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Abstract

Velthof, G.L. and J. Mosquera. 2011. Calculation of nitrous oxide emission from agriculture in the Netherlands. Update of emission
factors and leaching fraction. Wageningen, Alterra,. Alterrareport 2151. 66 blz.; 4 figs.; 17 tables.; .104 refs.
The Netherlands uses a partly country specific protocol for reporting of nitrous oxide (N2O) emissions to United Nations Framework
Convention on Climate Change (UNFCCC). A study was conducted to update the N2O emission factors for nitrogen (N) fertilizer and
animal manures applied to soils, based on results of Dutch experiments, and to derive a country specific methodology to calculate
nitrate leaching using a leaching fraction (FracLEACH). The average emission factor for calcium ammonium nitrate (CAN) on mineral
soils is similar for grassland (average ± standard error: 0.8 ± 0.1% of the N applied; n=26) and arable land (0.7 ± 0.3%; n=14).
The emission factors for manure applied with low ammonia emission application techniques are on average higher for arable land
(1.3 ± 0.3%; n=21) than for grassland (0.3 ± 0.1%; n=7). The emission factors for surface-applied manure are smaller, i.e. for
arable land 0.6 ± 0.2% (n=6) and for grassland 0.1 ± 0.02% (n=5). The emission factor for CAN applied to peat soil is on average
3.0 ± 0.6% (n=4). The emission factors for livestock manure applied to peat soils were estimated using results from an incubation
study; 1% for low ammonia emission application technique and 0.5% for surface-applied manure. It is recommended to use different
emission factors for livestock manure applied to grassland and arable land and to update the emission factors for peat soil in the
Dutch protocol. It is also recommended to use the STONE model to calculate N leaching from agriculture in the Netherlands. The
FracLEACH (based on IPCC 1996) was calculated for three periods: 0.14 for 1987-1991, 0.13 for the period 1992-1997, and
0.12 for the period 1998-2008. The average FracLEACH in the Netherlands is lower than the default of IPPC (0.3), because of the
large area of soils with a high denitrification capacity (and low leaching).
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Summary

Agricultural soils are the main source of nitrous oxide (N2O) emissions in the Netherlands, and accounted for
56% of national N2O emissions in 2006. The N2O emissions from agricultural soils consist of direct emissions
through application of animal manures and fertilizers to soils, and indirect emissions from nitrogen leaching
and run-off from emissions of ammonia and nitrogen oxides (NH3 and NOx). The Intergovernmental Panel on
Climate Change (IPCC) has provided a general framework for the calculation of the emission of greenhouse
gases (including N2O) at the national level. These guidelines have been applied to the case of the Netherlands
resulting in a number of partly country specific monitoring protocols. The Netherlands uses these protocols for
reporting of greenhouse gas emissions to United Nations Framework Convention on Climate Change
(UNFCCC).
1

In 1990, the reference year for Kyoto, all manures were surface-applied to the soil of both grassland and
arable land. Because of the Netherlands’ policy to reduce NH3 emissions, only low NH3 emission manure
application techniques are allowed since the early 1990’s. In a field experiment in the Netherlands, it was
found that on both grassland and maize land, (shallow) injection of manure increased the emission factor of
N2O in comparison to broadcast application. Moreover, the results showed differences in N2O emission factors
for grassland and arable land and it was suggested to use separate emission factors for grassland and arable
land. Agentschap NL asked Alterra and Wageningen UR Livestock Research to conduct a study (project
ROBP090110) in order to:
• update the data-base with N2O emission factors for N fertilizer and manures, obtained in field experiments
carried out in the Netherlands;
• carry out a literature study on emission factors from fertilizers and manures in countries with similar
agricultural conditions as the Netherlands, with focus on the effect of manure application technique and
land use on N2O emission;
• estimate the N2O emission factor for manure applied to peat soil, using data of the incubation experiment
of Velthof et al. (2010a; 2010b) and field experiments on sand, clay, and peat soils of Velthof et al. (1996);
• derive average N2O emission factors for calcium ammonium nitrate (CAN) and animal manures in the
Netherlands, including an indication of the uncertainty of these emission factors.
In addition to the direct emissions of N2O obtained in the Netherlands from managed soils that occur through a
direct pathway (i.e., emission directly from the soils to which N is applied), emissions of N2O also take place

In this report the term manure is used as general term for the manures of cattle and pigs. In the Netherlands, slurries are by far
the dominant manure type for cattle and pigs. Definitions:
•
Manure. A general term to denote any organic material that supplies organic matter to soils together with plant nutrients,
usually in lower concentrations compared to inorganic fertilizers.
•
Slurry. Feaces and urine produced by housed livestock, usually mixed with some bedding material and some water
during management to give a liquid manure with a dry matter content ranging from about 1 - 10%. Liquid manure
denotes any manure from housed livestock that flows under gravity and can be pumped.
Source: Recycling Agricultural, Municipal and Industrial Residues in Agriculture Network (RAMIRAN)
www.ramiran.net/DOC/Glossary2003.pdf

1
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through two indirect pathways, i.e. ammonia emission and nitrate leaching. In the IPCC methodology a leaching
fraction (FracLEACH) is used to estimate the nitrate leaching and runoff. The leaching is multiplied with an
emission factor for indirect N2O emission from leaching (EF5). Agentschap NL also asked Alterra to assess if it
is possible to derive a country specific leaching fraction (FracLEACH) for the Netherlands and to evaluate the
N2O emission factor for leaching (EF5) (project ROBP100139).
The data-base with N2O emission factors was updated. The data-base contains in total 153 emission factors
and includes emission factors for mineral N fertilizers, livestock manures, urine excreted during grazing and
crop residues. The average emission factor is 1.3% of N applied; the standard error is 0.2%. In some of the
experiments N2O emissions were measured for only a short period (several weeks). If the short experiments
are removed from the data-base (i.e. only experiments which last at least a full growing season of about six
months are included), the average N2O emission factor obtained from experiments in the Netherlands is 1.2 ±
0.1 % (n = 130).
The average emission factor for CAN on mineral soils is similar and not statistically significant for grassland
and arable land (Table S1). The differences in CAN-derived emissions between arable land and grassland found
in the experiment of Velthof et al. (2010) and Velthof and Mosquera (2011) are not shown in the total data-base
with all emission factors obtained in the Netherlands. It is recommended not to change the emission factor of
CAN, i.e. 1% for mineral soils, although the average N2O emission factor for CAN in the Netherlands is slightly
smaller (0.8%; Table S1).
The N2O emission factors for manure applied to mineral soils with low NH3 emission techniques is on average
higher for arable land (1.3 ± 0.3%) than for grassland (0.3 ± 0.1%; Table S1). This difference is statistically
significant at α = 0.1. The emission factor for surface-applied manure is higher for arable land (0.6 ± 0.2%)
than for grassland (0.1 ± 0.02%), which is statistically significant at α = 0.05. For grassland, the N2O emission
factor for manures applied with low NH3 emission techniques (0.3 ± 0.1%) were statistically significant higher
(α = 0.05) than that for surface-applied manure (0.1 ± 0.02%). For arable land, the difference in N2O emission
factor for manures applied with low ammonia emission techniques (1.3 ± 0.3%) and for surface-applied
manure (0.6 ± 0.2%) was not statistically significant (α = 0.1). However, the comparative field experiments
carried out during a three-years period by Velthof and Mosquera (2011) showed that application of manure
with low ammonia emission techniques resulted on average in statistically significant (α = 0.05) higher N2O
emission than surface-application of manure, for both grassland and arable land.
The literature study showed higher N2O emission factors for mineral fertilizer applied to soils (1.9% of the
mineral fertilizer N applied to both grassland and arable land) than found in the Netherlands. There was no
clear effect of N fertilizer type. There are only a limited number of studies in literature in which the effect of
manure application technique on N2O emission has been quantified. In most studies, manure application with
low NH3 emission technique increases N2O emission.
The emission factor for CAN applied to peat soil is for the Netherlands on average 3.0 ± 0.6%, which is higher
than the N2O emission factor of 2% used in the current protocol. The emission factors for livestock manure
applied to peat soils were calculated using the results from an incubation study. The estimated emission factor
for manures applied to peat soils with a low ammonia emission application technique is 1% and that for
surface-applied manures 0.5% (see Table S1).
We recommend the following changes in emission factors to be used for quantification of N2O emission from
fertilized soils (Table S2):
• Use different emission factors for livestock manure applied to grassland (0.1% for surface-applied manure
and 0.3% for manure applied with low ammonia emission) and arable land (0.6% for surface-applied manure
and 1.3% for manure applied with low ammonia emission).

8
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•
•

Use for peat soils an emission factor of 3% for CAN, 1% for manure applied with a low ammonia emission
technique, and 0.5% for surface-applied manure.
Use the current N2O emission factor for CAN applied to mineral soils, i.e. 1%.

Tabel S1
Average N2O emission factors (in % of N applied) and standard errors for CAN and livestock manure in the Netherlands, based on
the data set with emission factors obtained from experiments in the Netherlands. The emission factors for manure applied to peat
soil were calculated from results from an incubation study.
Soil type

Mineral soils

Source

Grassland

All

0.7 ± 0.3
(n=14)

0.8 ± 0.1
(n=26)

0.8 ± 0.1
(n=40)

Low emission

1.3 ±0.3
(n=21)

0.3 ± 0.1
(n=7)

1.1 ± 0.2
(n=28)

Surface

0.6 ± 0.2
(n=6)

0.1 ±0.02
(n=5)

0.4 ± 0.2
(n=11)

CAN

Livestock manure

3.0 ± 0.6
(n=4)
Low emission
Surface

*

Land use
Arable land

CAN

Livestock manure

Peat soil

Applicationtechnique

1*
0.5*

estimated from an incubation study

In the Dutch manure policy two models are used to estimate nitrate leaching, i.e. the WOG-model, a model
developed to underpin N application standards in the Netherlands, and the STONE-model, a model used to
evaluate environmental consequences of manure policy. The submodel ANIMO is used to calculate the nitrate
leaching in STONE. Both the WOG-model and STONE-model can be used to calculate a country specific
FracLEACH for the Netherlands.
It was concluded that STONE is more suitable for calculation of an average FracLEACH in the Netherlands than
the WOG-model, because i) it is developed for national scale (includes detailed maps of soil types, land use and
groundwater levels), ii) it contains a fertilizer and manure distribution model, which is also used by the Pollutant
Release & Transfer Register for the calculation of regional ammonia emissions, and iii) it includes both a
calculation module for leaching and for surface runoff (overland flow). The leaching fractions of the WOG model
are only based on leaching to groundwater, not on surface runoff.
An analyzis of STONE results showed that FracLEACH may change in time. Therefore, it is recommended to
calculate FracLEACH for three periods:
• 1987 - 1991: to be used as the average for the year 1990 (the reference year);
• 1992 - 1997: the period with relative high N inputs to soils and in which farmers were obliged to apply
manure with a low ammonia emission technique (this was not yet obliged in 1990);
• 1998 - 2008: the period in which the N inputs to soils strongly decreased in the Netherlands, and low
ammonia emission application techniques were obliged.
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Table S2
Emission factors for direct N2O-N emission from agricultural soils (% of N input) according to current protocol and the
recommended changes in emission factors .
N source

Current protocol1
Mineral soil Organic soil

Fertilizer application
ammonium fertilizer (no nitrate)

Recommended changes1
Mineral soil

Organic soil

0.5

1.0

1.0

2.0

above-ground (surface spreading)

1.0

2.0

0.1

0.5

low-ammonia emission application

2.0

2.0

0.3

1.0

above-ground (surface spreading)

1.0

2.0

0.6

low-ammonia emission application

2.0

2.0

1.3

faeces

1.0

1.0

urine

2.0

2.0

other types of fertilizer

3.0

Animal manure application grassland

Animal manure application arable land

Meadow manure livestock

Nitrogen fixation

1.0

Crop residues

1.0

Cultivation of histosols

2.0

Sewage sludge

1.0

Emission factors current protocol are based on nett N input, i.e. the N input corrected for ammonia emissions after application.
The recommendations are based of total N input (without correction for ammonia emission)

1

The leaching fractions are calculated using the leaching derived from the STONE model and the total N inputs
according the Pollutant Release and Transfer Register). The FracLEACH (based on IPCC-1996 methodology)
was calculated for the three periods: 0.14 for 1987-1991, 0.13 for the period 1992-1997, and 0.12 for the
period 1998 - 2008.
There are no results from the Netherlands (both measurements and modeling) to derive specific N2O emission
factors for the indirect N2O emission from leached nitrate in the Netherlands (EF5). For the first budget period
of the Kyoto protocol (2008-2012), the Netherlands is obliged to use the IPCC-1996 method. However, it is
recommended to use the IPCC-2006 emission factors for indirect N2O emission derived from leached nitrate in
the following budget period, as the most recent scientific insights are used for underpinning the IPCC-2006
emission factor.

10
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Introduction

Agricultural soils are the main source of nitrous oxide (N2O) emissions in the Netherlands, and accounted for
56% of national N2O emissions in 2006. The agricultural N2O emissions consist of direct emissions through
application of animal manures and fertilizers to soils, and indirect emissions from nitrogen leaching, run-off and
ammonia (NH3) emission.
The Intergovernmental Panel on Climate Change (IPCC) has provided a general framework for the calculation of
the emission of greenhouse gases (including N2O) at the national level. These guidelines have been applied to
the case of the Netherlands resulting in a number of partly country specific monitoring protocols, which are
published by the Ministry of Housing, Spatial Planning and the Environment (VROM) and yearly updated, if
needed (www.greenhousegases.nl). The Netherlands uses these protocols for reporting of greenhouse gas
emissions to United Nations Framework Convention on Climate Change (UNFCCC).
The monitoring protocols used in the Netherlands to calculate the emission of N2O differentiate between two
2
manure application techniques: broadcast application and application with low NH3 emission techniques (see
Table 1).
The N2O emission factors used in the Netherlands for broadcast application (1% of applied N) are lower than
for low NH3 emission manure application techniques (2% of applied N). In 1990, the reference year for Kyoto,
all manure was broadcast to the soil of both grassland and arable land. Because of the Netherlands’ policy to
reduce NH3 emissions, only low NH3 emission manure application techniques are allowed since the early
1990’s.

