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Preface

The research presented here constifutes the results from sub-project 3, within the research
project on “Sustainable Strategies in Agriculture”. This project is part of a research program
entitled “Agricultural Production under changing Social and Environmental Conditions”
funded by the Danish Ministry of Food, Agriculture and Fisheries.

The entire project has been divided into 4 sub-projects involving the sector level (sub-
project 1), the regional level (sub-project 2} and the farm level (sub-project 3). Research in
sub-project 4 has focused on landscape values.

The aims of sub-project 3 have been to discuss the definition of sustainability and to create
a model framework which can evaluate the consequences of different environmental poli-
cies at the farm level. The model is called FASSET (Farm Assessment Tool). The aim has
been to develop a prototype and this report therefore focuses on the model description
rather than on policy recommendations.

The work in this sub-project is a joint multidisciplinary research project involving research-
ers from:

Danish Institute of Agricultural Sciences (DIAS)

The Royal Veterinary and Agricultural University (KVL)

The Danish Institute of Agricultural and Fisheries Economics (SJTFI)

Senior Researcher Brian H. Jacobsen, SJFI, has been in charge of the project during the last
part of the project period. All members of the project group (listed in appendix 1) have
made contributions and the authors would like to thank all the researchers who have partici-
pated. The authors would especially like to thank Senior Researcher Jgrgen E. Olesen,
DIAS, who has been a great help in the latter part of the project, ensuring a successful de-
velopment of the model.

Since the research is interdisciplinary, it has been our aim to write this report in a way
which can be understood across disciplines. The researchers in charge of that particular area
have written each section in chapters 3 and 4. Senior Economic Advisor Mogens Lund,
SJFI, has assisted in the revision of the final report.

Danish Institute of Agricultural and Fisheries Economics, December 1998.
Ame Larsen






Table of content

PLEIACE ..ttt e eer et e et e st een et ee e eenn 3
SUITUTATY ©vovreeieesucnrisrasitastcsten e seessesesesessrasbest s b sse enee s ses st s se e st s eee e easeseeeets st e eeseseo 9
SAMMENALAR ......ocvtisierinesniesetee ittt bs b r s st seena e seesse s et s s eees 15
L IAITOQUCTION. ... oot ce st sas sene s s et s m s s e e st seee e s eee 21
1.1, BACKGIOUNA ...ttt sest st e eeaa s see s e e 21
1.2, AimS Of the PrOJECE .........c.cuieiecrescresiene et trees ettt b s s ses e essese e es e, 22
1.3. The organisation of this TEPOIt ..........ccccceeemereitieresseieeenaseeeisiee e seesreesseesessene e oo, 23

2. Economic and environmental analysis at the farm 18Vel ......oovveveeeeeeeeeeeeooeoin 25
2.1. Sustainability and choice of indicators at the farm level ..........cooooveveveooo 25
2.1.1.Establishing a link between goal and indicator............cvevereemeevreveeoo, 26

2.1.2. Important indicators at the farm level ..........ocoeeeieeiiereeooeeeeeeeeeeseseeee 27

2.1.3. POSSIBIE SCENATIOS........cooceemireeersisrstemterae e s st e es e sseseseeessrasesesessass s 30

2.2, Farm ANALYSIS...cu.vvirietiiisiiicctreseenesenecessestssisbass e ssss st sse e st smetemersaseesesese st saseon 34
2.2.1. Farm analysis based on Systems TREOTY ..........ooocmvvevereeeeoereeereeees oo 3

2.2.2. Model FeqUITEIMENES ......cvu..ocreecrrrerereenesesesenesses e cseseeeeeseseses s ee s s ses e seeens 36

2.3. Choice of model design and SOFWALE ..............oveeueeeeeerevse e eeereeeeeresseeeess s, 37
2.3.1. Dynamic SimuIation .........cccoeiocnmninseec et 37
2.3.2,Object oriented deSIBIL.......cooveerurereieececiseitrrs et e e eee e ees e 39

2.3.3. Planning using Linear Programming (LP) ........ocoveeueeeeeeeeeeeseeeeeeeeeeeeeeesosooon 40

2.4, MOAEL OVEIVIEW......ucviiiiiececrniirssers e ssssse s e ssersessae e seess s s e e s srasesssoesssoessenees 42
2.4.1.Running the Model...........ooo it 42

2.4.2. Model HIMItAtONS .....cucuvecerereeresrensesesseesessssessesosceseste s essses et e meseeesoes s 45

3. Description of the planning mMOAULE ................cueeeeeeeecticeseecneeeseseeseeeseseesseee oo 47
3.1. The OBJECtiVE FUNCHON. ..... ..ot et sst st e s st s 50
3.2. Fields and CIOP FOLAtON . ........c.cuccreeerursesesemsneeesscsssssss e cessetsnsseeessseeessee s se e e 50
3.3. Livestock and BUildings .............cococevecmmuriurnrueemeeececisisi e sseseesme s e 55
3.3.1. DAIrY ProAUCHOIL ......ccuceerirrrceemseressesseessss s s e eeeseeetoeeeeeeees et eeseeee s eeessend 56
3.3.2.Pig PrOQUCHION ..ot ctetes s enses st cee s en e see e e et ee e e e 59

314, SLOTAZE ..ottt sne e et ss s e ss s ettt e en e e et ees et eee e e 60
3.5. Machinery and LabOUL............ccoueeroieecvteen ettt seese s ee e s es s 60
3.6, LeGISIALOMN .ottt ettt et e s st ee e 61
3.7. Running the planning MOGUIE ..........cueuemmevererecesrecesseesseee s e e s esss e 61



4.1. Field and Crop TOMAOM .......ccemsiiesessmssnsssscissssissmss s s sssssss sttt s 66
A1 7. OVETALL SITUCTILIE .cveeviureemeeserieraeeressccemnstesansnsseiesaeasasbabsbit s s sa s em s bR b st st s b s 66

4.1.2. The crop SUB-MOGEL.....ocovuermirrimrercirsmsinas s e 67
4.1.3. The 501l SUB-TNOEL...... oo ece e reeree e i et e 68
4.1.4. Calibration and validation ... 72

.2, LIVESTOCK cuvvvvrreereseeereasessessrsasssseassasssnsnessbistbsnesssasaane s bababEebs e PEA RS e b S e T m s R e 76
4.3, BUildings and SLOTES ......cveevuesesseesresss e ssisssess s sttt s i 77
4.4, Machinery and LaDOU ...ttt sba s e 78
4.4.1. MOUE] AESIZIL...c.veceeeceiacirienres s en bbb bbb 79
4.4.2.Labour and machinery input estmations ..., 80

4.5, FECOTIOTIHCS 1uverereeseereemeaeesessnsnssrrssessssonenert sabssasess ebasaassaasesess isbsbesmnabaa s tar e b st s R st s g1
4.5.1. Simulation of the aCtAl PIICE ..covvvirereremsesenssnsssssi st 81

4.5.2. Expected prices for the following period...... et 82

4.5.3. Calculation of the econOmIC result.......ccocviiininimrscssnmim st 83

4.6. EXeCUtion 0F FASSET ... oieeirererveeraneceiissmnaas st st sh s e en s hmsa b s s s 85
5. Farm IEVE] SCEIAIOS «....ooiriverseseararrereeetsresssssnsveres e bt e sE AT s RS n s b SR sEae a2 st 87
5.1, CASE FAITNIS «.ovoveeeeeveeseseeaessesessesssessaemms st smeamsb e easmaeR e sates s bbb sd S nmn LS g me bt e s et et st b s s 87
5.2. The INitial CONIIONS .. .ivvireeerecirrrreereere et srtssrasmes s rssmrbb st na b s e s s s s s n st 88
5.2.1. Initial farm MachiNErY ... ..ccccceeriiiiriesmie i st s 89
5.2.2.The initial S0il CONGILIONS . .euterevereereriemmriarirrree it b s e st 92

5.3. Using FASSET on an arable farm with fixed crop rotation......ccc.oessimsimenessssissnes: 92
5.4, ChOICE OF SCEIATIOS ...vevvrveeessrerraesceseermrsinorssmemsmasssratsssssasas bbb sans et sn s st o d bbbt n b s 96
5.5. Results fTOm CASE FATIIIS coviveeierrceeremeerrsisssrem e ssess st s iesmsne et b s m st e s 98
5.5.1.Results from scenarios on a large pig farm on sandy soil......c...cooninininn. 98

5.5.2. Results from all the case TArmS ... 106

6. Evaluation and COBCIUSION .....coouvrorerersenrreamsssesinmnsaresresresass st sm s s b s e s na s onas 111
6.1. Evaluation of different policies in sub-projects 1 and 3 ... 111
6.2. Modelling approach in FASSET compared with other models. .....o.oovvencersernrcnnnas 114
6.3. Recommendations concerning future work on FASSET ... 117
6.4. Recommendations concerning futtire Organisation.......coceusmcsessssmsianansssonsensnscs 119

T ROTETEIICES .. vvevereeeseesesereestsirssersaneresrnnsradmteseh s e b e e R Ea s Ead e b e RS b O s PR R e n S bA R R RS S n LR e RS S b R e 123
Appendix 1. List of participants in the Project ZIOUP ... 131
Appendix 2. List of working papers published in the PEOJEC veviiimmmnrrenassenernssmsissarsarenes 132
Appendix 3. List of papers from Sub-project 3 ..ot 134

Appendix 4. General description of Input files ... 138



Appendix 5. Production functions used in the planning module ............c.ooeooemveerer 139
Appendix 6. Data output from the 1 period planning model ..............oooovvoooooeo 140
Appendix 7. Selected calibration and test results of the simulation module ................ 143
Appendix 8. List of activities cartied out on a field.................coomereeoorommroesoooo 148
Appendix 9. Results from an arable farm with fixed CIOP TOAtON ..ot 149






Summary

For years society has stressed the need for agricultural production to be carried out in a
sustainable way. The question has been how to define sustainability and how to strike the
right balance between economic return and environmental issues.

In order to address these issues a research project entitled “Sustainable Strategies in Agri-
culture” was initiated. This report describes the research in sub-project 3, which deals with
analyses at the farm level.

The aims of sub-project 3 are firstly, to clarify the concept of sustainability at the farm
level. Secondly, to create a model framework, which can be used to investigate the conse-
quences of different environmental policies at the farm level. This has been done in order to
make the concept of sustainability operational at farm level. The objective of the report is to
present the prototype of the model and the results in order to show its potential rather than
to give specific policy recommendations. Finally, the aim was to compare the findings at
the farm level with corresponding results at the sector level, obtained in another sub-project
within the overall project.

Sub-project 3 started in 1993 and has involved researchers from the Danish Institute of Ag-
ricultural Sciences (DIAS), The Danish Institute of Agricultural and Fisheries Economics
(SJFI) and The Royal Agricultural and Veterinary University (KVL).

The fact that it is difficult to establish clear definitions of sustainability has been reflected in
the first part of the project work. Appropriate indicators, which give a sign of the develop-
ment towards sustainability, have been identified. It was decided not to formulate one over-
all sustainability index and not to define acceptable levels for each indicator, as this was
seen as a political choice left for the politicians to make.

It was decided that the model should be well equipped to deal especially with the entire ni-
trogen-flow (N-flow) at the farm level. As the environmental policies in Denmark in recent
years have been focused on reducing N-leaching, the objective was to be able to deal with
policies aimed at reducing N-leaching. Examples of such policies are different types of ad-
ministrative regulation and taxation.

The model framework has been divided into two main sub-modules based on Systems The-
ory. The planning module, which carries out the planning and a production module where
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the actual production flow is simulated. The entire model is called FASSET (Farm Assess-
ment Tool).

