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The impact of environmental policy instruments for the control of nitrate poliu-
tion from agricultural sources on income and nitrogen balances is assessed at farm
level in the European Union. A Linear-Programming model at farm level has been
used. Individual farm optimizations are based on the 1990/91 sample of the Farm
Accountancy Data Network (FADN) of the European Commission. Variable costs
are obtained from the Sectoral Production and Income model for agriculture
(SPEL). A standard on the application of nitrogen from organic manure and a levy
on the nitrogen surplus are assessed. CAP Reform is considered in the analysis.
Three farming types are distinguished; dairy, granivore and cereal farms.

The way farms are affected by policy instruments varies largely across groups of
farms in the European Union because of the differences in farm structure, input
use and the way organic manure is treated at the farm. Adjustment possibilities as
a result of policy changes are mainly limited to flows of organic manure in the as-
sessments made.

The supply of animal manure in EUR 12 exceeds 170 kg of nitrogen per hectare
{excluding emission losses) on approximately 19% of the number of dairy holdings
and 87% of the number of granivore holdings represented by FADN. This is the
equivalent of almost 115 thousand dairy and 53 thousand granivore holdings. The
increasing pressure on the manure market in response to the policy scenarios as-
sessed is mainly the result of the increase in the amount of manure disposed at
dairy farms and to a lesser extent at granivore farms. Granivore farms were already
affected by existing environmental policy.

Several adjustments in farming practice are to be expected to meet the require-
ments of policy. The impact of a more efficient use of feed concentrates, the re-
placement of inorganic fertilizers by organic manure at arable farms and of
emission reducing techniques is presented separately.

Nitrogen balance/Agriculture/Environmental Policy/Nitrate Directive/Farm level

The contents of this report may be quoted or reproduced without further permis-
sion. Due acknowledgement is requested.
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PREFACE

The present report is a contribution to the study 'Standards on nitrate in
the European Community: Processes of change in policy instruments and agri-
cuiture’. The overall objective of the study is to identify (i) policy instruments
to reduce nitrate levels in drinking water, such that standards on the quality of
drinking water are met; and {ii) processes of change in the agricultural sector
of the European Community in response to policies.

The project is partly funded by the Directorate-General for Science, Re-
search and Development (DG Xll) of the Commission of the European Commu-
nities (Environment Programme, Area Ill: Socio-economic Research) under con-
tract EV5VY-CT92-0155. The support of the European Commission is gratefully
acknowledged.

The study is a joint collaboration of the (i) Landbouw-Economisch Insti-
tuut {LEI-IEA), Brussels, Belgium; {ii) Statens Jordbrugsekonomiske Institut {SJ1),
Copenhagen, Denmark; (iii} Bundesforschungsanstalt fiir Landwirtschaft, Insti-
tut fir Betriebswirtschaft (FAL), Braunschweig, Germany; {iv) Institut National
de la Recherche Agronomique, Station d'Economie et Sociologie Rurales
{INRA), Rennes, France; (v} Landbouw-Economisch Instituut (LE-DLO), The
Hague, the Netherlands; and {vi} University of Stirling {STl), Economics Depart-
ment, Scotland, United Kingdom.

The report builds upon the report 'Mineral balances at farm level in the
European Union', which quantified mineral surpluses and assessed structural
characteristics. The present report focuses on the impact of policy instruments
on income and nitrogen balances at farm level and assesses processes of
change in the agricultural sector in response to these instruments.

Comments on a draft version of the report were received from
F.M. Brouwer, J. Post, L. Lauwers and W. Kleinhanss. The author highly appreci-
ates the important remarks made on the report.

Tha Director,

v
v

The Hague, December 1996 L.C. Zachariasse



SUMMARY

Objective of the study ‘

The report is to investigate the impact of agri-environmental policy in-
struments for the control of nitrate poliution from agricultural sources on in-
come and nitrogen balances at farm level in the European Union. Emphasis is
given to policies for the control of nitrate leaching to the available water re-
sources. Insight into the number of farms affected by policy will be provided.
Various farming types will be affected by policy in different ways, not only be-
cause of differences in farm structure and input use but also because of the
way organic manure is treated at the farm. The farming types considered in-
clude dairy, granivore and cereal farms.

The availability of information

Calculations at farm level are based on the 1990/91 sample of the Farm
Accountancy Data Network (FADN) of the European Commission. The sample
includes 58,450 farms which in total represent 4.4 million farms in the EU. As-
sessments are available for a number of farms of the sample, and are based on
individual FADN data. Variable costs per crop for the year 1990/91 are obtained
from the Sectoral Production and Income model for agriculture (SPEL). Addi-
tional data have been obtained from experts in the Member States.

Method used

A farm Linear-Programming model is developed which integrates eco-
nomic and environmental elements. It is a suitable instrument to choose be-
tween alternatives under CAP Reform. The model maximizes whole farm gross
margin. The gross margin provides an indicator for the change in farm income.
Environmental elements of policy are incorporated as model constraints. The
nitrogen surplus at farm level is used as an indicator for the potential of leach-
ing to soils. The mineral balance is calculated endogenously in the model. Min-
eral balances in the report are based on the so-called surface batance approach.
It reflects the application and treatment of minerals on the field. Input and
output flows of manure are considered. Farms are individually optimized to
gain insight into the distribution of changes in income and in nitrogen bal-
ances among farms.

Only a limited set of adjustment processes is considered in the analysis
made, which means that a kind of worst-case scenario is assessed. Focus is
mainly limited to nitrogen flows in response to changes of policy. The impact
of a number of adjustments in farming practice will be presented separately.
Introduction of these adjustments depends on the strategic as well as tactic
adaptation behaviour of farmers.
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Scenarios assessed

Existing environmental paolicy regulations in the Member States are con-
sidered in the analysis because they already affect farms and contribute to
meet environmental standards. The base scenario of the optimized model has
to reflect the situation of farms in the 1990/91 data base. CAP Reform at its
final stage in 1995/96 is the reference scenario and is part of the other scenar-
ios as well. The with-and-without principle is used to show the effects of policy.
A standard on the application of nitrogen from organic manure as well as a
levy on the nitrogen surplus will be compared to the CAP Reform scenario. The
environmental policy scenarios chosen for the assessment aim to meet objec-
tives formulated in the Nitrate Directive. The analysis focuses on the application
standard of 170 kg of nitrogen per hectare from organic manure. This is one
of the main elements of the Nitrate Directive. The use of mineral fertilizer is
considered in the directive in the codes of good agricultural practises. There-
fore a levy on the nitrogen surplus is assessed, which burdens not only the ap-
plication of organic manure but also the use of inorganic fertilizer.

Nitrogen balance of dairy farms

Supply of animal manure in Europe exceeds 170 kg N/ha (excluding emis-
sion losses) an approximately 19% of the number of dairy farms represented
by FADN. This is the equivalent of almost 115 thousand holdings. The share of
the number of dairy farms with excess of nitrogen from animal manure, af-
fected by a standard on the application of organic manure of 170 kg N/ha, in
total number of dairy farms is lowest in Germany, France, Ireland and Luxem-
bourg (less than 5%} and highest in the Netherlands (87 %).