2

•

In this report the term manure is used as general term for the manures of cattle and pigs. In the Netherlands, slurries are by far
the dominant manure type for cattle and pigs. Definitions:
Manure. A general term to denote any organic material that supplies organic matter to soils together with plant nutrients,
usually in lower concentrations compared to inorganic fertilizers.

•

Manure. Feaces and urine produced by housed livestock, usually mixed with some bedding material and some water during
management to give a liquid manure with a dry matter content ranging from about 1 - 10%. Liquid manure denotes any manure
from housed livestock that flows under gravity and can be pumped.

Source: Recycling Agricultural, Municipal and Industrial Residues in Agriculture Network (RAMIRAN)
www.ramiran.net/DOC/Glossary2003.pdf
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Table 1
Emission factors for direct N2O emission from agricultural soils in the Netherlands (% of nett N input), i.e. the N input corrected for
ammonia emissions after application (Van der Hoek et al., 2007).
N source

Mineral soil

Organic soil

0.5

1.0

1.0

2.0

above-ground (surface spreading)

1.0

2.0

low-ammonia emission application

2.0

2.0

faeces

1.0

1.0

urine

2.0

2.0

Fertilizer application
ammonium fertilizer (no nitrate)
other types of fertilizer
Animal manure application

Meadow manure livestock

Nitrogen fixation

1.0

Crop residues

1.0

Cultivation of histosols

2.0

Sewage sludge

1.0

The effect of manure application technique on N2O emission was quantified in field experiments (2007-2009)
and incubation experiments of Velthof et al. (2010; the results of the field experiments are published in Velthof
and Mosquera, 2011). The aim of these experiments was to derive N2O emission factors for shallow injected
cattle manure (on grassland), injected cattle and pig slurries (on maize land) and broadcast slurries. Shallow
injection is the most used NH3 abatement application method in the Netherlands for grassland and injection for
maize land. In the experiments, a treatment with calcium ammonium nitrate (CAN) was included, because it is
the most used mineral N fertilizer in the Netherlands. In line with the IPCC Guidelines, emission factors were
derived after correction for N2O emission from unfertilized plots. On both grassland and maize land, (shallow)
injection of manure increased the emission factor of N2O in comparison to broadcast application (Table 2). The
average emission factor for grassland (based on both grassland sites and all years) was 1.7% of the N applied
for CAN, 0.4% for shallow injected cattle manure, and 0.1% for broadcast cattle manure (Table 2). The
average emission factor for CAN applied to maize land was 0.1% of the N applied. The average emission
factor of cattle manure injected to maize land was 0.9% and that of broadcast cattle manure was 0.4%. The
average emission factor of injected pig manure was 3.6% and that of broadcast pig manure 0.9%. The high
emission factor of injected pig manure was mainly due to the high emission factor in the wet year 2007 (7.0%
of the applied N).
The field experiments were carried out on sandy and clay soils and can be used to derive N2O emission factors
for mineral soils. However, about 15 percent of the grasslands in the Netherlands are located on peat soils. An
incubation study was conducted to quantify the N2O emission from cattle manure applied to peat, sand, and
clay soils (Velthof et al., 2010b). The calculated N2O emission factors in the incubation study were higher than
generally found in field experiments. However, the ratio in emission factors between fertilized peat soil and
fertilized mineral soil in this incubation study and results of other field studies can be used to estimate N2O
emission factors for manure applied to peat soil under field conditions.

12
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Table 2 ‘
Average N2O emission factors obtained in the field experiments of Velthof and Mosquera (2011) on mineral soils and the emission
factors according to the current protocol (see Table 1).
Land use

Fertilizer and manure application technique

Grassland

Arable land

Emission factor
experiments, %

Emission factor current protocol1,
%

CAN
Cattle manure; shallow injection

1.7
0.4

1 (0.97)
2 (1.7)

Cattle manure; broadcast

0.1

1 (0.8)

CAN

0.1

1 (0.97)

Cattle manure; injection

0.9

2 (1.7)

Cattle manure; broadcast

0.4

1 (0.8)

Pig manure; injection

3.6

2 (1.7)

Pig manure, broadcast

0.9

1 (0.8)

The figures in between brackets are the emission factors based on total N input, i.e. not corrected for ammonia emission. The
emission factors of Velthof and Mosquera (2011) are based on uncorrected N inputs

1

Velthof and Mosquera (2011) concluded on basis of their results (Table 2) that on both grassland and maize
land, (shallow) injection of manure increased the emission factor of N2O in comparison to broadcast
application. Moreover, the results showed significant differences in N2O emission factors for grassland and
arable land. It was therefore suggested to use separate emission factor for grassland and arable land.
Agentschap NL asked Alterra and Wageningen UR Livestock Research to conduct a study (project
ROBP090110) in order to:
• update the data-base with N2O emission factors obtained in field experiments carried out in the Netherlands
with the results of Velthof and Mosquera (2011) and other recent studies;
• carry out a literature study on emission factors from fertilizers and manures in countries with similar
agricultural conditions as the Netherlands, with focus on the effect of manure application technique and
difference in N2O emission between grassland and arable land;
• estimate the N2O emission factor for manure applied to peat soil, using data of the incubation experiment
of Velthof et al. (2010) and field experiments on sand, clay, and peat soils of Velthof et al. (1996);
• to derive average emission factors for calcium ammonium nitrate (CAN) and animal manures in the
Netherlands, including an indication of the uncertainty of these emission factors.
In addition to the direct emissions of N2O from managed soils that occur through a direct pathway (i.e., directly
from the soils to which N is applied), emissions of N2O also take place through two indirect pathways, i.e.
ammonia emission and nitrate leaching. In the IPCC methodology a leaching fraction (FracLEACH) is used to
estimate the nitrate leaching via leaching and runoff. The leaching is multiplied with an emission factor for
indirect N2O emission from leaching (EF5). There is a lot of knowledge about nitrate leaching in the
Netherlands and several leaching models are available. Clearly, there is scope for improvement by deriving a
country-specific leaching fraction for the Netherlands. Agentschap NL also asked Alterra to assess if it is
possible to derive a country specific leaching fraction (FracLEACH) for the Netherlands and to evaluation the
N2O emission factor for leaching (EF5) (project ROBP100139). It was decided to combine both studies in one
report. Chapter 2 deals with the update of the emission factors for fertilizers and manures and Chapter 3 with
the indirect N2O emission.
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Direct nitrous oxide emission from
fertilizers and manures

2.1

Nitrous oxide emission factors derived from field experiments

2.1.1

Method

The data base with N2O emission factors derived from field experiments in the Netherlands in the period 1993
- 2003 (Kuikman et al., 2006) was updated. Several studies that were used by Kuikman et al. (2006) have
been published now in the scientific literature (e.g Van Groenigen et al., 2004, 2005; Schils et al., 2008;
Velthof et al., 2010a). The emission factors in the published papers are included in the data-base and replace
the emission factors from the reports used by Kuikman et al. (2006). Emission factors derived in recent
experiments were added to the data-base, including those of Velthof and Mosquera (2011).
Emission factors were only included when they were obtained in field experiments with replicates and a
unfertilized controlled. The emission factor was calculated as:
N2O-N emission factor (in %) =
[(N2O-N emission from fertilized soil) – (N2O-N emission from unfertilized soil)]/(N applied) * 100
where N2O-N is the emission from fertilized plot, N2O-N is the emission from unfertilized plot, and N applied is
the N applied as fertilizer of manure, all expressed in kg N per ha.
This method to calculate emission factors is in line with the method proposed by IPCC.
For monitoring studies that lasted more than one year, the emission factors for each separate year are
included in the data base.

2.1.2

Results and discussion

The total data-base with emission factors is presented in Appendix 1 and the method and results of the
statistical analyzes are presented in Appendix 2.
Table 3 shows for each N source the number of N2O emission factors, and the mean, standard error,
minimum, and maximum emission factor. The N sources include mineral N fertilizers, livestock manures, urine
excreted during grazing, and crop residues. In total there are 153 values with emission factors, resulting in an
average emission factor of 1.3% of N applied; the standard error is 0.2%.
In some of the experiments N2O emission was only measured during a short period (i.e. several weeks). If the
short experiments are left out of the data base (i.e. only experiments which lasted at least a full growing
season of about six months are included), the average emission factor is 1.2 ± 0.1 % (n = 130). This agrees
with the average emission factor of 1.1% derived by Kuikman et al. (2006) from 86 series of one year
measurements (period 1993 - 2003).
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The average emission factor of the experiments longer than six months (Table 3) was higher for peat soils (4.5
± 0.9%) than for clay soils (1.3 ± 0.2 %) and sand soil (0.7 ± 0.1%). The average emission factor was
somewhat higher for grassland (1.4 ± 0.2% ) than for arable land (1.0 ± 0.2%).

Table 3
N2O-N emission factors for N sources derived from field experiments in the Netherlands (mean, standard error*, minimum and
maximum). Emission factors are presented for the total data set and for data set with experiments which lasted at least a whole
growing season (> six months).

N source
Ammonium sulphate
Ammonium sulphate + DCD
Calcium Ammonium Nitrate (CAN)
CAN + cattle slurry
CAN + grazing
Cattle slurry
Calcium Nitrate
Pig slurry
Sugar beet leaves
Urea
Urine patch
Urine/dung
Total
Soil
Clay
Peat
Sand
Total
Land use
Arable land
Grassland
Total

Total data set
Experiments > 6 months
n N2O emission factor, % of N
n N2O emission factor, % of N
mean st error min max
mean st error min max
6
2
52
19
8
35
3
8
2
3
7
8
153

0.3
0.1
1.3
0.6
3.0
0.5
5.8
2.0
0.2
0.3
1.6
4.2
1.3

0.1
0.0
0.2
0.2
0.8
0.1
3.4
0.8
0.1
0.2
0.2
1.3
0.2

0.1
0.1
-0.2
0.1
0.8
-0.6
0.1
0.1
0.1
0.1
0.9
1.0
-0.6

1.0
3
0.1
8.3 44
3.1 19
6.8
8
2.0 31
12.0
7.0
8
0.3
2
0.7
2.1
7
11.4 8
12.0 130

0.2

0.1

0.1

0.3

1.0
0.6
3.0
0.6

0.2
0.2
0.8
0.1

-0.2
0.1
0.8
-0.6

4.5
3.1
6.8
2.0

2.0
0.2

0.8
0.1

0.1
0.1

7.0
0.3

1.6
4.2
1.2

0.2
1.3
0.1

0.9
1.0
-0.6

2.1
11.4
11.4

39
12
102
153

1.1
4.5
1.0
1.3

0.2
0.9
0.2
0.2

-0.6
1.5
-0.2
-0.6

4.6 35
11.4 12
12.0 83
12.0 130

1.3
4.5
0.7
1.2

0.2
0.9
0.1
0.1

-0.6
1.5
-0.2
-0.6

4.6
11.4
7.0
11.4

49
104
153

1.0
1.5
1.3

0.2
0.2
0.2

-0.6
0.0
-0.6

7.0 49
12.0 81
12.0 130

1.0
1.4
1.2

0.2
0.2
0.1

-0.6
0.0
-0.6

7.0
11.4
11.4

N application rate, kg N per ha
264
a measure of the uncertainty in the emission factors

175

50

880

293

173

50

880

*

The update of the emission factors was made because the results of Velthof and Mosquera (2011) showed
large differences in emission factors between CAN and livestock manures and between grassland and arable
land (See Table 2). Table 4 shows the average emission factors for CAN and livestock manures obtained in
field experiments in the Netherlands. In this table cattle manures and pig manures are combined. There is
evidence that N2O emission from pig manures is higher than from cattle manures (Table 3 and Velthof et al.,
2003; 2010b), which is attributed to the higher contents of ammonium and easily degradable organic N and C
in pig manures than in cattle manures. However, the number of measurements of N2O emission from pig
manure is small and derived from only one location. Therefore, the results of pig and cattle manures were
combined in the analyzis.
The emission factors for CAN applied to clay soil are higher than for CAN applied to sand soils, especially for
arable land. Those for livestock manure were (somewhat) smaller for clay soils than sandy soils (Table 4).
Statistical analyzis showed (see Appendix 2) that there was no statistically significant difference in the average
N2O emission factors for sandy and clay soils. Statistical analyzes of subsets of the data, showed that the
emission factor for CAN was statistically significant higher for arable land on clay soil (average emission factor
1.7%) than for arable land on sand soil (average emission factor 0.2%). The statistical analyzes showed that
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there was no statistically significant difference between clay and sand soils for CAN applied to grassland,
manure applied with a low ammonia emission technique to grassland and arable land, and manure surfaceapplied to grassland and arable land (Appendix 2). It must be noted that most of the results of CAN applied to
arable crops on clay soils were obtained from one location with high N2O emissions and those for sand from
one location with dry sandy soils and low emission (Van Groenigen et al., 2004; Velthof et al., 2010b).
Because most of the differences in emission factors between sand and clay soils were not significant, the
results for clay and sandy soils were combined (mineral soils) in the further analyzis (see Table 5).
Differentiation amongst sandy and clay soils may be considered when more emission factors for different soil
types are available.
The emission factors for CAN applied to grassland on peat soil were significantly (see Appendix 2) higher than
those for CAN applied to grassland on mineral soils. The average emission factor for CAN on peat soil is 3.0 ±
0.6% (n =4). This is higher than the emission factor of 2% used in the protocol of the Netherlands (Table 1).