The planning module is designed to carry out the optimal planning for the following vear
using Linear Programming (LP) techniques. LP is used in order to be able to show the op-
timal adjustment process to new policies assuming that the farmer wants to maximise his
income. The planning module creates a detailed plan for the following year concerning
crop, field size, nitrogen, phosphorus and potassium application on each field, the use of
pesticides on each field and the feeding plan for the livestock.

The plan is then transferred to the production module where the simulation of the actual
production is carried out based on a day-by-day approach. The simulation model is based
on an object-oriented design and consists of sub-models dealing with soil, crops, livestock,
mechanisation and labour use. A dairy sub-model has not been developed yet. The activities
carried out during the year are simulated taking into account the effect of the climate on the
crop production. At the end of each year the economic calculations are carried out and the
expectations with respect to the next year can be determined.

The use of FASSET consists of a range of steps where the most important ones are: 1) Es-
tablish the initial conditions for the case farm with respect to buildings, machinery and soil
content e.g. nitrogen and carbon pools. 2) Choose political scenario. 3) Plan the production
for the following year. 4) Choose climate scenario. 5) Carry out simulation of production
for the whole year. Then steps 3 to 5 are repeated for another year until the desired number
of years have been analysed, which in this case is 30 years. As the climate, together with the
crop rotation chosen, can influence the results, 10 climatic scenarios of 30 vears each are
calculated in the scenarios chosen in this report. This should ensure that weather fluctua-
tions do not affect the conclusions reached. After this procedure it is then possible to con-
tinue with another political scenario.

FASSET is dynamic as the plan for each field is based on e.g. the crop last year. This also
allows FASSET to calculate changes in e.g. N-leaching and N in soil pools over time. As it
takes some time before an equilibrium with respect to N-leaching can be found, it was de-
cided that the first 10 periods (years) of the 30 periods should always be the base scenario.
In period 10 the policy change is introduced and periods 10 to 20 are then used to adapt to
the new conditions. The effect of the policy change is therefore calculated on the basis of
the results in periods 20 to period 30. One period is 12 months and the values for each pe-
riod are averages of 10 different climatic conditions.
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The simulation model can be used to compare simulated yields with historic yields in order
to see how the model performs. Results have shown that the average simulated yields are
similar to historic yields. The simulation model seems, however, to use an irrigation proce-
dure which is more efficient than that which is achieved on most real farms on sandy soil.
The simulated variation in yield is also similar to that which is found historically. The
simulation model gives realistic response with respect to the entire N-flow on the farm
dealing with e.g. N from fixation, N from deposition and N exported in products, NH,- vo-
latilization and N-leaching.

The planning and the simulation modules do not give exactly the same yield response, as
the planning module is based on production functions and the simulated yield depend on the
actual weather conditions. This reflects the situation experienced by farmers where the ex-
pected crop yield often differs from the actual crop yield.

On the basis of the simulation, a full indicator list is calculated in order to asses the
sustainability of the farm. The indicators include a range of environmental and economic
indicators, which facilitates a calculation of the cost effectiveness of different policies.

The results obtained by use of FASSET on an arable farm with fixed crop rotation (i.e.
without using the planning module), show that there are considerable variations in both N-
input and N-output due to the climatic conditions. In the model the N-leaching on this farm
varies from 20 to 80 kg N per hectare based on climatic data from 1961 to 1993. The analy-
sis also confirms that N-application and N-leaching are very small compared with the total
N-pools in the soil, as these pools are in the order of 10,000 kg N per hectare.

FASSET was also used to assess the development on four case farms under different politi-
cal scenarios. The four case farms were a large pig farm on sandy soil, a large pig farm on
loamy soil, a large arable farm on sandy soil and a large arable farm on loamy soil.

The political scenarios investigated were:

1) A 100% levy (5 DKK per kg N) on N in mineral fertiliser.

2) A 100% levy on N in mineral fertiliser and N in feedingstuffs.

3) A 100% levy on N-surplus calculated as N from mineral fertiliser, seeds, bought
feedingstuffs and N from N-fixating crops minus N exported with crops and animal
products.
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The conclusion from the simulation of the four case farms is that the three different political
scenarios have only a limited effect on the crop rotation. Higher levels of levies have to be
chosen to effect a major change on crop rotation and N-application.

The analysis of the four case farms shows that arable farms have a more efficient use of
their N-inputs than pig farms. Arable farms export around 70% of the imported N in prod-
ucts, as opposed to pig farms where only approximately 40% of the total N-input is ex-
ported in products. Pig farms also have a higher N-surplus per hectare and more N-leaching
than arable farms. The N-leaching on pig farms is around 80 kg N per ha as opposed to
around 25 kg N per ha for arable farms. However, pig farms have a higher income per kg N
leached than arable farms.

With respect to cost, for pig farms, it appears that a levy on mineral fertiliser (levyl) is the
cheapest (pay the least per hectare) and the most efficient scenario (lowest cost per kg N
leaching reduced). However, it is the most costly and least efficient on arable farms. The
levy payable on arable farms would be around 500-600 DKK per ha.

A levy on N-surplus is the cheapest and the most efficient on arable farms, whereas it is o
fairly expensive solution for the pig farmer. The pig farmers would have to pay a levy of
700 DKK per ha on a surplus of 140 kg N per ha. A levy on N in mineral fertiliser and
feedingstuffs is even more expensive for the pig farmer.

The cheapest (lowest payment) and most effective (lowest cost per kg N leaching rednced)
option is in both cases also the option which gives the lowest reduction in N-leaching. This
reflects the fact that it is cheaper to remove the first kilogram of e.g. N-leaching. Therefore,
a fair comparison of the different policies has to be based on the costs when the same re-
duction in N-leaching is achieved.

With respect to the total sustainability of the different farms, no overall conclusion has been
reached from the different scenarios analysed. Often the results point in different directions
making it difficuit to give sustainable policy recommendations. As an example, a levy on
mineral fertiliser and N in feedingstuffs increases the profitability of peas, which will in-
crease the N-leaching. On the other hand a levy on N-surplus, increases the relative profit-
ability of wheat, which again increases the use of pesticides. In other words, most scenarios
have some advantages and some disadvantages. How to weigh these is a political choice.
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The focus so far in this project has been on N leaching. A detailed description of the N-
turnover on the farm has been made ensuring that this complex area is well described. The
model is rather unique compared with other models in that it gives a detailed account of
both the environmental and the economic implications of different policies based on farm
specific conditions, which also includes the climatic conditions. Of the models discussed in
the report only the Norwegian model ECECMOD is able to carry out analyses similar to the
ones described here.

The existing model is a prototype where further improvements and additions should be
made. Dairy farming and more crops have to be included in the model. The improvements
and extensions will allow FASSET to deal with more analyses e.g. of how to reduce all nu-
trient losses and the consequences of converting conventional farms into organic farms.

The project organisation of FASSET will be changed, as new people enter the project
group. It is important, especially within a multi-disciplinary project involving more institu-
tions, that there is a close co-ordination of all the tasks. The lesson in this project has been
that working together takes time, but is fruitful and necessary, when research dealing with
the whole farm is carried out.
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Sammendrag

Samfundet har i de seneste ir gentagne gange understreget behovet for en beredygtig land-
brugsproduktion. Spgrgsmilet har derefter veret hvordan bzredygtighed skulle defineres
og hvordan den rette balance mellem indtjening og miljgmassige forhold kunne nis.

For at behandle denne problemstilling blev forskningsprojektet "Beredygtige strategier”
startet. De forskningsresultater der prasenteres her er udfprt i delprojekt 3 indenfor dette
projekt, omhandlende analyser p4 bedriftsnivean.

Formélet med delprojekt 3 var fgrst at i defineret baredygtighed pi bedriftsnivcau. Det
naste delmal var at skabe et modelkoncept der kan bruges til at analysere konsekvenserne
af forskellige miljgpolitiske tiltag og dermed ggre bzredygtighedsbegrebet operationeit pi
bedriftsniveau. I rapporten beskrives den prototype der er konstrueret for at vise modellens
potentiale, mere end for at give detaljerede anbefalinger vedrgrende valg af politiske sty-
ringsmidler. Endelig var det ogsi malet at sammenligne resultaterne pa bedriftsniveau med
tilsvarende resultater p sektorniveau opniet i et andet delprojekt.

Delprojekt 3 startede i 1993 og forskere fra Danmarks Jordbrugsforskning (DJF), Statens
Jordbrugs- og Fiskerigkonomiske Institut (SJFI) og fra Institut for gkonomi, skov og land-
skab pd Den Kongelige Veterinzre- og Landbohgjskole (KVL).

Det forhold at det er svart at fastlegge en entydig definition af bzredygtighed pavirkede
arbejdet i den frste del af projektet. Passende indikatorer, som giver en ide om udviklingen
i de overordnede mél blev udvalgt. Det blev besluttet ikke at udregne et overordnet bere-
dygtighedsindeks og ikke at sztte acceptable niveauer for hver indikator, da det er opfattet
som et politisk valg som politikerne ma foretage.

Det blev det besluttet, at modellen skulle kunne hindtere kvalstofomsztningen (N-
omsztningen) pa et detaljeret niveau. Eftersom de miljgpolitiske tiltag i Danmark i en &r-
rekke har veret fokuseret pi kvalstofudvaskning var malet, at modellen skulle kunne
héndtere forskellige politiske tiltag der sgger at reducere kvalstofudvaskningen som f.eks.
administrativ regulering og afgifter pi kvalstof.

Modelkonceptet er opdelt i to dele baseret pi en system teoretisk tankegang. En planlag-
ningsmondul der udfgr planlegning af naste irs produktion og produktionsmodulet der si-
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mulerer den faktiske produktion. Hele modellen er benzvnt FASSET (Farm ASSEsment
Tool).

Planlegningsmodulet har til formal at foretage en optimal planlzgning for det fglgende ar
baseret pi linezr programmering (LP). LP var anvendt for at kunne vise den optimale til-
pasning som driftsledere vil foretage ved ny lovgivning. Planlegningsdelen giver en detal-
jeret omfattende afgrgder, markstprrelse. kvzlstof, fosfor og kalium tildeling til hver enkelt
mark, brug af plantebeskyttelse pd hver mark og foderplaner for husdyrene.

Planen overfgres til simuleringmodellen, hvor en daglig simulering af den faktiske produk-
tion udfgres. Modellen er baseret pd objektorienteret design og den bestér af del-moduler
omfattende jord, afgrgder, husdyr, mekanisering og arbejdskraft. Et kvaeg del-modul er ikke
Kkonstrueret endnu. Klimaets pavirkning pa f.eks. afgrpde udbytte er ogsd medtaget. Efter-
fplgende foretages de okonomiske beregninger og forventninger vedrgrende neste ars priser
og udbytter kan fastlegges.

Afviklingen af modellen bestar af en reekke trin, hvor de vigtigste er: 1) Etablering af et ud-
gangspunkt for den enkelte bedrift omfattende bygninger, maskiner og jordindhold f.eks.
nitrogen (N) og carbon (C) puljer. 2) Valg af politisk scenario. 3) Planlegning af fastlegge
den optimale plan for det fglgende &r. 4) Valg af klimatisk scenario. 5) Simulering af neste
ars produktion. Herefter gentages trin 3 til 5 indtil den gnskede arrzkke er analyseret, hvil-
ket i dette tilfzclde er 30 ir. Da klimaet, sammen med afgrodevalget, kan pavirke resultater-
ne, gentages simuleringen for 10 forskellige klimatiske scenarier. Det skal sikre, at klimaet
ikke pavirker de konklusioner der kan drages. Analyser for de gvrige politiske scenarier
gennemfgres herefter.

