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Spatial planning as a tool for decreasing nitrogen loads in 
nature areas

Albert Bleeker and Jan Willem Erisman

Abstract

Deposition of nitrogen forms one of the largest threats to the vitality and bio-
diversity of Dutch nature areas. Of the two nitrogen compounds contributing to 
the total nitrogen deposition, Dutch sources of reduced nitrogen are estimated 
to contribute 47% to the total nitrogen deposition, whereas for oxidised nitro-
gen this is only 15%. For Dutch policy, it is therefore most effective to decrease 
ammonia emissions. To safeguard the nature areas from ammonia deposition 
by limiting critical N load exceedances, a decrease of more than 70% of the am-
monia emissions compared to the 1980 level is needed. Such a stringent target 
causes much friction between on the one hand agriculture, the primary source 
of ammonia, and nature conservation and development on the other. This fric-
tion is mainly caused by the fact that both the most sensitive natural areas in 
terms of acidification and eutrophication and the intensive agricultural areas are 
located on the poor sandy soils. When searching for solutions to the ammonia 
stress in natural areas it is necessary to look at possibilities to decrease emis-
sions and therewith its effects, on the one hand, and at possibilities to discon-
nect the spatial relationship between agriculture and nature, on the other. These 
two options have been addressed in this article and it is found that current policy 
on decreasing ammonia emissions is, even after disconnecting agriculture and 
nature, not enough to safeguard the nature areas. However, introducing spe-
cific functions for nature areas, therewith introducing higher critical loads, will 
provide the possibility for lower emission decreases than is needed for present 
Dutch nature. 

7.1 Introduction
In the Netherlands, the deposition of nitrogen, in combination with soil acidifi-
cation was found to form one of the largest threats to the ecosystem vitality and 
biodiversity of Dutch nature areas (e.g. Heij & Erisman, 1997). Both soil acidi-
fication and excess nitrogen loads lead to an imbalance in the nutrient status 
of ecosystems increasing the risk on effects. Dutch sources of reduced nitrogen 
have been estimated to contribute 47% to the total nitrogen deposition in the 
Netherlands, whereas for oxidised nitrogen this is only 15% (RIVM, 1997). For 
Dutch policy, it is therefore most effective to decrease ammonia emissions in 
order to safeguard the natural areas by limiting critical N load exceedances in the 
Netherlands. The overall national target is a 70% decrease of ammonia emission 
compared with the 1980 level (234 Gg NH3) established in 2010.
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The 4th Environmental Outlook of the Netherlands (RIVM, 1997) estimates that 
the ammonia emission in 2010 will decrease from 144 Gg NH3 (in 1995) to 102 
Gg NH3 (in 2010) and in 2020 to 92 Gg NH3 due to current policy. This equates 
to decreases of respectively 56 and 61% compared to 1980 and the target of 
70% decrease will not be met. Table 7.1 shows the emissions for the different 
years. Also presented in Table 7.1 are the deposition estimates for these years 
based on the ammonia emissions and calculated with a transport and deposition 
model (OPS-model; Asman & van Jaarsveld, 1992; van Jaarsveld, 1995). The gap 
between target and the estimated ammonia emissions of the 4th Environmental 
Outlook, used in this study, is possibly even larger. Recent studies come to the 
conclusion that the estimated decrease in emission as the result of ammonia 
emission abatement has been overestimated so far (Erisman et al., 1998).  

1995 2000 2010 2020

Emission (in Gg NH3) 144 124 102 92

Deposition (in mol ha-1) 1630 1170 1010 940

Table 7.1 Estimated emission and deposition of NH3 in the Netherlands in 1995, 2000, 2010 
and 2020 (RIVM, 1997).