Table 4
Average and standard errors of N2O emission factors for CAN and livestock manure (low ammonia emission application technique
and broadcast surface application) for arable and grassland in the Netherlands (experiments > six months), split in factors for sand,
clay, and peat soils.

Soil
Clay

N source

Manure
application
technique

CAN
Livestock manure Low emission
Surface
Average
Sand CAN
Livestock manure Low emission
Surface
Average
Average mineral soils
Peat CAN

Land use
Arable land
Grassland
Average se n Average se
1.7 ± 0.6 5 1.1 ± 0.3
1.1 ± 0.3 7 0.3 ± 0.1
0.1 ± 0.1
1.3 ± 0.3 12 0.8 ± 0.2
0.2 ± 0.1 9 0.7 ± 0.2
1.5 ± 0.5 14 0.3 ± 0.1
0.6 ± 0.2 6 0.1 ± 0.0
0.9 ± 0.2 29 0.5 ± 0.1
1.0 ± 0.2 41 0.6 ± 0.1
3.0 ± 0.6

All
n Average se
9 1.3 ± 0.3
2 0.9 ± 0.3
2 0.1 ± 0.1
13 1.1 ± 0.2
17 0.5 ± 0.1
5 1.2 ± 0.4
3 0.5 ± 0.2
25 0.7 ± 0.1
38 0.8 ± 0.1
4 3.0 ± 0.6

n
14
9
2
25
26
19
9
54
79
4

Table 5 shows that the average emission factor for CAN on mineral soils is similar and not statistically
significant for grassland and arable land (Appendix 2). The differences in CAN-derived emissions between
arable land and grassland found in the experiment of Velthof et al. (2010; see Table 2) are not shown in the
total data-base with all emission factors obtained in the Netherlands. It is recommended not to change the
emission factor of CAN in the protocol, i.e. 1% for mineral soils, although the average N2O emission factor for
CAN in the Netherlands is slightly smaller (0.8%).
The N2O emission factors for manure applied with low ammonia emission techniques is on average higher for
arable land (1.3 ± 0.3%) than for grassland (0.3 ± 0.1%). This difference is statistically significant at α = 0.1
(Appendix 2). The emission factor for surface-applied manure is higher for arable land (0.6 ± 0.2%) than for
grassland (0.1 ± 0.02%), which is statistically significant at α = 0.05 (Appendix 2). For grassland, the N2O
emission factor for manures applied with low ammonia emission techniques (0.3 ± 0.1%) were statistically
significant higher (α = 0.05) than that for surface-applied manure (0.1 ± 0.02%). For arable land, the
difference in N2O emission factor for manures applied with low ammonia emission techniques (1.3 ± 0.3%) and
for surface-applied manure (0.6 ± 0.2%) was not statistically significant (α = 0.1). The field experiments of
Velthof and Mosquera (2011) showed that application of manure with low ammonia emission techniques
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resulted on average in statistically significant (α = 0.05) higher N2O emission than surface application of
manure, for both grassland and arable land.
On basis of the analyzis of the data set of emission factors in the Netherlands, it is recommended to use
specific emission factors for manures applied to grassland and for manures applied to arable land on mineral
soils. For CAN it is recommended to use an emission factor of 1% for all mineral soil types and types of land
use. For peat soil, it is recommended to use an emission factor of 3%.

Table 5
Average and standard errors of N2O emission factors for CAN and livestock manure (low ammonia emission application technique
and broadcast surface application) for arable and grassland in the Netherlands, split in factors for mineral soils and peat soils.
Soil type

Source

Application
technique

Mineral soils

CAN
Livestock manure

Low emission
Surface

Peat soil

2.2

CAN

Land use
Arable land

Grassland

All

0.7 ± 0.3
(n=14)
1.3 ±0.3
(n=21)
0.6 ± 0.2
(n=6)

0.8 ± 0.1
(n=26)
0.3 ± 0.1
(n=7)
0.1 ±0.02
(n=5)
3.0 ± 0.6
(n=4)

0.8 ± 0.1
(n=40)
1.1 ± 0.2
(n=28)
0.4 ± 0.2
(n=11)

Literature study on emission factors for fertilizers and manure

A literature study was carried out to summarize results of studies performed outside the Netherlands. The
study focuses on experiments in which emission factors of CAN and livestock manure were derived, including
effects of application technique.
Table 6 presents a summary of the results of the literature study. The average emission factor for manures on
grassland was 0.8 ± 0.4% and that of arable land 0.6 ± 0.1%.
The literature study showed that emission factors for CAN obtained for the Netherlands (0.8%) are similar to
those obtained in other countries (0.7%). The average emission factors for slurries obtained in the Netherlands
(0.6% for cattle and 2.0% for pig manure; Table 2) are also somewhat higher than obtained in other countries
(0.3 for cattle and 0.8% for pig manure).
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Table 6
Summary of the results of N2O-N emission factors (in % of N) derived from literature, excluding studies from the Netherlands1.
Fertilizer

Grassland

Arable land

average

se.

n

average

se.

n

Manures
Cattle manure

0.8
0.3

0.4
0.1

19
13

0.6
0.4

0.1
0.1

24
14

Pig manure

0.3

0.1

4

0.8

0.2

7

Unknown

1.9

1

---

Mix of manures

7.5

1

0.7

0.1

3
59

0

Mineral fertilizers

1.9

0.3

81

1.9

0.4

Ammonium fertilizers

0.3

0.1

12

2.2

1.7

2

Ammoniun nitrate

2.3

0.3

42

2.1

0.4

48

Calcium ammonium nitrate

0.7

0.2

7

0.7

0.3

7

Calcium, sodium of potassium nitrate

2.3

0.9

20

1.4

0.9

2

Manure + mineral fertilizers

5.4

3.0

3

1

0.7

8

References:
Abbasi and Adams (2000); Ambus et al. (2001); Anger et al. (2003); Arah et al. (1991); Ball et al. (2000); Burford et al. (1981);
Chadwick et al. (2000); Christensen (1983), Clayton et al. (1994); Clayton et al. (1997); Clemens et al. (1997); Colbourn and
Harper (1987); Colbourn et al. (1984); Conrad et al. (1983); Dobbie and Smith (2003a); Dobbie et al. (1999); Eggington and
Smith (1986); Ellis et al. (1998); Glatzel and Stahr (2001); Goossens et al. (2001); Hénault et al. (1998a); Jambert et al.
(1997); Jørgensen et al. (1997); Kaiser et al. (1996); Kaiser et al. (1998b); Kamp et al. (1998); McTaggart et al. (1997);
Misselbrook et al. (1998); Mogge et al. (1999); Petersen (1999); Rodhe et al. (2006); Ryden (1981); Seiler and Conrad (1981);
Skiba et al. (1992); Skiba et al. (1998); Slemr et al. (1984); Smith et al. (1998a, b); Van Cleemput et al. (1994); Webster and
Dowdell (1982); Weslien et al. (1998); Wulf et al. (2002); Yamulki and Jarvis (2002); Yamulki et al.(1995)

1

Table 7 shows results of studies in which N2O emission factors of different fertilizers and manures were
derived in the same experiment. Table 7 shows that, on average, the emission factors of different N fertilizer
types may be similar, but that under specific conditions there are large differences in emission factors
between fertilizers. For example, the studies of Egginton and Smith (1986) clearly show much higher N2O
emissions from nitrate fertilizer applied to grassland than from cattle manure. This is in agreement with the
experiments of Velthof and Mosquera (2011). These differences in N2O emission between N fertilizer types can
be used to set up mitigation strategies.
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Table 7
Results of studies in which different fertilizers and manure were applied in the same experiment, excluding studies from the
Netherlands.
Land use

Grassland

Reference

Christensen (1983)
Ellis et al. (1998)

N type

492
100-200

1.9
1.5

0.3

Cattle manure

45

0.1

Ammonium nitrate

60

0.1

298-1230

0.3

0.2

2

100-400

3.6

3.3

2

Manure + Ammonium nitrate
Ammonium nitrate

Egginton and Smith (1986) Cattle manure

1
2
1
1

700

0.5

1

Nitrate

700

1.9

1

Manure + Ammonium nitrate

360

2.2

Ammonium

360

0.3

0.1

2

Ammonium nitrate

360

0.8

0.4

2
2

1

Nitrate

360

0.8

0.4

Ammonium

100

0.2

0.1

8

Nitrate

100

0.0

0.0

5

Ammonium

100

0.5

0.2

2

Nitrate

100

0.3

0.2

2

Clemens et al. (1997)

Cattle manure

56

0.7

0.1

3

Calcium ammonium nitrate

56

0.3

0.2

4

Petersen (1999)

Cattle and pig manure

152

0.6

1

Calcium ammonium nitrate

100

0.6

1

Ammonium

170

0.6

Ammonium nitrate

170

0.9

Nitrate

170

0.4

Seiler and Conrad (1981)
Arable land

n

se.

Nitrate

Conrad et al. (1983)

N2O-N emission
factor, % of N
average

Egginton and Smith (1986) Cattle manure

Clayton et al. (1997)

Application rate,
kg N/ha

Henault et al. (1998a)

1
0.3

2
1

The results of the Netherlands (Table 5) show that application of manure with a technique that decrease
ammonia emission (such as injection and shallow injection) increases N2O emission. There are only a limited
number of studies in literature in which the effect of manure application technique on N2O emission has been
quantified (Table 8). In most studies, manure application with low NH3 emission technique increases N2O
emission.
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Table 8
Summary of emission factors derived in studies in which effect of manure application technique on N2O emission has been
assessed, outside the Netherlands.
Reference

Grassland

Arable land

Application Application
rate,
technique
kg N/ha

Ellis et al. (1998)

Cattle manure

45

Rohde et al. (2006)

Cattle manure

67.5

Wulf et al. (2002)

Cattle manure

129

Clemens et al. (1997) Cattle manure

Petersen (1999)

Wulf et al. (2002)

2.3

Manure type

56

Cattle + pig
manure

152

Cattle manure

129

Number

Emission
factor, % of N
average

se

Surface spreading
Incorporation
Narrow injection
Deep injection
Surface spreading

1
1
1
1
1

0.1
0.2
0.3
1.1
0.1

Narrow injection

1

0.1

Deep injection
Surface spreading
Narrow injection

1
3
4

0.3
0.7
0.6

0.1
0.1

Deep injection

4

0.4

0.2

Surface spreading

1

0.6

Incorporation

2

0.8

Surface spreading

1

0.1

Narrow injection

1

0.1

1
1

0.2
0.3

0.1

Weslien et al. (1998)

Pig manure

162

Deep injection
Surface spreading

Weslien et al. (1998)

Pig manure

100

Incorporation
Surface spreading

3
1

0.4
1.2

0.1
0.0

Incorporation

2

1.3

0.1

Emission factors for direct N2O emission from peat soil

About fifteen percent of the grasslands in the Netherlands are located on peat soils. Velthof et al. (2010)
carried out an incubation study to quantify the N2O emission from cattle manure applied to peat, sand, and
clay soils. Two application techniques were tested: surface application and shallow injection. Also the N2O
emission from CAN as reference fertilizer was quantified.
The total N2O emission in the incubation study increased in the order control < surface applied cattle manure
< shallow injected cattle manure < CAN, for all soil types. The total N2O emission increased in the order clay
soil < sandy soil < peat soil. The N2O emission factor in the incubation study for shallow injected cattle manure
ranged from 0.5% (sandy and clay soil) to 3.5% (peat soil). The N2O emission factor for broadcast cattle
manure was lower and ranged from -0.1% (sandy soil) to 1.7% (peat soil). The N2O emission factor for CAN
was 4.0% for the sandy soil, 1.4% for the clay soil, and 10.5% for the peat soil.
The results of the incubation studies cannot be directly used to derive N2O emission factors, because the
conditions do not represent field conditions and, because of this, the emission factors are relatively high.
However, the relative differences in N2O emissions between treatments and soils can be used in combination
with results of field experiments (Velthof et al., 1996 and Velthof et al., 2010b) to estimate N2O emission
factors.
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Table 9 shows emission factors for N2O emission from grasslands in the field studies of Velthof et al. (1996)
and Velthof and Mosquera (2011) and the incubation study of Velthof et al. (2010b). In Table 10 these
emission factors are averaged for mineral soils and peat soils. Both the field and incubation studies show
higher N2O emission factors for peat soil. This is because the conditions for N2O emission are more optimal in
peat soils than in mineral soils. Peat soil have a higher denitrification capacity than mineral soil (because of the
higher organic matter content). Moreover, under field conditions, peat soil are generally more wet than in
mineral soils, because of the high groundwater level.
The emission factors for manure application to peat soils (indicated in bold in Table 11) are calculated
assuming that the ratio in N2O emission between CAN and manure found in the incubation study also applies
for field conditions. Thus the N2O emission factor for surface applied manure is calculated as 1.7 * 3.0 /10.5
= 0.5 % and that for narrow-band applied as 3.5 * 3.0/10.5 = 1.0%.
An alternative method of calculation results in similar emission factors. In this calculation, it is assumed that
the ratio in emission factors between the incubation study and field study for mineral soils is also applicable for
peat soils. This results in the following emission factors:
• For CAN: 10.5 * 1.9 / 2.7 = 7.4%
• For cattle-manure, surface-applied: 1.7 * 0.1 / 0.1 = 1.7%
• For cattle-manure, narrow-band applied: 3.5* 0.5/ 0.5 = 3.4%
The emission factor 7.4% for CAN is much higher than the 3.0 % found in the field study. This suggest that the
conditions in the incubation study enhanced N2O emission from peat soil more strongly than from mineral soil.
The emission factor for CAN can be directly derived from the field experiments, i.e. 3.0%. If the emission
factors for livestock are corrected for the difference in the calculated and measured emission factor for CAN,
the following emission factors are obtained:
• CAN: 3.0 %
• Cattle-manure, surface-applied: 1.7/ 7.4 * 3.0 = 0.7%
• Cattle-manure, narrow-band applied: 3.4/7.4 * 3.0 = 1.3%
These calculated emission factors are similar to those calculated with the other method, i.e 0.5% for surfaceapplied manure and 1.0% for narrow-band applied manure.
For surface-applied manure it is suggested on basis of the calculation above to use an emission factor of 0.5%
and for manure applied with a low ammonia emission application technique 1%. These emission factors do not
include the N2O emission due to enhanced N mineralization of cultivated peat soils A fixed country-specific
emission factor of 4.7 kg N2O-N per hectare is used for agricultural use of peat soils (see protocol on
www.greenhousegases.nl).
There are no data of N2O emission factors for arable land on peat soils, which is only a small area in the
Netherlands.
Concluding, it is recommended to use for peat soils the following emission factors: 3% for CAN, 1% for
manure applied with a low NH3 emission technique, and 0.5% for surface-applied manure.
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Table 9
Emission factors for N2O emission from grasslands in the field studies of Velthof et al. (1996) and Velthof and Mosquera (2011) and
the incubation study of Velthof et al. (2010b).
Soil type

