
Introduction

Denmark has committed itself to reduce the
GreenhouseGas emission (GHG) with 21% in the
first commitment period, 2008-2012, in relation to
its emission in 1990. This should be compared with
the average reduction commitments in European
Union (EU) of 8%. It has become more and more
difficult to find these reductions in Denmark as it
has in many other countries. To fulfil its commit-
ment Denmark has chosen to use Art. 3.4 of the
Kyoto-protocol by selecting Forest Management
(FM), Cropland Management (CM) and Grassland
Management (GM).
Model calculations have shown that Land Use

may contribute with 1.6-2.3 M tonnes CO2 per
year to fulfil the Danish reduction commitment.
Land Use includes emissions from mineral and
organic soils, orchard, hedgerows, use of peat in
horticulture and liming. Mineral soils are respon-
sible for the major part of the contribution, i.e. 1.1-
1.8 M tonnes CO2 per year. The remaining contri-
bution to the reduction commitment comes from a
reduced area of organic soils in rotation, from
hedgerows erection and reduced liming, approxi-
mately 0.5 M tonnes CO2 per year.
In contradiction to FM, where full accounting

takes place, the amount, which can be included from
CM and GM, are based on net-net principles where
it is the changes in the emission that can be included
in the reduction commitment. In the base year
(1990) it is estimated that Denmark has a major loss
of CO2 from both mineral and organic soils. Due to
the Danish ban on crop residues, an intensive use of
winter grown crops and nitrogen catch crops in the
autumn it is estimated that a decrease in C-stock in
mineral soils has been replaced by an unchanged
state or even a small increase.

Data

Denmark has an intensive and highly efficient agri-
cultural practice. 2.7M (63%) out of 4.3M hectare is
under agricultural influence. 75% of the agricultural
area is annual crops and the remaining is grass in
rotation, set-a-side with grass and permanent grass.
80% of the pig production is exported and so ismore
than 60% of the dairy products. The Danish land-
scape is very heterogenic. The 2.7 M ha is split into
more than 750,000 fields giving an average field size
of 3.6 ha. In total there are 88,800 fields with perma-
nent grass giving a total of 166,600 ha or 2 ha per
field. Despite the facts that the area with permanent
grass is relative small, and mostly reported as perma-
nent, there will in minor deviations in this area of
±10,000-15,000 ha/year. These changes will be very
difficult to estimate and although the changes will be
small Denmark has decided to include the whole
agricultural area in its commitments under the Kyoto
Protocol, and not only the cropland.
The high agricultural production gives a high

pressure on the environment but also high yield
rates in terms of crop and root residues as well as
animal manure, which contribute to the mainte-
nance of the soil organic carbon (SOC) content at
a high level. At an average the C stock in the upper
one meter of the soil horizon in mineral soils has
been estimated to 110-112 tonnes C/ha (Heid-
mann et al. 2001)
Table 1. shows the estimated changes in the C-

stock in Danish agriculture in 1990 and 2004. The
basic model is described in Gyldenkærne et al.
(2005). The emission from organic soils are based
on a fixed factor per ha of approximately 60,000 ha.
The area with perennial crops in Danish horticul-
ture is very limited and thus the changes have only
a limited effect on the emission estimates.

Greenhouse-gas budget of soils under changing climate and land use (BurnOut) • COST 639 • 2006-2010 89

The Danish election of Art. 3.4 activities for Cropland and
Grassland: Emission estimates, verification and uncertainties

S. GYLDENKÆRNE1, B. M. PETERSEN2 and J. E. OLESEN2

1National Environmental Research Institute, University of Aarhus, Roskilde, Denmark
2Faculty of Agricultural Sciences, University of Aarhus, Research Centre Foulum, Tjele, Denmark



For many years there have been subsidiaries in
Denmark to erect new hedgerows to reduce the
wind erosion and increase the micro climate in the
fields. The area with hedgerows is increasing but
old 1-rowed hedges, based on Sitca Spruce, are also

being replaced with 6-rowed broadleaved hedges.
In total 400-600 km are erected every year and
included in the inventory.
To keep the soil in good agricultural condition

liming is necessary. Liming with CaCO3 releases
CO2 to the atmosphere. In 1980-1992 the
consumption in Denmark was very high due to the
deposition of acid rain and use of NH+ containing
fertilisers. After most of the power plants in Europe
have established SOX-and NOX-filters, reduced
consumption of ammonium containing fertilisers
and a decline in the lime application rate by the
Danish farmers, which slightly lowers the pH-
values in soil, the lime consumption has decreased
to 30-35% of earlier consumption data.
The overall effect is an estimated reduction in the

emission from CM and GM from 3.38 to 1.26 M
tonnes CO2-eq/year from 1990 to 2004.
There is a need for a continuous improvement of

the inventory as well as a verification of the
changes in the emission due to the Danish choice
of using the Art. 3.4 activities. For this purpose
data from the EU agricultural subsidiary system is,
among others, used together with the EU Land
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Table 1.
Estimated Danish emissions for Cropland and
Grassland in 1990 and 2004, M. tonnes CO2-
eq/year.

