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Stellingen 

1. De bewering van de Wit c.s. dat de eerste optimaliseringsronde met IMDP per 
definitie voor elke doelrestrictie de meest ongunstige waarde die je hoeft te 
accepteren oplevert, is onjuist. 

(Wit, C.T. de, H. van Keulen, N.G. Seligman & I. Spharim,1988. Agric. Sys. 26,211-230; dit 

proefschrift) 

2. Het N-overschot op melkveebedrijven is geen goede maatstaf voor de mate 
waarin aan de emissienormen voor ammoniak en nitraat wordt voldaan, doordat 
het aandeel van ammoniak- en nitraatverliezen in het N-overschot sterk bepaald 
wordt door de bedrijfsopzet. 

(Dit proefschrift) 

3. Regionale differentiatie van de normen voor ammoniakvervluchtiging en 
nitraatuitspoeling kan een groot deel van de boeren meer perspectieven voor 
bedrijfsontwikkeling bieden, zonder extra milieuschade te veroorzaken, dan één 
algemene norm. 

4. Bij het ontwikkelen van landbouwproduktiesystemen kan de methode 
prototypering doelgerichter worden toegepast als vooraf een analyse met IMDP 
plaats vindt. 

(Vereijken, 1992. Neth.JAgric.Sci. 40,209-224; dit proefschrift) 

5. Toepassing van IMDP bij het ontwikkelen en analyseren van regio-specifieke 
bedrijfstypen kan een constructieve bijdrage leveren aan kennisimplementatie 
en plattelandsvernieuwing. 

6. Het overheidsbeleid gericht op het kennisintensiever maken van de 
landbouwpraktijk is inconsistent met de zware bezuinigingen op het gebied van 
het genereren en toepasbaar maken van nieuwe kennis. 

7. Het voortdurend reorganiseren van instituten leidt tot navelstaren en een 
inefficiënte inzet van duur personeel. 

8. Het is onwaarschijnlijk dat de continuïteit van kennisinstellingen gewaarborgd 
kan worden zonder de instroom van jong talent. 

http://Neth.JAgric.Sci


9. Het opleiden van academici zonder uitzicht te bieden op een passende baan is 
een sociaal onaanvaardbare inzet van middelen. 

10. Het veelvuldig voorkomen van nevenfunkties in leidinggevende banen 
suggereert dat dergelijke banen ook met zorg voor kinderen gecombineerd 
zouden kunnen worden. 
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Abstract 

Ven, G.W.J, van de, 1996. A mathematical approach to comparing environ­
mental and economic goals in dairy farming on sandy soils in the Netherlands. 
Ph.D. Thesis, Wageningen Agricultural University, The Netherlands, 240 p. 

A Dairy Farming Model was developed to screen the potentials for development 
of dairy farming on sandy soils in the Netherlands with respect to 
environmental, agro-technical and economic demands. The Dairy Farming Model 
consists of technical coefficient generators (TGC models) and an interactive 
multiple goal linear programming model (IMGLP model). The TCG models have 
been used to quantify input-output coefficients for a wide range of production 
techniques for grass, maize, fodder beet and milk. The results of the TCG models 
have been used in the IMGLP model, that optimizes the set of production 
techniques with respect to the goals defined. 
The model has been applied to a fictitious region with sandy soils. The analysis 
shows that dairy farming can meet both economic and environmental goals, as 
set by the government for the year 2000. However, this requires a reduction in 
labour income. Many different dairy farming systems are possible. A few general 
characteristics are: low N application on grazed grassland, a large proportion of 
the animals housed in low-emission stables and a substantial part of the 
concentrates produced in the region itself. 
Application of the Dairy Farming Model to the situation at the experimental 
dairy farm "De Marke" has shown that the model is suited for exploring the 
opportunities for the development of dairy farming at a specific location, 
provided it can be initialized for that situation. Initial farm lay-out and measures 
taken at 'De Marke' have been evaluated. 