FASSET er en dynamisk model da planlegningen pa den enkelte mark er baseret bl.a. pa
afgrgdevalget pa den pigzldende mark sidste ir. Dette muligggr ogsa beregninger af f.eks.
N-udvaskning og N i jordpuljerne over tid. Da det tager tid inden en ligevagt hvad angd
f.eks. N-udvaskning er opnet, blev det besluttet at de forste 10 perioder af de 30 perioder,
altid skulle omfatte basis scenariet. I periode 10 bliver det politiske scenario introduceret og
periode 10 til 20 gr derefter med at tilpasse sig til de nye forhold. Effekten af en politisk
&ndring méles derfor i perioderne 20 til 30. En periode svarer her til et &r og resultaterne for
hver periode er et gennemsnit af 10 forskellige klimatiske scenarier.

Resultaterne fra simuleringsmodellen kan sammenlignes med historiske udbytter for at teste
modellen. Resultaterne viser, at de gennemsnitlige simulerede udbytter stemmer nogenlun-
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de overens med de observerede. Dog synes udbytter p sandjord at vere lidt for hgje da den
vandingsprocedure der er indlagt er mere effektiv end den der anvendes pa bedrifter i dag.
Variationen i udbyttet i simuleringsmodellen svarer nogenlunde til den historisk observere-
de. Simuleringsmodellen giver en god beskrivelse af hele N-omsztningen pi den enkelte
bedrift omfattende N fra N-fikserende afgrgder, N fra deposition og N eksporteret i pro-
dukter, ammoniakfordampning og N-udvaskning

Planlzgningsmodellen og simuleringsmodellen giver ikke pracis det samme udbytte resul-
tat. Arsagen til dette er, at planlegningen er baseret pa produktionsfunktioner, mens simu-
leringen er baseret pd klimadata. Dette svarer til den situation, som mange driftsledere op-
lever, hvor det forventede udbytte adskiller sig fra det faktiske udbytte.

Pa baggrund af simuleringen udregnes en indikator liste der beskriver bedriftens baredyg-
tighed. Indikatorerne omfatter bide gkonomiske og miljpmeassige forhold, hvilket mulig-
&@r en miljpekonomiske vurderinger af de enkelte tiltag.

Resultaterne af en simulering af en plantebedrift med fast sedskifte (d.v.s uden brug af
planlegningsmodulet) viser, at der er en betydelig variation i N-input og N-output p.g.a.
klimatiske forhold. N-udvaskningen varierer séledes fra 20 til 80 kg N pr. ha over perioden
fra 1961 til 1993. Analysen bekrzfier, at den mangde N der tilfgres og den mangde N der
udvaskes er meget smi i forhold til den samlede N-pulje pa ca. 10.000 kg N pr. ha.

FASSET er endvidere blevet afprgvet pa 4 type-bedrifter under forskellige politiske scena-
rier. De fire bedrifter er en stor svinebedrift pa sandjord, en stor svinebedrift pi lerjord, en

stor plantebedrift p& sandjord og en stor plantebedrift pa lerjord.

De valgte politiske scenarier var fplgende:

1) En 100% afgift (5 kr. pr. kg N) pd N i kunstggdning

2) En 100% afgift p N i kunstggdning og i indkgbte fodermidler

3) En 100% afgift pA N-overskuddet, beregnet som N fra kunstggdning, udsazd,
foder og N fra N fikserende afgrgder minus N i solgte vegetabilske og animal-
ske produkter.

Konklusionen fra de forskellige case-bedrifter og politiske scenarier er, at der kun er en be-
skeden @ndring i afgrgdesammensztningen ved en afgift pd 100%. Et hgjere afgiftsniveau
skal veelges for at i en stgrre ®ndring i afgrgdevalg og N-udvaskning.
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Analyserne viser, at plantebedrifter har en mere effektiv anvendelse af kvalstof end svine-
bedrifter. P4 plantebedrifter eksporteres ca. 70% af det samlede N-input i form af produkter,
mens kun ca. 40% af det totale N-input pa svinebedriften eksporteres i produkterne. Svine-
bedrifterne har et storre N-overskud pr hektar og mere N-udvaskning end plantebedrifterne,
men de har en stgrre indtjening malt pr. kg N udvasket. N-udvaskningen pa en svinebedrift
er ca. 80 kg N pr. ha mod 25 kg N pr. ha for plantebedrifterne.

Udgifterne til reduktion af N-udvaskningen viser, at en afgift pa kunstggdning er den billig-
ste (laveste afgift) og mest effektive (laveste omkostninger pr. kg N udvasket mindre}) pa
svinebedrifter, hvorimod denne afgift er den mindst effektive pd plantebedrifter. Den sam-
lede afgift pa plantebedrifter udggr ca. 500-600 kr. pr. ha. Imidlertid har svinebedrifterne
den hgijeste indtjening (profit) pr. kg N udvasket.

En afgift pi N-overskud er den billigste l#sning pa plantebedrifter, hvorimed det er en for-
holdsvis dyr lgsning for ejere af svinebedrifter. P& svinebedriften skal der betales omkring
700 kr. pr. ha ved et N-overskud pa 140 kg N. En afgift p4 handelsggdning og N i indkgbt
foder er dog typisk den dyreste lgsning pa en svinebedrift.

Den billigste og mest effektive politik er i begge tilfelde den afgift der giver den laveste re-
duktion i N-udvaskningen, hvilket afspejler at det altid er billigere at fjerne det fgrste kg N
af f.eks. N-udvaskningen. Derfor bgr en retfzrdig sammenligning af omkostningerne ved de
forskellige politiske scenarier vere baseret p4, at der opnis samme reduktion i N-
udvaskningen.

Der er ikke foretaget nogen overordnet konklusion angiende bedrifternes samlede bzre-
dygtighed i forhold til de forskellige scenarier. Ofte peger resultaterne i forskellig retning,
hvilket ggr det svert at give politiske anbefalinger der sikre en beredygiig udvikling. Som
et eksempel sé vil en afgift pd N 1 handelsggdning og foder fremme dyrkningen af erter,
hvilket vil pge N-udvaskningen. Omvendt synes en afgift pA N-overskuddet at betyde, at
der dyrkes mere hvede, hvorved forbruget af plantebeskyttelsesmidler stiger. De fleste sce-
narier vil med andre ord bide have nogle fordele og nogle ulemper. Hvordan de afvejes er
et politisk valg.

Fokus i projektet har indtil videre varet N-udvaskning. En detaljeret beskrivelse af N-
omsztningen pa bedriftsnivean er defor lavet for at sikre at dette komplekse omride er godt
beskrevet. Modellen er forholdsvis unik sammenlignet med andre modeller fordi den giver
en detaljeret miljpmeassig og gkonomisk beskrivelse af en rzkke bedriftsspecifikke forhold
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ogsd omfattende Klimatiske forhold. Af de modeller der er diskuteret i rapporten er kun den
norske model ECECMOD i stand til at gennemfgre analyser som dem der er beskrevet her.

Modellen foreligger som en prototype og yderligere forbedringer og tilfgjelser vil blive
foretaget. Modellering af kvegbedrifter og flere afgrgder vil blive inkluderet. Disse forbed-
ringer og tilfgjelser vil betyde at FASSET kan handtere flere analyser omfattende ogsa fos-
for- og kaliumomsztningen, samt konsekvenserne ved en overgang fra konventionel til

gkologisk landbrug.

Den fremtidige organisation af FASSET vil blive zndret, eftersom nye mennesker skal ind-
g4 i projektet. Specielt ved et tvarfagligt projekt er det vigtigt med en tet koordinering
mellem de deltagende institutioner. Erfaringerne fra dette projekt har varet, at samarbejde
tager tid, men det er frugtbart og ngdvendigt hvis helhedsorienteret forskning skal gennem-

fores.
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1. Introduction

1.1. Background

In recent years society has repeatedly stressed the need for agricultural production to be car-
ried out in an economically and environmentally sustainable way, both in the short and long

run.

There is therefore a need for research into the environmental and economic implications of
changes in the agricultural production systems in order to achieve the right balance between
economic development and environmental conservation.

Since the late 19807s the environmental policy in Denmark have mainly focused on reduc-
ing nitrate leaching and the use of pesticides. Frequent changes in the environmental poli-
cies over the years have tried to ensure that the targets would be reached, but often the ex-
pectations have fallen short of the results. It is a very complex field of research and there is
still is a great demand for models which try to estimate both the environmental and eco-
nomic effects of different policies at the farm level.

In order to achieve a holistic approach, research aimed at specific and rather narrow issues
has to be supplemented by research, where natural and social scientists work together in or-
der to capture the complex effects which are related to change in agronomic practices. This
will also improve the quality of the research, bearing in mind that this type of research takes
more time, as the researchers involved in interdisciplinary research not only might speak
“different languages”, but also might be located at different research institutions.

The definition of sustainable agriculture used in this project is based on the definition made
in the Bruntland report. Sustainability is here defined as “a development, which fulfils pres-
ent needs, without endangering future generations’ possibility of fulfilling their needs”,
(FN-forbundet and MS, 1987). It is a rather general definition, where the problem of
sustainability is seen from a holistic perspective. The task is to find a form of economic de-
velopment which would sustain the environmental capacities needed for future generations.
However, it was clear from the beginning of the project that an operational definition of
sustainability was missing at the farm level.
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1.2. Aims of the project

The project has several aims. The first one is to clarify the concept of sustainability in rela-
tion to analyses of agricultural performance at the farm level. The second aim is to “develop
methods and principles for models, and on the basis of this, create a model framework
which can be used to show how to reach a sustainable development and adaptation on each
farm firm regarding marked related, agricultural and environmental possibilities and barri-
ers”, (Olsen and Rude, 1994).

In other words, the purpose of this sub-project is to create a model framework, which can be
used to investigate the consequences of different policies making the concept of
sustainability operational at the farm level. Due to the resources available in the project, the
aim has been to develop a prototype of such a model.

As the Danish environmental debate has focused on N-leaching and the use of pesticides,
the aim was to be able to deal with these issues and to be able to analyse the consequences
of policies which have been or are likely to be implemented. The model is intended to
evaluate the relationship between agricultural activities and environmental effects, and
contribute to a quantification of the effects of changes in the economical and environmental
conditions in agriculture.

The project should also be able to demonstrates the link between the farm level and the
sector level, showing that results from farm studies can be related to findings at the regional
and sector level (bottom-up approach). This interaction between the projects and the ex-
change of results from the two approaches (bottom-up and top-down) should allow for
valuable discussions of the strengths and weaknesses of the methods and models used.

It is, furthermore, an aim to be able to carry out analyses, which are related to more specific
usage at the farm level or to specific subject areas for each of the research disciplines in-
volved in the project. Here the project can help to identify areas where more research has to
be carried out, in order to improve the quality of input data and the model framework.

The work within sub-project 3 was divided into 3 phases, where the purpose in phase A
(1993 to 1994) was to create the project set-up and establish a definition of sustainability. In
phase B (1994 to 1995), studies concerning methods and system analyses were carried out.
In the last phase C (1996 to 1998) the model was developed and calibrated.
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1.3. The organisation of this report

This report starts with a short discussion in chapter 2 of the concept of sustainability and the
choice of indicators at the farm level. Furthermore, the model requirements and the model-
ling approach are discussed and an overview of the mode! framework is given. In chapter 3
the planning module is described in more detail followed by a description of the farm
simulation module in chapter 4. Chapter 5 then goes on to look at the case farms and the
different scenarios analysed. The results from the different scenarios are also presented
here. In the final chapter 6 a comparison with sub-project 1 is made and the strengths and
weaknesses of the current model in relation to other models are discussed. The chapter fin-
ishes with an outline of future research needs and recommendations on how to proceed with

the work on the model.
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2. Economic and environmental analysis at the farm level

This chapter looks at how to make the concept of sustainability operational at the farm level
and which indicators to choose. The farm analysis approach and choice of modelling tech-
niques is then discussed.