The application standard forces dairy farms to dispose organic manure.
On average about 16 kg of nitrogen per hectare has to be disposed in addition.
It varies largely among the countries. The gross margin is reduced by 1,100 ECU
per farm on average considering limited adjustment processes compared to the
CAP Reform scenario. At production intensive farms increasing mineral fertil-
izer use is needed to maintain crop production.

A levy on the nitrogen surplus can be avoided by disposal of organic ma-
nure. This is one of the options considered in the analysis. Other aptions, which
might even allow to achieve environmental targets at lower costs, are not con-
sidered in the analysis. This could include reducing fertilizer rates, equipment
to reduce emissions of ammonia while spreading of manure and reducing pro-
tein content of feed. On average about 40 kg of nitrogen per hectare is dis-
posed in addition. K is even higher in Belgium, Denmark and the United King-
dom. The gross margin is reduced by 4,700 ECU per farm on average in EU 12
compared to the CAP Reform scenario. This big reduction in gross margin com-
pared to the application standard results from adjustment processes. A levy on
the nitrogen surplus meets the application standard of organic manure of 170
kg N/ha at all dairy farms, except at intensive dairy farms. At these intensive
farms only manure which is not needed for crop requirement is disposed, under
the levy on the surplus. This means that no additional mineral fertilizer pur-
chases are needed, like under the application standard. The application stan-
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dard forces farms to dispose organic manure, whereas it is only an alternative
under the levy.

Amounts of manure disposed are averages per hectare, whereas dairy
farms cover a total area of land of 16.7 million hectare in EU 12. This means
that considerable amounts of manure have to be disposed in total at dairy
farms under strict policy.

Nitrogen balance of granivore farms

Supply of animal manure in EU 12 exceeds 170 kg N/ha (excluding emis-
sion losses) on approximately 87% of the number of granivore farms repre-
sented by FADN. This is the equivalent of almost 53 thousand holdings. The
share of the number of granivore farms with excess of nitrogen from animal
manure, affected by a standard on the application of organic manure of 170
kg N/ha, in total number of granivore farms is lowest in Germany (53%) and
Denmark (73%). It exceeds 80% in the other Member States assessed.

Under existing environmental policy about 650 kg of nitrogen per hectare
has to be disposed already. Granivore farms cover 0.7 million hectare of land
in EU 12.

The amount of manure that has to be disposed under the application
standard does not change substantially on average. Granivore farms were al-
ready affected by existing environmental policy. The gross margin is reduced
by 6600 ECU per farm on average compared to the CAP Reform scenario, Under
the levy on the nitrogen surplus the surplus is reduced by some 100 kg N/ha
and the gross margin by 9100 ECU per farm on average. The lower gross mar-
gin is mainly the result of the higher level of disposal costs assumed under strict
policy.

Nitrogen balance of cereal farms

Cereal farms will be affected by the increased supply of surplus manure.
Organic manure will be more competitive compared to fertilizer as the pressure
on the manure market will increase. Surplus manure will be transferred from
surplus farms to farms that still can use manure. Inorganic fertilizers will be
replaced by organic manure. The replacement is restricted by the substitution
rate. When the rate is based on actual farmers' behaviour, there is a supply of
disposal room at cereal farms under strict policy of about 40 kg N/ha, whereas
cereal farms cover a total area of 12.5 million hectare of land in EU 12.

Adjustments in farming practice

Several responses are to be expected by farmers to meet the requirements
of policy, whereas only flows of organic manure are considered in the results
presented above. The nitrogen surplus can also be reduced by lowering the
input of mineral fertilizer. Further at dairy farms a better degree of utilization
of animal manure under the application standard can maintain crop produc-
tion, without additional mineral fertilizer use. Another option for farms is to
extend their area of land to spread manure on. Processing of organic manure
and manure separation are options as well, An overall introduction, however,
leads to a decrease of the local disposal pressure and, in consequence, of the

13



original incentives. The impacts of the following three adjustments are assessed

by the model separately.

- A more efficient usage of nitrogen in animal feed. This option reduces
the nitrogen excretion. Less organic manure has to be disposed under
strict policy. The introduction of improved feed concentrates is mainly an
interesting option at granivore farms, which face high disposal costs.

- The replacement of inorganic fertilizers by organic manure. Replacement
rates used are considered to reflect actual farmers' behaviour. They may
increase by allowing for higher application levels of animal manure at the
expense of mineral fertilizers, based on what is technically feasible. The
replacement may be restricted by environmental policy. Mainly at arable
farms a substantial replacement is possible.

- Losses of minerals to the atmosphere can be reduced by emission reduc-
ing techniques. Less losses increase the surplus in the short term and more
minerals have to be disposed to meet policy requirements. However, in
the long term deposition will be reduced as well and the surplus will
probably not change.

The introduction of these adaptations depends on the pressure on the
manure market, the local level of disposal costs and the costs of an alternative
option.

Discussion

The development and implementation of an integrated economic/en-
vironmental farm model at an European level is still in its infancy and faces a
number of problems. First of all with regard to the incorporation of dynamic
responses by farms to policy changes. Besides it is also hard to formulate differ-
ent environmental policy instruments which meet similar environmental tar-
gets. Since the adjustment processes considered in this report are rather limited
and disposal costs are exogenously determined, and not all farming types are
considered, the results of this approach must be interpreted with the necessary
care.
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1. INTRODUCTION

1.1 Scope of the study

In the European Union (EU) there is a growing concern about nitrate lev-
els in ground water and the eutrophication of surface and coastal water. Agri-
culture is one of the main contributors to the pollution of the aquatic environ-
ment by nitrates (Rude and Frederiksen, 1994). European Legislation placed a
50 mg/litre limit on the levels of nitrate allowable in drinking water (EU drink-
ing water standard). High nitrate levels are due to the high surplus of nitrogen
from agriculture and to vulnerability of the soil to leaching. Major adjustments
are required in EU agriculture to reduce leaching of minerals and meet the
standards of nitrate. A directive concerning the protection of waters against
pollution caused by nitrates from agricultural sources was announced to the
Member States in 1991 {Council Directive 91/676/EEC). Member States imple-
ment their policies to meet objectives formulated in the directive.

Part of the study 'Standards on Nitrate in the European Community’ fo-
cuses on the quantitative assessment of agri-environmental policy instruments
concerning the nitrogen pollution problem at different levels. In addition to
the assessment of policy instruments at national {Hellegers, 1995) and regional
(Becker and Kleinhanss, 1995} level this report focuses on the farm level. Due
to their level of aggregation regional models are not able to asses the impact
of policies related to farm structure. Farm models regarding farm structural
characteristics are needed.

Knowledge on the amount of minerals in animal manure is not sufficient
for an assessment of leaching potentials to the environment. Mineral balances
are more appropriate in that respect, incuding both inflow and outflow ele-
ments. The nitrogen surplus at farm level is used, because this indicator is more
appropriate for the identification of the potential of leaching to soils. The rela-
tionship between nitrogen surplus and the actual leaching of nitrate is not
direct, hut also depends on climatic and soil conditions. The balances are identi-
fied at farm level since the available options to contribute to a reduction of
mineral surpluses primarily prevail there. Adaptations at farm level are needed
to meet the objectives of policy.