Additional keywords: grassland, maize, fodder beet, environment, economics, 
landscape, nitrogen, phosphorus, modelling, linear programming 
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1. Introduction and problem definition 

1.1. From CAP to integrated agriculture 

Agricultural development is guided by technical and socio-economic 
developments and by the objectives that are pursued. In past decades, the aim 
of the Common Agricultural Policy (CAP) of the European Union (EU) was to 
increase production volumes to the level of self sufficiency, increase agricultural 
productivity, maintain low and stable consumer prices for basic food 
commodities and provide a parity income at farm level (Meester, 1980). This 
policy allowed for the rapid implementation of newly developed farming 
techniques. To reach these objectives an active market and price policy was 
pursued. However, high investment costs, increasing labour costs and greater 
knowledge requirements led to specialization and the separation of arable 
farming and animal husbandry. 
Adverse effects also occurred: excess production, high intervention costs and 
specific problems arose in each sector. In arable farming a greater dependence 
on pesticides developed, while the high input rates could not prevent increased 
population levels of many pests and the increased incidence of many diseases, 
intensive pig farming resulted in low prices and a high P surplus with the 
associated environmental pollution and in dairy farming a large N surplus was 
created accompanied by environmental problems (Vereijken, 1992). 
The CAP's focus on a limited number of goals has led to the over-achievement of 
some of these goals and the neglect of other agricultural land use goals (De Wit, 
1988). In response to these problems, the concept of integrated dairy farming 
was developed. It is defined as a sustainable, technically highly-developed form 
of agriculture, which, compared with current agricultural practices, uses less 
energy and other resources, limits environmental pollution, provides more 
employment, provides a return on labour and capital at parity with other sectors 
in society and, in addition to agricultural products, produces an attractive 
landscape (Netherlands Scientific Council for Government Policy, 1984). 
Integrated agriculture defines a framework for the optimization of agricultural 
production systems. Not all the objectives may be reached to the same extent at 
the same time, but they serve as a guideline for development. 
The aim of this study is to explore development options and identify promising 
techniques in dairy farming from both the environmental and economic point of 
view in the context of integrated dairy farming. 

1 



1.2. Environmental problems 

Nitrate leaching occurs when part of the nitrate present in the rooted zone is 
not taken up by the crop but transported to lower layers by excess rainfall. The 
amount of N leached depends on soil type, depth of the ground-water table and 
land use. In the upper meter of the ground-water in sandy soils in the 
Netherlands, which are the most sensitive to leaching, the nitrate concentration 
under arable crops is, on average 45-70 mg N M, under maize 110 and under 
grass 25. However, there is a wide variation in the measured values (Van 
Duijvenbooden, 1989). Nitrate concentration decreases with increasing depth, 
but increases at all depths with the course of time. The EU norm for nitrate in 
drinking water is 11.3 mg N M at 2 m below the ground-water table. At only 2 
of the 69 phreatic ground-water wells for drinking water this norm was 
exceeded in 1988. However, it is expected that about 70 and 50 % of the water, 
in the eastern and southern sandy regions respectively, will contain too much 
nitrate by the year 2000. This is 13 % of the total phreatic ground-water used 
for drinking water (Van Duijvenbooden, 1989). 
It depends very much on the local circumstances how much of the nitrate 
transported to below the rooted zone contributes to ground-water pollution. 
Nitrate can be reduced to dinitrogen oxide and nitrogen gas, both in the 
unsaturated and in the saturated zones of the soil when organic matter or iron 
sulphides are present. The half-life time of nitrate under the influence of 
organic matter is 0.25-1.5 years and under the influence of iron sulphides 
0.-4.5 years. As the transport rate of nitrate in the soil is 1 m yr 1 on average, this 
is well within the time required to reach the depth of water withdrawal 
(Van Beek, 1987). This agrees with the observation that either hardly any nitrate 
is found at the depth of withdrawal or relatively high concentrations are 
measured, when no iron sulphides or organic matter are present. At the highest 
nitrate concentrations the rate of increase is also greatest (Van Duijvenbooden, 
1989). Nitrogen gas is not a pollutant, but dinitrogen oxide contributes to the 
greenhouse effect. 
In 1993 deposition of potentially acidifying compounds, i.e. SOx, NOx and NHy, 
was estimated at 4 280 mol H+ ha"1 on average in the Netherlands (Heij & 
Schneider, 1995). The most serious damage by acidification can be prevented at 
a deposition level of 1 400 mol ha - 1 (Min. of Housing, Spatial Planning and 
Environment, 1989). The share of SOx, NOx and NH y in the total acidic deposition 
was 36 %, 18 % and 46 %, respectively. SOx is mainly emitted by refineries and 
electricity companies, 50 % of the NOx is emitted by road traffic and 92 % of the 
NHy emission, i.e. 19 million kg NH 3, originates from agricultural practices. In 
1993 cattle was responsible for 52 % of the ammonia emission in the 
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Netherlands. In 1993 N deposition in both NOx and NHy was 38 kg ha"1 on 
average, but there are large regional differences (Lekkerkerk et al., 1995). 
Deposition of ammonia leads to N enrichment and acidification of the soil. In 
weakly buffered ecosystems, such as heath lands, many characteristic species 
disappear and fast growing grass species take over due to the increased N 
availability. In forest ecosystems on nutrient poor soils, increased N content in 
leaves and needles lead to the greater susceptibility of trees to stress factors, 
such as drought, frosts and fungal diseases (Berendse et al., 1988; Roelofs et al., 
1987). Soil acidification results in the reduced vitality of trees due to plant toxic 
A l 3 + levels in the soil (Langeweg, 1989). 
P in surface waters leads to eutrification and excessive growth of algae. 
P accumulation in the soil in itself is not a problem, but as soon as the soil is 
saturated with P, leaching occurs. This occurs, when more than 25 % of the 
phosphate binding capacity of the soil is used (Van der Zee et al., 1990). 
P saturation has been observed over a large area of the sandy regions, especially 
those areas under continuous maize cultivation (Breeuwsma & Berghs, 1993). 
Due to the extensive land and water development projects implemented since 
the beginning of this century, largely for the benefit of agriculture, the structure 
of the landscape has changed from a diverse small scale structure into a more 
uniform large scale one. In many places wooded banks have disappeared and 
rivers have been canalized (Min. of Agriculture, Nature Management and 
Fisheries, 1989; De Wit, 1988). 