2.1. Sustainability and choice of indicators at the farm level

It is difficult to define sustainability because the concept of sustainability is subjective and
may change over time. Furthermore it is based on a holistic view of the agro-system and it
is therefore difficult to say whether each component is sustainable (Olsen and Rude, 1994).
The task of defining goals and indicators in relation to sustainability at the farm level is
consequently difficult.

The need for sustainability can be observed in a social, ecological and economic dimension,
The social dimension stresses the need for satisfying the basic needs, like water and food,
now and in the future. It also focuses on needs such as safety, freedom and education. The
ecological dimension focuses on the preservation of biological production resources and
genetic, as well as biological diversity. Finally, the economic dimension focuses on ensur-
ing an acceptable production and income, given the social and the ecological dimensions. In
formulating sustainable strategies an important problem is how to strike the right balance
between the three dimensions in an objective way.

Breaking the requirements for sustainability down into more detail, the aim could be clean
ground water and no longer just water. The next problem is then how to define e.g. clean
water. Some would argue that drinking water with less pesticides than the maximum values
set by The World Health Organisation (WHO), is clean water, others would have different
requirements. The same holds for levels of nitrate in groundwater and streams, animal wel-
fare etc. The example shows that finding the line between acceptable and unacceptable,
sustainable or unsustainable, can be difficult. Often this line will change over time, as more
research and measurement techniques become available and also peoples’ perceptions
change over time.

The farmer will act according to his values and goals, but this might not ensure
sustainability for society as a whole, although farmers will try to ensure the production ca-
pacity on their land for the foreseeable future. Therefore, in some cases, society has to limit
the extent to which the farmer can pursue his own goals.
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2.1.1. Establishing a link between goal and indicator

Looking at ways of measuring sustainability in agriculture, it quickly becomes evident that
some of the variables can be very difficult to measure. This is why indicators are used in-
stead. In this context indicators are defined as something which gives a sign, indicating a
certain development of a variable, which can not be measured directly. In other words, there
is often not a unique and clear mathematical relation between the indicator and the key
variable. It is for example difficult to measure the N-leaching from one hectare of barley.
The indicator has to be representative of the system, be scientifically based, be quantifiable
and respond to actions carried out. Furthermore, it also needs to have relevance for decision
making (Walter-Jgrgensen, 1998).

The fact that there might not be a clear relationship between goal and indicator makes it dif-
ficult both to state a clear goal and to measure whether this goal has been achieved. N-
leaching is an example of such non-point emission, where the result {N-leaching) can occur
many vears after the. nitrogen was applied.

In some cases one has to go further down and divide indicators at one level up into more
specific indicators at a different level which are easier to measure. However, the problem
might be that the more detailed the indicators are, the more indirect is the link between in-
dicators and the goal (Olsen and Rude, 1994). As an example the amount of applied mineral
fertiliser does not give a clear indication of the N-leaching on a pig farm, but it is a factor,
which can be measured objectively. The uncertainty regarding the links between key vari-
ables and the indicators can be reduced with more research, but not removed.

Many interrelations between different indicators can be observed and some indicators might
be used for different goals. Some of the indicators in level C in figure 2.1 might hence be
related to more indicators at a higher level. The term indicator pool was therefore intro-
duced in the sub-project to stress that a certain indicator could relate to several goals. How-
ever, in this report the term indicator will be used.

In this project priotity is given to indicators which can be clearly defined and measured in
an objective manner by certain units of measurements. Indicators of a more sociological
nature were hence not included. The focus has been on economic and environmental indi-
cators from the natural sciences (Olsen and Rude, 1994). The analyses presented will there-
fore focus on selected indicators and not make use of all possible indicators at the same
time.
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Goal (A)
Bi B2 B3
Cl C2 C3 Cc4 C5 C6
D1 D2

FIGURE 2.1. Description of indicator hlerarchy

2.1.2. Important indicators at the farm level

The choice of indicators depends on the goal and the level of focus. Hence the different
sub-projects in the overall research project may focus on different indicators whether it is
sector-, watershed- or farm-level. In some cases the overall aim is the same, but the indica-
tors are calculated at different scales (e.g. N-leaching from a given farm, from a region or
from the country). Only a limited number of indicators can be used in all sub-projects. A
detailed description of some indicators used in all sub-projects can be found in Vetter and
Rude, 1995.

Most indicators measure certain levels either at a point in time (stocks) such as N-pools, or
they refer to the average over time (N-leaching per year from one hectare). Other indicators
are constructed by relating the change in one indicator to the change in another indicator
(e.g. the cost of reducing N-leaching by one kg).

As the concept of sustainability is not clearly defined at the farm level, an international ac-
cepted list of standard indicators does not exist, but e.g. the OECD are in the process of
making a list of environmental indicators at the farm level (OECD, 1998).
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It is important to stress that the indicators describe only the development at the farm level,
whereas indicators at the national level (total N-leaching in Denmark) are not considered in
sub-project 3.

The discussions within the project lead to a list of areas and indicators presented in figure
2.2. The indicators were divided into themes of production, economy, working conditions,
nutrients, water, energy, animal welfare and landscape and nature. Animal welfare was not
dealt with in this project and landscape and nature was dealt with in sub-project 4.

The indicators regarding production deal with quantity and quality of the products. The is-
sue of quality has not been discussed in much detail within this project. Under the economy
theme, profitability and risk seen as the variation in income over the years are considered to
be important. For working conditions, the focus is on the number of working hours for a
given period and the total number of hours per year, as.it is very difficult to model and
measure working conditions (or workload). Regarding the nutrients, the emphasis has been
on the nitrogen turnover on the farm, which has lead to more detailed indicators than de-
scribed in the figure, including ammonia-loss in the transport from the animals to the fields,
the denitrification and the N-leaching. The other nutrients, potassium and phosphorus, have
been included, but a flow model has not been created. Regarding pesticides, the focus has
been on fungicides, herbicides and insecticides measured by the Treatment Frequency Index
(TFI). Finally, calculations regarding the energy used directly on the farm have been in-
cluded.

Looking at the range of different indicators, it is clear that constructing one overall indicator
- a sustainability index - would be very difficult and perhaps meaningless (Rasmussen and
Dalsgaard, 1994a). It is also difficult to use indicators at lower levels to construct indicators
at a higher level. The task of how to weigh each indicator will always be subjective (see
also Walter-Jorgensen, 1998). Thercfore it is left for the politicians to weigh the different
components and set the acceptable levels for each indicator. There will in several cases be a
trade-off between the indicators. This is why a reduction in one has to be weighed against
an increase in another indicator (e.g. the cost of reducing nitrate leaching by 1 kg N). In the
project, a certain level of sustainability for each indicator was not defined, as this is seen as
a political choice.
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Subject Area of Indicators Pool of Indicators
Production Product | Quantity, "kg” I
LQuath, ”?n l
Economy Profitability | Profit, “DKk” |
Solidity | Equity, "DKK” |
Risk [ Liquidity, "DKK” |
Labour Work | Working Hours, hrs” ]
Working Conditions ' Peak Working Hours, "hrs/period” l
I Workload, *7” —I
Nutrients Nitrogen, ' N-applied, "kg"” '
| N-evaporation / Ammonia loss, "kg” I
| N-leaching, "kg” —I
Phosphorus, I P-applied, "kg” I
I P-leaching, “kg” |
Potassium, l K-applied, "kg” |
LK—leaching, "kg” j
Pesticides Fungicides LTreatmcnt frequency index, “TFI” |
Herbicides I Treatment frequency index, “TFI" I
Insecticides I Treatment frequency index, “TFI” l
Energy Direct Ijonsnmpﬁon, “Kwh” ]

FIGURE 2.2. Pool of indicators and thelr relation to the farm (Olsen and Rude, 1994.
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Hopefully, more research like this, will make it easier to establish levels for the different
indicators which allow for better decisions regarding how a sustainable development can be
achieved.

Danish Agricultural Advisory Centre has also looked at which indicators to focus on. In a
project aimed at improving the resource allocation on each farm, farmers were given a
handbook on how to assess the environmental impact of their farm. In the self-assessment
handbook, the farmers could evaluate their farm with respect to: nutrient flows, pesticides,
energy, water, workload, dust, smells and noise (LI, 1995).

It was decided to include a wide range of indicators in the model framework in sub-project
3. This wide approach was in line with the requests from the project committee, but differ-
ent from the path followed in other projects (Vatn et al., 1996). This makes it more difficult
to find a clear starting point and to focus on specific problems, but easier to adjust as the
approach has a larger flexibility.

The choice and the quality of indicators depends, to a large extent, on the ability of the
model to capture the complex relations within the research field. The number of indicators,
which the model can estimate values for, may therefore be different than expected at the
outset. This has also happened in this project, but on the other hand, new indicators have
been included.

2.1.3. Possible scenarios

It was decided during the project to focus on the loss of nitrogen from farms to the envi-
ronment. The choice was based on the fact that nitrogen pollution plays a central role in the
Danish environmental debate. Thus it was decided to carry out analyses of different ways of
reducing the loss of nitrogen, focusing the atiention on taxation and regulation as different
policies (Vetter and Olsen 1996).

The model set-up should hence be able to picture especially the N-flow in a rather detailed
manner as shown in figure 2.3. In the figure nitrogen is imported to the farm as livestock,
artificial fertiliser or feedingstuffs, and nitrogen is exported in plant or animal products.
There is also an import of nitrogen to the fields as atmospheric deposition and as nitrogen
fixation. Losses occur through nitrate leaching or gaseous losses of ammonia, nitrous oxide
or free nitrogen. This provides the basic data for calculating a farm nitrogen balance (Ole-
sen et al., 1996).
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Gaseous losses Leaching losses

-_——————_-——_———_———_-—-—_—’

Atmospheric Nitrogen
deposition fixation

FIGURE 2.3. The nitrogen flow on a farm with livestock

Source: Olesen et al., 1996.

The alternative would have been to estimate, for example, N-leaching, directly from the
crop rotation, using for example Simmelsgard’s leaching function (Simmelsgaard, 1991)
(see Hasler, 1998 and Skop and Schou, 1996). As the aim was to give a detailed description
of the environmental impact at the farm level, it was thought that a good representation of
the N-turnover could be achieved oniy by a detailed description of the total N-flow on the
farm. This has made this part of the model larger, more complex and better equipped at
giving answers than expected at the outset.

The politicians have in the past considered both administrative measures (legislation) and
economic measures (taxation) in order to reduce e.g. N-leaching. The aim was that the
model should be able to deal with both types of regulation.

The environmental policy in Denmark has until now mainly been based on administrative
legislation. The suggestions for a tax have been made ever since the environmental debate
began in the 1980’s, but it has been opposed by The Danish Farmers’ Union, who have ar-
gued in favour of an administrative systermn.
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The basic idea of taxation on e.g. N is that it will lead to higher input prices and reduce the
amount used. In this context it is important which input is taxed. This is related to which
substitution might be considered. The sources can be mineral fertiliser, feedingstuffs like
concentrates, animal manure or nitrogen from N-fixating crops. A discussion on the impli-
cations of taxes on N-use at the sector level can be found in Linddahl (1998).

Secondly, it is important, if the tax is transferred back to the farmers, how it should be done
and who will benefit? Should it be given back evenly per hectare or should it be given to
promote e.g. organic farming? These political questions will not be addressed in this report.

The scenarios which the model should be able to deal with, were set up at the beginning of
the project and they follow the scenarios investigated in other European research programs
(Zeijts et al., 1997). The following are found to be the most important:

a) A tax on mineral fertiliser.

In a scenario with a tax on nitrogen in mineral fertiliser bought, there is no direct incentive
to reduce the use of nitrogen in feedingstuffs. However, it would lead to improvement in the
utilisation of nitrogen in animal manure. There would be a large difference in the way ar-
able farms and livestock farms are affected, as some livestock farms do not need to buy
mineral fertiliser today. It has been one of the most discussed scenarios in Denmark.

b) A tax on nitrogen input (both feedingstuffs and mineral fertiliser)

In order to affect also the nitrogen imported to the farm through feedingstuffs, a tax on ni-
trogen in both mineral fertiliser and feedingstuffs has to be considered. Farmers who can
produce their own feed would be affected less than farmers who have to buy most of the
feed, as the tax is introduced at the farm gate. In this case crop rotations with N-fixating
crops would avoid taxation, although these crops would contribute to the N-leaching.