Figure 7.1 Emission of NH3 in the Netherlands for 1995 in 
kg.ha-1 (RIVM, 1997).
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As far as the target of a 70% decrease is concerned, there is, therefore, much 
friction between agriculture, the primary source of ammonia, on the one hand 
and nature conservation on the other hand. One of the main reasons for this 
friction is the location of the intensive agricultural areas on the poor sandy soils, 
which are also the areas where the most sensitive natural areas are located in 
terms of acidification and eutrophication. Because of the location of sources 
close to nature areas and the fast deposition rates of NH3, the load to these 
areas is relatively high.

In the past, the location of the agricultural areas on the poor sandy soils used 
to be a positive situation because livestock produced the manure necessary to 
improve the agricultural production on these sandy soils. Now there is excess ni-
trogen and the remaining poor soils, where nature was kept more or less intact, 
suffer from the high NH3 loads. Figure 7.1 and Figure 7.2 show the emission of 
ammonia in 1995 and the areas where exceedance of critical loads for nitrogen 
is highest, respectively.

As shown above, current policy on the decrease of ammonia emissions is not 
enough to meet the target. When searching for solutions to the ammonia stress 
in natural areas, it is necessary to look both at possibilities to decrease ammo-

Figure 7.2 Exceedance of critical loads for nitrogen for 1995 
in the Netherlands (Erisman et al., 1997).

8
9

7
6
5
4
3
2
1



150

nia emissions and therefore the effects, and at possibilities to disconnect the 
spatial relationship between agriculture and nature. Disconnecting the spatial 
relationship can be achieved by introducing high stacks, which appeared to be a 
temporally solution for the sulphur pollution near industrial areas in the sixties. 
Another way is to move sources and/or nature areas, which would take away the 
local stress on nature areas.

In this paper the effect of additional spatial measures on the emission targets is 
investigated. 

7.2 Methods
In this paragraph a description will be given of the methods that were used in 
this study. This regards the spatial optimisation method and the critical loads for 
nitrogen.

7.2.1 Optimisation method
The method used for spatially optimising ammonia emission has been used be-
fore (Erisman et al., 1996a, 1996b). The method as such is described in detail in 
Bakema (1995) and Heuberger et al. (1997).

The optimisation method determines optimal emission distributions with a de-
crease of emission and deposition as a starting point, using emission/deposition 
(source-receptor) relations for ammonia on 5x5 km2 grid. These relations were 
derived from calculations with the OPS-transport model (Asman & van Jaarsveld, 
1992; van Jaarsveld, 1995). The underlying algorithm uses linear programming 
techniques, with which this type of problems can be solved relatively fast even 
for the very large number of variables that are needed in these kind of calcula-
tions. The restrictions for the deposition are the critical loads for nitrogen. Con-
cerning the emissions there are two restrictions. First, the maximum emission 
per gridcell is set at 5000 mol.ha-1.yr-1 (70 kg N ha-1.yr-1). The present emission is 
used if it exceeds this value. Secondly, the emission change per gridcell in each 
optimisation step is limited by the mean change of emission in the surrounding 
gridcells, such that deviations of up to 10% are permitted. This last restriction 
is introduced to prevent calculation of unrealistic high emission decreases. The 
purpose of the optimisation is to meet the critical loads with a minimum de-
crease of the total Dutch ammonia emission.

The spatial distribution of the actual emissions (Figure 7.1) is used as a starting 
point for the spatial optimisation and to determine the relative spatial change 
after optimisation.

7.2.2 Critical loads
Empirical critical loads for terrestrial ecosystems have been estimated by Bob-
bink et al. (1996; Table 7.2). These critical loads are estimated for different 
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ecosystems or soil types, related to specific effects like groundwater pollution, 
changes of vegetation, forest vitality, etc. Critical loads are defined as the highest 
deposition of a compound that will not cause chemical changes leading to long-
term harmful effects on ecosystem structure and function (Nilsson, 1986). 