The main cbjective of the farm level assessment is to examine the impact
of agri-environmental instruments for the control of nitrate pollution from
agricultural sources on income and nitrogen balances at farm level in the Euro-
pean Union. The research builds upon the report 'Mineral balances at farm
tevel in the European Union' {Brouwer et al., 1995). Consequences of a restric-
tion on the application of nitrogen from organic manure and a levy on the
nitrogen surplus will be analysed for dairy, granivore and cereal farms in 12 EU
Member States. The situation in the Netherlands will be highlighted. The envi-
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ronmental policy scenarios chosen for the assessment aim to meet ohjectives
formulated in the Nitrate Directive. Besides environmental policies, the agricul-
tural sector will also respond to alterations in market and price policies. The
1992 Common Agricultural Policy (CAP) Reform contains substantial price re-
ductions combined with compensation payments, which will affect farming
practice and farm income, CAP Reform may have an impact on the nitrogen
balance and the intensity of farming, due to changes in the cropping plan and
the stocking density, and therefore has to be regarded in the assessments as
well.

For the purpose of this study a Linear-Programming model at farm level
has been constructed. Environmental elements of policy scenarios are incorpo-
rated as mode} constraints. The model maximizes whole farm gross margin of
individual farms, which provides an indicator for the change in farm income.
The nitrogen balance is calculated endogenously in the model.

1.2 Method used

Simple simulation models might be able to consider adaptation processes
if a step by step procedure is used, and the number of production processes
and adaptations is guite small. As soon as the farming system becomes more
complex, simple simulation models are difficult fo use. A Linear-Programming
model (LP model) at farm level is designed for the purpose of the study, be-
cause it considers adaptation possibilities simultanecusly, even if the farming
system is more complex. It allows to respect the with-and-without principle in
evaluating different policy scenarios. The model has been developed in a joint
collaboration effort with FAL. Results of another version of the model for West-
ern Germany are presented in a report by Schleef (forthcoming).

The model aliows to quantify the impact of policy instruments and CAP
Reform on income and nitrogen balances at farm level. Agri-environmental
policy measures are introduced as model constraints. The abjective function,
which maximizes whole farm gross margin (revenues minus costs) plus net sub-
sidies, provides an indicator for the change in farm income. Ecological impacts
are indicated by the change of the mineral balance, which is calculated endog-
enously in the model. Moreover, new technologies can be implemented in the
model by additional activities. The farm model is comparative-static. The gen-
eral structure of the model has the mathematical form of the familiar Linear-
Programming problem: '

Maximize {Z=c'x}

subjectto Axc<b

and x>0

gross margin including net subsidies
vector of activities

vector of net revenues per unit of activity
matrix of input-output coefficients
vector of constraints '

with:

T n XN
nu o
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The activities (see appendix 1) out of which the optimal combination has
to be chosen by the solution procedure, are associated with revenues and costs.
There are revenues of crops, animals and animal products sold. Revenues are
generated by compensatory payments as well, based on area of crops, land set-
aside and animals. Costs incorporated are variable machinery costs, seed costs,
plant protection costs, expenditures on fertilizer, purchased animals, concen-
trated feed and roughage. Besides expenditures on the purchase and disposal
of organic manure are included.

The model covers 12 EU Member States. This provides insight into major
processes of change across the EU. Running the model with average farms
shows how an average farm might react and reduces the number of optimiza-
tions considerably. Model optimizations of individual farms, however, are ne-
cessary to gain insight into the distribution of changes in income and in nitro-
gen balances among farms and to show extreme cases. Therefore, individual
farms are optimized. In each run of the model scme right-hand side coefficients
depend on the farm as well as some of the coefficients of the objective func-
tion.

The software used for solving the Linear-Programming model is Sciconic.
It contains the LP-problem formulation.

The model can be used for most kind of farming types, except horticul-
tural holdings, vineyards and permanent crop holdings. This is mainiy because
the available knowledge of mineral requirements and mineral uptake of horti-
cultural and permanent crops is rather limited. Nevertheless it is known that
considerable amounts of animal manure are applied on some horticultural
crops. For each farming type distinguished {section 3.1) results of weighted
averages of individual optimized farms will be presented by Member States, A
more detailed assessment is made for farming types in regions with consider-
ably higher nitrogen surpluses than the national averages. Classification by
farming type, region and manure production per hectare, allows the examina-
tion of whether groups of farms of a farming type in a region would already
be able to meet the requirements of policy. It reflects the main structural and
regional characteristics which are critical to the flows of minerals at farm levet.
Averages can be compared to more extreme conditions.

The concept of mineral balances used, is based on the surface balance
approach. The assessments are based on the elaborations to assess mineral
balances at the regional level (5chleef and Kleinhanss, 1994) and at farm level
{Brouwer et al., 1995). Differences however arise with assessments published
before. For the purpose of the present research a correction on the surplus is
made for the amounts of manure disposed and purchased (see appendix 4).
Besides, emission losses are assumed to be 20% instead of 30%. Furthermore,
the application standard assessed in the present report excludes emission losses.
These losses were not excluded by Brouwer et al. (1995).

Excretion, uptake and requirement coefficients used are presented in
appendix 3. They are based on the figures used by Brouwer et al. {1995). There
are two exceptions to this. First, for Belgium the excretion figures of the Neth-
erlands are used because excretion levels of Belgium used by Brouwer et al.
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{1995) were substantially below more recent estimates. Second, excretion levels
of dairy cows are differentiated. They depend on the milk yield in the present
report (see appendix 3).

Mineral balances and their components are presented in the report in
kilogram per hectare unless otherwise stated. The denominator is based on the
area of arable crops and grass. This area is considered to be available for the
application of manure, The area does not include permanent crops. The total
utilized agricultural area (UAA), including arable crops, permanent grass and
permanent crops, is only used in the report if it is explicitly stated. The gross
margin is presented per farm unless otherwise stated.

1.3 Data sources used

The assessment at farm level are based on the 1990/91 sample of the Farm
Accountancy Data Network (FADN) of the European Commission. The sample
includes 58,450 farms that in total represent 4.4 million farms in the EU. Data
are available for all farms of the sample. Optimizations are based on individual
farm data. The report only provides results of averages of at least fifteen farms.
FADN contains farm level data on e.g. gross margin, farming type, number of
farms represented, regional location and whether this is a Less Favoured Area.
Data used for the farm level assessment are further area under a crop, number
of animals, variable input use, the milk quota and yields of crops and animal
production. FADN is not able to distinguish between management characteris-
tics of farms like ways of treating manure. It contains only a restricted number
of variables. Additional data like prices of in- and outputs and some technical
coefficients are provided by the participants of the study.

