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Setting the scene
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Climate change

• Since the beginning of the industrial era,
the CO2 content of the atmosphere has risen
by 30%, causing global warming

• This rise can be attributed to 
– use of fossil fuels 60%
– land use change and cultivation 40% 

• LUC emissions vs. fossil fuel emissions is a tale 
of two worlds:
– 80% from land use change : Brazil, 

Indonesia, Malaysia…
– 90% from energy : EU, US, Russia, China…
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Fertility

• Soils ability to act as a carbon sink is
under threat : each 1°C increase in global 
temperature releases 2 ppm of CO2 into the 
atmosphere

• Crop yield increases in parts of the world 
are stagnating or slowing down and world 
food stocks are rather low

• There are about 2 billion hectares of 
degraded land globally
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Sustainability

• World water withdrawals increased eight fold during 
the 20th century with very substantial increases 
expected up to 2025

• Over 2 billion people living in degraded areas or river 
basins under stress risking desertification

• By 2025 up to 50% of world population could live in 
water stressed river basins

• Worldwide 12% of bird species, 23% of mammals and 
25% of conifers threatened with extinction . In Europe, 
43% of bird species, 45% of butterflies under threat

• Loss of biodiversity reduces capacity to deliver 
services such as carbon sequestration, natural hazard 
protection, air and local climate regulation, soil erosion 
control and water purification 
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The role of soil organic matter (SOM)
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Organic matter plays a fundamental role in soil:

� To keep soil structure
� To retain moisture (up to 20 x weight)

� As a source of slow-release nutrients
� In the microbiological activity of the soil, for plant 
physiology and for enzymes

The role of SOM -1-
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But it is also important for the role it plays in the 
carbon cycle:

� World soil carbon: 2,500 Gt

� World soil organic carbon: 1,550 Gt, i.e.:
– 3.3 times atmospheric carbon (760 Gt)
– 4.5 times biotic carbon (560 Gt)

� Rate of terrestrial absorption: 0.7 Gt C/y

� World industrial emissions: 6.4 Gt C (1990)

The role of SOM -2-
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 Organic Carbon (%) 
No Data 
0 - 1 
1 - 2 
2 - 5 
5 - 10 
10 - 25 
25 - 35 
> 35 

Organic carbon 
content (%) in the 
surface horizon

(0-30 cm)
of European 

soils
(Source: JRC)
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The importance of soil
for sustainability 
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Soil functions according to
Art. 1 of the proposed

Soil Framework Directive

(a) Biomass production, including in agriculture 
and forestry;

(b) storing, filtering and transforming nutrients, 
substances and water;

(c) biodiversity pool, such as habitats, species 
and genes;

(d) physical and cultural environment for 
humans and human activities;

(e) source of raw materials;
(f) acting as carbon pool;
(g) archive of geological and archeological

heritage
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Soil and climate change
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� 20% of Europe’s SOC is in peat 
soils

� Around 50% of peatlands have 
already been drained 

� Emission from cultivated and 
drained organic soils in EU27 is 
approx. 100 Mt CO2 per year

Drainage of peatland in Europe

20%

28%

1%

51%

Agriculture
Forestry
Peat extraction 
Undrained

The importance of peat
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On a net basis and on average, soils in Europe are most likely 
accumulating carbon. However, big uncertainties and differences 
concerning land cover: cropland is generally a C source, whereas 
grassland and forest land are a C sink.

Soil: sink or source in the EU?
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� Carbon sequestration in soil contributes to climate change mitigation
and food security

� Approx 90% of total GHG mitigation potential in agriculture stems 
from soil C sequestration

� The worldwide technical potential for SOC sequestration is estimated 
at around 1.3 Gt C/y (unlikely to be realised)

� The economic potential for SOC sequestration at a reasonable price 
(20-100$/t CO2) is estimated to be:

– 400-700 Mt C/y globally

– 50-100 Mt C/y in Europe

� Global economic potential sequestered would represent
11% of global C emission per year (6 300 Mt C/y)

Soil C sequestration potential
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1.54 - 2.79MediumLow

Application of manure to cropland 
versus grassland

1.54 - 2.79MediumMediumManure application techniques

0.11 - 0.81HighLowGrassland renovation

0.11 - 0.81MediumMediumLength and timing of grazing

0.11 - 0.81Medium (already done in some areas)Low / mediumOptimising grazing intensity