¢) A tax on N-surplus without N-fixating crops

In a system where the tax is on N-surplus (input minus output) the usage of nitrogen on the
individual farm would have to be taken into account. A calculation of the nitrogen bought
as well as a calculation of N removed in crops and other products would have to be made.
N-fixating crops would not be included. This scenario is similar to the policy, based on nu-
trients accounting, which is introduced in the Netherlands (Breembroek et al., 1996). In the
Netherlands, however, only the surplus over a given minimum for each type of enterprise, is
taxed. The model in this project was set up so that such a non-taxed level of N-surplus
could be introduced.
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d) A tax on N-surplus including N-fixating crops

An alternative would be to consider the N-surplus as mentioned in scenario c, but including
N-fixating from crops like peas. The N released from N-fixating crops would have to be es-
timated, as it is not practically possible to measure it.

€) The allowed nitrogen applied according to the norm is reduced by 10%.
At present, the rules regarding utilisation of animal manure and the norms set in the fertil-
iser account are equal to a non-transferable quota at the farm level regarding nitrogen. The
quota is primarily fixed according to soil type, crop and the use of irrigation. The issue of
making quota transferable is very interesting, but not included in the scenarios.

f) The rules regarding livestock unit per hectare is set to equal a maximum of 170 kg N
(ex storage) per hectare.

An important element in the present regulation is the utilisation of animal manure. With an
increased number of livestock units per hectare, more animal nitrogen would be applied and
more would be lost. It is therefore interesting to look at the consequences of tightening the
regulation regarding livestock units per hectare. In relation to this, the EU’s Nitrate Direc-
tive from 1991 (Council Directive 91/676/EEC) states a maximum of 170 kg N per hectare
ex storage from manure.

g) Change the value of crops in relation to the winter green fields’ requirement

In order to reduce N-leaching, the Aquatic Environmental Action Programme I (Vandmil-
joplan I) stated that 65 percent of the agricultural area in Denmark has to be covered with
crops during winter (winter-green fields) (DPD, 1997). The possible green crops consist of:
grass, beet, winter oilseed rape, winter barley, winter wheat and catch crops (e.g. grass).
However, some of these crops do not reduce the N-leaching as much as other crops and
therefore they could count less when calculating the percent of winter-green fields.

h) Calculate the implications of rules included in the Aquatic Environmental Action
Programme II (Vandmiljgplan II)

The Aquatic Environmental Action Programme II from June 1998 contains both a reduction
in the fertiliser norm of 10% and a tightening of the livestock units per hectare, as well as
increased demands on the utilisation of animal manure. The plan also includes a require-
ment of a minimum of 6% as catch crops on each farm.

Finally, the model should be able to analyse the consequences of new policies under the
Common Agricultural Policy (CAP), such as the proposal included in Agenda 2000.
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2.2. Farm analysis

This section deals with farm modelling approaches in general and the actual choice of mod-
elling in this project.

2.2.1. Farm analysis based on Systems Theory

The general approach is based on the Systems Theory as discussed by Rasmussen and
Dalsgaard (1994a). According to Systems Theory, a farm firm can be considered as a sys-
tem, exchanging materials, energy and/or information with other systems in the environ-
ment. The advantage here is that the systems approach gives:

1. A clear separation between the parts which are analysed and the surrounding elements.

2. A possibility to focus on a certain part of the system without getting lost and over-
whelmed by the whole system.

3. A possibility to structure a part of the reality through the description of a system

The system analysis takes its starting point in the problem to be investigated. Based on this,
the system and its surrounding environment is described. The entire system is formed by a
lot of minor systems which all are part of a hierarchical structure. Furthermore systems the-
ory have been found to be a good way of combining disciplines (Janssen and Goldworthy,
1996)

The system can be affected by either controlled or uncontrolled events. Controlled events
are certain actions based on decisions made by the farmer. whereas uncontrolled events are
factors that he does not control (prices, legislation and climate conditions). A description of
the farm system created at the beginning of the project period can be found in Rasmussen
and Dalsgaard (1994b).

A general description of the farm system can be found in figure 2.4. Here the system con-
sists of management, which carry out the planning and the production system, which is the
simulation of the crop and animal production. From the production comes data and from the
manager comes information.

One problem in relation to System Theory relates to who describes a given element and de-
cides how to separate one system from another. People will according to e.g. research back-
ground, look at the problem differently and draw the lines differently. The advantage is that



-35-

it gives a clear description, which allows others to gain insight into the model set-up in or-
der to verify the model,

The performance of the system can be either deterministic or stochastic. If the system is
deterministic then the controlled input will decide the development from a known state at
time t, to a new state at time t;. In a stochastic system this is not the case. The reason for
this can be due to non-controllable variables (like e. g. rainfall) or lack of knowledge of the
link between variables. The model developed in the project is deterministic, as the climatic
conditions are chosen from a database and not randomly introduced.

Subsystem

Management
L} ! &
(=
L] .
. i’: Subsystem Production dv

FIGURE 2.4. Basic description of the farm system

Source: Based on Rasmussen and Dalgaard, 1994a.

In creating the system care must be taken so that the system only deal with factors, which
are important with respect to the focus of the analysis. This means that only input, turn-over
and output which are important to a discussion regarding sustainability should be included.
Furthermore it is important that difference in the results are due to change in e.g. policies
introduced and not due to e.g. the number of years analysed etc. In a complex system like
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this, the model makers have to be on their guard ensuring that the results are caused by the
change in given input and not other factors.

2.2.2. Model requirements

The objectives from the beginning of the project was that the model should be a dynamic
and stochastic model, which would be able to represent the behaviour and objectives of the
farm firm (Rasmussen and Dalsgaard, 1994b). More precisely:

e The model should be able to depict adjustments and developments of the farm firm un-
der changing conditions in the short and long run.

s The farmer holds complete right to decide over the farm and its resources. Only the
farmer can take the actual steps to adjust and develop the farm firm.

e The farmer (farm families) maximise expected incomef/utility within the constraints set
by the market, technology, institutions and legislation.

» Adjustment and development are seen as dynamic processes.

e Prices and yields vary over time and the resulting uncertainty influences the utility of the
farm family.

o The farmer will update price expectations.

This was based on the recommendations made by e.g. Klein and Narayanan (1992). In their
review of Farm Level Models they state that “the ideal type of farm level model for policy
analysis was identified as whole farm, multi-period, recursive and dynamic, which repre-
sented producer behaviour in a more positive and realistic manner”. Klein and Narayanan
(1992) state that most problems arising during model building relate to time lags (learning),
time consuming growth processes, risk and uncertainty, “lumpy” inputs and management
objectives. The model described in the following try to deal with those problems.

In the creation of the model one of the major changes was related to how the crop produc-
tion should be modelled. Instead of depicting the yield from the crop production as a sto-
chastic process based on a given distribution it was found that depicting the actual plant
growth would be a much better, but also more demanding solution. The result was that the
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variation in crop yield over time was not modelled as a stochastic process, as intended at the
outset, but as a deterministic calculation based on climatic data.

2.3. Choice of model design and software

A model structure for the entire project based on previous research projects did not exist,
therefore this had to be created from scratch. In setting up the model it was decided to fol-
low the layout described in figure 2.4. with both a control system and a production system.
The control system here represents the manager and the production system the farm pro-
duction. The choice of design is discussed in the following sections starting with the dy-
namic aspects.

2.3.1. Dynamic simulation

One of the aims was to create a model which would be able to simulate the actual develop-
ment on the farm including the dynamic aspects. The considerations lead to the model con-
cept described in figure 2.5.

The steps in the dynamic modelling can be described like this:

Step
1. Purpose:  Planning of farm operations for the next period T is based on
existing information, expectations and pre-specified goals.
Method:  Linear Programming.
2. Purpose: Implementation and simulation of planned actions for period T.
Method: Deterministic simulation within the framework of object oriented design.
3. Purpose: Recording of the actual outcome in the period T.
Calculations within the framework of object oriented design
4. Purpose: Updating information in relation to the new planning situation in period
T+1.
Method: Deterministic simulation within the framework of object oriented design
5. Purpose:  Backtostep 1.
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FIGURE 2.5. A dynamic model description.

Actual output
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Source: Own construction based on Rasmussen and Dalsgaard (1994b).
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The actual model differs from the description found in Rasmussen and Dalsgaard (1994b)
as the model has a much more detailed simulation of the plant yield as previously men-
tioned.

23.2. Object oriented design

As the basic thoughts in Object Oriented Design (OOD) follows the ideas in the system ap-
proach it was natural to chose this design (Booch, 1991 and Coad and Yourdon, 1992). The
purpose of OOD in this context is to model a real world system using objects that are ab-
stracted from the problem area. An example of the use of OOD in agrcultural science is the
cropping model CropSyst, which deals with a plant simulation similar to parts of the model
used here (Evert and Campell, 1994),

The advantages of an object oriented design are in short:

Safe reuse of the program code which increases productivity.

Clearer program codes open to scientific review.

Incremental model building without rewriting the whole model.

Easier to maintain which prolongs the lifetime of the models.

Common modelling concepts facilitating communication within multi-disciplinary

development team,

Clear connection between analysis, design and programming.

7. Flexible models, where features from one level can be automaticaily reused in sub-
classes.

N

o

As an example, growing wheat in a field could be used. The first step is to identify the ob-
jects, which among others are: field, tractor, drill, combine-harvester, seed and crop. The
second step is to relate the objects which exchange services with each other. Driving the
tractor belong for example to the tractor object. The third step is to make a reference dia-
gram which connects the different objects. Finally, in step 4, the dynamic relation between
the objects is described. Here, every step from seeding to harvest is looked at and described.
The actions then describe the whole process (see figure 15 in Rasmussen and Dalsgaard,
1994a or Hansen et al., 1994).

An object in this approach is defined by its attributes (variables) and behaviour (functions).
Parameters are the static elements of an object and state variables are the dynamic ones. Its
class defines the type of an object. Objects of the same class have the same kind of attrib-
utes and behaviour, but the values of the attributes may differ. A class can be derived from
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another class, which then becomes the base class. One implication is that once e.g. a crop is
modelled, it is fairly easy to program the next crop, as it can inherit the structure from the
first crop.

In the beginning of the project, the Ooase (Object-oriented Analysis and design in System
Engineering) method, developed at the Danish Institute for Technology, was used in order
to ease the programming and secure a clear structure of the model (Skogstad-Nielsen,
1992). It was meant to guide the program developer through successive steps where itera-
tive testing should have ensured a coherent model, a clear system description and was
meant to create a large part of the actual C++ code. However, Ooase could not handle in-
heritance satisfactory, so there was still a lot of co-ordination and programming to be done
after the Ooase programming. The programming in the latter part of the project was there-
fore carried out directly in C++.

2.3.3. Planning using Linear Programming (LP)

It was decided that the planning part of the model was best carried out using a Linear Pro-
gramming (LP) technique. This choice was made to get a stringent model, which gives an
optimal solution using a normative approach based on the assumptions regarding propor-
tionality, additivity etc (Hazell and Norton, 1986). The optimisation model is also able to
model the optimal adaptation to different policies or scenarios. Also the use of shadow
prices might be very useful as they describe the marginal value product.

Due to considerations concerning execution time only linear processes were included. Us-
ing a range of linear processes as an interpolation for a concave production function does
increase the size of the model and will force the solution to be found in corners, when using
a simplex algorithm. A fairly detailed description of the function around the expected solu-
tion has to be used when using linear processes. Also non-linear functions has its disadvan-
tages, as the solution might not be a global. but only a loca! optimum (Hazell and Norton,
1986).