Variable costs (of machinery, seed and plant protection products) per crop
for the year 1990/91 are obtained from the Sectoral Production and Income
model for agriculture (SPEL/EC) 1). These variable costs per crop are aggregated
to the farm level and adjusted to actual expenditures on machinery, seed and
ptant protection at the farm provided by FADN. These adjusted variable costs
reflect the endowment of the farm. The endowment is also reflected in the
input of feed concentrates per animal. Standard input coefficients of concen-
trated feed input for pig and poultry are adjusted to the actual total expendi-
tures on pig and poultry concentrates provided by FADN. The actual expendi-
tures on cattle feed concentrates are only reflected in the input of feed concen-
trates of dairy cows. For other cattle standard input coefficients are used. The
corrections to actual expenditures are restricted.

The use of mineral fertilizer is not recorded at crop level by FADN. Farm
specific information regarding the total expenditures on inorganic fertilizer is
reflected in the requirement of minerals per crop. First of all mineral require-

1) The concept of the SPEL/EC System was developed at the Institut fur Agrarpoli-
tik, Marktforschung und Wirtschaftssoziologie of the University of Bonn by Hen-
richsmeyer, Wolf and Greuel (Wolf, 1992).
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ment is calculated by normative requirement functions, based on the yield of
crops. Then the maximum from organic manure in total mineral requirement
is calculated for each crop and subsequently for the whole farm. It is assumed
that the amount of phosphate and potassium provided by organic manure at
the farm is completely available for plant growth. Further it is assumed that the
amount of these minerals required for plant growth that still lacks, originates
from mineral fertilizer. Costs of phosphate and potassium can be calculated
and subtracted from the mineral fertilizer expenditure. The amount of inor-
ganic nitrogen can now be derived. In case organic manure is produced at the
farm the requirement of nitrogen fertilizer is adjusted to the expenditures on
fertilizer provided by FADN. Otherwise, the requirement of phosphate and
potassium is adjusted. The adjustments are within certain ranges.

Yields of field crops are partly available in FADN. Regional averages of
yields of field crops from the REGIO-Data Bank of Eurostat have been used in
case yields were not available at farm level. Regional yields have also been used
when farm yields deviate too much from the regional yields. Yields of forage
crops originate from external sources {Schleef and Kleinhanss, 1994).

1.4 Strength and weakness of the model

An advantage of the farm model is that differences between farms can
be assessed, which provides insight into the variation of changes among farms.
Individual farms are optimized instead of averages of farms because farms are
not homogenous. The average application of nitrogen from organic manure
per hectare in a region may not exceed a certain level, whereas part of the
farms exceeds this level. These farms will be affected by policy. The model is
able to provide insight into the distribution of changes in income and in nitro-
gen balances among farms and shows which farms are affected mostly in the
European Union by policy measures. Another strong point of the model is the
way CAP Reform is incorporated. Although extensification of crop production
due to a lower input use of fertilizer is not considered in the framework of the
modei.

A limited set of farm adjustment processes is considered in this report.
The adjustment processes do not intend to reflect the wide range of possible
adaptation processes of individual farmers. They aim to address changes of
nitrogen flows in response to changes of policy. Since the Nitrate Directive
mainly aims to reduce the amount of manure applied focus in this project is
limited to nitrogen flows, in terms of excess amounts of manure produced
which need to be disposed and amounts of manure which can be purchased.
More detailed investigations allowing for dynamic responses by farms would
have been very resource consuming, require major additional sources of infor-
mation and knowledge on technical-economic relationships in the various re-
gions and farming types investigated. A broad set of adaptation processes were
recently explored in the Netherlands in an investigation to assess socio-eco-
nomic consequences of various alternatives to phosphorus and nitrogen losses
{Nieuwenhuize et al., 1995).
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A likely adaptation not considered in the analysis is an increase in the
area of land to spread manure on. For example granivore farms with only one
hectare (ha) of land and high surpluses can halve the surplus per hectare by
buying or renting another hectare of land. However, the total area of land
available for agricultural purposes in a region is restricted.

A farm Linear-Programming madel has been used as a tool. The model
is a pure supply model, market interactions are not considered. This implies
among others, that the level of the disposal and purchase costs of animal ma-
nure are exogenously determined. The model is comparative-static, whereas
farmers respond in a more dynamic way. Therefore not only results of the
model are shown, but an attempt is made to provide a plausibility in reasoning.
Attention is paid in this respect to exogenously determined variables of the
model and to relations between variables. For example to the aspects which
determine the level of the disposal costs and to the level of the levy on the
nitrogen surplus in relation to the level of the disposal costs. Besides attention
is not only paid to the consequences of adjustments in farming practice in re-
sponse to policy but also to the conditions for introducing it. Since macro-ef-
fects are not considered in this micro-approach, model cutcomes have to be
compared to other approaches. To analyse supply and demand effects with
regard to regional conditions, national and regional models (Becker and
Kleinhanss, 1995) are necessary.

1.5 OQutline of the report

The report proceeds as follows. The method and data used and the possi-
bifities and limitations of this method are described in this chapter. Next in
chapter 2 the policy scenarios assessed are outlined. Chapter 3 contains a fur-
ther specification of the model and of the assumptions made. Chapters 4, 5 and
6 present results of the impact of policy measures concerning the control of
nitrate pollution on the farming types distinguished. Chapter 7 shows the con-
sequences of adjustments in farming practice. In the final chapter some con-
cluding remarks of the study are presented.
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2. POLICY INSTRUMENTS

2.1 Introduction

Policy instruments are assessed at three different levels in the study {fig-
ure 2.1). In addition to the assessment at the national {Hellegers, 1995) and
regional (Becker and Kleinhanss, 1995) level this report focuses on the farm
level. A standard on the application and a levy on the nitrogen surplus are as-
sessed at farm level. The choice of these scenarios will be described in section
2.3. At regional level the application standard is not assessed. The average re-
gional manure production does not exceed the assessed application level per
hectare very often. Manure production, which exceeds this fevel is concentrated
at groups of farms. At regional level it is examined whether the surplus can be
reduced by a levy on fertilizer.

Scenario Naticnal Regicnal Farm
Base situation X X X
CAP Reform X X X
A levy on fertilizer X

An application standard X
A levy on the nitrogen surplus X

Figure 2.1 Scenarios and level of assessment
Source: LEI-DLO.

The base scenario of the optimized farm model has to reflect the situa-
tion of farms in the 1990/91 data base. The farm data assessed concern a time
period before CAP Reform, whereas the model is specified for a projection of
policy changes for the production year 1995/96 when CAP Reform is fully imple-
mented and environmental policy assessed is assumed to be fully implemented.
For this reason, CAP Reform at its final stage has to be formulated as a sce-
nario, the reference scenaria. The reform scenario will be described in section
2.2. CAP Reform is part of the application standard and levy on nitrogen sur-
plus scenarios as wetl, since it will last during the next years. Figure 2.2 shows
the level of comparison between the scenarios. The CAP Reform scenario has
to be compared to the base scenario to show the impact of the reform. While
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the levy on the nitrogen surplus and the application standard have to be com-
pared to the CAP Reform scenario to show the impact of environmental policy.

Scenarios:
Base situation
{1990/91} b
CAP Refarm
(1995/96)
The Nitrate A levy on the
Directive nitrogen surplus

Figure 2.2 Scenarios and level of comparison
Source: LEI-DLO.