1.69 - 3.04LowMedium/highGrass in orchards & vineyards

0.15 - 0.70Low (reduces flexibility)MediumAgroforestry

1.69 - 3.04Low (reduces flexibility)VariablePermanent crops

0.26 - 0.55HighLowAdding legumes

0.29 - 0.88MediumNoRotation species

0.26 - 0.55Medium (already done in some areas) LowFertiliser type

0.26 - 0.55Medium (already done in some areas)NoFertiliser application

1.69 - 3.04LowMediumExtensification

0.15 - 0.70HighLowResidue management

0.15 - 0.70Medium (low in some areas)LowReduced tillage

0.29 - 0.88HighLowCatch crops 

Global mitigation potential
(tCO2 eq./ha/y)Probability of implementation

Potential 
implementation 

cost

Possible sequestration measures

Source: P. Smith et al. (2008)
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Report of the
June 2008 Conference

Full report (in English)
and executive summaries

(in all EU languages) 
available at

http://ec.europa.eu/
environment/soil/conf_en.htm
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� Soil is both part of the problem and of the solution for climate change

� Preserving and restoring existing carbon stocks (e.g. in grassland 
and peatland) might be more effective than trying to create new ones

� The quantification of where and how much European soils are losing 
organic matter must be a priority for EU action. 

� Soil degradation, particularly SOM loss, has transboundary effects, 
thus need for common EU legislative framework

� It is clear that the EU (and the world) has to adapt to climate change

� Soil has a crucial role to play to secure food and other social, 
economic and environmental services

Key messages from the
June 2008 Conference
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http://ec.europa.eu/
environment/soil/
publications_en.htm

Review of existing 
information on the 

interrelation 
between soil and 
climate change

CLIMSOIL Report
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Soil and biodiversity
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A 
crowded

place :  
soils are 
home to 
over one 
fourth of 
all living 

species on 
Earth

Surprising facts
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Simplified classification of 
soil organisms

Bacteria Fungi

Protists Nematods Microarthropods

Earthworms Ants Small mammals Plant roots

Microbial
decomposers

Biological
regulators

Ecosystem
engineers
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The six main ecosystem services provided by  soil biodiversity:

� Soil organic matter and nutrient recycling and fert ility , including soil 
formation: a basic function that supports nutrient cycling (C, N and P cycles) 
and primary production

� Regulation of carbon flux and climate control via the carbon storage

� Water cycle regulation, infiltration, storage, purification, transfer to 
aquifers and surface effluents, erosion prevention and regulation of flows in 
effluents (flooding or drying out of rivers)

� Decontamination and bioremediation: a chemical and physical 
neutralisation of contaminants

� Pest control: biological control of pests and pathogens of plants, animals 
and humans

� Pharmaceutical applications in favour of human health

What is the role of soil 
biodiversity?
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The importance
of soil biodiversity

Source: A. Bispo (ADEME)
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The estimated global value of 
soil biodiversity services

(from Pimentel et al. (1995))

1,542Total

200Pollinators

257Biocontrol of pests

180Wild food

6Biotechnology

121Chemical detoxification

90Nitrogen transformations

25Soil formation

760Waste recycling

US$109/yearService
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http://ec.europa.eu/
environment/soil/
biodiversity.htm

Soil biodiversity: 
functions, 

threats and tools 
for policy 
makers

Soil Biodiversity Report
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� Green Week session on soil biodiversity:

The soil life we walk on: does it matter?
Wednesday 2 June 2010, 14:30-16:00

Registrations now open at http://www.greenweek2010.eu/

� High-level conference:

Soil, Climate Change and Biodiversity:
where do we stand?

Thursday 23 and Friday 24 September 2010
Registrations soon to be open at

http://ec.europa.eu/environment/soil/biodiversity_conf.htm

Do you want to know more?
Come to Brussels!
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Policy aspects
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Future of bio -waste 
legislation

� Still subject to debate

� Strong evidence that separate collection  deliver 
environmental and economic gains

� Subsidiarity dimension: what is the added value 
of new EU legislation?  

� Commission Communication is planned for
June 2010
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Use of compost to combat  
SOM decline in the

Soil Thematic Strategy

� The Communication on the Soil Thematic 
Strategy (COM(2006)231, 22.9.2006) has a 
political message: compost is the best source for 
humus production

� Member States will have to adopt appropriate 
measures to fight SOM decline

� The Commission will work with Member States to 
identify appropriate measures for SOM
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Measures in favour of soil
organic matter and soil

protection in general may
contribute to fighting

climate change, 
desertification and 
biodiversity loss

In conclusion …
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Thank you for your attention!

http://ec.europa.eu/environment/soil/index.htm