Denmark,
CM and GM

Emission, M tonnes
CO2-eq/year

1990 2004

Living biomass NA NA

Dead Biomass NA NA

SOC, Mineral soils 1.54 0.05

SOC, Organic soils 1.15 1.07

Horticulture, perennial crops 0.00 -0.01

Hedgerows 0.02 -0.15

Organic soil improvements 0.10 0.14

Liming 0.57 0.16

Total 3.38 1.26

Figure 1.
An example of a soil map with an overlay of the Land Parcel Information System showing the land parcel
distribution in relation to organic soils



Parcel Information System (LPIS) and detailed soil
maps. The agricultural subsidiary system gives
information on which crops each farmer are
growing, and the vector based GIS-map LPIS gives
information on where the individual fields are
located. In Denmark there are approximately
753,000 individual fields in 220,000 land parcels
giving an average field size of four hectares and 12
hectares in each land parcel. In total there are 259
different crops registered in Denmark although
many of them are minor crops. Figure 1 shows a
small section of the soil map and the land parcels.
The red areas are organic soils, the blue areas are
settlements or lakes, green are forests. Light yellow
is light sandy soils and the dark yellow is clayey
sandy soils. The organic soils are mostly nutrient
rich fens and a few nutrient poor raised bogs. As
can be seen the land parcels often follow the
contour of the organic soils indicating differences
in soil type, inclination and slope.
To get a more precise estimate of the CO2 emis-

sion from especially the organic soils a GIS analysis
has been performed by comparing the data in the
EU subsidiary system with a soil map. The results
are shown in Table 2. Set-a-side, grass in rotation
and permanent grassland are, not surprisingly,
more common on the organic soils. Although
many of the organic fens are drained, they will
often be water logged during winter and thus in
many cases unsuitable for annual crops, whereas
grass is not that sensible for water logging and
responds with relatively high yields in these areas.
The CO2 emission from organic soils depends
primarily on how intensive the soil is tilled. The

Danish emission estimate for the organic soils do
take into account different emission factors
depending on the actual tillage intensity. The
applied emission factors are shown in Table 3.
These data are primarily based on emission esti-
mates from Finland, Sweden, Germany and the UK
adapted to Danish climatic conditions because
there are very few Danish data.
A net-built up of organic matter of 0.5 tonnes

C/yr is assumed in the wet organic soils. Annual
crops and grass in rotation is not found on the wet
organic soils and is therefore given as NA (Not
Applicable).
The estimates for mineral soils are calculated

with C-TOOL (Petersen et al. 2006, 2005), a
dynamic temperature driven 3-pooled Soil
Organic Carbon-model (SOC). C-TOOL is based
on long-term agricultural experiments on C-stock
changes in Rothamstedt (UK), Denmark and
Sweden for the last 150 years. C-TOOL is seen as
being “State of Art”. Crop yield for all grown crops
together with allometric functions for crop
residues and roots and the production of animal
manure are used as input drivers to C-TOOL.
Denmark is currently divided in 10 regions (coun-
ties) in the model calculations, but a further sub-
division is possible due to the access to the
subsidiary data and data on manure production on
farm level. The amount of manure on farm level is
known because the Danish farmers have an obliga-
tion to perform fertiliser accounting and annually
report the manure production to the Danish
authorities. Figure 2 shows the estimated annual
change in C-stock in mineral soils together with
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Table 2.
The distribution of crops on mineral soils and organic soils respectively.

Land use, % distribution

Annual crops Set-a-side Grass in rotation Permanent grass Total

Organic soils 54 % 11 % 16 % 18 % 100 %

Mineral soils 82 % 5 % 8 % 5 % 100 %

Table 3.
Currently used C emission factors in Denmark for organic soil (From Gyldenkærne et al. 2005).

