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In the Netherlands, nutrient emissions from inten-
sive animal husbandry have contributed to de-
creased species diversity in (semi) natural terres-
trial and aquatic ecosystems, pollution of ground-
water, and possibly global warming due to N2O
emissions. This paper presents the results of a
modelling study presenting the impacts of both
structural measures and improved farming prac-
tices on major nitrogen (N) fluxes, including NH3

and N2O emission, uptake, leaching, and runoff,
in the Netherlands, using input data for the year
2000. Average annual fluxes (Gg N year–1) for the
year 2000 were estimated at 132 for NH3 emission
(160 Gg NH3 year–1), 28 for N2O emission, 50 for N
inflow to groundwater, and 15 for N inflow to sur-
face water at a total N input of 1046. At this input,
nitrate (NO3) concentrations in groundwater often
exceeded the target of 50 mg NO3 l–1, specifically
in well-drained sandy soils. The ammonia (NH3)
emissions exceeded emission targets that were
set to protect the biodiversity of nonagricultural
land. Improved farming practices were calculated
to lead to a significant reduction in NH3 emissions
to the atmosphere and N leaching and runoff to
groundwater and surface water, but these im-
provements were not enough to reach all the tar-
gets set for those fluxes. Only strong structural
measures clearly improved the situation. The NH3

emission target of 30 Gg NH3 year–1, suggested
for the year 2030, could not be attained, however,
unless pig and poultry farming is completely

banned in the Netherlands and all cattle stay al-
most permanently in low emission stables.

KEY WORDS: ammonia, nitrous oxides, nitrate, eutro-
phication, biodiversity, modeling, nitrogen balance, farming
practices, agricultural change, emission target, environ-
mental quality criteria
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systems, atmospheric systems, freshwater systems, envi-
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TABLE 1
Parameters Used in the INITIATOR Model for Agricultural Soils, their Considered
Dependence on Land Use, Soil Type and Hydrology and their Overall Ranges[4]

Parameter Explanation Land Use Soil Type Hydrology Range

Nin,am N input to the soil via animal manure × — — 0–429a

(kg ha–1 year–1)

Nin,g N input to the soil via dung and urine × — — 0–172a

from grazing animals (kg ha–1 year–1)

Nin,f N input to the soil via fertiliser × — — 14–414a

(kg ha–1 year–1)

Ndep N deposition (kg ha–1 year–1) × — — 7–50a

Nfix Biological N fixation (kg ha–1 year–1) × — — 8–25b

FrNH3,em,h NH3 emission fraction from manure in — — — 0.13–0.28c

housing and storage systems (–)

frNH3,em,a NH3 emission fraction from manure × × — 0.05–0.10

applied to land (–)

frNH3,em,g NH3 emission fraction from dung and — — — 0.08

urine from grazing animals (–)

frNH3,em,f NH3 emission fraction from fertiliser (–) — — — 0.02

Nup,max Maximum net N uptake in crops × × × 110–340

removed from the field (kg ha–1 year–1)

frup N uptake fraction (–) × — — 0.25–0.50b

fa,am Factor describing the availability of
animal manure relative to — — — 0.6

fertilisers (–)

frNef Factor describing the efficiency of — — — 0.15–0.33c

N input conversion to animal

products (–)

Nmi,s Net N mobilisation in peat soils × × × 0–400

(kg ha–1 year–1)

frni,s Nitrification fraction for the soil (–) × × × 0.85–0.99

frde,s Denitrification fraction for the soil (–) × × × 0.35–0.94

frde,gw Denitrification fraction for upper × × × 0.30–0.95

groundwater (–)

frde,di Denitrification fraction for ditches (–) × × × 0.40–0.94

frret Retention fraction of N input to surface — — — 0.1–0.7d

waters (–)

frde,sw Denitrification fraction compared to the — — — 0.6–1.04)

total N retention in surface water (–)

frNOx,ni Fraction relating total nitrification to — — — 0.02

NOx emissions (–)

frNOx,de Fraction relating total denitrification — — — 0.015

to NOx emissions (–)

frN2Oni Fraction relating total nitrification to — × — 0.01–0.02

NOx emissions (–)

frN2Ode Fraction relating total denitrification — × — 0.03–0.07

to NOx emissions (–)