In this study a critical load map was compiled for the so-called Ecological Main 
Structure of Dutch nature conservation areas that has been defined in 1989 
(LNV, 1989). This structure of nature conservation areas consists of already pres-
ent semi-natural vegetation and of designated nature reserves. The locations 
and specifications of the present semi-natural vegetation based on Klein et al. 
(1996) were combined with the critical loads by Bobbink et al. (1996). For the 
designated nature reserve areas, for which it is not clear yet what kind of veg-
etation should be available there in time, critical loads based on soil maps are 
used (de Vries, 1996). The nature areas have been aggregated to a resolution of 
5x5 km2. To agricultural areas and urban areas no critical loads were assigned. In 
order to provide optimal protection, the lowest values of the critical load range 
for nitrogen in Table 7.2 have been used for all the calculations performed in this 
study. These critical loads for nitrogen have been corrected for the contribution 
of foreign sources of nitrogen to the total nitrogen deposition and for the con-
tribution of oxidised nitrogen deposition to the total nitrogen deposition due 
to Dutch sources. This is done for each 5x5 km2 gridcell. These corrections have 
been made in order to translate the critical loads for nitrogen to critical loads 
that can be compared to the ammonia deposition due to Dutch ammonia emis-

Vegetation type Critical Load Critical Load + NMM

(mol.ha-1.yr-1) (mol.ha-1.yr-1)

Heather 1100-1600 2200

Chalk grassland 1100-1800 2500

Dune vegetation, calcareous 1100-1400 1800

Dune vegetation, non-calcareous 700-1100 1400

Non-deciduous forest, poor 500-700 no NMM possible

Other forests 700-1400 no NMM possible

Peat-moot 350-700 700

Fen 350-700 1400

Floating fen 1400-2500 no NMM possible

Calcareous dune pools 700-1400 1800

Thero-Airion grasslands 1400-2200 1400-2200

Spergulo-Corynephorion grasslands 1100-1400 1100-1400

Nardo-Galion grasslands 700-1100 1400

Table 7.2 Critical loads for nitrogen for different vegetation types and soil types; standard 
estimates and with application of nature management measures (NMM) aimed 
at mitigating effects of atmospheric deposition (Bobbink et al., 1996).
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sions. Figure 7.3 shows the critical load map for ammonia. Using this method 
means that a proportional decrease of ammonia in the neighbouring countries 
and oxidised nitrogen is needed to avoid future exceedances of the critical load 
of nitrogen

Table 7.2 also contains critical loads that can be used when nature management 
measures (NMM), aimed at decreasing the effects of acidification and eutrophi-
cation are applied. Such measures include e.g. sod cutting, liming, hydrological 
measures (e.g. inlet of buffered (ground) water). When applying these measures 
higher deposition of nitrogen is admissible.

7.3 Optimisation of NH3 emissions for different scenarios
Optimising NH3 emissions means that agriculture and nature are spatially sepa-
rated by decreasing emissions in some regions so that emissions in other regions 
can be increased while nature goals can be fully met. For the standard optimis-
ation, the corrected critical loads as shown in Figure 7.3 were used (base calcu-
lation). Next a calculation has been performed using the corrected critical loads 
that are valid when using the nature management measures (base + NMM). Fig-

Figure 7.3 Critical loads for ammonia (in mol N.ha-1) after cor-
recting the critical loads for nitrogen for the con-
tribution of foreign sources of nitrogen and for the 
contribution of oxidised nitrogen deposition due to 
Dutch sources.
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ure 7.4 shows the difference (in %) of the optimised ammonia emission and the 
emission in 1995. The total allowable Dutch emission for the ‘base calculation’ is 
54 Gg NH3 (decrease of 61% compared to 1995) while the allowable emission for 
the ‘base + NMM calculation’ is 60 Gg NH3 (decrease of 57% compared to 1995). 
An overview of all the results is given in Table 7.4.

