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In the Netherlands, high traffic density and inten-
sive animal husbandry have led to high emissions
of reactive nitrogen (N) into the environment. This
leads to a series of environmental impacts, includ-
ing: (1) nitrate (NO3) contamination of drinking
water, (2) eutrophication of freshwater lakes, (3)
acidification and biodiversity impacts on terres-
trial ecosystems, (4) ozone and particle formation
affecting human health, and (5) global climate
change induced by emissions of N2O. Measures
to control reactive N emissions were, up to now,
directed towards those different environmental
themes. Here we summarize the results of a study
to analyse the agricultural N problem in the Neth-
erlands in an integrated way, which means that
all relevant aspects are taken into account simul-
taneously. A simple N balance model was devel-
oped, representing all crucial processes in the N
chain, to calculate acceptable N inputs to the farm
(so-called N ceiling) and to the soil surface (appli-
cation in the field) by feed concentrates, organic
manure, fertiliser, deposition, and N fixation. The
N ceilings were calculated on the basis of critical
limits for NO3 concentrations in groundwater, N
concentrations in surface water, and ammonia
(NH3) emission targets related to the protection
of biodiversity of natural areas. Results show that
in most parts of the Netherlands, except the west-
ern and the northern part, the N ceilings are lim-
ited by NH3 emissions, which are derived from

critical N loads for nature areas, rather than lim-
its for both ground- and surface water. On the
national scale, the N ceiling ranges between 372
and 858 kton year–1 depending on the choice of
critical limits. The current N import is 848 kton
year–1. A decrease of nearly 60% is needed to reach
the ceilings that are necessary to protect the en-
vironment against all adverse impacts of N pollu-
tion from agriculture.

KEY WORDS: ammonia, nitrous oxides, nitrate, eutro-
phication, biodiversity, nitrogen ceiling, critical loads,
modeling, nitrogen balance
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TABLE 1
N Ceilings, Acceptable Soil N Input, and N Fluxes to Air, Groundwater, and Surface Water

Related to the Protection of Various Combinations of Groundwater, Surface Water, and Nature
in View of Optimised NH3 Ceilings of 93 and 50 Gg NH3

Acceptable N Inflow to
N Input NH3 N2O Surface

Environmental N ceiling Soil Emission Emission N Inflow to Water
Protection (Gg N (Gg N (Gg NH3 (Gg N Groundwater (Gg N
Goal year–1) year–1) year–1) year–1) (Gg N year–1) year–1)

Input in 2000 848 950 68 (160)a 29 50 15

GW + P-limitb 858 955 108 38 37 11

GW + SW 646 776 79 33 11 5

GW + AM93 630 784 71 29 26 10

GW + AM50 504 618 42 20 18 7

GW + SW + AM93 436 560 49 19 10 4

GW + SW + AM50 372 466 32 14 7 3

a The value in brackets is the calculated NH3 emission at present without conversion to low emission stables. The
value of 160 Gg NH3 year–1 is equal to a national average emission of 132 Gg N year–1.

b GW stands for protection of upper groundwater (NO3 concentration stays below the EU quality criterion of 50 mg
l–1), SW for protection of stagnant surface waters (N concentration stays below a target concentration of 2.2 mg l–
1), and AM93 and AM50 for annual NH3 ceilings of 93 and 50 Gg NH3 to protect biodiversity in nonagricultural
areas.
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TABLE 2
N Ceilings Related to the Protection of Various Combinations of Groundwater,

Surface Water, and Optimised NH3 Ceilings, Including and Excluding Export of Manure

N Ceiling with Manure Export N Ceiling without Manure Export
(Gg N year–1) (Gg N year–1)

Environmental
Protection Feed Feed
Goal Concentrates Fertiliser Totala Concentrates Fertilizer Totalb

Input in 2000 362 396 848 362 396 848

GW + P-limitb 456 312 858 454 310 854

GW + SW 330 226 646 295 164 549

GW + AM93 211 329 630 195 262 547

GW + AM50 89 325 504 81 109 280

GW + SW + AM93 120 226 436 84 150 323

GW + SW + AM50 58 224 372 31 56 177

a Total N ceiling includes the input by feed concentrates, fertiliser, deposition, and biological fixation. The
latter two inputs were fixed at the input of 90 Gg N year–1 in 2000, i.e., 49 Gg N year–1 for deposition and
41 Gg N year–1 for biological fixation.

b GW stands for protection of upper groundwater (NO3 concentration stays below the EU quality criterion of
50 mg l–1), SW for protection of stagnant surface waters (N concentration stays below a target concentra-
tion of 2.2 mg l–1), and AM93 and AM50 for annual NH3 ceilings of 93 and 50 Gg NH3 to protect biodiversity
in nonagricultural areas.
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TABLE 3
Acceptable Soil N Inputs Related to Different Criteria for Groundwater, Surface Water, and

Optimised NH3 Ceilings, Including and Excluding Export of Manure

Allowable N Input to Soil with Allowable N Input to Soil without
Environmental Manure Export (Gg N year–1) Manure Export (Gg N year–1)
Protection
Goal Manure Fertiliser Export Totala Manure Fertiliser Totala

Input in 2000 464 396 — 950 464 396 950

GW + P-limitb 552 312 1 955 550 310 950

GW + SW 409 226 51 776 348 164 602

GW + AM93 335 329 30 784 334 262 686

GW + AM50 96 325 107 618 144 109 343

GW + SW + AM93 167 226 57 560 177 150 417

GW + SW + AM50 41 224 109 466 70 56 216

a Total N input to the soil includes the input by animal manure applied to the land, fertiliser, deposition, and
biological fixation, correcting for export. The latter two inputs were fixed at the input of 90 Gg N year–1 in
2000.

b GW stands for protection of upper groundwater (NO3 concentration stays below the EU quality criterion of
50 mg l–1), SW for protection of stagnant surface waters (N concentration stays below a target concentra-
tion of 2.2 mg l–1), and AM93 and AM50 for annual NH3 ceilings of 93 and 50 Gg NH3 to protect biodiversity
in nonagricultural areas.
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TABLE 4
Areas Exceeding Different N Ceilings when

Implementing the Mineral Accounting
System (MINAS) and the EU Target of

170 kg ha–1 year–1 for Animal Manure Application

Area Exceeding N Ceilings (%)
Environmental
Protection Goal Present MINAS EU

GW + P-limita 57 22 28

GW + SW 83 77 78

GW + AM93 81 66 77

GW + AM50 92 79 88

GW + SW + AM93 95 84 87

GW + SW + AM50 98 94 97

a GW stands for protection of upper groundwater (NO3 concentra-
tion stays below the EU quality criterion of 50 mg l-1), SW for
protection of stagnant surface waters (N concentration stays be-
low a target concentration of 2.2 mg l-1), and AM93 and AM50
for annual NH3 ceilings of 93 and 50 Gg NH3 to protect biodiversity
in nonagricultural areas.
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