1.3. Characteristics and problems of dairy farming in the 
Netherlands 

Dairy farming is an important sector in Dutch agriculture, contributing 40 % of 
the total added value. It also contributes to employment, especially when 
associated industrial activities are considered, and to the balance of trade 
(Veeneklaas, 1990). 
The continuing intensification in dairy farming has led to excess milk production. 
Between 1970 and 1983, average milk production per ha grassland and fodder 
crops increased by 286 kg yr 1 (Figure 1.1) and total milk production increased 
from 8.25 to 13.20 million tonnes yr 1 . 
In 1983 milk surpluses in the EU were estimated at 24 % of the marketed 
production (Van der Meer & Wedin, 1989). Therefore, milk quota were 
implemented, resulting in both a lower production per hectare and a lower total 
production (11.0 million tonnes in 1993). Production per cow, however, 
continued to increase, as a result of selection for the most productive animals 
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Figure 1.1 Average milk production in t ha"1 between 1970 and 1993 

(Source: Agricultural Economics Research Institute & Netherlands 

Central Bureau for Statistics, 1975-1995). 

and technical progress, from 5 090 kg fat and protein corrected milk per cow per 
year In 1980 to 6 730 in 1993. This resulted in a decrease in the average stocking 
rate from 1.9 cows per ha grassland and fodder crops in 1983 to 1.3 in 1993. In 
1993 there were 32 800 specialized dairy farms in the Netherlands, which 
amounted to about 27 % of the total number of farms. About 90 % of dairy 
cows, i.e. 1.57 million, were found on these farms, hence each farm had on 
average 48 cows (Agricultural Economics Research Institute & Netherlands 
Central Bureau for Statistics, 1989, 1995). 
Dairy farming contributes significantly to environmental pollution and has a 
serious impact on the nature and landscape. The problems are mainly caused by 
imbalanced nutrient cycles. An analysis of the nutrient balance of current dairy 
farms for 1991/1992 shows that only 80 kg ha"1 yr 1 , or 17 % of the N imported 
into the production system, leaves the farm in agricultural products (Table 1.1; 
Aarts & Middelkoop, 1994). Milk is the main output, accounting for about 80 %, 
while inorganic fertilizers and concentrates comprise 80 % of the total inputs of 
487 kg ha - 1 yr 1 . The N surplus, if not accumulated in the soil or denitrified to 
elementary N, constitutes a potential source of environmental problems, in the 
form of nitrate leaching, emissions of nitrous oxides, ammonia volatilization and 
run off. 
For phosphorus and potassium the surplus is 29 and 84 kg ha - 1 yr 1 , respectively. 
Phosphorus (P) is far less mobile than nitrogen and leaching only occurs after the 
soil is saturated. Potassium (K) can be adsorbed by clay particles and organic 
matter. On sandy soils the content of both clay particles and organic matter is 
low and K is easily leached to the ground-water. 
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Table 1.1 Nutrient balances of specialized Dutch dairy farms in 1991/1992 per ha grassland 

and fodder crops in kg ha -1 yr 1. 