Techniques such as Multicriteria Decision Making (MCDM), Goal Programming (GP),
Multi-Objective Programming (MOP) and Compromise Programming (CP) (see Piech and
Rehman, 1993), has not been included as the focus in the prototype was on one criteria.

The use of flexibility constraints has been avoided in this model, which is why the results
from the analyses allow for an immediate adaptation to the optimal solution. The restric-
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tions on certain crops were kept to a minimum as they might restrict the solution so much
that the solution is given beforehand. The argument for these crop rotation constraints is
that they describe effects, which would otherwise require a longer multi-period model or the
modelling of risk behaviour.

A three period planning model has been chosen, as most adjustments (biological/technical
adjustments) take place within 3 years. (e.g. 2 year crops like grass, which might have to be
established when seeding the barley). The overall period used in the planning model is 3
years. At the outset it was the intention that the periods in some case could be longer than
one year, but the overall periods used in the model are all 12 month. The three period model
therefore covers three years. A three period model should also ensure that the crop rotation
will have a fairly even flow over the periods. More periods could have ensured that all crop-
rotation effects are included. Using fixed crop rotations was considered, but not chosen,
mainly because it is then difficult to organise a smooth transition from a present crop-
rotation to a future crop-rotation.

The software program GAMS (Brooke, 1992) was chosen as it has specific strength in
multi-period problems. The model structure is build on arrays of input and limitations and is
well suited for more crops, periods etc., which are structured in the same way. GAMS has
been used in a range of similar projects concerned with optimisation of the production sys-

tem.

Along side the development of the planning model a minor model has been developed to
focus on adjustment costs using the same basic set-up as previously described (Dalsgard,
1996). This model is fairly simplistic in planning and simulation, but has tried to incorpo-
rate farmers® investment behaviour and risk perception, as well as correlation between
prices on different products and on products between years, which has not yet been incorpo-
rated in the large model. The purpose was to develop methodologies and principles for a
farm level model, which later could be used in the model described here.

By using an LP-model for the planning and a simulation model for the production, both can
be used for what they are best at, answering what ought to be done and what happened. This
is also the situation that the individual farmer finds himself in as he has to plan the produc-
tion and will have to expect that the outcome will be different to what he expected e.g. due
to the weather.
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2.4. Medel overview

The entire model complex is calied FASSET, which stands for Farm ASSEssment Tool. As
described the model consist of two modules, which are described in more detail in chapter 3
and 4. How the model is executed and how e.g. climate data is taken into consideration is
described in the following sections.

2.4.1. Running the model

Running the entire model consists of a range of steps. A typical run of FASSET consists of
the following 12 steps:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

At the beginning it is decided which type of case farm to analyse. This involves
area, labour resources and buildings (see chapter 5).

A simulation based on the previous years production plan is carried out in order
to estimate variables not given in the initial conditions in step 1. These include
information concerning machinery and soil nitrogen pools etc. (see chapter 5)

Choice of scenario is made. Scenario=0 is equivalent to the base scenario. There
are at present 3 other scenarios (see chapter 5). The scenario used in the first 10
years is always the base scenario.

The planning is then carried out using the LP planning module. The result is the
decision regarding field size, crops, N-application and pesticide use for each
field. Also a feeding plan for the animals is made (chapter 3).

Choice of year from which the given climate scenario should start.

When the simulation ends the production planned in step 4 is carried out using
the climate for the year chosen in step 5 (see chapter 4).

When the simulation is ended for one year, a list of essential indicators is stored.
The model is then run for the following climate years based on new production

plans made by the LP-model. The indicator values are kept. A total of 30 years is
simulated for each climatic scenario.
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Step 9:  The model is run for another climate scenario, where the starting year is different
according to the list described below. A total of 10 climate scenarios are carried
out using the same sequence of production plans as before.

Step 10:  When the model has been run for all years in all climate scenarios the average
and the standard deviation for each period for that particular scenario can be cal-
culated.

Step 11: A new scenario is now chosen.

Step 12.  When calculations for all scenarios have been carried out the results for one type
of farm is ready and the indicator list can be made.

The number of periods (number of times that the 3 period planning module are executed)
depends on when a new equilibrium can be found. The number of periods it takes to find
equilibrium concerning the crop rotation will be much shorter than for the soil pools. It was
found that a length of 30 periods was appropriate,

When the model is running the scenario described in step 3 is first introduced in period 10.
This allows the model to find a steady crop rotation and level of N-leaching. The following
10 periods are used to picture the transition period from one scenario to another. The last 10
periods show the new level where it is expected that the new equilibrium has been reached
and full effect of a given political regulation has been reached. The result for the indicators
shown in chapter 5 are hence averages of the last 10 periods.

The procedure described in step 9 above has been chosen in order to ensure that the results
were not biased with regard to the climate. If only one climate scenario had been chosen
there might have been a danger that a particularly climate scenario could have a greater im-
pact on one crop rotation than another e.g. more rain then normal. The results would hence
only hold for that climate scenario. The starting years for the 10 climatic scenarios have
been chosen randomly and resulted in the years 1961, 1966, 1967, 1967, 1974, 1978, 1980,
1984, 1985 and 1987. When the final year in the climate list (1993) has been reached then
the next is taken from the first year (1961).



-44.

Initial conditions
for
case-farm

— l Policy scenario = 0,1,2,3 |
—>

Planning of production
* Crop rotation

* Fertiliser level

» Pesticlde level

« Livestock production
+ Feeding plan

’ l
Choice of Climate scenari
Start year = 1961 -1993

v

Simulation of production
» Plant production

* Livestock

* Lahour

* Machinery

* Stores

s Economics

Results of scenario

FIGURE 2.6. A flow-chart of the model

Type of model

Simulation

LP

Simulation

Last climate year?

Last climate scenario?

Last policy scenario?



_45-

The results presented in the indicator list in appendix 10 are hence an average of 10 differ-
ent climatic scenarios. Each figure is therefore an average of 100 figures (10 years * 10
climatic scenarios for each). By repeating the climate scenarios it can be ensured that for
example the average precipitation is almost the same in each period.

It was clear from the beginning that the model would not be able to deal with all aspects of
farm planning in the model. It was decided that choices regarding soil type, buildings, type
of production system, size of farm machinery should be decided outside the model, whereas
choices regarding crop rotation, fertiliser level and pesticide application should be made
within the model. A list of the some of the most important endogen and exogen variables
can be found in table 2.1. The table includes some exogen variables which, with changes to
the model, could become endogen variables.

TABLE 2.1, Overview of the main endogen and exogen variables in FASSET

Type of variable Exogen Exogen Endogen
Is fixed for Does not change Changes
a given farm in present model within model

Soil type X

Total farm area

Farm machinery

Type of housing system
Utilisation of animal manure
N-pools

Field size

Crops in each field

Levels of fertiliser application
Levels of pesticide application

K XK

R XX

2.4.2. Model limitations

The description has until now dealt with the aim of this model. However, it was not possible
within the limitations of this project to deal with all the issues that was intended at the out-
set. The section looks at the main areas, which have not been included in the present model.

Dairy production

Dairy farms have not been modelied, although the basic outline for the programming has
been described in chapter 3. This is also the reason why none of the case farms are dairy
farms and no crops for roughage has been introduced.
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Investment

The investment module, which was intended to ensure a dynamic development on the farm
dealing with investments in land, buildings and machinery is not included in the present
prototype of FASSET. The area, buildings and machinery decided from the beginning will
be the same over the years.

Including risk and other objectives in the objective of the farm

As mentioned earlier a multi-objective approach including risk has not been implemented as
yet. It will, however, be natural to include this in the future development of the model. This
would make it possible to picture the attitudes of different types of farm managers.
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3. Description of the planning module

The purpose of the planning module is to simulate a farm manager who wants to find the
optimal production plan for the coming period. The model is dynamic and the planning is
carried out once a year.

The planning model and its relationship to the other models is described in figure 3.1. The
simulation medule receives information regarding technical coefficients, expected prices
and legislation. Based on the specific conditions for the farm, a range of relevant production
coefficients are prepared by the simulation module. All this data is then made ready for and
passed on to the planning module by the simulation module.

Data module Simulation Planning
module module
Farm
specification 3 period
LP-model
Expected prices »| Input generatingt
4
Technical coef 1 period
LP-model
Legislation
Climate module Simulation
of actual |«
Climate production
Results

FIGURE 3.1. Planning the production using the 3 and 1 period LP-model
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Due to resource limitations in GAMS the planning module was divided into 2 steps based
on two LP-models. The first is a 3-period LP-model dealing with the crop rotation and the
other is a 1-period LP-model, which deals with pesticide application and a more detailed
fertiliser application. A more detailed description of the sub-models follows later in this
chapter (sec also Jacobsen and Boye (1998). The term’s module and model are in this con-
text both a sub-part of the entire FASSET model.

The simulation model carries out the communication with the LP-model. The sub-module
called static-crop, generates files, working plans and enquiries about expected vields, given
soil type, input levels and management strategy, which is then passed on to the planning
module. The structure of the LP-models can be summarised as follows:

Profit = Max 3 C; X¢, t=1,...,3 j=1,..n

subjectto At * Xt < Bj
Xt >0,

where profit is the value of the objective function at the time t for the optimal solution X;; C;
is a vector of unit revenues and costs for the activities j=1, ....n; X is a vector for the
amounts of each activity during period t; B; is a vector of resources i=l, ... ,m available
during period #; and A, is an m*n matrix of technical coefficients representing the amount of
the ith resource required by the jth activity in period t. A schematic description of the plan-
ning module can be found in figure 3.2, were the restrictions are included in the RHS-
column.

The optimal production plan is then transferred from the planning module to the simulation
module and the simulation of the plan is then carried out and the actual results found. Note
that for each sequence both an expected and actual result can be calculated.

The planning is carried out once a year and it is therefore not possible to make adjustments
to the decisions made at the beginning of the year e.g. due to climatic conditions. This
means that the N-application and feeding plans are kept, although the actual outcome will
differ from the expected. The ideal would be a continuous assessment of N-application,
yields and feeding plans.
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FIGURE 3.2. A schematic representation of the restrictions in the planning model

The planning and the simulation modules are, as described, linked together, but analyses
made by the planning module on its own using the simulation module primarily as a data-
base can be carried out. In a similar fashion, a simulation of the consequences of e.g. a cho-
sen crop rotation or feeding plans can be made, leaving the planning module out of the
analysis. In such calculations, however, no behavioural response to new conditions will be
included unless they are given beforehand.

In the following, the planning is described in more detail. The focus will be on the 3-period
LP-model and reference to the 1-period LP-model is only made when necessary.
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3.1. The objective function

The purpose of the objective function is to be able to describe the goals and values which in-
fluence the farmer’s decision making. Here it is assumed that the farmer is a profit oriented
decision maker.

The profit in the model is based on the revenues from selling crops and animal products.
Variable costs including seed, concentrate, nitrogen, phosphorus, and potassium are de-
ducted. Furthermore, costs like levy on nitrogen, the marginal cost of spreading animal ma-
nure as well as the cost of rented labour is deducted. The value of phosphorus and potas-
sium, which is not used in the production but stored, can be transferred to the following
year. If not used the following year it is given a value of zero.

In many papers there is a discussion of the objective function in such an LP-model. We
chose to assume that the farmer wants to maximise profit, although it does not fully take ac-
count of all e.g. psychological factors which might influence the farmers’ decisions. Re-
search regarding decisions behaviour with respect to choice of crops and level of fertiliser
and pesticides, seem to show that the farmers decisions are based on rational behaviour
following the *“Economic man” concept (Jacobsen, 1994). The effect of psychological fac-
tors is therefore limited.