Sandy soil

Treatment

Velthof et al.
(1996)

Velthof et al.
(2010b)

Velthof and
Mosquera
(2011)

Field study

Incubation study

Field study

1.0

4.0
-0.1

1.6
0.1

0.5

0.6

1.4

2.2

Cattle manure; surface-applied

0.3

0.1

Cattle manure; narrow band applied

0.5

0.3

CAN
Cattle manure; surface-applied
Cattle manure; narrow band applied

Clay soil

Peat soil

CAN

0.9

CAN

2.0

10.5

Cattle manure; surface-applied

1.7

Cattle manure; narrow band applied
Peat soil

CAN

3.5
4.0

Cattle manure; surface-applied
Cattle manure, narrow band applied

Table 10
Average emission factors for N2O emission from grasslands on mineral soils and peat soils in the field studies of Velthof et al.
(1996) and Velthof and Mosquera (2011).
Soil type

Mineral soils

Peat soils

Treatment

CAN

Velthof et al.
(1996)

Velthof et al.
(2010b)

Velthof and
Mosquera
(2011)

Field study

Incubation study

Field study

1.0

2.7

1.9

Cattle manure; surface-applied

0.1

0.1

Cattle manure; narrow band applied

0.5

0.5

CAN

3.0

10.5

Cattle manure; surface-applied

1.7

Cattle manure; narrow band applied

3.5
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Table 11
Average emission factors for N2O emission from grasslands on mineral soils and peat soils in the field studies of Velthof et al.
(1996) and Velthof and Mosquera (2011). The emission factors for manure application to peat soils (indicated in bold) are
calculated assuming that the ratio in N2O emission between CAN and manure found in the incubation study also applies for field
conditions.
Soil type

Mineral soils

Treatment

Velthof et al.
(1996)

Velthof et al.
|(2010b)

Velthof and
Mosquera
(2011)

Field study

Incubation study

Field study

1.0

2.7
0.1

1.9
0.1

0.5

0.5

10.5

Cattle manure; surface-applied

3.0
0.5

Cattle manure; narrow band applied

1.0

3.5

CAN
Cattle manure; surface-applied
Cattle manure; narrow band applied

Peat soils

2.4

CAN

1.7

Recommendations

Table 12 shows the average emission factors for CAN and livestock manure in the Netherlands and their
uncertainty, based on the analyzis of the data set with emission factors in the Netherlands (Chapter 2.1;
including the statistical analyzes in Appendix 2) and the calculation of emission factors of peat soil from an
incubation study (Chapter 2.3).

Table 12
Average N2O emission factors (in % of N applied) and standard errors for CAN and livestock manure in the Netherlands, based on
the analyzis of the data set with emission factors in the Netherlands. The emission factors for manure applied to peat soil were
calculated from results from an incubation study.
Soil type

Mineral soils

Source

Application
technique

CAN
Livestock manure

Low emission
Surface

Peat soil

CAN
Livestock manure

Low emission
Surface

*

Land use
Arable land

Grassland

All

0.7 ± 0.3
(n=14)
1.3 ±0.3
(n=21)
0.6 ± 0.2
(n=6)

0.8 ± 0.1
(n=26)
0.3 ± 0.1
(n=7)
0.1 ±0.02
(n=5)
3.0 ± 0.6
(n=4)
1*

0.8 ± 0.1
(n=40)
1.1 ± 0.2
(n=28)
0.4 ± 0.2
(n=11)

0.5*

estimated from an incubation study

The Netherlands uses a country specific methodology to report to UNFCCC the N2O emissions from N fertilizer
and manure applied to soils. Therefore, it is recommended to use the emission factors derived from
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experiments in the Netherlands as the basis for the emission factors in the protocol used to report N2O
emission. We recommend the following changes in emission factors (see Table 13):
• use different emission factors for livestock manure applied to grassland (0.1% for surface-applied manure
and 0.3% for manure applied with low ammonia emission) and arable land (0.6% for surface-applied manure
and 1.3% for manure applied with low ammonia emission);
• use for peat soils the following emission factors: 3% for CAN, 1% for manure applied with a low NH3
emission technique, and 0.5% for surface-applied manure.
It is recommended not to change the emission factor of CAN in the protocol, i.e. 1% for mineral soils (Table
13), although the average N2O emission factor for CAN in the Netherlands is slightly smaller (0.8%).
The results of the recommended N2O emission factors for manures are based on (recent) long-term field
experiments, carried out in the Netherlands (Appendix 1). These emission factors are thus much more
representative than the currently used emission factors, which were based on the assumptions of Kroeze
(1994), using literature from outside the Netherlands.
The results show large variations in emission factors (with variations coefficient up to more than 100%), which
is due to combination of factors, including soil type, soil properties, weather conditions, manure composition,
and crop type. It is well known that emissions of N2O have a high spatial and temporal variability. The large
data set with emission factors of Stehfest and Boumans (2006), used to derive the default IPCC emission
factors, also shows a large variation in emission factors. Despite the large variation in N2O emission factors,
statistical analyzes showed that most of the differences are statistically significant (Appendix 2).
The standard error is a measure of uncertainty of data or precision. The standard errors of the recommended
emission factors are (Table 12):
• livestock manure surface-applied to grassland: 0.10 ± 0.02%;
• livestock manure applied with low ammonia emission technique to grassland: 0.3 ± 0.1%;
• livestock manure surface-applied to arable land: 0.6 ± 0.2%;.
• livestock manure applied with low ammonia emission technique to arable land: 1.3 ± 0.3%;
• CAN applied to peat soils: 3.0 ± 0.6%.
The uncertainty of the emission factors for manure applied to peat soil under field conditions cannot be
calculated, because these emission factors were estimated using results of an incubation study.
The recommended changes in emission factor may lead to specific factors for manures applied to grassland
and arable land. The use of manure on grassland in stead of arable land will results in smaller N2O emission
and may be an option to mitigate N2O emission.
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Table 13
Emission factors for direct N2O-N emission from agricultural soils (% of N input) according to current protocol and the
recommended changes in emission factors.
N source

Current protocol1

Recommended changes1

Mineral soil

Organic soil

0.5

1.0

1.0

2.0

above-ground (surface spreading)

1.0

2.0

0.1

0.5

low-ammonia emission application

2.0

2.0

0.3

1.0

above-ground (surface spreading)

1.0

2.0

0.6

low-ammonia emission application

2.0

2.0

1.3

faeces

1.0

1.0

urine

2.0

2.0

Fertilizer application
ammonium fertilizer (no nitrate)
other types of fertilizer

Mineral soil

Organic soil

3.0

Animal manure application grassland

Animal manure application arable land

Meadow manure livestock

Nitrogen fixation

1.0

Crop residues

1.0

Cultivation of histosols

2.0

Sewage sludge

1.0

1Emission

factors current protocol are based on netto N input, i.e. the N input corrected for ammonia emissions after application. The
recommendations are based of total N input (without correction for ammonia emission)
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3

Indirect nitrous oxide emission from
nitrate leaching

3.1

Introduction

In addition to the direct emissions of N2O from managed soils that occur through a direct pathway (i.e., directly
from the soils to which N is applied), emissions of N2O also take place through two indirect pathways, i.e.
ammonia and NOX emission and nitrate leaching.
In the IPCC methodology a leaching fraction (FracLEACH) is used to estimate the nitrate leaching via leaching
and runoff. The leaching is multiplied with an emission factor for indirect N2O emission from leaching (EF5).
3
IPCC has changed its methodology for calculation of FracLEACH in the guidelines of 2006 in comparision with
4
the guidelines of 1996 . The underpinning of the calculation of indirect N2O emission is better in the guidelines
of 2006 than of 1996. However, during the first budget period, countries have to use the guidelines of 1996
5
and the Good Practice Guidance 2000 , except when they can show that the method and emission factors
according to guidelines of 2006 are more reliable than those of the guidelines of 1996. The Netherlands has
to use the IPCC guidelines of 1996 for FracLEACH. In this paragraph the calculation of indirect N2O emission in
both guidelines is shortly described.
According to the IPCC-1996 methodology, leaching is calculated as:
NLEACH = [Nfert + Nex] x FracLEACH
Where
• Nfert is the synthetic nitrogen fertilizer consumption
• Nex is the livestock nitrogen excretion
• FracLEACH is the fraction of the sum of Nfert and Nex that is lost through leaching and runoff (kg N per kg
of nitrogen applied)
The indirect N2O emission is calculated as
N2O(L) = NLEACH x EF5
Where
• NLEACH is the N leaching in a country
• EF5 is the emission factor for leaching/runoff (kg N2O-N per kg N leaching/runoff)

www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_11_Ch11_N2O&CO2.pdf

3

4

www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch4ref7.pdf

5

www.ipcc-nggip.iges.or.jp/public/gp/english/
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The sum of the emission of N2O due to NLEACH in
1) groundwater and surface drainage (EF5-g),
2) rivers (EF5-r),
3) coastal marine areas (EF5-e)
is calculated to obtain the total N2O emission factor (EF5) for NLEACH.
The combined emission factor [EF5] for N2O due to NLEACH is 0.025 kg N2O-N per kg NLEACH, calculated as
EF5-g + EF5-r + EF5-e = 0.015 + 0.0075 + 0.0025 kg N2O-N per kg NLEACH).
According to the IPCC-2006 methodology, the N2O emissions from leaching and runoff in regions where
leaching and runoff occurs are estimated using the following equation:
N2O(L)-N = (FSN + FON + FPRP + FCR + FSOM ) * FracLEACH * EF5
Where:
• N2O(L)-N = annual amount of N2O-N produced from leaching and runoff of N additions to managed soils in
regions where leaching/runoff occurs, kg N2O-N per year
• FSN = annual amount of synthetic fertilizer N applied to soils in regions where leaching/runoff occurs, kg N
per year
• FON = annual amount of managed animal manure, compost, sewage sludge and other organic N additions
applied to soils in regions where leaching/runoff occurs, kg N per year
• FPRP = annual amount of urine and dung N deposited by grazing animals in regions where leaching/runoff
occurs, kg N per year
• FCR = amount of N in crop residues (above- and below-ground), including N-fixing crops, and from
forage/pasture renewal, returned to soils annually in regions where leaching/runoff occurs, kg N per year
• FSOM = annual amount of N mineralised in mineral soils associated with loss of soil C from soil organic
matter as a result of changes to land use or management in regions where leaching/runoff occurs, kg N
per year
• FracLEACH = fraction of all N added to/mineralised in managed soils in regions where leaching/runoff
occurs that is lost through leaching and runoff, kg N per kg of N additions
• EF5 = emission factor for N2O emissions from N leaching and runoff, kg N2O-N per kg N leached and
runoff.
The IPPC default FracLEACH is 0.3 kg N per kg N additions or deposition by grazing animals for regions where
the excess rainfall in the rainy season (i.e. the difference between rainfall and evaporation) exceeds the soil
water holding capacity, or where irrigation (except drip irrigation) is employed.
There are three differences between IPCC 2006 and IPCC 1996:
• The overall value for the emission factor for leached N (EF5) has been changed from 0.025 to 0.0075 kg
N2O-N per kg N leached/in runoff water. This emission factor incorporates three components: EF5g, EF5r
and EF5e, which are the emission factors for groundwater and surface drainage, rivers, and estuaries,
respectively. IPCC 2006 suggested that the previously used emission factor for groundwater and surface
drainage (EF5g ; 0.015) was too high and should be reduced to 0.0025 kg N2O-N per kg leached N. The
emission factor for rivers (EF5r) has also been reduced from 0.0075 kg N2O-N per kg N to 0.0025 kg N2ON per kg N in the water. The value for estuaries (EF5e) remains at 0.0025 kg N2O-N per kg N.
• The FracLEACH is in the IPCC 1996 Guidelines based on the total N excretion by livestock (Nex) and in the
IPCC 2006 Guidelines it is based on livestock manure N applied on soils (FON). Thus, in the IPCC-1996
Guidelines substraction of N losses during housing and storage from total N excretion is not included.
• The IPCC-2006 methodology includes more sources of N input (crop residues, N mineralization) than IPCC1996 in the calculation of FracLEACH.
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The Netherlands uses the IPCC-1996 method for calculation of indirect N2O emission (Source:
www.greenhousegases.nl), i.e. the default factor for FracLEACH is 0.3, EF5 is 0.025 kg N2O-N per kg NLEACH,
and the total N excretion is included in the calculation without deducting of ammonia emission from housing,
manure storage, grazing and use of manure.
There is a lot of knowledge about nitrate leaching in the Netherland and several leaching models are available.
Clearly, there is scope to improve the quantification of indirect N2O emission by deriving a country-specific
FracLEACH fraction for the Netherlands. The aim of this study is to evaluate if country specific values for
FracLEACH and EF5 can be derived for the Netherlands.