Environmental regulations which affect farms already exist in the Mem-
ber States. Present agri-environmental policies, as identified in the report on
'National and EC Nitrate Policies' (Rude and Frederiksen, 1994), have to be con-
sidered in the analysis because they already contribute to environmental stan-
dards. Besides, it shows whether supplementary implementation of policy is
needed. Policy measures implemented before 1995/96 are considered in the
analysis in a simplified way. Existing policy in Belgium and the Netherlands
incorporated in the model focuses on phosphate in organic manure. It is as-
sumed that the application of animal manure should not exceed 125 kg P,O./ha
for arable crops and 175 kg P,0/ha for grass and fodder maize {in the Nether-
lands in 1996/97 standards are respectively 110 kg P,O/ha for arable land and
135 kg P,Osha for grassland). In Germany and Denmark existing policy focuses
on nitrogen in organic manure. Maximum application standards of animal ma-
nure considered for both countries are 200 kg N/ha, excluding emission losses
(in Germany there is a Diingeverordnung since 1996, limits for organic fertilizer
are 210 kg N/ha for grassiand and 180 kg N/ha for arable land}. In other Mem-
ber States animal manure application standards, excluding emission losses, of
350 kg N/ha for grassland and of 200 kg N/ha for arable crops and fodder
maize are assumed.

2.2 CAP Reform scenario

In the CAP Reform scenario linkages among the adjustments in market
and price policies and the leaching potential of nitrate are made. The 1992 CAP
Reform can be distinguished between market and price policy and set-aside
reguirements. CAP Reform reduces price support, replacing it by compensation
payments per hectare and per animal {Folmer et al., 1995}. The assumed price
reductions of some outputs under the reform, are shown in table 2.1. The price
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Table 2.1 Price changes of outputs (%) under conditions of the CAP Reform in the European
Union

Milk Cereals Pulses Oilseeds Cattle Pigs Sheep & Poultry Eggs
goats

EU 12 -2 -30 -43 -48 -12 -6 -2 -1 -10

Source: Becker and Kleinhanss, 1995,

Table 2.2 Price changes of feed concentrates (%) under conditions of the CAP Reform by Mem-

ber State

Belgium/ Den-  Ger- Greece/ France lIreland Iltaly Nether- United
Luxem- mark many Spain/ lands King-
bourg Portugal dom

Feed con-
centrates -11.25 -1695 -1554 -19.10 -1597 -10.97 -1634 -6.51 -16.09

Source: Becker and Kleinhanss, 1995.

reductions of feed concentrates are presented by Member State in table 2.2.
The assumed price changes are exogenausly determined in the model and are
in conformity with the figures used by Becker and Kleinhanss {1995}. The im-
pacts of changes in the market regimes on the environment are likely to differ
among regions in the EU.

Under the arable sector reform, production-oriented support is replaced
by direct praducer payments coupled with set-aside requirements. Farmers
producing more than 92 tonnes of cereals, oil seeds and protein crops not ap-
plying for the small-scale producer scheme, have a 10 per cent set-aside obliga-
tion in order to receive compensation on a per hectare basis. The compensation
payments are for cereals 45 ECU per tonne, for oil seeds 152 ECU per tonne and
for set-aside acreage 57 ECU per tonne. One of the objectives of the reduction
in cereal prices is to redress competitiveness of cereals used in animal feed. The
consumption of animal feed cereals produced in the European Union becomes
more attractive under the CAP Reform in comparison to the use of imported
feed concentrates. Competitive advantages of fattening pigs in areas close to
harbours, like in the Netherlands and Flanders, may diminish (Brouwer and Van
Berkum, forthcoming). The price reduction of feed concentrates in countries
which import cheap grain substitutes is smaller than the reduction in countries
with a considerable share of European grown cereals in animat feed consump-
tion. The reduction of the price of cereals affects the compaosition of feed con-
centrates, and subsequently also mineral levels in animal manure. Knowledge
available of the impact of ancther composition of feed due to the reform on
mineral excretion |evels of animals is rather limited and is not considered in the
analysis.

Under the livestock sectors reform of beef, the reduction in the output
price is partly compensated by payments based on the number of livestock on
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the farm. Male cattle receive annually 90 ECU compensation per head and
suckler cows 120 ECU per head up to a maximum headage ceiling of 90 premi-
ums. These premiums are paid for stocking densities up to 2 Livestock Units (LU)
{eligible for premiums) per hectare, Additional premiums are paid if stocking
density is less than 1.4 LU/ha. Such density related payments may contribute to
reduced levels of animal manure. The reform of sheepmeat concentrates on a
maximum headage ceiling for the annual ewe premium.

Qutput price changes, like lower prices of cereals and oil seeds under the
reform induce changes in the optimal cropping plan and livestock composition.
These adaptation possibilities are considered by the model. The impact of the
reform on the use of fertilizer will be modest. Changes in fertilizer use due to
CAP Reform are mainly caused by the set-aside scheme. Extensification of crop
production due to a lower input use of fertilizer is not considered in the frame-
work of the madel. Intensity adjustments like changes in the livestock density
can take place.

2.3 Environmental policy scenarios

The environmental policy scenarios chosen for the assessment aim to
meet objectives formulated in the Nitrate Directive. This directive, concerning
the protection of waters against pollution caused by nitrates from agricultural
source, was announced to the Member States in December 1991 (Council Direc-
tive 91/676/EEC). The main objective of the directive is to prevent or reduce the
pollution of waters by nitrate from agricultural sources. Nitrate concentration
in groundwater is highest in regions with intensive livestock production and
may not exceed the, by the EU legally accepted, limit of 50 mg per litre. The
Nitrate Directive includes reguilations on how to handle manure in zones which
are identified to be vulnerable to the leaching of nitrate. Some Member States
{Belgium, Denmark, Germany, Luxembourg, the Netherlands and the United
Kingdom) so far identified such zones. These countries, with the exception of
the United Kingdom, consider that the whole territory needs to meet the re-
quirements of the directive. In the other Member States, it is not clear at the
moment which zones will be identified. One of the main elements of the direc-
tive is that the application of animal manure in vulnerable zones should not
exceed 170 kg of nitrogen per hectare. This standard on the application of
organic manure, which is part of the directive, is formulated as a scenario. The
Nitrate Directive will be fully implemented by the year 2003. A four-year's tran-
sition period (1996-1999) is identified in the Nitrate Directive. During this pe-
riod a maximum of 210 kg of nitrogen per hectare from organic manure may
be considered by the Member States. The standard should be met at farm level
unless the goals formulated in the directive could be achieved through other
instruments. The Nitrate Directive also considers the use of mineral fertilizer in
the codes of good agricultural practises. Therefore a scenario is formulated (a
levy on the nitrogen surplus) which burdens both inputs, the application of
organic manure and the use of inorganic fertilizer.
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At farm level a standard on the application of organic manure and a levy
on the nitrogen surplus will be assessed, whereas other options would have
been a levy on fertilizer and a livestock density restriction.