INPUTS N P K OUTPUTS N P K 

Inorganic fertilizers 275 14 10 Milk 66 11 18 

Concentrates 113 21 57 Meat 14 4 1 

Atmospheric deposition 49 1 4 

Purchased roughage 15 2 15 
Sundries 35 6 17 

Surplus (input-output) 406 29 84 

Total 487 44 103 487 44 103 

1.4. Towards integrated dairy farming 

Society no longer accepts the degradation of the natural resources and demands 
the development of sustainable production systems, which take into account 
objectives like the environment, landscape and nature. 

1.4.1. Policy goals 

The objectives for nature and landscape have been formulated in the Nature 
Policy Plan (Min. of Agriculture, Nature Management and Fisheries, 1989). 
A national ecological network has been designed throughout the Netherlands. 
Specific policy goals for nitrate leaching and ammonia volatilization have been 
laid down in the National Environmental Policy Plan (Min. of Housing, Spatial 
Planning and Environment, 1989). 
The EU norm for drinking water has been converted into a norm for ground­
water of 50 mg nitrate at 2 m below the ground water table, assuming that 
below this level no denitrification occurs. In areas where ground-water is used 
for drinking water purposes, this maximum concentration has to be reached by 
the end of the year 2000. At a ground-water recharge of 300 mm per year this 
amounts to leaching losses of 34 kg N ha - 1 yr 1 . 
In 1980, total ammonia emissions in the Netherlands amounted to 250 million 
kg. This represents about 100 kg N ha"1 grassland and fodder crops (Agricultural 
Economics Research Institute & Netherlands Central Bureau for Statistics, 1983; 
Lekkerkerk et al., 1995). By 2000 a reduction of 70 % has to be realized and by 
2010 a reduction of 80 - 90 %, resulting in a target emission of 30 kg N ha"1 yr 1 

in 2000 and 10-20 kg N in 2010. 
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For run off a general water quality goal has been defined. In stagnant fresh 
waters N concentration has to be below 2.2 mg I"1 during the summer period. 
Furthermore, N contamination of the North Sea has to be reduced by 50 % in 
1995 compared with 1985. Therefore, the N emissions of households, industry 
and agriculture have to be reduced by 70 % during that period (Min. of 
Transport, Public Works & Water Management, 1989). This is difficult to convert 
to a norm per ha in dairy farming and it is assumed that if other losses are 
limited, run off will also be reduced. 
In surface waters, maximum P concentration has been set to 0.15 mg M to 
prevent excessive growth of algae. No separate norm has been set for 
phosphate leaching. If the norm for surface water is translated to ground-water, 
phosphorus leaching losses are limited to 0.5 kg ha"1. No norm has been set for 
phosphor surplus either, but by the year 2000 the amount of phosphorus 
applied will be limited to the amount transported in products. 
The question is how those objectives can be achieved and what sacrifices have to 
be made on the production objectives. There may be scope for meeting all 
objectives to a large extend, as the additional objectives have never received 
serious attention before (Aarts et al., 1992; Vereijken, 1992; Netherlands 
Scientific Council for Government Policy, 1984). However, it is not clear what the 
scope for development of dairy farming is, if all these objectives are taken into 
consideration, without giving priority to current production-oriented objectives. 