3.2

Estimation of FracLEAC and EF5 in other countries

In this paragraph, a description is given of FracLEACH and emission factors for indirect N2O emission, used by
some other countries. The descriptions of the different countries are based on the National Inventory
6
Submissions 2010 of the countries to the UNFCCC (NIR2010 reports ). Notice that most of the countries use
default values for FracLEACH (0.3) and the emission factors of the IPCC-1996 methodology (EF5=2.5% of
leached N).
Flanders
In Flanders, the N leaching is based on the SENTWA model (System for the Evaluation of Nutrient Transport to
Water), which is updated yearly (Pauwelyn and Depuydt, 1997). This model calculates empirically the discharge
of nutrient streams caused by agriculture to the surface water (from animal manure, fertilizer and silage). The
FracLEACH was 0.18 kg N per kg N and is region specific. The default IPCC 1996 EF5 factor is used (0.025
kg N-N2O per kg N).
Denmark
The amount of N lost by leaching and run-off from 1986 to 2002 has been calculated by FAS. The calculation
is based on two different model predictions, SKEP/Daisy and N-Les2, and for both models measurements
from field studies are taken into account. SKEP/DAISY is a dynamical crop growth model taking into account
the growth factors, where as N-Les2 is an empirical leaching model based on more than 1200 leaching
studies performed in Denmark from the middle of the 1980 to 2002. The results of the two models differ only
marginally. The average of the two model predictions is used in the emission inventory. Figure 6.5 of the
Danish report shows leaching estimated in relation to the nitrogen applied to agricultural soils as livestock
manure, synthetic fertilizer and sludge (Figure 1).
The model SKEP/DAISY is a dynamic model, N-LES is an empirical model and SKEP is an up scaling model.
The SKEP/DAISY calculations were done for ten scenarios (the years 1984, 1989 and 1995-2002) and the NLES calculations were done for an eleven year period (1990-2000). Both calculations were up scaled nation
wide. The key parameters for the models were land use, nitrogen from synthetic fertilizer and manure,
application practice for manure and ammonia emission at application of manure (SKEP/DAISY only). The
calculations were normalized to an average climate. A schematic overview of the models is shown below.

6

unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/5270.php)
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The average proportion of nitrogen leaching and runoff has decreased from around 40 % in the middle of the
nineties to around 34 % in 2008 (Figure 1). The decline is due to an improvement in the utilization of N in
manure. The reduction in N applied is particularly due to the fall in the use of synthetic fertilizer, which has
reduced by 45 % from 1990 to 2008. The proportion of N input to soils lost through leaching and runoff
(FracLEACH) used in the Danish emission inventory is higher than the default value of the IPCC (0.30). The high
values are due to the humid Danish climate, with the precipitation surplus during winter causing a downward
7
movement of dissolved nitrogen in combination with a large share of well drained sandy soils . FracLEACH has
decreased from 1990 and onwards. At the beginning of 1990s, manure was often applied in autumn. Now the
main part of manure application takes place in the spring and early summer, where there are nearly no
downward movements of soil water. The decrease in FracLEACH over time is due to increasing environmental
requirements and banning manure application after harvest. The data based on model estimates from FAS and
NERI reflects the Danish conditions and is considered as a best estimate for FracLEACH in Denmark.

7

//people.civil.aau.dk/~i5aa/b3-geo/PDF/Paper%20-%20Soil%20map%20of%20Denmark.pdf

30

Alterra report 2151

Figure 1 Figure 6.5 of the Danish report to UNFCC showing the N applied to agricultural soils and the N
leaching in percentage of N applied from 1990 to 2008
Germany
Germany uses the IPCC 2006 emission factors for indirect N2O emissions (EF5): 0.0075 kg kg-1 N. Germany
considers the IPCC 2006 emission factor as state of the art and better underpinned than the IPCC 1996
emission factor. This justification is based on the scientific paper of Weymann et al. (2008) in which
groundwater N2O emission factors were derived in four sand and gravel aquifers in northern Germany.
Canada
A modified IPCC Tier 1 methodology is used to estimate indirect N2O emissions from leaching, runoff and
erosion of fertilizers, manure and crop residue N from agricultural soils. Indirect N2O emissions from runoff
and leaching of nitrogen at the ecodistrict level are estimated using FracLEACH multiplied by the amount of
synthetic fertilizer nitrogen, non-volatilized manure nitrogen, and crop residue nitrogen and by the IPCC 1996
default emission factor of 0.025 kg N2O-N per kg N (IPCC 2006).
It is assumed that FracLEACH would vary among ecodistricts from 0.05 (such as in the Prairie region of
Canada) to 0.3. For ecodistricts with no moisture deficit during the growing season (May through October), the
maximum FracLEACH value of 0.3 recommended by the IPCC 2006 Guidelines is assigned. The minimum
FracLEACH value of 0.05 is assigned to ecodistricts with the greatest moisture deficit. For the remaining
ecodistricts, FracLEACH is estimated by the linear extrapolation of the two endpoints described above (see
copy of the report of Canada to UNFCCC in 2010 on the following page).
Finland
It is assumed that N leaching is less in Finnish conditions than according to the IPCC default value for
FracLEACH. A value of 15% is used, based on a study of Rekolainen et al. (1993).
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New Zealand
New Zeland uses a FracLEACH of 0.07 as it best reflects New Zealand’s national circumstances. This value is
based on extensively reviewed literature and field studies (Carran et al., 1995; de Klein et al., 2003; Muller et
al., 1995; Thomas et al., 2005). New Zealand uses the default IPCC 1996 emission factor of 0.025 kg N2O-N
per kg N.
United Kingdom
The UK uses IPCC 1996 methodology. However, it is indicated that UK emission factors are currently under
review for EF5, and FracLEACH. This suggests that UK has proposed a methodology to calculate leaching,
based on field measurements.
Switzerland
FracLEACH is set as 0.2 instead of the IPCC default of 0.3 (Prasuhn and Mohni, 2003). This value is
extrapolated from long-term monitoring and modeling studies from the canton of Berne. According to Schmid
et al. (2000), the default value of IPCC leads to an overestimation of the emissions from leaching and run-off.
The default value is based on a global model which assumes that 30% of nitrogen from synthetic fertilizer and
atmospheric deposition is reaching water bodies. According to Schmid et al. (2000) this amount is not
representative for N-excretion of livestock animals in Switzerland. Switzerland uses the IPCC 1996 emission
factor EF5 of 0.025 kg N2O-N per kg N.
USA
The FracLEACH factors were based on regional cattle runoff data from EPA’s Office of Water (EPA, 2002).
EPA’s Office of Water estimates the amount of runoff from beef, dairy and heifer operations in five geographic
regions of the country (EPA, 2002). These estimates were used to develop U.S. runoff factors by animal type,
Waste Management System and region. Nitrogen losses from leaching are believed to be small in comparison
to the runoff losses. Therefore, FracLEACH was set equal to the runoff loss factor. The nitrogen losses from
volatilization and runoff/leaching used by the U.S. are presented in Table 14. This Table indicates that USA do
not consider runoff/leaching related to N fertilizer use. The U.S. use IPCC-2006 default factors for indirect N2O
emission factors to estimate indirect N2O emission: 0.0075 kg N2O per kg N for runoff/leaching.
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Table 14
Factors for calculation of indirect N2O emissions, used in the U.S. (Source: U.S. report to UNFCC).

3.3

Country specific FracLEACH for the Netherlands

3.3.1

Introduction

In the Netherlands two models are used in manure policy, i.e.
8
• the WOG-model , a model developed to underpin N application standards in the Netherlands. In this model,
leaching fractions based on N surplus are used to calculate nitrate leaching.
• the STONE-model, a model used to evaluate nitrate leaching at the manure policy in the Netherlands. The
submodel ANIMO is used to calculate the nitrate leaching.

3.3.2

WOG-model

The relationships between N use and soil N surplus, soil N surplus and N leaching, and N leaching and N
concentration in groundwater have to be known to derive environmentally sound N use standards. A method

8

WOG; Werkgroep Onderbouwing Gebruiksnormen van de Commissie van Deskundigen Meststoffenwet (CDM). Working Group of
the Scientific Committee of the Manure Act (CDM) to underpin application standards (www.cdm.wur.nl)

34

Alterra report 2151

was derived to calculate nitrate leaching from the root zone of agricultural land as a fraction of the nitrogen
surplus on the soil balance (Fraters et al. (2007; 2011; Schröder et al., 2007; 2010). Below some paragraphs
are cited from the draft paper of Fraters et al. (2011).
The nitrate-N leaching as fraction of the N surplus of the soil N balance was calculated for grassland and
arable land on a well and deeply drained sand soil, which is the most vulnerable soil to nitrate leaching. Data
on farm practices and water quality from commercial dairy farms and arable farms were used, which
participated in the Minerals Policy Monitoring Program (LMM) from the start (1991) to 2005. A procedure was
developed to account for the presence of other soils types and different land use types on LMM farms in
nitrate leaching calculations. The nitrate leaching expressed as fraction of the N surplus on the soil balances
was almost twice as high for arable land (average leaching fraction is 0.89, standard deviation 0.15) than for
grassland (average leaching fraction is 0.46, standard deviation 0.09).
For each farm the distribution over the different groundwater regime classes (GRCs) and soil types were
determined using the national GRC map and the soil map (Boumans et al., 2005). In total, eleven GRCs were
distinguished on the map. GRC 1-6 are commonly natural poorly drained soils with shallow groundwater levels
(ALG < 1.20 m) and GRC 10 and 11 well and deeply drained soils (AHG > 0.80 m). GRC 7-9 are moderately
drained soils with intermediate groundwater levels (ALG > 1.20 6m and AHG < 0.80 m). Four soil types were
distinguished based on clay and organic matter content. The N surplus and nitrate concentration were
averaged per year for all arable farms and all dairy farms before analyzes. Data were averages for arable
farms (no grassland) and dairy farms (mainly grassland) separately. Nitrate leaching fractions (NLFs) were
calculated for a reference soil per individual year and separately for arable land and grassland. The soil
selected as reference was a soil most vulnerable for nitrate leaching, i.e. a well and deeply drained sandy soil
(GRC 11). The relationship for non-reference sandy soils, i.e. sandy soils not well and deeply drained, was
calculated using the relationship derived for the reference soil and a set of independently derived factors
accounting for the effect of soil drainage (Boumans et al., 1989). The nitrate leaching fraction was calculated
as the ratio of nitrate-N leaching (kg per ha per year) and the N surplus on the soil balance (kg per ha per
year). N-leaching and soil N surplus were averaged over farms.
The N surplus on the soil balance was calculated by adding the following items to the N surplus on the farm
gate balance: the net N mineralization, atmospheric N deposition and biological N fixation and by subtracting
from it the NH3-N losses from housing and storage of manure, from application of artificial fertilizers and
manure and from manure excreted during grazing (Schröder et al., 2009).
Table 15 shows the nitrate leaching fractions for sandy soils, i.e. the fraction of the N surplus that leaches to
groundwater. The leaching fractions for sandy soils ranges from 0.02 for grassland on wet sandy soil to 0.89
for arable land on dry sandy soil. The leaching fraction for grassland on peat soil is 0.04 and that for arable
land on clay soil 0.36 and that for grassland on clay soil 0.12.

Table 15
Fraction of the N surplus that leaches to groundwater for arable land and grassland on sandy soil in the Netherlands for different
groundwater regime classes (Fraters et al., 2011).
Groundwater Regime Class

Arable land
Grassland

1-3

4

5

6

7

8

9

10

11

0.04
0.02

0.07
0.04

0.28
0.14

0.38
0.20

0.45
0.23

0.43
0.22

0.58
0.30

0.73
0.38

0.89
0.46
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3.3.3

STONE-model

STONE comprises of a national scale soil and land use schematization (Figure 2), results of a hydrological
model and simulation modules for nitrogen deposition, crop uptake, fertilizer and manure distribution, and for
the simulation of nutrient dynamics in soils (ANIMO). The fertilizer and manure distribution is calculated with the
MAMBO-model. Results of the MAMBO model are calibrated and validated yearly with data of manure
transports in the Netherlands (Luesink and Kruseman, 2007; Luesink et al., 2008).
ANIMO is a detailed process oriented simulation model for evaluation of nitrate leaching to groundwater, and Nand P-loads on surface waters. The model is primarily used for the ex-ante evaluation of fertilization policy and
legislation at regional and national scale. ANIMO aims to quantify the leaching of nutrients a function of
fertilization level, soil and water management and land use and for a wide range of soil types and different
hydrological conditions.
ANIMO is a one-dimensional mechanistic and deterministic model at field scale for calculating the cycling of C,
N and P in soils and N and P emissions to ground and surface waters. It was first developed in the mid-1980s
and has been updated regularly since then (e.g. Rijtema and Kroes, 1991; Rijtema et al. 1999; Groenendijk et
al. 2005; Kroes and Roelsma, 2007; Wolf et al., 2003). The following description is taken mainly from Wolf et
al. (2003). The relevant parts of the model are: (1) the organic C cycle, (2) the N cycle, and (3) the P cycle.
In the organic C cycle, the following processes are described: (a) application of various organic materials, (b)
decomposition of fresh organic materials in soils and transformation to humus, and (c) turnover of humus. The
organic part of the N and the P cycle in the soil runs largely parallel to the organic C cycle. In the inorganic
part of the N cycle, the following processes are described: (a) addition of mineral N in fertilizers and N
precipitation; (b) ammonium-N volatilisation; (c) ammonium sorption; (d) nitrification of ammonium; (e)
denitrification; and (f) N uptake by crop. Groenendijk et al. (2005), De Willigen et al., (2007) and Vinten (1999)
gave a more detailed description of the C and N cycling within the ANIMO model. A number of ANIMO
applications for modelling N leaching (including hydrology) are given by Hack-ten Broeke et al., (1999), Hackten Broeke and De Groot (1998), Marinov et al. (2005) and Vinten (1999). A detailed description of ANIMO is
given on www.animo.wur.nl/. A user's guide and technical reference are available (Renaud et al., 2005).
The STONE-model is validated (and partly calibrated) using the data of the Minerals Policy Monitoring Program
(LMM), except for loess soils (Overbeek et al., 2001; Wolf et al., 2003) This means that both WOG-model and
STONE make use of these LMM data.
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Figure 2
Schematic presentation of the STONE-mode.