P Precipitation (mm year–1) 705–874a

Es Soil evaporation (mm year–1) × — — 90–165

Et Transpiration (mm year–1) × × × 144–388

frint Interception fraction (–) × — — 0.02–0.12

frro Runoff (lateral flow) fraction (–) — × × 0.05–0.95

a These inputs were derived from georeferenced databases, without a direct dependence on land use, soil type,
and hydrological regime. Most distinct differences occur for different land use types.

b The range equals the range in average values for the different combinations of land use, soil type, and hydrologi-
cal regime.

c The N use efficiency factors and NH3 emission fractions for housing were distinguished by the type of manure
(i.e., cattle, pig, and poultry manure).

d Retention and denitrification fractions in surface waters were distinguished by the considered geographic region
in the Netherlands.
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TABLE 2
Parameterisation of the Impacts of Structural

Measures in Agriculture and Good Farming Practices

Measures Dependence Impacts Correction Factor

Farming practices

Cover manure storage Livestock frNH3,em,h Multiply with 0.9a

Low emission application Livestock frNH3,em,a Multiply with 0.5a

Reduce grazing time (Grassland) Nin,am; Nin,g Change ratio: add 3/7 of
Nin,g to Nin,am and
subtract it from Nin,g b

Adjust animal feeding Livestock Nin,am Multiply with 0.9b

Adjust fertiliser use Land use Nin,f Apply according to
MINASb

Precision fertilisation Livestock fa,am Multiply with 1.25a

Optimal irrigation Land use, soil type Nup, max Change uptake dry soils
to moist soilsb

Optimal drainage Land use, soil type Nup, max Change uptake wet
soils to moist soilsb

Apply cover crops (Arable land, maize land) Nup,max Add 40 kg ha–1 year–1 b

Structural measures

Low emission housing Livestock

Cattle frNH3,em,h Multiply with 0.35a

Pig, poultry frNH3,em,h Multiply with 0.2a

Livestock intensity decrease Livestock Nin,am, Nin,pr Reduction fraction
(here 0.5)c

Manure processing Livestock Nin,am Reduction fraction
(here 0.5)c

frNH3,em,h Multiply with 1.05b

a Based on literature[12].
b Based on expert judgement.
c Arbitrary value used in this study to gain insight in a given decrease of livestock intensity or increase

in manure processing.



6

de Vries et al.: Impacts of Agricultural Changes on Nitrogen Fluxes TheScientificWorld (2001) 1

MODEL RESULTS

>�	�
�����
�����������
��������������
�����������������
��
�����	
����
����
������������������
�#�������0�������������������!���
�0����������������������	�����+����	����
�#�����������	!����
��	������
��!���������
������	�����������������������
 �9������
	��
����������	�
�	�
��
���������������+����������	!�������	
����������
��!�����������!����
����
�
�
����������������
��
�����"
����� 

The Impacts of Farming Practices and
Structural Measures on N Emissions to Air,
Groundwater, and Surface Water

>�	�
�����
���������������������������������
��	����������
�
����

����������������������444�����������	�����������
����
���������
�������
�
����
��
������������

�	����������
������������
��
���
����������������
��$ �������
��
�������
���
�������
������������
���	�
���������������������������!��
����
��	�������������
�����"
����������0�����+���+�����	�������	���������������5����	��

�"
��
����������������
��������
�������������
�!���������	!�������	
�����
��!���� �0����������	�
��������	�����	����������������������
����������������	�
��
�����������	������
�����
����
��	����������"
���������
5����������	�
�������!��
���		����������	������������	
���
���
�
�����#����� �.������������
��
�#����,���������������
����������444�������������������������������	�������������	���
"

��������������������������
���
���������������������
�������!���
�$�������0�"�������������74�,���0�����1�������+������������:
�����+������������-4����������
�!���������	!��������	��-������
���
�!���������
��!���������
��$� �����	�������
�����!���������
�����������	����������������
��	�����������������	�������5����
%�:�,�������������	�������
�	��������
���������%31�,���������� �=�
����� 
�

�
������� ������+���+��� ��	���� ��������� ����������

��������������������
�����

�	�	��������������
�

�
���	�����������
�
���
����
��
������	�������������������������
������

��	��
����
�����

�����
������������
��������	�	��������
����� ���������
�����"
����������+���+�����	����	�������	���������
��������������������
������������
�������	!��������	�	��
��������,������������!���
�
"

�
���	�����%��$14��%�����	�$%�������
����
������!�������������
	��������
�������

��������������
�%� ���������������������
�������
!���
�

�
���	�����������������������������
�����������%:�,���
�����������

�!������������������������������������	���������������"

