% and 21.7%.  
 
The method used to estimate the OCTOP could be revised to account for 
arable land located on peat. A value of 6-8% SOC content could be assigned 
(currently OCTOP PTR assigns between 20 and 60% SOC content for peat) 

Difference due to Peat 
 



SOC content between the Austrian EIONET-SOIL and the OCTOP data is 
largely confined to the area covered by one large SMU with a fraction of 
80% of dystric Cambisols (Bd) 
 
For such type of soils the modified PTR used to estimate SOC content in 
OCTOP between a medium (2 - 6%) to high (6 – 12%). 
 
This value is highly influenced by the profiles located in the United 
Kingdom, where the average for dystric Cambisols under agriculture comes 
to 5.4%. (may fit in UK but may overestimate in Austria). 
 
Slovakia: In a SMU with a fraction of 70% for dystric Cambisols (Bd) 
OCTOP: 6.4%, EIONET:1.5%. Excluding this SMU in the country 
comparison, OCTOP: 2.3% (2.7%), EIONET 1.3% (1.3%). 

Differences due to conditions of 
Pedo-Transfer Rule(PTR) 



A single Soil Mapping Unit (SMU) covering the west Denmark in the ESDB 
which have a 5% coverage with peat 

Differences due to mapping 
procedures 



Framework for reporting soil data from countries to EU. A First Common 
approach for reporting soil data in a future EU Soil Framework Directive…. 
 
Participating countries have responded efficiently to the ESDAC 
requirements (even if they had data in different formats …..). 
 
A European entity such as ESDAC (Organizational and Technical capacities) 
can manage such type of data collections. 
 
Metadata proved to be extremely important for the interpretation of 
EIONET-SOIL data and the comparison with OCTOP 
 
Many of the available datasets at national level across Europe have not 
been accessed. Therefore, the national datasets still offer a significant 
potential for calculating SOC stocks in Europe and for monitoring changes in 
SOC over time and space. 
 

Conclusions (1/3) 



Data submitted in EIONET were neither complete nor homogeneous since 
only part of the land areas were covered and different methods for data 
collection. 
 
At this moment, the resulting dataset is the best (fragmented) “picture” 
which can be achieved based on national data. 
 
OCTOP although the result of modelling only, is a homogeneous and 
complete dataset.  
 
EIONET-SOIL data could be used to contribute to the revision of some of the 
OCTOP modelling options:  PTR which should assign lower SOC content in 
agricultural lands located on peat.  

Conclusions (2/3) 



The modelled OCTOP data for North-East European countries significantly 
estimate higher SOC content compared with the EIONET data 
 
EIONET-SOIL assessment cannot provide an exact pan-European estimation 
of SOC content as the countries with presumably half of the European SOC 
stocks (Finland, Sweden, Norway and United Kingdom) have not 
participated in the EIONET-SOIL data collection. 
 
First results in EIONET conclude that  estimates of SOC stock in Europe in 
the topsoil could be less than the 73-79 Pg. 
 
Hypothesis that is also confirmed by other data sources such as LUCAS Soil 
data. 
 

Conclusions (3/3) 



PEER review Publication: 
 
Panagos, P., Hiederer, R., Van Liedekerke, M., Bampa, F, 2013. 
Estimating soil organic carbon in Europe based on data collected through an 
European network  
Ecological Indicators 24, pp. 439-450. 
 

More info…… 
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