Emission factor, tonnes C/ha/year

Dry, shallow Dry, deep organic Wet, shallow Wet, deep organic

Annual crops 5 8 NA NA

Grass in rotation 5 8 NA NA

Set-a-side with grass 3 4 -0.5 -0.5

Permanent grass 3 4 -0.5 -0.5



the five-year average. The variation between years
is very high. Years with good growth conditions
and cold winters, where the degradation in the soil
during winter is low, give a high input to the soil
like in 1993, whereas years, with low harvests and a
warm winter with high turnover rates in the soil,
reduce the C-stock in the soil like in 2002. It can be
seen from the five-years average line that the
Danish soil have changed from being a net source
in 1990 to be in a unchanged state or even a small
carbon sink. This is primarily due to a ban of straw
burning, demands for “winter green soils” and
establishing of nitrogen catch crops in autumn.
The area with new hedgerows is well docu-

mented on maps, but there is a need to verify that
the increased intensification of Danish agriculture
has not caused removal of hedgerows in other
parts of the country. This will be done with a
combination of remote sensing, old hedgerow
maps and C-stock estimates.
The amount of liming in Danish agriculture has

been reported since early 1960 and no further
documentation seems needed.

Verification

To improve and verify the Danish emission esti-
mates from forests and agricultural land a 72 M
DKK (9.4 M ⇔) research and reporting program

has been initiated. The program is split into 20
different projects ranging from reporting, estab-
lishment of reporting databases, establishment of
Danish emission factors for CO2 and N2O from
organic soils, an updated map of the organic soils
in both forests and agriculture, soil sampling from
the independent Danish agricultural network and
remote sensing of land use changes. As can be seen
the major CO2 sources are from organic soils and
mineral soils. The research programme will there-
fore focus on especially these two areas. In the soil
sampling programme all soil samples will be taken
in 25 cm intervals to a depth of one metre or down
to the mineral soil. The scientific part of the
program will be running until 2011, but the
reporting and soil sampling in the agricultural
network will continue.

Expected outcome and future challenges

It is not expected that the emission factors from the
organic soils will differ substantial from the already
used emission factors because they are already
adjusted to Danish climatic conditions. However,
the emission estimate for set-a-side and permanent
grass may be overestimated. The major changes in
the emission estimate will unlikely be due to an
altered area with organic soils. The currently used
soil map is originally based on inventories made
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from 1910 to 1950. Due to drainage of the soils and
the intensive agricultural practice it is expected that
especially the shallow organic soils have disap-
peared and by definition turned into mineral soils.
A reduced area with organic soils will reduce the
estimated emission from this category (Table 1).
This will, however, not affect the Danish commit-
ment of reducing its GHG emission, because the
assigned amount does not include the emissions in
the Land Use, Land Use Change and Forestry
sector (LULUCF). Furthermore, a reduction in the
area with organic soils will both affect the area in
the commitment period (2008-2012) and in the
base year (1990); so due to the accounting rules
with the net-net principles the new soil map will
not change the Danish commitments but merely
give a more precise emission estimate from the
organic soils.
Results from the previous sampling in the agri-

cultural network have shown that farms with
cereals and pigs had a decrease in the C-stock in
soil, whereas cattle farms had an increase (Heid-
mann et al. 2001). However, very large variations
between farms and between sampling years are
observed. An up-scaling to the national level of the
soil samples taken in 1986 and 1997 is therefore
uncertain. The new sampling in the agricultural
network has the aim to reduce the variation in the
sampling and to explain the trend at farm level by
looking on the amendments of crop residues and
animal manure on each farm - data which has been
recorded since 1986. The challenge for the verifica-
tion procedure is to reduce the variation in the
sampling estimates, to explain changes in C-stock
for the individual sampling points (farm level) and
to make a scientific sound model, which can be
used for up-scaling to the national level which
should satisfy the demand for verification under
the Kyoto-protocol.
The dynamic model for the mineral soils, C-

TOOL, will be validated continuously in the future
against published data in the literature.
The use of fixed emission factors from organic

soils is due to that the dynamic models gives very
uncertain emission estimates for high organic soils.
Up to the IPCC default value of 20% organic matter
(OM) in histosols (IPCC 2003) has Denmark
chosen to use C-TOOL despite there is very few data
which can verify the emission estimates in the upper
end (from 10 to 20% OM). In Denmark there are
approximately 60,000-70,000 hectares in this range
under agricultural influence or the same area as the

area with >20% OM. This could be the same in
many other countries with “organic soils” which
cannot be classified histosols. More emissions esti-
mates are needed from these soil types.
The Danish election Art. 3.4 for FM, CM and GM

is a big challenge to verify. The Danish research
program will try to verify the C-stock changes in
Danish forests and agricultural soils in a transparent
way but it is a complex challenge. The programme
will help us to understand the dynamics in the
LULUCF area and hopefully to achieve“State of Art”
emission estimates, which can be useful in both
national and international policy.
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