The impact of a levy on fertilizer on the purchase of fertilizer depends not
only on the price elasticity of mineral fertilizer but also on the a priori assumed
substitution rate between mineral and organic fertilizer (Becker and Klein-
hanss, 1995). If there is a relatively inelastic demand for fertilizer (England,
1986) a relatively high levy on fertilizer is needed to achieve the reduction in
fertilizer use. A higher price of fertilizer may induce more extensive production
methods. However, adjustments of the vields are not considered within the
framework of the model. Yields are determined outside the model and are
considered to be fixed. Input-output relations are considered to be fixed. More-
over a levy on fertilizer provides an incentive to increase the use of organic
manure, while this Nitrate Directive restricts the application of nitrogen from
organic manure.

Mainly at intensive livestock farms the livestock density restriction is not
a suitable policy instrument. A density restriction reduces the number of ani-
mals substantially and contributes to reduced levels of animal manure. Farming
practice will be more extensive. The adaptation possibilities of the farm are
limited. Disposal of manure is not an appropriate solution to the problem.
Therefore, this scenario is not assessed.

A standard on the application of nitrogen from organic manure

A standard on the application of nitrogen from organic manure is a
command-and-control based policy instrument. Under the application standard
scenario only 170 kg of nitrogen from animal manure (excluding 20% emission
losses) may be applied per hectare, the remaining amount of manure has to be
disposed. Disposal of manure is directly related to the high concentration of
livestock production. It is assumed here that the whole territory has to meet
this standard to indicate problems in regions not identified as vulnerable zone
to the leaching of nitrate so far. CAP Reform is part of this scenario.

A levy on the nitrogen surplus

A levy on the nitrogen surplus is a market-conformed instrument. It does
not meet standards on forehand. CAP Reform will be part of this scenario as
well. The level of the levy per kilogram of nitrogen surplus may increase more
than proportionally {prohibitive) with increasing surplus to provide a stimulus
to reduce very high surpluses to lower levels. In the present report the levy is
assumed to be constant and is 3 ECU per kilogram nitrogen surplus {in section
3.2 the level of the levy is derived) and includes a 'levy free zone' of 100 kg of
nitrogen surplus per hectare. This zone is derived from the limit chosen by
Wendland et al. {1993} to identify regions vulnerable for nitrate leaching. Al-
though they point out that geological and climatic conditions have to be taken
into account to judge nitrogen surpluses. Under a levy on the surplus, organic
manure can be disposed in the analysis to reduce the surplus and to avoid the
levy.
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3. MODEL SPECIFICATION

3.1 Farming types distinguished

To gain insight into which farms contribute to the nitrate pollution of a
Member State, the distribution of the total nitrogen surplus among farming
types is presented in table 3.1. More than 30% of the total nitrogen surplus of
the Member States is produced at dairy farms in Germany, Ireland, Italy, Luxem-
bourg and the Netherlands and at drystock farms in Greece and Ireland. Mixed
farms in Belgium, Denmark, Germany and Portugal exceed aiso this percen-
tage. in Spain, France and the United Kingdom surpluses are less concentrated
at a particular farming type. In EU 12 about 75% of total nitrogen surplus is
located at general cropping, dairy and mixed farms.

Table 3.1 Share (%) in total nitrogen surplus of a Member State per farming type in 1990/91

Country Cereal General Dairy Drystock Granivore Mixed
cropping
Belgium . 14 27 15 12 32
Denmark 6 23 27 12 32
Germany 2 19 37 6 1 35
Greece 7 28 2 41 4 17
Spain 9 9 10 24 26 2
France 1 27 21 14 4 23
Ireland 2 2 48 M 7
Italy 2 2 33 20 19 25
Luxembourg . . 61 16 . 22
Nethertands . 24 a7 5 13 10
Portugal 0 14 19 6 21 41
United Kingdom 20 2 22 20 4 13
EU 12 6 21 29 14 7 23

Note: If the minimum threshold of 15 farms for the sample size is not reached for a farming
type, no data are given.
Saurce: FADN-CCE-DG VI/A-3; adaptation LEI-DLO.

To gain insight into whether these surpiuses are equally distributed
arnong farms, the share of a farming type in total number of farms is needed
{table 3.2). The largest part of the nitrogen surplus (29%) is produced at dairy
farms, which have only a share of 13% in the total number of farms. At
granivore farms 7% of the nitrogen surplus is located, whereas the share of
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granivore farms in total number of farms is only 1% (table 3.2). This means that
surpluses per farm are relatively high at dairy and granivore farms.

Table 3.2 Share (%) in total number of farms represented by Member State per farming type
in 1990/91 a)

Country Number of Cereal Generai Dairy  Drystock Grani-  Mixed
frams re- cropping vore
presented
(¢ 1,000)

Belgium 51.9 . 15 26 1 17 28

Denmark 81.0 15 30 19 6 26

Germany 3739 2 15 35 5 1 33

Greece 498.3 [ 42 1 10 0 3

Spain 690.6 15 22 9 14 2 12

France 556.7 6 20 23 17 2 17

ireland 140.2 3 2 40 51 5

Italy 1.369.8 7 35 6 6 0 10

Luxembourg 23 . R 57 14 . 20

Netherlands 94.0 . 15 40 5 10 9

Portugal 4485 2 37 & 9 1 32

United Kingdom 1416 " 15 25 3 3 1"

EU12 4,448.9 7 28 13 1 1 15

a) The shares of the other farming types (horticultural holdings, vineyards and permanent crops)
are not presented.

Note: If the minimum threshold of 15 farms for the sample size is not reached for a farming
type, no data are given.

Source: FADN-CCE-DG VI/A-3; adaptation LEI-DLO.

Nitrogen surpluses are used as an indicator of the nitrate problem in the
present report. A reduction in the nitrogen surplus can be achieved by disposal
of manure, which can be purchased by other farms. Table 3.2 provides insight
into the number of potential suppliers and demanders for disposal roam within
the country. The distribution of the number of farms represented among the
six farming types distinguished varies across Member States. The number of
farms with crop production {cereal and general cropping farms, which can be
regarded as potential suppliers for disposal room) exceeds the share of farms
with livestock production (dairy, drystock and granivore farms, which can be
regarded as potential demanders for disposal room) in Denmark, Greece, Italy
and Portugal (table 3.2).

For the purpose of the research three farming types are distinguished,
with respect to the different ways organic manure is treated at the farm. These
concern dairy, granivore and cereal farms. At dairy farms manure produced at
the farm is mainly applied at the farm (soil dependent livestock production).
However, a large share of manure produced at granivore farms is applied out-
side the farm (soilless production). At cereal farms organic manure input origi-
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nates hardly from manure produced at the farm, but mainly from outside the
farm.