With respect to the current levels of ammonia emission, a major geographical 
transfer of agricultural activities accompanies this decrease, which is almost un-
feasible because of huge costs involved for taking the necessary measures. This 
is the case when the already mentioned ‘Ecological Main Structure of Dutch Na-
ture’ has to be safeguarded by preventing the exceedance of the lowest critical 
loads. It can be stated that the demands for protecting semi-natural ecosystems 
are too strict as far as feasible ammonia deposition decreases are concerned.

Even after spatially disconnecting agriculture and nature the decrease of the 
ammonia emissions is not enough to save all of the Dutch nature areas. We 
searched for a solution by defining some scenarios in which critical loads for 
some nature areas can be increased in order to allow more NH3 emission in 
the Netherlands. These areas were selected according to different protocols in 
which high priority nature areas that have to be saved were selected (biodiver-
sity, nature protection areas, etc.) and by selecting areas where different func-
tions are possible (e.g. forested area combined with recreation).

Figure 7.4 Difference (in %) of the optimised ammonia emis-
sion and the emission in 1995 using the critical 
loads shown in Figure 7.3 (‘base’ calculation).
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As an example for the first option, important nature areas which have to be 
saved were selected. These areas, also called ‘hotspots’, are shown in Figure 7.5. 
This figure also shows a map with ‘compensated’ nature areas. Compensating 
nature means that nature areas in regions where saving seems impossible be-
cause of the high NH3 deposition and important economic interests, are ‘moved’ 
to regions where the possibility of saving exists. From Figure 7.5 (left) and Figure 
7.1 it is clear that it is almost unfeasible to save the nature areas in the southern 
part of The Netherlands because of the high costs that are involved in closing 
down or moving farms in that area. Therefore, possible alternative locations are 
investigated in the northern part of The Netherlands (Figure 7.5 (right)), where 
circumstances to support nature protection and development are better.

For the second option choices about the function of the different nature areas 
have been made. Depending on these functions the critical loads can be ad-
justed by using NMM (critical loads as in Table 7.1), by providing basic protec-
tion for forest trees (2000 mol N ha-1.yr-1) or by leaving the area unprotected for 
ammonia deposition (4000 mol N ha-1.yr-1). For this study three scenarios were 
defined. In these scenarios, choices were made about whether or not nature can 
exist next to different economical activities. For example: in case of recreation as 
an activity, the quality of the areas can be restricted to allow growing of mixed 
forest which are highly appreciated as recreation areas. The critical load can in 
those cases be higher than in the case of a nature area which should be protect-
ed for its biodiversity. The scenarios are merely made to illustrate the perspec-
tives when choices about functions are made. Table 7.3 gives an overview of the 
critical loads for the different areas in the Netherlands as defined for the 3 sce-

Figure 7.5 Critical nitrogen loads (in mol N ha-1.yr-1) for ‘hotspots’ (left) and ‘compensated’ 
(right) nature areas.
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narios. In scenario 1 it is assumed that present nature in the urban areas in the 
western part of the Netherlands can only be protected by NMM. When NMM is 
not used, there is a risk of loss of species in that area. Because of the agricultural 
character of the southern part of the Netherlands it is assumed in scenario 1 
that it is impossible to protect this area completely, because of the fact that in 
that case a 90% decrease of livestock would be needed. Therefore, nature has 
to tolerate a small exceedance of the critical loads (or the use of NMM). In case 
of scenario 2 and 3 additional management measures are needed to preserve 
nature. In the north-western and south-western parts of the Netherlands it is 
possible to protect nature in case of scenario 1. In scenario 2 and 3 there are 