�
����
����������#
����������������
���!�����������������
�������
�

����	������	�
��������������������
������� �������������
����5����	���������
��������!������������
����$34�,���������� 
����������������������������������	�������������
��������������
��������������
��	�����

������
� 

@��������	������������
��
���
��	����������������	���	�
"
�����������������������
���4A���������������������	�
���������0�

���������������#�����
��$4A�����	���������
�������
�������
�����
���������5��������
������������������	�
�������������
�!���������	"
!����� ������#�����
��-4A����	������
��!����� ������#�����
�
$-A� �������	�
���������0����������������
�����������
����������
���������������44�,���0�����������������������4�4 �������	�
����

TABLE 3
Calculated Annual Fluxes of N in the Netherlands in the Year 2000 Before

and After Measures in Agricultural Ecosystems, Using the INITIATOR Model

N Fluxes (Gg N year–1)

Good Plus Low Plus Plus 50% Plus 50% Plus 50%
Standard Farming Emission Reduced Reduction Reduction Manure

Process Run Practices Housing Grazing in Pigs in Poultry Processing

Productiona 1038 838 838 842 788 760 596

NH3 emissionb 132 (160) 95 (116) 50 (61) 51 (62) 45 (55) 43 (52) 36 (44)

N2O emission 29 20 22 21 19 18 12

NOx emission 18 12 13 13 11 11 7

N2 emission 425 286 313 307 277 261 165

Uptaked 418 437 447 458 448 442 408

Accumulation –48 –48 –48 –48 –48 –48 –49

Inflow upper groundwater 50 27 30 29 26 24 13

Inflow surface watere 15 10 11 11 10 9 6

a Equals the N input to the farm (feed concentrates and fertiliser corrected for N output by milk, meat, and crops) while adding the N
deposition and biological N fixation.

b Includes NH3 emission from housing systems and manure application. Values in brackets are given in Gg NH3 year–1, to compare
them with NH3 emission targets.

c Gaseous emissions of N2O, NOx, and N2 are related to nitrification and denitrification in housing systems, soil, upper groundwater,
and ditches. The denitrification in large surface waters is not included, but this is relatively small. By far the largest fluxes do occur
in the soil[4]. [[au: where is this footnote in the table?]]

d In soils, accumulation is negative, due to net mineralisation in peat soils. The net accumulation in large surface waters is not
included, but this is relatively small[4].

e The inflow to surface water equals the outflow from all ditches.
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TABLE 4
Calculated Average Area Weighted Concentration of NO3 in Groundwater

for Agricultural Land under Different Soil Types Before and After
Measures in Agricultural Ecosystems, Using the INITIATOR Model

NO3 in Upper Groundwater (mg NO3 l–1)

Good Plus Low Plus Plus 50% Plus 50% Plus 50%
Soil Standard Farming Emission Reduced Reduction Reduction Manure
Type Run Practices Housing Grazing in Pigs in Poultry Processing

Sand dry 169 71 80 75 66 61 28

Sand moist/wet 79 59 64 63 60 55 35

Loess 69 45 51 50 41 39 22

Clay 18 11 12 12 9.9 9.3 5.0

Peat 1.4 1.1 1.2 1.2 1.1 1.1 0.82

All 50 29 32 31 28 26 15
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TABLE 5
Calculated Concentration Ranges of N in Ditches for Agricultural Land Under Different

Soil Types Before and After Measures in Agricultural Ecosystems, Using the INITIATOR Model

N in Ditch (mg N/l–1)
Soil Type

Good Plus Low Plus Plus 50% Plus 50% Plus 50%
Peat Standard Farming Emission Reduced Reduction Reduction Manure
Process Run Practices Housing Grazing in Pigs in Poultry Processing

Sand dry 33 14 16 15 13 12 5.4

Sand moist/wet 17 13 14 14 13 12 7.6

Loess 16 10 12 11 9.4 8.9 5.1

Clay 4.4 2.6 3.0 2.9 2.5 2.3 1.3

Peat 1.6 1.3 1.4 1.4 1.3 1.2 0.93

All 11 6.4 7.1 6.8 6.2 5.8 3.3

�0�� ������� ���� ��� ���� '��
�� ����������� ���� ���� ����� �4$4
����
��$� 

DISCUSSION AND CONCLUSIONS

Results in View of Other Studies
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