3.2 Costs of disposal of animal manure

Determinants of disposal costs

The price of organic manure is a crucial factor in the analysis. Disposal
costs per tonne manure depend on the allowable level of minerals, the pres-
sure on the manure market, the acceptance by arable farms, the costs of pro-
cessing of manure, export possibilities and the distance of manure transports
(Nieuwenhuize et al,, 1995). Since processing of manure does not take place at
a large scale it is not considered in the assessments made. Besides, insight into
export possibilities in the regions is rather limited. The impact on the price is
therefore ignored. Further disposal costs are independent of the distance of
transportation in this report. In reality disposal costs will be differentiated to
the distance of manure transport, which differs among regions. In Denmark
and Bretagne no transport of animal manure takes place over long distances,
because there are sufficient possibilities to apply manure surplus at short dis-
tance (fess than 15 km), whereas in Flanders and the Netherlands transport
over longer distances is required. The acceptance by arable farms depends
among others on the quality of the manure which is determined by the nitro-
gen level per tonne and the nitrogen/phosphate ratio.

in case the usage of organic manure is restricted by standards on the ap-
plication of organic nitrogen, the nitrogen/phosphate ratio of organic manure
will determine the amount of phosphate which can be applied. This ratio de-
pends on the animal origin of the manure, the feed composition and the way
organic manure is stored. Adaptations induced by environmental policy will
change the nitrogen/phosphate ratio. Under a nitrogen application standard,
it is preferable to have animal manure which contains a high amount of phos-
phate per kilogram of nitrogen, given that the Member States do not have
standards on the application of phosphate, However, in case policy focuses on
phosphate as well, like in the Netherlands, the nitrogen/phosphate ratio is im-
portant towards finding a balanced maximum organic nitrogen and phosphate
fertilization.

Since insight into the manure market interactions in the regions is rather
limited, the levels of disposal and purchase costs of animal manure are exoge-
nously determined in the model and there is no differentiation between Mem-
ber States. Under stricter policy, changes in the level of the costs are exoge-
nously determined in the model as well.

in case policy focuses on nitrogen, this mineral is the determinant for the
level of disposal costs. In the approach used here disposal costs are accounted
per kilogram of nitrogen. Since the nitrogen contents per tonne of manure
vary per animal species and disposal costs are accounted for per kilogram of
nitrogen, disposal costs per tonne of manure are distinguished to its animal
arigin.
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The level of disposal costs

The level of the disposal costs is based on the Dutch situation. Total ma-
nure production was about 88 million tonnes in 1991 in the Netherlands while
the total nitrogen production was 616 million kilograms (Poppe et al., 1994b).
So, one tonne of organic manure contains on average about 7 kg of nitrogen
in the Dutch situation. Disposal costs of organic manure {including transporta-
tion costs) from surplus area to deficit area are on average about 7 ECU per
tonne in the Netherlands (Nieuwenhuize et al., 1995). This level of 1 ECU dis-
posal costs per kilogram of nitrogen is used in the base and CAP Reform sce-
nario. More severe environmental policies may increase disposal costs to even
14 ECU per tonne {Nieuwenhuize et al., 1995}. In order to come to these costs,
a level of 2 ECU per kilogram of nitrogen disposed is necessary. This level is
applied here under the application standard and under a levy on the nitrogen
surplus.

The leve! of the levy on the nitrogen surplus

The level of the levy is derived from the disposal costs. If the level is rela-
tively low compared to the disposal costs ne organic manure will be disposed,
the levy is paid. However if it is relatively high all organic manure will be dis-
posed to avoid the levy. For a levy to be an efficient instrument, the level of the
levy has to be tuned to the disposal costs in other words to the pressure on the
manure market. To bring about a better distribution of organic manure among
farms the level of the levy has to be above the level of the disposal costs (2
ECU). The level of the levy is assumed to be 3 ECU. Manure is disposed in case
the costs of the levy exceed the total costs of disposal plus additional purchases
of N, P and K fertifizer, necessary to replace the minerals in manure disposed.
Under a levy on the nitrogen surpius manure transfers between farms only take
only place in case farms have a 'levy free zone' or in other words, in case their
additional organic manure use is hot burdened by the levy on the surplus.

Sensitivity analysis of disposal costs

The level of the disposal costs is an important factor in the assessment.
Therefore some sensitivity analyses are done with different disposal cost levels
for dairy farms in the Netherlands {table 3.3}. The calculation of the nitrogen
balance is explained in appendix 4 (for dairy farms in the Nethertands). At dis-
posal costs of 1 ECU per kilogram, the 3 ECU levy per kilogram of nitrogen sur-
plus is avoided, all excess manure is disposed. Disposal costs of 2 ECU plus costs
for purchase of fertilizer are similar to the costs of the levy. Some farms dispose
manure while other farms pay the levy. At disposal costs of 3 ECU per kilogram
almost no manure is disposed, the levy is paid. This level has only impact on the
gross margin while the aimed further re-allocation of organic manure among
farms is not achieved. At disposal costs of 8 ECU hardly any manure is disposed
of under the levy, it is cheaper to pay the levy. Under the application standard
the livestock density decreases and the livestock compaosition changes, while
the gross margin is substantially reduced.
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Table 3.3 Gross margin per farm (x 1,000 ECU} and nitrogen balance (kg Niha) at different

levels of disposal costs (ECU per kilogram of N dispased) on dairy farms in the Neth-

erfands

Application standard Levy on surplus
1ECU 2ECU 3ECU 8ECU TECU 2ECU IECU 8ECU
Gross margin 822 795 771 67 699 678 669 665
Nitrogen surplus 262 262 262 262 01 291 319 327
Deposition 36 36 36 36 36 36 36 36
Manure production 346 332 325 298 346 341 337 332
Purchase of fertilizer 246 246 246 246 309 216 216 216
Uptake by crops 188 189 188 188 188 189 189 189
Manure disposed 109 g7 92 70 333 45 13 2
Livestock density (LU/ha) 29 2.8 2.7 2.4 2.9 2.8 28 2.7
of which dairy cows (%) 56 57 80 69 56 57 &80 62
of which pigs & poultry (%) 15 12 11 5 15 12 1 8

Source: Farm Model results LEI-DLO.

Assumptions made with regard to the disposal costs

The assumptions made with regard to the disposal costs are summarized

below.

Disposal costs are assumed to be 1 ECU per kilogram of nitrogen in the
base and reform scenaria. Under strict environmental policy more manure
has to be disposed in regions with high concentration of manure produc-
tion. The costs of disposal per kilogram will increase. Costs of 2 ECU per
kilogram of nitrogen from manure disposed of are assumed under the
application standard and under a levy on the nitrogen surplus scenario
for the whole EU.

Purchase costs of organic manure are assumed to be 1 ECU per kilogram
of nitrogen in the base and reform scenario. These are assumed to be
lower under the application standard and under a levy on the surplus
because more manure has to be disposed. If the supply of manure is rela-
tively high, manure may be even received for free. It is assumed that this
will be the case at cereal farms under the application standard and under
a levy on the surplus. Although this will not be justified in or within all
Member States (section 8.3).

3.3 Assumptions of the model

The model includes a set of options and constraints. Restrictions are based

on several assumptions. Assumption made with regard to the disposal costs
were already presented in section 3.2. The most important assumptions made
with regard to the scenarios assessed are summarized below.

30



The base scenario

The base scenario of the optimization model has to reflect the situation

of farms in the data base, therefore some assumptions are made with regard
to the structure of farms.