Furthermore, considerations concerning risk can be included in the LP-model both in an
objective function and as a restriction (e.g. MOTAD) (Hazell and Norton, 1986). Alterna-
tively, quadratic programming can be used as a different way of modelling risk-behaviour
(Dalsgaard, 1996). Risk was however not implemented in the current model set-up.

Indicators for sustainability can be included in the objective function, but they will in most
cases be constraints on the production possibilities e.g. quota on artificial fertiliser or the
number of working hours in a given period.

3.2. Fields and crop rotation

The 3-period LP-model gives for each run a list of fields with associated size and crop. The
crops to choose from are at present: winter wheat, winter barley, winter rape, peas, spring
barley, set-a-side (in rotation) and set-a-side (continuously).

The model assigns a unique number for each field. Each crop sequence has a unique name,
identifying the present crop on that field and the crops for the two previous years as well as
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the number of the field. A minimum size of each field and a maximum number of fields of
are included ensuring that the number of fields does not “explode”. This was achieved with
the use of integer programming. This technique, however, slows down the execution of the
LP-models, but was considered important as a very large number of small fields was not ac-
ceptable. Restricting the maximum number of fields, on the other hand, increased the speed
of the calculation. The maximum number of fields was set at 19 allowing execution of the
model and ensuring that the area with each crop reach an almost steady state.

In many LP-models fixed crop rotations are used. This limits the number of possible crop
rotations as not all possible rotations can be included. A disadvantage is that it might restrict
the transition possibilities from one crop rotation to the next (El-Nazer and McCarl, 1986).

The only direct crop rotation constraints included are the maximum percentage with oil-
seed rape in the crop rotation (25%) and peas (15%). These limits are set to ensure that the
area with these crops can be harvested within few days. Other limitations ensure that certain
crop rotations, e.g. oil-seed rape after oil-sced rape is not allowed, following good agricul-
tural practices.

Specific yield curves with respect to nitrogen input were estimated for each crop type and
for the two main soil types (loamy sand and sandy soil). For sandy soil a distinction be-
tween with or without irrigation was made. The information on yields according to N-
application is obtained from many sources and covers a wide range of years, sites and fer-
tilisation levels (Petersen et al., 1999). The yield curves were constructed on the basis of a
second-degree polynomial (see appendix 5). The production functions used in this project
have higher yields, compared to previously used functions (figure 3.3), due to the develop-
ment in plant breeding over the years. The difference between the function used by Nielsen
and Kristensen (Nielsen and Kristensen, 1991), and the functions used in FASSET is a yield
of approximately 0.7 tonne per ha for all N-levels representing the change in yield from the
1980’s to the 1990’s. The N@K-model (Rude, 1991) has the lowest optimum at 168 kg
N/ha and FASSET the highest at 178 kg N pr ha, using the same price on wheat (1.00 DKK
pr kg) and nitrogen (5.00 DKK pr kg).

In the 3-period LP-model, a step-wise linear description of the production function with re-
spect to nitrogen, is formulated. Three levels of fertiliser and related yield are used in the 3-
period model, whereas 12 levels of fertiliser have been used in the 1 period LP-model. The
three points in the 3-period model and the 12 points in the 1- period LP-model are based on
the same production function.
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FIGURE 3.3. Different production functions for winter wheat on sandy loam

Expected yield depression related to crop rotation and plant protection strategy, is expressed
in tables of specific reduction coefficients. Wheat following a grain crop, is expected to
have a lower yield than wheat following either oilseed rape or peas (see table 3.1).

The total nitrogen available consists of actual nitrogen applied and nitrogen released from
the soil pools. The ready available nitrogen in the soil depends on the cropping history. The
value of growing e.g. N-fixating crops like peas is hereby taken into account.

In practice, the yield levels will vary depending on the previous crops. This carry-over ef-
fect goes beyond nutrient balances, and is amongst others, cansed by effects on soil struc-
ture and soil borne diseases. A causal modelling of these effects would be very complex and
require data, which does not exist presently. On the other hand yield depression is of sig-
nificant importance, which can not be ignored in this model.
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TABLE 3.1. Reduction coefficients depending on crop sequence

Past crop Wheat Rape Barley Pea Fallow
Present crop

Wheat 0.90 1.00 .90 1.00 1.00
Rape - - 1.00 1.00
Barley 0.95 1.00 0.95 1.00 1.00
Peas 1.00 1.00 1.00 1.00 1.00

Source: Estimated by the Danish Institute of Agricultural Sciences.

Yields likewise vary with the resources put into plant protection. Again, a highly complex
sub-model for all the major diseases, pests and weeds for the possible crops, goes beyond
the present knowledge.

A simple method has been chosen, where yield depression and the effect of pesticide appli-
cation levels are expressed in two multiplicative coefficients, where 1.0 stand for unreduced
yield. The dry matter production, as well as the output of the LP-model are reduced ac-
cording to tables 3.1. and 3.2. These values are estimated by Danish Institute of Agricultural
Sciences and are based on field experiments.

In the planning carried out in the !-period LP-model the level of pesticides is also deter-
mined. Three levels of plant protection are presently included, where level 0 represenis no
pesticide application, level ¥ represents typical spraying for an “integrated” or “light-
green” farmer, and level 1 represents traditional spraying practice. For each of the three ley-
els (0, Y2 and 1), a specific combination of pesticides and mechanical weed control are used.
The production functions, with respect to nitrogen for different pesticides levels, differ by a
constant factor. In table 3.2, the reduction coefficient for the yield is shown. On average the
reduction in yield is assumed to be approximately 5% when using the “light green” ap-
proach and 5-20% when not using pesticides.

TABLE 3.2. Reduction cuefficients on yieid, depending on plant protection strategy. Present
crop in rows. The value for pesticide level 1 is 1.0 by definition

Pesticide level 0

Pesticide leve! 12

Pesticide level 1

Wheat 0.90 0.95 1.00
Rape 0.80 0.95 1.00
Spring barley 0.95 1.00 1.00
Winter barley 0.93 0.85 1.00
Peas 0.80 0.93 1.00

Source: Estimated by the Danish Institute of Agricultural Sciences.
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The number of possible crops on a given field depends on the cropping history in a manner
mimicking good agricultural practice. For example, peas and winter rape can only be grown
after each other with minimum 5-year intervals. Winter rape can for reasons of timeliness
only be sown after winter barley and fallow fields.

For each crop and soil type there are 12 nitrogen application levels and 3 pesticide levels in
the 1-period LP-model (see figure 5B in appendix 5). Pesticides are not applied to set-a-side
fields, just as peas do not require any nitrogen.

The optimal N-application is not tested against the norms published by The Danish Plant
Directorate {DPD, 1997) in relation to the compulsory fertiliser accounts.

There is in the present model no possibility of changing to a different technology when ap-
plying animal manure and the atilisation of nitrogen therefore remains the same for a given
scenario. The effect of changed technologies can be analysed by formulating different sce-
narios with different application techniques.

The LP-model does not include export of animal manure. Therefore a levy on nitrogen in
mineral fertilisers will affect only the amount of mineral nitrogen bought. There is no direct
increase in the value of nitrogen in animal manure and no internal transfer values for animal
manure is included as the plant and the animal enterprises are not separated.

By.not allowing the opportunity of selling or buying animal manure, the planning model,
represents the sitnation where the shadow value is equal to zero, which is the case in some
parts of Denmark today. Many cereal producers will not pay the full value or anything for
animal manure, due to uncertainty regarding the content of nitrogen in animal manure and
inconvenience related to having heavy machinery on the fields. Furthermore, farmers, who
want to sell animal manure, have to ensure that the manure is utilised at the level stated as a
minimum requirement in fertiliser accounts. With high taxes on nitrogen fertiliser the
shadow value of animal manure will increase. In this case the opportunity of selling and
buying animal manure should be included in the planning module.

The application of both mineral and animal fertilisers makes the planning model more com-
plex and the more detailed decisions regarding the applications are therefore only made in
the 1-period LP-model. The model ensures that the applied nitrogen equals the optimal N-
application for each field given the included restrictions. In some cases too much phospho-
rus and potassium can be applied from animal manure. The excess nutrients are given &
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value (the standard price). If the crops the following year can not use the phosphorus and
potassium the economic value equals zero.

Consideration regarding e.g. the time of year (from autumn to spring) when animal manure
may not be applied to most crops is taken into account. The utilisation of animal manure
depends in the LP-mode! on the time of year and the crop, but climatic conditions are pres-
ently not taken into account. The expected utilisation of animal manure is on average 55%
for pig-slurry according to the results from The Danish Agricultural Advisory Service
(DAAC, 1997).

The amount of phosphorus and potassium applied varies according to the demands of the
different crops. The levels of applied phosphorus for each field vary from 0 to 25 kg P per
hectare and the levels of applied potassium (K) vary from 0 to 100 kg per hectare according
to the crop (highest for rape and zero for set-a-side).

Variable costs
The variable costs include seeds, pesticides and other costs such as marginal costs for trans-

port {see table 3.3). The costs are not the same for all fields, as the variable cost depends on
the distance from the farm. The fields are assumed to be at varying distance from the farm
and the average distance rises with farm size according to a simple geometrical model,

TABLE 3.3. An example of the costs used in the LP-model for a pig farm of 71 ha

Crop Variable cost

(DKK per hectare)
Winter wheat 1025
Winter oil seed rape 555
Fallow 461
Spring barley 676
Winter barley 1088
Peas 1000

Comment: The variable costs vary with pesticide application.

3.3. Livestock and buildings

With the purpose of describing the economical, environmenta! and social dimensions of
sustainability, modelling of livestock production should fulfil the following tasks:
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a) Describe the relations between management, production system, herd, feeding and the
resulting production.

b) Generate alternative production plans including different feeding plans and relevant
consequences for a given production system.

c) Be able to deal with utilisation of home grown feeds

d) Be able to deal with regulations such as the milk quota.

An implementation of these requires a general planning model capable of creating plans for
land use, in order to ensure sufficient amounts of feeds for livestock. It also requires a
simulation model were the actual production is carried out. The amounts of feeds in the
simulation model are fixed in the planning model and can not be changed according to
changes in yields etc.

The planning of land use on a farm with livestock production should include the needs and
utilisation of feeds. The value of home grown feeds can be evaluated only by processing it
through the animals and thus get the output in terms of milk, meat and manure as stated by
point ¢) above.

The sub-model of the pig production is implemented in FASSET. This is, however, not the
case for the dairy production sub-module, and the following description should be read with
this in mind. The inclusion of a dairy production sub-module will probably uncover new
problems and relations that will cause changes compared to the following description.

3.3.1. Dairy preduction

In planning the dairy production it is not sufficient to know the total yearly demands for
feed from the herd. Given different availability of feeds throughout the year {e.g. fresh
grass, fodder beets), it is necessary to model how the herd is composed over the year. This
raises the need for splitting the year into a number of sub-periods. Considering the size of
the 3-period LP-model, the number of sub-periods should be kept at a minimum, but should
at least include the following sub-periods:

» Winter: from 15™ of October to 9" of May,
e Summer: from 10% of May to 9™ of August,
o Autumn: from 10™ of August to 14" of October
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These periods make it possible to some extent to take into consideration seasonal differ-
ences in milk price; the availability of feeds and the supply of fresh grass, especially in
August, where undersown grass from harvested barley and whole seed silage fields can be
used. Should the planning model allow more sub-periods to be included, the winter sub-
period should be divided and the summer period split into a number of periods equal the
number of silage cuts.

The distribution between concentrate and roughage depends on the lactation stage of the
cow. The following partitioning of the dairy cows in lactation groups was used in the farm
model ADAM-H (Hansen,1992):

* 1-24 w.p.p. (weeks post partium, which are number of weeks after lactation)

= 25-34w.pp.

e 35-44 w.p.p.