3.3.4

Comparison of both models

The major differences between WOG-model and STONE-model are:
• Type of modeling.
o The WOG-model is a static model, i.e. it calculates the leaching from the nitrogen surplus on the soil
balance on a annual basis using fixed leaching fractions for different soil-crop combinations.
o STONE/ANIMO is a detailed process oriented simulation model and, by that, needs more input data
than the WOG-model.
• Scale: the WOG-model has been developed for calculations on the crop/field level and the STONE-model for
the regional/national scale.
9
• STONE includes a module to calculate the surface runoff (overland flow ), so that STONE can calculate
both leaching to groundwater and surface runoff. The leaching fractions of the WOG-model are based on
leaching to groundwater, thus excluding surface runoff.
The WOG-model is derived from the data of the Minerals Policy Monitoring Program (LMM) and the STONEmodel is validated (and partly calibrated) using these data (except for loess soils). This means that both WOG9

Surface runoff is the overland flow and does not include drainage to surface water or horizontal leaching through the upper zones
of the soil
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model and STONE-model make use of these LMM data. The measurement of nitrate concentrations are carried
out in the upper meter of the groundwater in LMM. Thus, the WOG-model calculates the leaching of nitrate to
the upper meter of the groundwater. STONE-model is validated for the nitrate concentration in the upper
groundwater, but is able to calculate the nitrate concentration in other soil and groundwater layers. For
calculation of FracLEACH, the nitrate concentration calculated with STONE of the upper meter of ground water
is considered, because this is the layer for which STONE has been validated and because this N can be
considered as leached (i.e. it out of reach of roots of crops).
10

In a brainstorm session (27th August 2010), four scientists have discussed the advantages and
disadvantages of using the WOG-model and STONE-model for calculation of FracLEACH in the Netherlands in
the method for quantification of the indirect N2O emission. The major conclusions are:
• The calculation of N leaching using the IPCC methodology in which the leaching is calculated from the total
N input and a FracLEACH is a relatively rough method, because it does not account for differences in crop
N uptake. A high N application rate will not result in higher leaching if the N uptake is also high. Both the
calculation of leaching in the WOG-model and that in the STONE-model are based on the surplus of N (i.e.
the difference between the total N input to the soil and the N output by the harvested crop). The N surplus
is a much better indicator for the risk of leaching than the N input, because it not only considers the N input
via fertilizer and manures, but also the N output via harvested crop.
• Furthermore, the WOG-model and STONE-model are based on data specific for the Netherlands (soil,
climate, crop, nutrient management). It is concluded that a methodology in which N leaching is derived
from WOG-model or STONE-model will result in a more reliable estimate of the N leaching than the default
method of IPCC, using a FracLEACH of 0.3 of the total N input.
• The calculation of FracLEACH using the IPCC-2006 method is based on the total N input to the soil and that
of IPCC-1996 method on the total N fertilizer input to soil and the N excretion by livestock, and thus
includes also the gaseous N losses which take places in housing and manure storage. The IPCC 2006
method is conceptually better and preferred, because it relates to the N leaching to the N input to the soil.
• Both the WOG-model and STONE-model can be used to calculate a country specific FracLEACH for the
Netherlands.
• Although both methods can be used to calculate every year a FracLEACH, there was a general agreement
during the discussion that it is better to use an average FracLEACH derived from calculations over several
years. This is because part of the input parameters are not year specific. Moreover, in case of STONE, the
leaching found in one year is caused by N inputs in the years before. Thus, the average FracLEACH of
several years is the most robust estimator of FracLEACH. It is recommended to check (and if necessary
update) the factor if new modelling results are available, e.g. results of from the Evaluation of the Fertiliser
Act (about once in six years). However, it is not expected that FracLEACH will strongly change.
• The FracLEACH using the WOG-model can be calculated as follows:
o The leaching fractions in percentage of the N surplus are available for grassland and arable land for
different soil types and, for sand, for different groundwater classes.
o The N inputs to soils are limited in the future by the application standards for mineral N fertilizer and
manure. If it is assumed that the N inputs to crops is equal to these standards, the N surplus for each
soil-crop combination can be calculated using the crop model of the WOG-model (Schröder et al., 2009;
Van Dijk and Schröder, 2007).
o If the N inputs and N surplus are known for crops and soils, the leaching fractions in percentage of the
N surplus for each soil-crop combination can be transformed in a FracLEACH of the N input.

10

D. Fraters, RIVM; P. Groenedijk (Alterra, Wageningen UR); J. Schröder (Plant Research International, Wageningen UR); G. Velthof
(Alterra, Wageningen UR)

38

Alterra report 2151

•

o The average FracLEACH can be calculated using the FracLEACH of each soil-crop combination and the
area of these combinations in the Netherlands.
The FracLEACH using the STONE-model can be calculated as follows:
o The total leaching of nitrate to the upper part of the groundwater and the runoff (over land flow) of total
N in agricultural soils in the Netherlands is calculated for a number of years.
o The total N inputs as fertilizer, manure, and grazing are also available for these years.
o The FracLEACH is calculated for each year as: total N leaching/total N input.
o All the required data and STONE results are available (Groenendijk et al., 2008)
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport1820.pdf).

Comparison of both models:
• Both models are described in scientific papers and detailed descriptions in reports are available. Both are
acceptable approaches for a scientific reviews.
• The approach of the WOG-model is more simple and transparent than that of the STONE-model and more
easy to describe.
• The STONE-model is used for the regional and national scale and the WOG-model for the field scale. An
average FracLEACH for the Netherlands has to be calculated. The STONE-model is better equipped to
calculate an average FracLEACH for the Netherlands (e.g. it includes detailed maps of soil types, land use
and groundwater levels). The focus of the WOG-model is the crop or field scale. It is possible to scale the
results of the WOG-model up to regional or national level, but this will demand for additional data (not part
of the common WOG modeling system).
• STONE contains a fertilizer and manure distribution model, which is also used by the Emisison Registration
for the calculation of regional ammonia emissions (the model MAMBO).
• The STONE-model includes both a calculation module for leaching and for surface runoff (overland flow);
the leaching fractions of the WOG-model are only based on leaching to groundwater.
It was concluded that STONE is more suitable for calculation of an average FracLEACH in the Netherlands than
the WOG-model.

3.3.5

Country specific FracLEACH for the Netherlands

In this paragraph, the FracLEACH calculated using STONE results, based on the IPCC 1996 method.
The average leaching of nitrate to the upper part of the groundwater and the runoff (over land flow) of total N
in agricultural soils in the Netherlands was calculated for three periods using the STONE 2.3 and the recorded
data for rainfall and temperature:
• 1987 - 1991: to be used as the average for the year 1990.
• 1992 - 1997: the period with relative high N inputs to soils and in which farmers were obliged to apply
manure with a low ammonia emission technique (this was not yet obliged in 1990). This has resulted in
lower gaseous N emissions and, by that, to higher N inputs to soil.
• 1998 - 2008: the period in which the N inputs to soils strongly decreased in the Netherlands. Low
ammonia emission application techniques were obliged in this period.
The average FracLEACH for the Netherlands was calculated by dividing the total leaching and runoff in the
Netherlands calculated with STONE with the total N inputs according to the Pollutant Release and Transfer
Register (Van der Maas, 2010; Table 16). The N inputs of the Pollutant Release and Transfer Register were
used in the calculations to be consistent with other calculations of N emissions in which the N inputs are used.
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The FracLEACH (based on IPCC-1996 methodology) was 0.14 for 1987-1991, 0.13 for the period 1992 1997, and 0.12 for the period 1998 - 2008 (Table 17). A rough calculation with the WOG-model for several
combinations or crop-soil-grondwater level combinations, also show that FracLEACH was lower than 0.3 (data
not shown). The FracLEACH calculated with the WOG-model was somewhat smaller than that of STONE.
Clearly, the average FracLEACH obtained for the Netherlands is smaller than the default IPCC factor of 0.3.
This is mainly due to the large area of soils with a high denitrification capacity (and low N leaching) in the
Netherlands: clay, peat, and wet sandy soils and grasslands (Figure 3). The FracLEACH ranged from < 0.01
for soil with a high denitrification capacity (peat, clay, and wet sandy soils) to about 0.4 for dry sand soils, i.e.
soils with a low denitrification capacity (Figure 3). The denitrification capacity of grassland is higher than of
arable land (because of the higher organic matter contents of grasslands than of arable land), by which the
FracLEACH of grassland is lower than that of arable land. The high FracLEACH for the dry sand soils are in
agreement with the relatively high FracLEACH for the well drained sandy soils in Denmark (Figure 1).
Figure 4 shows the average area of grassland and arable land on clay, peat and sandy soils in the
Netherlands. The area of soils and land use with al relatively low FracLEACH is relatively large. The FracLEACH
for more than 80% of the area of agricultural soils in the Netherlands is smaller than the default factor 0.3 and
the FRACleach is less than 0.1 in about 60% of the agricultural soils.

0.45

FracLEACH

0.40
0.35
0.30

grassland
arable land

0.25
0.20
0.15
0.10
0.05
0.00
Clay

Peat

Sand-dry

Sand-intermediate

Sand-wet

Figure 3
.Average calculated leaching fraction (FracLEACH) for arable land and grassland on clay, peat and sandy soils. The sandy soils are
split in three wetness classes ('dry is deep groundwater, i.e. deeper than óne meter during whole year, and 'wet' is shallow
groundwater, i.e. within the upper meter of the soil during winter. 'Intermediate' is between 'dry' and 'wet')
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Figure 4
Average area of grassland and arable land on on clay, peat and sandy soils in the Netherlands (Source: STONE 2.3).

Table 16
Input of N (in million kg N) to agricultural soil in the Netherlands (Source: National Inventory report 2010, Van der Maas et al.,
2010).
Year

Manure

Manure exported from the Netherlands Mineral N- fertilizer Sewage sludge

1987
1988

656
639

494
449

1150
1088

1989

634

434

1069

1990

694

6

412

5

1105

1991

719

7

400

5

1118

1992

718

11

392

6

1104

1993

711

15

390

4

1089

1994

682

21

372

3

1035

1995

680

22

406

2

1065

1996

668

13

389

2

1046

1997

645

11

401

1

1035

1998

602

10

403

1

996

1999

585

13

383

1

956

2000

549

15

340

2

875

2001

542

18

298

1

824

2002

505

20

292

2

779

2003

479

12

291

2

760

2004

467

16

301

1

753

2005

479

15

279

1

744

2006

471

16

288

1

744

2007

480

29

258

1

709

2008

491

31

238

1

700

2009

498

31

238

1

707
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Table 17
Total leaching to the upper part of the groundwater and runoff in the Netherlands (in kg N) from agricultural soils (all crops, soils,
and groundwater classes), calculated with STONE, the total N inputs according to Pollutant Release and Transfer Register), and the
calculated FracLEACH, for three periods.
Period

leaching,
kg N

runoff,
kg N

leaching + runoff, kg N

1987-1991
1992-1997

149,215,822
139,741,969

5,435,772
963,588

154,651,594
140,705,557

1,106,031,134
1,062,537,589

0.14
0.13

1998-2008

94,232,689

816,949

95,049,639

803,817,864

0.12

3.4

N input,

FracLEACH

kg N

Emission factor for indirect N2O emission (EF5)

The overall value for the emission factor for leached N (EF5) has been changed in IPCC 2006 compared to
IPCC 1996 from 0.025 to 0.0075 kg N2O-N per kg N leached. This emission factor incorporates three
components: EF5g, EF5r and EF5e, which are the emission factors for groundwater and surface drainage,
rivers, and estuaries, respectively. IPCC 2006 suggested that the previously used emission factor for
groundwater and surface drainage (EF5g; 0.015) was too high and should be reduced to 0.0025 kg N2O- N
per kg leached N. The emission factor for rivers (EF5r) has also been reduced from 0.0075 kg N2O-N per kg N
to 0.0025 kg N2O-N per kg N in the water. The value for estuaries (EF5e) remains at 0.0025 kg N2O-N per kg
N.
Kroeze et al. (2010) indicated that the emission factors according the IPCC 2006 methodology for aquatic
sources of N2O have been an issue of debate (Mosier et al., 1998; Kroeze et al., 2005; De Klein et al., 2007).
They stated that the current version (2006) of the IPCC Guidelines recognizes that the current (2006) default
value may be too low for some rivers. Weymann et al. (2008) determined experimentally groundwater N2O
emission factors for four sand and gravel aquifers in northern Germany. They concluded that their
observations support the lower EF5 factor in IPCC 2006 in comparison to IPCC 1996.
In the Dutch protocol, the IPCC 1996 emission factor of 0.025 kg N2O-N per kg N leached is used. This
emission factor is much higher than the emission factor of 0.0075 kg N2O-N per kg N leached in the IPCC
2006 methodology. Adopting this new IPCC factor for indirect emissions by the Netherlands will result in a
strong decrease in the indirect N2O emission related to leaching.
There are several studies carried out in the Netherlands in which N2O emission from surface waters or
groundwater was measured (e.g. De Wilde, 1999; Van Beek, 2007; Hefting, 2003). However, these studies do
not relate the total N2O emission to the amount of leached nitrate. Moreover, these studies only focus on a
small part of the N leaching pathway (e.g. Van Beek (2007) on ditches in peat area, De Wilde (1999) on marine
systems, and Hefting (2003) on riparian buffer zones).
The model STONE calculates the denitrification in the groundwater and in the water flow towards the surface
waters (see paragraph 3.3.3). However, STONE only calculates total denitrification losses (=N2 + N2O) and is
not parametrized to calculate the N2O emission derived from leached nitrogen. There is no model available
that calculates the N2O emission from groundwater and surface waters in the Netherlands.
Concluding, there are no results from the Netherlands (both measurements and modeling) to derive a specific
N2O emission factors for the indirect N2O emission from leached nitrate in the Netherlands.
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3.5

Recommendations

3.5.1

FracLEACH

It is recommended to use the STONE model to calculate N leaching and runoff for three periods:
• 1987 - 1991: to be used as the average for the year 1990
• 1992 - 1997: the period with relative high N inputs to soils and in which farmers were obliged to apply
manure with a low ammonia emission technique (this was not yet obliged in 1990).
• 1998 - 2008: the period in which the N inputs to soils strongly decreased in the Netherlands. Also the low
ammonia emission application techniques are obliged.
The FracLEACH can be calculated using the leaching and runoff derived from the STONE model and the total N
inputs according to the data derived from the Pollutant Release and Transfer Register
(www.emissieregistratie.nl).
The FracLEACH (based on the IPCC-1996 methodology) was calculated for three periods: 0.14 for 19871991, 0.13 for the period 1992-1997, and 0.12 for the period 1998-2008.