Regarding the arable sector, the area under a crop is restricted by the
original use of the area. If the particular crop was not part of the crop-
ping plan, the area under that crop can be at most 15 per cent of the
area arable. The total area of land of a farm may not be extended. Crop
rotation schemes are considered.

The number of livestock units of groups of animals (cattle, pigs, poultry
and sheep) may not exceed the original number of livestock units of
these groups (appendix 2 shows the coefficients used to convert species
of livestock to livestock units). Within these groups of animals substitu-
tion is allowed. The replacement rate and the share of losses are consid-
ered. The matrix maintains some proportions between animals to come
to the number of animals purchased and sold.

The modelled farms are not allowed to switch to other production activi-
ties. For example a cereal farm without livestock production originally
cannot start raising poultry.

Milk production is constrained by the milk quota. Exchange of ownership
and user rights is not allowed.

It is assumed that labour is not a constraint in the model and that the
fixed factors remain constant. [nvestments in capital are not allowed.
Knowledge available of costs of environmental investments in the Mem-
ber States is rather limited. The area of land is assumed to be fixed, it is
not allowed to buy land, neither it is allowed to rent land. An increase of
utilized agricultural area would have implications for labour require-
ments which is considered not to be a censtraint.

The variable costs per hectare (of machinery, seed, plant protection) re-
main constant.

The factor endowment of the farm is assumed to be fixed during the
projection period.

Farm specific yields used are exagenously determined in the model, which
means that the model does not consider extensification of crop produc-
tion. However, the influence on the gross margin will be marginal as
farmers will only use less inputs if this is beneficial from cost-benefit point
of view or in other words if extensification allows to maintain their in-
come |evel.

As regards the total energy requirement, it is assumed that pigs and poul-
try obtain only energy from concentrated feed while cattle and sheep
obtain also energy from roughage crops.

There are possibilities for farmers to purchase and dispose organic ma-
nure.
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- Existing environmental regulations in Member States like described in
section 2.1 are considered in all scenarios assessed.

- The model does not generate farming type specific adjustment possibili-
ties.

CAP Reform
The farm data used regard a time period (1990/91) before CAP Reform is

fully implemented. Therefore, CAP Reform at its final stage in 1995/96 has to

be formulated as a scenario.

- CAP Reform is assumed to be fully implemented. The transition period is
ignored.

- For the assumed price reductions under the reform reference is made to
section 2.2.

- Under the reform the area of a crop can be extended by 10%, compared
to the original area of that crop, although the total area of land of the
farm may not be increased.

- Farmers producing more than 92 tonnes of cereals, oil seeds and protein
crops have a 10% set-aside obligation under the reform to receive com-
pensation on a per hectare basis. However, spreading of manure is not
allowed on land set-aside. It may affect leaching of nitrogen. In case they
apply for the small-scale producer scheme they get only compensation
payments related to 92 tonnes.

- Farmspecific cereal yields have been used in the analysis to approach the
production of 92 tonnes as good as possible. Regional yields are used in
case of missing farm yields.

- Diversification towards other activities like non-food rape on land set
aside only makes sense if the marginal gross margin of the new crops is
higher than the marginal net-return of set-aside. Production risks of cere-
als have been decreased by the reform (as only a part of the income co-
mes from the market), more risky speculations require even a higher
gross margin before they are adopted {Van Huylenbroeck et al., 1995).
Therefore no substitution of set-aside by non-food crops is assumed.

The application standard

- The 170 kg N/ha from organic manure that can be applied under the
application standard scenario excludes emission losses. These are assumed
to be 20% of total nitrogen from manure production. This means that in
the analysis made 213 kg N/ha from organic manure produced is allowed.

The levy on the nitrogen surplus

- The level of the levy on the nitrogen surplus is assumed to be 3 ECU for
each excess kilogramme of nitrogen abave the 'levy free zone' of 100 kg
of nitrogen surplus per hectare.
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3.4 Outline of the results

The model assesses two environmental policy instruments for the control
of nitrate pollution. The results of a restriction an the application of organic
manure and a levy on the nitrogen surplus are presented, together with a base
and CAP Reform scenario. The analysis shows differences in costs and balance
components. The results of chapter 4, 5 and 6 show which dairy, granivore and
cereal farms are likely to be affected most and how much organic manure has
to be disposed to meet requirements of policy. Besides it shows which farms
already meet policy requirements. Dairy and granivore farms are demanders
for disposal room, while cereal farms supply disposal room.

The base scenario of the optimized model should reflect the situation of
farms in the 1990/91 data base. Verification took the form of a comparison of
the observed and soluticn levels of a number of key variables. The deviation
between both values of these variables was modest. Farms which showed some
deviation are not ignored. The bias between the optimized model results and
the observed situation at the farm in the data base is due to imperfections of
the model, it is a simplification of reality. The model results reflect a short term
equilibrium and is based on the consideration that all farmers are efficient.

Average inflow and outflow figures of manure per farm, which wilt be
presented in the next chapters, can be aggregated to total amounts per farm-
ing type. Demand for disposal room can be compared to supply of disposal
room. However, the results of this normative approach have to be interpreted
with the necessary care because only three farming types (dairy, granivore and
cereal farms) are assessed. Besides not all possible adjustments in farming prac-
tice are considered, it is a kind of worst-case scenario.
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4. NITROGEN BALANCE OF DAIRY FARMS

4.1 Introduction

Mineral balances differ largely among farms because of differences in
farm structure (e.g. cropping plan and livestock composition) and management
factors. Balances at farm level therefore are presented by farming type. In this
chapter an European assessment on the impact of policy on income and nitro-
gen balances is presented for dairy farms. The information provided includes
national weighted averages of the balances of individual optimized dairy
farms. For each country 100 randomly chosen dairy farms are optimized. The
only exception to this is Greece, since the FADN sample of dairy farms contains
less than 100 farms in that country. The average farm structure of these farms
is presented by Member State in section 4.2. Section 4.3 provides insight into
the number of dairy farms affected by the application standard. A more de-
tailed assessment of the impact of policy is made in regions with considerably
higher nitrogen surpluses than the national averages. Three groups of farms
are distinguished in these regions, according to the production level of animal
manure per hectare. This allows the examination of whether groups of dairy
farms would already be able to meet the requirements of policy. Farm structure
characteristics of the groups of farms are important phenomena in this respect
which will be examined. Structure characteristics like utilized agricultural area,
livestock density and livestock composition are presented. Some concluding
remarks are presented in section 4.4.

4.2 Impact of the policy instruments

The weighted average farm structure of the selected dairy farms is pre-
sented by Member State in table 4.1. The gross margin and nitrogen balances
of these farms under the scenarios assessed are presented by Member State in
appendix 5. Some of these results are presented graphically in diagrams in fig-
ure 4.1 and 4.2. The weighted average gross margin and nitrogen balance of
all selected individual optimized dairy farms in the EU are presented in
table 4.2.

Under the scenarios assessed the cropping plan and livestock composition
do not change substantially. At a higher levy level and disposal-costs level, both
change {(section 3.2). The change of the livestock density is reflected in the
change of manure production per hectare.
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