Part of the country Base Scenario 1 Scenario 2 Scenario 3

North Lowest Lowest lowest lowest

Northwest and Southwest Lowest Lowest NMM 2000

West Urban Lowest NMM 2000 4000

South Lowest NMM 2000 4000

Islands and coastal area Lowest Lowest lowest NMM

East and forested areas in the central part 
of the Netherlands

Lowest Lowest NMM 2000

Table 7.3 Critical loads for 3 scenarios for different areas in the Netherlands: lowest = lowest 
value according to Table 7.2, NMM = value when applying nature management 
measures aimed at mitigating effects of atmospheric deposition (Table 7.2), 2000 
is related to protecting forest vitality and 4000 means ‘unprotected’.
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Figure 7.6 Number of 5x5 km2 gridcells within a critical nitrogen load 
range (in mol N ha-1.yr-1) for 3 scenarios (Table 7.3) and, for 
comparison, the base case.
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more opportunities for developing agriculture in those areas. The islands, coast-
al areas, northern and eastern areas and the forested areas in the central part 
of the Netherlands are fully protected in case of scenario 1 and 2. Scenario 3 
only protects the northern parts of the Netherlands completely. This is done to 
facilitate the compensation of nature areas that cannot be saved. As mentioned 
before it is possible that the economic activities in an area obstruct nature con-
servation. In that case one can give up the function of nature in that area and 
therefore leave the area unprotected for ammonia deposition (southern part of 
the Netherlands). Figure 7.6 shows the number of 5x5 km2 gridcells falling within 

0
100
200
300
400
500
600
700
800

N
um

be
r o

f 5
km

 x
 5

km
 g

rid
ce

lls

Emission reduction (in %)

Basis
Scenario 1
Scenario 2
Scenario 3

Figure 7.7 Number of 5 km x 5 km gridcells with emission changes (in %) 
compared with the 1995 ammonia emissions for 3 scenarios 
(Figure 7.6 and Table 7.3) and for the base calculation (Figure 
7.4).

Optimisation run Total emission Em. decrease

(Gg NH3) compared to 1995 (%)

1995 144 0

1. Base 54 61

2. Base + NMM 60 57

3. Hot spot 71 49

4. Hot spot + NMM 80 43

5. Compensation 72 48

6. Compensation + NMM 77 38

7. Scenario 1 56 60

8. Scenario 2 78 44

9. Scenario 3 119 15

Table 7.4 Overview of the total emission (in Gg NH3) and emission decrease 
(in %) for all the optimisation runs.
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a certain critical load range for the 3 scenarios and, for comparison, for the base 
calculation (Figure 7.4) divided in different critical load classes. The figure shows 
that the choices about the degree of protection results in a shift of number of 
gridcells from the lowest and second lowest class to the highest classes.

The calculated necessary emission changes compared with 1995 required for 
saving the nature areas of the 3 scenarios after optimisation of the ammonia 
emissions are shown in Figure 7.7. An overview of the results of all the optimis-
ation runs is presented in Table 7.4. 

From Figure 7.7 and Table 7.4 it is clear that considerable higher emissions of 
ammonia are allowed when less ambitious goals for the different nature areas 
are used. The ‘base’ calculation shows a required decrease of ammonia emission 
of 61%, while in case of scenario 3 only a decrease of 15% compared to the 1995 
ammonia emission is needed. However, implementing this scenario means that 
goals set for development of current Dutch nature areas are not met. This asks 
for a choice between economic interests (agriculture) and natural values.

7.4 Conclusions
From this study it can be concluded that:

• despite huge emission decreases, friction between both spatial distribution 
of emission (agricultural) areas and natural areas will continue;

• spatial separation of intensive agriculture and vulnerable natural areas can 
introduce extra ways to eliminate the friction between agriculture and nat-
ural areas;

• although an improvement, moving of designated nature areas will still not 
lead to sustainable solutions because the expected stress on the new, rela-
tively unpolluted, locations is still too high;

• introducing specific functions for nature areas (e.g. recreation) will provide 
the possibility for lower emission decreases than is needed for present 
Dutch nature, but the goals set for nature development in the Netherlands 
are then not met;

• by decreasing the local stress, without decreasing the total emission to a 
large extent, the long-range transport is not decreased and the areas out-
side the Netherlands are still affected by Dutch ammonia sources.
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