3.5.2

EF5

There are no results from the Netherlands (both measurements and modeling) to derive specific N2O emission
factors for the indirect N2O emission from leached nitrate in the Netherlands (EF5). For the first budget beriod
of the Kyoto protocol (2008-2012), the Netherlands is obliged to use the IPCC-1996 method. However, it is
recommended to use the IPCC-2006 emission factors for indirect N2O emission derived from leached nitrate in
the following budget period, as the most recent scientific insights are used for underpinning the IPCC-2006
emission factor.
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Appendix 1 N2O-N emission factors derived from field experiments
in the Netherlands

N2O-N emission factor, % of N applied = [(N2O-N fertilized) - (N2O-N unfertilized)]/(amount of N applied) * 100

N source

Applicatio

Land use

n rate

Soil

Location

Year

Period

type

kg N/ha

Manure

N2O

application

emission

method

factor, %

Source

Comment

of N
applied
CAN

313

grassland

sand

Heino

1992/1993

1 year

0.60

Velthof et al. (1996)

CAN

426

grassland

sand

Heino

1993/1994

1 year

1.30

Velthof et al. (1996)

CAN

277

grassland

clay

Lelystad

1992/1993

1 year

1.40

Velthof et al. (1996)

CAN

437

grassland

clay

Lelystad

1993/1994

1 year

0.50

Velthof et al. (1996)

CAN

266

grassland

peat

Zegveld

1992/1993

1 year

2.20

Velthof et al. (1996)

relatively shallow
groundwater level

CAN

464

grassland

peat

Zegveld

1993/1994

1 year

1.70

Velthof et al. (1996)

relatively shallow
groundwater level

CAN

161

grassland

peat

Zegveld

1992/1993

1 year

4.50

Velthof et al. (1996)

CAN

323

grassland

peat

Zegveld

1993/1994

1 year

3.60

Velthof et al. (1996)

CAN-grazing

753

grassland

sand

Heino

1992/1993

1 year

grazing

0.80

Velthof et al. (1996)

CAN-grazing

727

grassland

sand

Heino

1993/1994

1 year

grazing

1.70

Velthof et al. (1996)

relatively deep
groundwater level
relatively deep
groundwater level
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CAN-grazing

557

grassland

clay

Lelystad

1992/1993

1 year

grazing

1.70

Velthof et al. (1996)

CAN-grazing

730

grassland

clay

Lelystad

1993/1994

CAN-grazing

521

grassland

peat

Zegveld

1992/1993

1 year

grazing

2.10

Velthof et al. (1996)

1 year

grazing

1.90

Velthof et al. (1996)

CAN-grazing

712

grassland

peat

Zegveld

1993/1994

1 year

grazing

2.20

Velthof et al. (1996)

relatively shallow
groundwater level
relatively shallow
groundwater level

CAN-grazing

356

grassland

peat

Zegveld

1992/1993

1 year

grazing

6.50

Velthof et al. (1996)

relatively deep
groundwater level

CAN-grazing

544

grassland

peat

Zegveld

1993/1994

1 year

grazing

6.80

Velthof et al. (1996)

relatively deep
groundwater level

Urine/dung

440

grassland

sand

Heino

1992/1993

1 year

grazing

1.00

Velthof et al. (1996)

Urine/dung

301

grassland

sand

Heino

1993/1994

1 year

grazing

2.20

Velthof et al. (1996)

Urine/dung

280

grassland

clay

Lelystad

1992/1993

1 year

grazing

2.00

Velthof et al. (1996)

Urine/dung

293

grassland

clay

Lelystad

1993/1994

1 year

grazing

4.60

Velthof et al. (1996)

Urine/dung

255

grassland

peat

Zegveld

1992/1993

1 year

grazing

1.50

Velthof et al. (1996)

relatively shallow
groundwater level

Urine/dung

248

grassland

peat

Zegveld

1993/1994

1 year

grazing

3.10

Velthof et al. (1996)

relatively shallow

Urine/dung

195

grassland

peat

Zegveld

1992/1993

1 year

grazing

8.10

Velthof et al. (1996)

Urine/dung

221

grassland

peat

Zegveld

1993/1994

1 year

grazing

11.40

Velthof et al. (1996)

CAN

220

grassland

clay

Lelystad

March - Nov 1993

8.5 months

0.40

Velthof et al. (1997)

CAN

660

grassland

clay

Lelystad

March - Nov 1993

8.5 months

0.50

Velthof et al. (1997)

CAN

880

grassland

clay

Lelystad

March - Nov 1993

8.5 months

0.50

Velthof et al. (1997)

CAN

80

grassland

clay

Wageningen

March 1993

3.5 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

CN

80

grassland

clay

Wageningen

March 1993

3.5 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

AS

80

grassland

clay

Wageningen

March 1993

3.5 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

Urea

80

grassland

clay

Wageningen

March 1993

3.5 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

groundwater level
relatively deep
groundwater level
relatively deep
groundwater level
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CAN

80

grassland

sand

Bennekom

March-April 1994

4 weeks

5.20

Velthof et al. (1997)

CN

80

grassland

sand

Bennekom

March-April 1994

4 weeks

5.20

Velthof et al. (1997)

AS

80

grassland

sand

Bennekom

March-April 1994

4 weeks

0.20

Velthof et al. (1997)

AS+DCD

80

grassland

sand

Bennekom

March-April 1994

4 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

Urea

80

grassland

sand

Bennekom

March-April 1994

4 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%

Cattle manure

90

grassland

sand

Bennekom

March-April 1994

4 weeks

0.10

Velthof et al. (1997)

emission factor < 0.1%;

surface-applied

15 m3/ha manure
Cattle manure

90

grassland

sand

Bennekom

March-April 1994

4 weeks

CAN

80

grassland

sand

Bennekom

June-July 1994

4.5 weeks

shallow injection

0.10

Velthof et al. (1997)

8.30

Velthof et al. (1997)

emission factor < 0.1%;
15 m3/ha manure

CN

80

grassland

sand

Bennekom

June-July 1994

4.5 weeks

12.00

Velthof et al. (1997)

AS

80

grassland

sand

Bennekom

June-July 1994

4.5 weeks

1.00

Velthof et al. (1997)

AS+DCD

80

grassland

sand

Bennekom

June-July 1994

4.5 weeks

0.10

Velthof et al. (1997)

Urea

80

grassland

sand

Bennekom

June-July 1994

4.5 weeks

0.70

Velthof et al. (1997)

Cattle manure

90

grassland

sand

Bennekom

June-July 1994

4.5 weeks

0.10

Velthof et al. (1997)

surface-applied

emission factor < 0.1%;
15 m3 manure per ha

Cattle manure

90

grassland

sand

Bennekom

June-July 1994

4.5 weeks

shallow injection

0.10

Velthof et al. (1997)

emission factor < 0.1%;
15 m3 manure per ha

CAN

50

grassland

sand

Bennekom

April - June 1994

6.5 weeks

0.60

Velthof et al. (1997)

CAN

100

grassland

sand

Bennekom

April - June 1994

6.5 weeks

1.20

Velthof et al. (1997)

CAN

150

grassland

sand

Bennekom

April - June 1994

6.5 weeks

1.20

Velthof et al. (1997)

CAN

200

grassland

sand

Bennekom

April - June 1994

6.5 weeks

2.30

Velthof et al. (1997)

CAN

300

grassland

sand

Bennekom

April - June 1994

6.5 weeks

3.10

Velthof et al. (1997)

Sugar beet

138

arable land

sand

Wageningen

Sept 2000 - May

9 months

0.29

Dolfing et al. unpublished

145

arable land

clay

Marknesse

Sept 2000 - May

9 months

0.06

Dolfing et al. unpublished

13 months

0.92

Van Groenigen et

leaves
Sugar beet

2001

leaves
Urine patch

2001
186

grassland

sand

Wageningen

Aug 2000 - Sept
2001

al.(2005)
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Synthetic urine

Urine patch

280

grassland

sand

Wageningen

Aug 2000 - Sept

Urine patch

373

grassland

sand

Wageningen

Aug 2000 - Sept

13 months

2.12

Van Groenigen et

13 months

1.67

Van Groenigen et

2001

al.(2005)

2001
Urine patch

746

grassland

sand

Wageningen

Aug 2000 - Sept

al.(2005)
13 months

1.96

2001
Urine patch

373

grassland

sand

Wageningen

Aug 2000 - Sept

al.(2005)
13 months

1.51

2001
Urine patch

373

grassland

sand

Wageningen

Aug 2000 - Sept

13 months

1.67

2001
Urine patch

373

grassland

sand

Wageningen

Aug 2000 - Sept

Van Groenigen et

13 months

1.15

2001

Van Groenigen et

N concentration 4.77 g

al.(2005)

N/l

Van Groenigen et

N concentration 18.65 g

al.(2005)

N/l

Van Groenigen et

N concentration 9.33 g

al.(2005)

N/l

CAN

320

grassland

sand

Wageningen

March - Oct 2000

8 months

0.52

Schils et al. (2010)

CAN

320

grassland

sand

Wageningen

March - Oct 2000

8 months

0.34

Schils et al. (2010)

AS

320

grassland

sand

Wageningen

March - Oct 2000

8 months

0.32

Schils et al. (2010)

CAN

120

grassland

sand

Wageningen

March - Oct 2001

8 months

0.11

Schils et al. (2008)

CAN

240

grassland

sand

Wageningen

March - Oct 2001

8 months

0.23

Schils et al. (2008)

CAN

330

grassland

sand

Wageningen

March - Oct 2001

8 months

0.17

Schils et al. (2008)

Cattle manure

375

grassland

sand

Wageningen

March - Oct 2001

8 months

shallow injection

0.11

Schils et al. (2008)

CAN + cattle

495

grassland

sand

Wageningen

March - Oct 2001

8 months

shallow injection

0.17

Schils et al. (2008)

manure

split in more dressings

120 kg N as CAN and
375 as cattle manure;
applied on same day

CAN + cattle

555

grassland

sand

Wageningen

March - Oct 2001

8 months

shallow injection

0.18

Schils et al. (2008)

manure

180 kg N as CAN and
375 as cattle manure;
applied on same day

CAN + cattle

615

grassland

sand

Wageningen

March - Oct 2001

8 months

shallow injection

0.22

Schils et al. (2008)

manure

240 kg N as CAN and
375 as cattle manure;
applied on same day

CAN

120

56

grassland

sand
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Wageningen

March - Oct 2002

8 months

0.14

Schils et al. (2008)

CAN

240

grassland

sand

Wageningen

March - Oct 2002

8 months

0.12

Schils et al. (2008)

CAN

330

grassland

sand

Wageningen

March - Oct 2002

8 months

0.12

Schils et al. (2008)

Cattle manure

444

grassland

sand

Wageningen

March - Oct 2002

8 months

shallow injection

0.12

Schils et al. (2008)

CAN + cattle

564

grassland

sand

Wageningen

March - Oct 2002

8 months

shallow injection

0.10

Schils et al. (2008)

manure

120 kg N as CAN and
375 as cattle manure;
applied on same day

CAN + cattle

624

grassland

sand

Wageningen

March - Oct 2002

8 months

shallow injection

0.10

Schils et al. (2008)

manure

180 kg N as CAN and
375 as cattle manure;
applied on same day

CAN + cattle

684

grassland

sand

Wageningen

March - Oct 2002

8 months

shallow injection

0.15

Schils et al. (2008)

manure

240 kg N as CAN and
375 as cattle manure;
applied on same day

CAN + cattle

555

grassland

sand

Wageningen

March - Oct 2001

8 months

shallow injection

0.24

Schils et al. (2010)

manure

180 kg N as CAN and
375 as cattle manure.
Fertilser later applied than
manure

AS

330

grassland

sand

Wageningen

March - Oct 2001

8 months

CAN + cattle

624

grassland

sand

Wageningen

March - Oct 2002

8 months

shallow injection

0.15

Schils et al. (2010)

0.12

Schils et al. (2010)

manure

180 kg N as CAN and
375 as cattle manure.
Fertilser later applied than
manure

AS

330

grassland

sand

Wageningen

March - Oct 2002

8 months

0.14

Schils et al. (2010)

CAN

75

maize land

sand

Wageningen

May - Oct 2001

6 months

0.04

Van Groenigen et al.
(2004)

CAN

113

maize land

sand

Wageningen

May - Oct 2001

6 months

0.13

CAN

150

maize land

sand

Wageningen

May - Oct 2001

6 months

0.07

CAN

188

maize land

sand

Wageningen

May - Oct 2001

6 months

0.06

Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
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Van Groenigen et al.