1.4.2. Elements essential to environmentally-sound dairy farming 

Integrated dairy farming aims to create a balanced situation (Section 1.1) and 
provides a framework in which various goals can be considered in the light of 
socio-economic and environmental aspects. To explore the possibilities of 
integrated dairy farming all the relevant technical elements have to be 
quantified. Together they form a rather complicated network, so it is difficult to 
include all objectives from the outset. Therefore, those objectives which need 
attention most urgently have been selected and expanded upon in this study. In 
dairy farming, these objectives concern minimizing ammonia volatilization, 
nitrate leaching and P surplus, maximizing labour income, developing an 
attractive landscape and preventing a manure surplus. These objectives will be 
further elaborated on below. 
Various elements in the dairy farming system are pivotal to development of 
environmentally-sound practices. Inorganic fertilizers constitute a large part of 
the N input in dairy farming (Table 1.1). N supply and N demand have to be 
balanced, both in time and in space to prevent unnecessary losses. When 
inorganic fertilizer is applied, nitrate leaching is the major loss process. When 
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animal manure is applied, ammonia volatilization also occurs, the amount 
depending on the application method. 
The decision to cut grass, have it grazed or a combination of both influences the 
total herbage yield and the amount and type of N losses. Grazing leads to high 
leaching losses and zero grazing to high volatilization losses. 
Crop production, the quality of the fodder and N losses associated with the 
cultivation method, vary among crops. 
Concentrates contribute substantially to the N input in dairy farming (Table 1.1). 
By substituting concentrates with high quality forage, P and N surplus and N 
losses may be reduced, if the fertilizer input need not be increased too much. 
At a higher milk production level per cow, relatively less energy is required for 
maintenance and a larger proportion is converted into milk. 
Nitrate leaching from maize land is usually higher than from grassland, but this 
is at least partly associated with current cultivation practices. By growing a catch 
crop, such as Italian rye grass or rye, N present in the soil profile in autumn can 
be taken up and leaching during the winter may be partly prevented. 
Surface application of slurry leads to high ammonia emissions and a low N 
availability to the crop. Incorporating the slurry in the soil almost doubles the N 
available to the crop and greatly reduces ammonia volatilization (Wadman, 
1988; Mulder & Huijsmans, 1994). 
To design environmentally-sound dairy farming systems, all these pivotal aspects 
need to be taken into account. 

1.4.3. Scope of the study 

Dairy farming consists of a plant production part and an animal production part, 
both with its own specific environmental effects. The emphasis of this study is on 
forage production and utilization on dairy farms. In addition to the objectives 
mentioned above, forage should provide livestock with sufficient fodder of a 
quality commensurate with the desired milk production level and absorb all 
manure produced by the animals. To evaluate the impact of a certain measure 
or production technique or a combination of several ones, the complete dairy 
farming system has to be considered, because the transfer of adverse effects 
from one part to another part of the system should be avoided. 
The relationship between crop production and fertilizer application varies 
among soil types, hydrological situation and weather conditions. The dairy 
farming system, which is optimally adapted to the prevailing conditions, will 
thus vary for different regions. The present study is focused on one specific 
situation. However, the framework has been defined in such a way that it can 
easily be extended to other situations. Almost half the grassland in the 
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Netherlands is situated on sandy soils (Agricultural Economics Research Institute 
& Netherlands Central Bureau for Statistics, 1990), where environmental 
problems are most pronounced. Therefore, a sandy soil with a good water-
holding capacity, in order to prevent severe yield reductions due to drought 
periods, has been considered. 
The contribution made by dairy farming to the national N surplus is rather large, 
while the P and K surpluses are mainly caused by intensive animal husbandry 
('t Jong et al., 1989). The N cycle in dairy farming has been worked out in most 
detail. For P, the feeding standard has been applied and the balance calculated 
to ensure that the P supply is adequate, but does not exceed legal limits. 
In dairy farming the main fodder crops are grass and silage maize, so these crops 
have been included. Fodder beets and ground ear silage have been selected as 
examples of concentrate feed that can be grown on the farm. This may reduce 
the amount of concentrate that has to be purchased from outside. 
In addition to technical relationships, economic ones are also taken into account. 
In standard farm economic analysis the farm is the essential unit and scale 
effects are taken into account explicity (Wossink, 1993; Berentsen & Giessen, 
1995; Hennen, 1995). The usual farm economic analysis has been adapted by 
converting fixed costs to variable costs to prevent scale effects (Chapter 5). 
Behavioural relationships have been omitted. 

1.5. System analysis in dairy farming 

Economists and agronomists each approach agricultural development from their 
own specific point of view, using their own language and research tools. Their 
approaches are generally so different that often communication and exchange 
of data is difficult. However, to obtain a realistic picture of the potential for 
agricultural development, taking into account technical as well as economic 
aspects, both approaches should be integrated. 
Often, different technically feasible development paths are possible in which 
different goals are realized to a greater or lesser extent and the 'trade-offs' 
between the various goals determine the degree of compromise that can be 
reached. The development plan that is finally selected and implemented reflects, 
implicitly or explicitly, the relative importance attached to the various goals. All 
possible environmental and economic goals aimed at, and constraints imposed 
on dairy farming should be taken into account simultaneously to arrive at a 
satisfactory production system. Therefore, the problem has been defined 
mathematically as an optimization problem with multiple goals (Nijkamp & 
Spronk, 1980). 
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