(2004)
Cattle manure

104

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.31

Van Groenigen et al.
(2004)

Cattle manure

156

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.73

Cattle manure

209

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.75

Cattle manure

261

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.68

CAN + cattle

194

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.29

179

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.21

Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)

manure
CAN + cattle
manure
CAN + cattle

165

maize land

sand

Wageningen

May - Oct 2001

6 months

deep injection

0.27

manure
CAN

75

maize land

clay

Goutum

May - Oct 2001

6 months

2.14

Van Groenigen et al.

38 kg N as CAN and 156

(2004)

as cattle manure

Van Groenigen et al.

75 kg N as CAN and 104

(2004)

as cattle manure

Van Groenigen et al.

113 kg N as CAN and 52

(2004)

as cattle manure

Van Groenigen et al.
(2004)

CAN

113

maize land

clay

Goutum

May - Oct 2001

6 months

0.48

CAN

150

maize land

clay

Goutum

May - Oct 2001

6 months

1.42

CAN

188

maize land

clay

Goutum

May - Oct 2001

6 months

0.66

Cattle manure

98

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

0.96

Cattle manure

147

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

0.95

Cattle manure

196

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

0.88

Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
Van Groenigen et al.
(2004)
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Cattle manure

245

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

2.03

CAN + cattle

185

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

1.01

Van Groenigen et al.
(2004)

manure
CAN + cattle

173

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

0.96

manure
CAN + cattle

162

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

3.11

manure

Van Groenigen et al.

38 kg N as CAN and 147

(2004)

as cattle manure

Van Groenigen et al.

75 kg N as CAN and 98

(2004)

as cattle manure

Van Groenigen et al.

113 kg N as CAN and 49

(2004)

as cattle manure

CAN

65

maize land

clay

Goutum

May - Oct 2001

6 months

3.90

Velthof et al. (2003)

Cattle manure

120

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

1.45

Velthof et al. (2003)

Tractor with separate

Cattle manure

120

maize land

clay

Goutum

May - Oct 2001

6 months

trailing shoe

-0.57

Velthof et al. (2003)

Narrow band with trailing

tank and injector
shoe
Cattle manure

120

maize land

clay

Goutum

May - Oct 2001

6 months

deep injection

1.74

Velthof et al. (2003)

Application machine with
tank and injector

CAN

150

grassland

clay

Goutum

Sept 2002 - Oct

1 year

1.60

Velthof et al. (2010a)

2003

EF calculated from Velthof
et al. (2010a) and Hoving
& Velthof (2006)

CAN

300

grassland

clay

Goutum

Sept 2002 - Oct

1 year

0.63

Velthof et al. (2010a)

2003

EF calculated from Velthof
et al. (2010a) and Hoving
& Velthof (2006)

CAN

180

grassland

sand

Heino

Sept 2002 - Oct

1 year

0.50

Velthof et al. (2010a)

2003

EF calculated from Velthof
et al. (2010a) and Hoving
& Velthof (2006)

CAN

310

grassland

sand

Heino

Sept 2002 - Oct

1 year

0.26

Velthof et al. (2010a)

2003

EF calculated from Velthof
et al. (2010a) and Hoving
& Velthof (2006)

CAN

180

grassland

sand

Maarheeze

Sept 2002 - Oct

1 year

2.00

2003

Velthof et al. (2010a)

EF calculated from Velthof
et al. (2010a) and Hoving
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& Velthof (2006)
CAN

310

grassland

sand

Maarheeze

Sept 2002 - Oct

1 year

1.65

Velthof et al. (2010a)

2003

EF calculated from Velthof
et al. (2010a) and Hoving
& Velthof (2006)

CAN

174

grassland

clay

Wageningen

2007/2008

1 year

2.51

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

322

grassland

clay

Wageningen

2007/2008

1 year

shallow injection

0.41

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

322

grassland

clay

Wageningen

2007/2008

1 year

surface-applied

0.04

Velthof et al. (2010b);
Velthof amd Mosquera
(2011)

CAN + cattle

460

grassland

clay

Wageningen

2007/2008

1 year

shallow injection

1.09

manure

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

174

grassland

sand

Wageningen

2007/2008

1 year

1.63

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

322

grassland

sand

Wageningen

2007/2008

1 year

shallow injection

0.70

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

322

grassland

sand

Wageningen

2007/2008

1 year

surface-applied

0.12

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN + cattle

460

grassland

sand

Wageningen

2007/2008

1 year

shallow injection

1.15

manure

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

102

maize land

sand

Wageningen

2007/2008

1 year

-0.19

Velthof et al. (2010b);
Velthof and Mosquera
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(2011)
Cattle manure

166

maize land

sand

Wageningen

2007/2008

1 year

deep injection

0.89

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

166

maize land

sand

Wageningen

2007/2008

1 year

surface-applied

0.25

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

249

maize land

sand

Wageningen

2007/2008

1 year

deep injection

7.03

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

249

maize land

sand

Wageningen

2007/2008

1 year

surface-applied

1.08

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

175

grassland

clay

Wageningen

2008/2009

1 year

1.98

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

330

grassland

clay

Wageningen

2008/2009

1 year

shallow injection

0.19

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

330

grassland

clay

Wageningen

2008/2009

1 year

surface-applied

0.17

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN + cattle

400

grassland

clay

Wageningen

2008/2009

1 year

shallow injection

0.44

manure

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

175

grassland

sand

Wageningen

2008/2009

1 year

1.52

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

330

grassland

sand

Wageningen

2008/2009

1 year

shallow injection

0.46

Velthof et al. (2010b);
Velthof and Mosquera
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(2011)
Cattle manure

330

grassland

sand

Wageningen

2008/2009

1 year

surface-applied

0.06

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN + cattle

400

grassland

sand

Wageningen

2008/2009

1 year

shallow injection

1.42

manure

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

102

maize land

sand

Wageningen

2008/2009

1 year

0.44

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

182

maize land

sand

Wageningen

2008/2009

1 year

deep injection

0.85

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

182

maize land

sand

Wageningen

2008/2009

1 year

surface-applied

0.86

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

188

maize land

sand

Wageningen

2008/2009

1 year

deep injection

1.43

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

188

maize land

sand

Wageningen

2008/2009

1 year

surface-applied

1.35

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

160

grassland

sand

Wageningen

March - Nov 2009

9 months

0.48

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

277

grassland

sand

Wageningen

March - Nov 2009

9 months

shallow injection

0.24

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

277

grassland

sand

Wageningen

March - Nov 2009

9 months

surface-applied

0.07

Velthof et al. (2010b);
Velthof and Mosquera
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(2011)
CAN + cattle

336

grassland

sand

Wageningen

March - Nov 2009

9 months

shallow injection

0.34

manure

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

125

maize land

sand

Wageningen

March - Nov 2009

9 months

0.18

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

175

maize land

sand

Wageningen

March - Nov 2009

9 months

deep injection

0.86

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

175

maize land

sand

Wageningen

March - Nov 2009

9 months

surface-applied

0.19

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

181

maize land

sand

Wageningen

March - Nov 2009

9 months

deep injection

1.14

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

181

maize land

sand

Wageningen

March - Nov 2009

9 months

surface-applied

0.13

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

50

arable land

sand

Wageningen

March - Nov 2009

9 months

0.16

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

CAN

200

arable land

sand

Wageningen

March - Nov 2009

9 months

0.53

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

100

arable land

sand

Wageningen

March - Nov 2009

9 months

deep injection

0.55

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Cattle manure

251

arable land

sand

Wageningen

March - Nov 2009

9 months

deep injection

1.68

Velthof et al. (2010b);
Velthof and Mosquera
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(2011)
Pig manure

106

arable land

sand

Wageningen

March - Nov 2009

9 months

deep injection

1.11

Velthof et al. (2010b);
Velthof and Mosquera
(2011)

Pig manure

266

arable land

sand

Wageningen

March - Nov 2009

9 months

deep injection

2.40

Velthof et al. (2010b);
Velthof and Mosquera
(2011)
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Appendix 2 Statistical analyzes

The emission factors in the data set were not normal distributed, i.e. most emission factors were low (< 0.5%)
with a few high emission factors (see Table A1). This type of distribution is often shown for N2O emissions. To
stabilize the variance, all emission factors were log-transformed before statistical analyzis. However, two
emission factors were negative (- 0.19 and - 0.57%), by which log-transformation could not be carried out. In
order to obtain a data set with only positive values, a value of 0.6 was added to the data of emission factors.
A Kolmogorov-smirnov test showed that the log-transformed data were better described by a normal
distribution than the untransformed data. The log-transformed data were statistically analyzed.
The arithmetic mean was chosen as the estimator of the mean emissions factor, as it is a robust estimator of
the mean for population of small size (Myers and Pepin, 1990; Parkin et al., 1988). It is an unbiased estimator
of the population mean, regardless of the form of the underlying distribution. The lognormal mean or median
may be biased when applied to non-lognormal distributions.
The data set of emission factors is derived from different studies, by which the number of data for a certain
fertilizer, soil type, and land use type may strongly differ (see Tables 3, 4 and 5). Differences in N2O emission
factors between fertilizers/manure, manure application techniques, soil types, and land use types were
statistically assessed for subsets of the data (see Table A2).
The differences in N2O emission factors between two factors were assessed with a t-test and that for three
factors with a Least Significant Difference (LSD)-test at α = 0.05, using SAS 9.1.3. If the results were not
statistically significant at α = 0.05, it was assessed if the result were significant at α = 0.10. Otherwise, the
differences were considered as not significant. The results of the statistical analyzes are presented in Table
A2.

Table A1
Distribution of emission factors of CAN and slurries in experiments of more than six months in the Netherlands.
N2O emission factor, % of N applied

Frequency

< 0.50
0.50 - 0.75

39
10

0.75 -1.00

7

1.00 - 1.25

3

1.25 -1.50

6

1.50 -1.75

6

1.75 - 2.00

2

2.00 - 3.00

4

> 3.00

2
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Table A2
Results of statistical analyzes; t-test (for two comparisons) and LSD-test (for three comparisons) using SAS 9.1.3. The data subset for which the analyzis was carried out is indicated. All emission factors
were log-transformed prior to the statistical analyzis.
Tested difference

Subset

Result

α

Soil

Land use

Nitrogen source

Peat, clay and sand for CAN for grassland

Peat, clay, sand

Grassland

CAN

Peat > Sand = Clay

α = 0.05

Clay and sand

Clay, sand

CAN, manure applied with low ammonia technique
and surface-applied
CAN

Not significant

α = 0.1

Clay, sand

Grassland
Arable land
Grassland

Clay and sand for CAN for grassland
Clay and sand for CAN for arable land

Not significant

α = 0.1

Clay, sand

Arable land

CAN

Clay > Sand

Clay and sand for manure applied with low
ammonia technique
Clay and sand for surface-applied manure

α = 0.05

Clay, sand

Manure applied with low ammonia technique

Not significant

α = 0.1

Manure surface-applied

Not significant

α = 0.1

Mineral*

Grassland
Arable land
Grassland
Arable land
Arable land

Clay, sand

Nitrogen sources for arable land
Manure application techniques for arable land

CAN, manure injected and surface-applied

Not significant

α = 0.1

Mineral*

Arable land

Manure injected and surface-applied

Not significant

α = 0.1

Nitrogen source for grassland

Mineral*

Grassland

CAN, manure injected and surface-applied

CAN > manure

α = 0.05

Manure application techniques for grassland

Mineral*

Grassland

Mineral*

α = 0.05

Land use for manure applied with low ammonia
technique
Land use for surface-applied manure

Mineral*

Grassland
Arable land
Grassland
Arable land
Grassland
Arable land

Application with low ammonia
emission > surface application
Not significant

α = 0.05

Land use for CAN

Manure applied with low ammonia technique and
surface-applied
CAN
Manure applied with low ammonia technique

Arable > grassland

α = 0.1

Manure surface-applied

Arable > grassland

α = 0.05

*

Mineral*

Mineral soils: data of sand and clay combined
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Alterra is part of the international expertise organisation Wageningen UR (University & Research centre). Our mission
is ‘To explore the potential of nature to improve the quality of life’. Within Wageningen UR, nine research institutes –
both specialised and applied – have joined forces with Wageningen University and Van Hall Larenstein University of
Applied Sciences to help answer the most important questions in the domain of healthy food and living environment.
With approximately 40 locations (in the Netherlands, Brazil and China), 6,500 members of staff and 10,000 students,
Wageningen UR is one of the leading organisations in its domain worldwide. The integral approach to problems and
the cooperation between the exact sciences and the technological and social disciplines are at the heart of the
Wageningen Approach.
Alterra is the research institute for our green living environment. We offer a combination of practical and scientific
research in a multitude of disciplines related to the green world around us and the sustainable use of our living
environment, such as flora and fauna, soil, water, the environment, geo-information and remote sensing, landscape
and spatial planning, man and society.

Calculation of nitrous oxide emission from
agriculture in the Netherlands
Update of emission factors and leaching fraction
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