# dry period

This partition might seem unnecessary detailed for planning purposes, but it is suitable for
the simulation of the actual feeding — see e.g. Kristensen and Hansen (1989).

The partition of heifers and slaughter bulls, also follows the ADAM-H approach, meaning
that heifers are represented by average animals in four age intervals, whereas slaughter bulls
are represented by produced animals (Hansen, 1992).

An even calving distribution at a replacement percentage around 40 % means that 56 % of
the feeding days will fall into the group 1-24 w.p.p.; 20 % into the group 25-34 w.p.p.; 16
% into the group 35-44 w.p.p. and 8 % of feeding days into the dry period. An uneven
calving distribution will of cause change this distribution and the total number of animals
might vary over the year. The dairy model should allow for this to some extend. In ADAM-
H the number of dairy cows are allowed to vary 4 % between periods.

The number of cows determines the number of born heifers and slaughter bulls. The model
includes possibilities for selling the calves as an alternative to keeping them for fattening or
replacement. The necessary number of replacements can be calculated from the replacement
percentage for the herd.

Feed items
A dynamic calculation of the production from a given feed ration requires characteristics
for all feed items. These data can be taken from The Danish Agricultural Advisory Centre
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(DAAC, 1996a). For home-grown feeds, also the type of crop it originates from must be
identified. More feed items may relate to the same crop in cases where the characteristics
are influenced by crop management (e.g. time of cutting silage), or if there is interaction
between stocking rate and grass production. Some crops will by nature produce several feed
items - e.g. fodder beets producing beet root and silage.

The model should be able to describe how feeding affects the production. This can be en-
sured by the use of knowledge sets, which is: “An integrated description of a factor use and
the resulting biological/technical consequences hereby, where a factor use is a specific
amount of production factors used in a specific way in a specific production system” (Han-
sen, 1987). ADAM-H includes a number of knowledge sets, which can be used as a starting
point for the activities included in the planning module (Hansen, 1992).

Milk production

The expected production of milk by the lactation group 1-24 w.p.p. can be calculated using
production functions developed by Thysen (1983). In the other lactation groups, the ex-
pected milk yield can be calculated using functions according to Pstergaard et al. (1994) in
order to take feed efficiency into consideration. Corrections to these estimates might be
needed for some rations as the amount of ad libitum feeds can affect the milk yield 1-24
w.p.p. in a positive or negative manner.

Production of meat

The expected production of meat per dairy cow is assumed to be constant e.g. 40 kg for
large breeds and 25 kg for Jersey. Regarding heifers, the knowledge sets for these are com-
posed in such a way to ensure that the cow will reach the right weight at calving. For
slaughter bulls, there is a knowledge set for each produced slanghter bull and a number of
alternative combinations of feeding intensity and weight gain will be included.

Manure production

Based on the information regarding type of animal, feeding and the resulting production of
milk and meat, the production of manure ex animals can be calculated according to the new
norms for animal manure stated in Poulsen and Kristensen (1997). Knowledge regarding
the housing system can be included in the calculation.

Fixed costs
Straw for bedding, veterinary costs, breeding expenses, minerals and other expenses will be
independent of the size of production. The costs are calculated as the cost per animal. The
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same applies to the calculated payment of interest of the capital tied up in the animals. This
may be included as the capital invested in animals can affect the decision making in the
planning situations under a milk quota.

3.3.2. Pig production

Pig production differs from dairy production by being much more independent of the crop
production. This simplifies the modelling of the pig production. There are no biological or
technical reasons for operating with several periods throughout the year. Economical con-
ditions might vary but without any relation to time of year. Therefore, when planning the
pig production, the model operates with number of sows per year and produced baconers
(pigs for slaughter). A description of the limits used in the planning model can also be
found in Jacobsen and Boye, 1998,

The number of animals (sows and baconers) is limited by the capacity of the buildings for
that particular farm. This capacity is constant over time as no investment model has been

included yet.

Relation between feeding and production

As with the dairy production, the relationship between feeding and production is repre-
sented using knowledge sets. The aim is to find the cheapest way of fulfilling the following
restrictions:

* Minimum feed units.

e Minimum kg lysine.

e Minimum kg methionine

¢ Minimum kg treonine.

e Maximum total protein-N.

The optimal solution is found from placing these restrictions and a number of alternative
feeds (bought and homegrown) in the planning module, which follows the production plan-
ning carried out in pig farming in Denmark today. A complete description of the bioclogical
and technical basis can be found in Larsen and @Bstergaard, 1997. The different feeding
plans differ in the quality of used feeds which then again affects the amount of N and P in

the manure.

A levy on nitrogen in bought feedingstuffs will be an incentive to use homegrown crops
like peas in the feeding plan and to change towards feeding plans with less nitrogen. A levy



on nitrogen does not affect the internal price of nitrogen in animal manure as no internal
prices are calculated. A levy on nitrogen is not expected to increase the price of inputs, al-
though the costs of producing feedingstuffs might increase.

3.4. Storage

The slurry storage is described by its capacity and the current amount of stored slurry. This
information is used, together with an estimated slurry production, to plan the application of
manure to the fields. The plan includes both the period for application and the amount of
slurry applied to each field. The nitrogen content of the manure is based on the current
feeding plan of the livestock and corrected for an expected loss from stables, stores and
field application.

The size of the livestock is restricted by the capacity of the slurry store as the amount of
produced slurry must always be lower than the capacity.

Transactions between livestock production and other elements in the overall model will
primarily take place through storage for feeds and manure. There is here a time lag as the
crop production based on the planning will not be harvested until 9 — 12 months after the
planning is made. The feed the animals are given in the planning module is in fact what is
expected to be produced and not what is present in the store. This does not cause a major
problem as the size of the livestock typically is the same over time.

3.5. Machinery and labour

The farm is equipped with the machinery expected to be on a farm of the given size (see
chapter 5). In the planning, only a few limitations on the use of machinery have been taken
into account. For each machine, a limit to the number of hectares in a given period has been
set. The model uses sub-periods, so that for example the harvest capacity in the autumn is
limited. The cost of spreading animal manure and using the combine harvester is included
in the objective function. Only the variable cost of using the machinery is included as it is
assumed that the farmer owns the machinery. The use of labour is limited to the farmer’s
own labour in a given period, but more can be rented. The cost of rented labour influences
the object function
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3.6. Legislation

A range on Danish environmental and EU-policies has been taken into account as shown in
table 3.4 and it is assumed that the farmers are fulfilling the requirements set by the law, It
is e.g. not allowed to spread animal manure from harvest (autumn) to the 1* February (with
few exceptions) and the animal manure has to be cultivated (ploughed) into the field as
soon as possible after application, if there is no standing crop on the field. From December
1998, the definition of one livestock unit (LU) will change to 100 kg N (ex storage), why a
calculation of the N-content in manure ex storage has been included.

TABLE 3.4. Legislation and hectare premiums Included in the LP-model

Hectare premium:

Wheat, Winter and Spring Barley 2.196 DKK per hectare
Oil Seed Rape 3.685 DKK per hectare
Peas 3.172 DKK per hectare
Fallow 2.781 DKK per hectare
Other legislation:

Number of sows to a livestock unit 3
Number of produced baconers to an livestock unit 30
Number of livestock units per hectara on dairy farm 2,3
Number of livestock units per hectare on pig farm 17
Storage capacity for animal manure Minimum 9 month
Utilisation of N in pig slurry {(1* year effect ) Minimum 55%
Set-a-side Minimum 5% of the area
Winter green ¢rops Minimum 65% of the area

3.7. Running the planning module

In order to carry out a detailed planning at the farm level a large amount of data is required.
The reason for this is the need to model at the field level, and the use of a cropping history
of 2 years on each field. Allowing up to 20 fields and 6 different crops this gives a total of
216 (6°) crop combinations for each field. As there are three fertiliser levels for each choice
this leads to a total of approximately 12,000 possibilities of N-application on each farm.
Remember that the N-application and the yield, in the simulation module, has been adjusted
for pre-crop effects such as crop-rotation depression and pre-crop fertiliser effects.

The total LP-model for an arable farm contains approximately 54,000 input and program
lines for the 3 period LP-model when only allowing 10 filds. Of these the first 6,700 con-
tain the so-called sets, which gives the variables names used and the next 47,000 lines give
the parameters used. There are about 100 equations in the 3-period model, which fully
written out for the entire data set comes to 19,000 single equations using around 50,000
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single variables. In other words, the 3-period model is a large LP-model (see Jacobsen and
Boye, 1998).

The output from the planning module consists of a detailed plan for each field concerning
crop, N-application and pesticide use. As an example of the crop rotation suggested for the
next three years by the planning module for a pig farm is described below. The fields which
have been split are e.g. given the name 0-1 and 0-2 in order to show that field O has been
divided to grow equal amount of wheat and winter barley.

Field name Area Crop rotation (3 years)

Field 0-1 3,92 Wheat — fallow - wheat

Field 0-2 3,92 Winter barley — peas - wheat

Field 1 7.84 Peas — wheat — winter barley

Field 2 7,84 Wheat — winter barley - winter rape
Field 3 392 Winter rape — wheat — vinter barley
Field 4-1 3,92 Winter rape — wheat — winter barley
Field 4-2 392 Winter rape — wheat - peas

Field 5 3,92 Wheat — peas — wheat

Field 6-1 3,92 Fallow — wheat - peas

Field 6-2 3,92 Peas — wheat — winter barley

Field 7 7.84 Wheat — winter barley — winter rape
Field 8 7.84 Winter barley — winter rape - wheat
Field9 3,92 Winter rape — wheat - peas

Field 10 3,92 Winter rape — wheat - fallow

Total 78,40

An example with respect to the N-application can be found in figure 3.4, where the N-
application for each field is divided into N from animal manure and N from mineral fertil-
iser. In figure 3.5 the P and K application for the same farm is described. It can here be
noted that the P-application is higher than the requirements on field 3,4,9 and 10 due to use
of animal manure. Results which are in line with findings on many intensive pig farms in
Denmark.

The main results are written on to specific files and transferred to the simulation module.
An example of the output is presented in appendix 6. Here the plan for each field is pre-
sented in Field.LP1 including pesticide level (¢.g. PEST2) and fertiliser level (e.g. F8) to-
gether with the size of that particular field etc. The production is described in Pigs.LP1 and
the feed used in Pigsfeed. LP1.
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Finally the Dataoutput.LP1 gives a summary including the nitrogen (NBUY), phosphorous
(PBUY) and potassium (KBUY) bought for each fieldname. The number of baconers
bought and sold can also be found here. A more detailed description of each variable can be
found in Jacobsen and Boye, 1998.
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4. The simulation module

When the production plan for the following year has been made, as described in the previ-
ous chapter, the model now starts on the day-by-day simulation of this production plan. The
production pertod is set to start on the 1* of September each year. For each day the simula-
tion updates each component in turn.

The Farm System in figure 4.1 describes the main components and their interrelation in the
simulation module. The system consists of Field, which represents the different fields on
the farm (see section 4.1). Livestock includes necessary buildings for sows, pigs, cows efc.
{see section 4.2). The direct link between Fieid and Livestock represents e.g. cows on graze
{(->) and forage feed to the cows (<-) respectively. The link from Livestock to Store is ani-
mal manure, which is stored and stored cereals used for feeding. Field machinery (see sec-
tion 4.4) is, together with labour, used in the fields. Indoor Mechanisation is, again with la-
bour, used in the Livestock production. The imports are artificial fertiliser, feedingstuffs etc
and the exports include plant and animal products as well as losses of nitrogen and other
nutrients. The focus in figure 4.1 is on the physical flow on the farm. The economic trans-
actions and changes in expectations are therefore not described.

Regulation ] -
Price Planning Clim ate
Farm
System Field M achinery
Labour
Imports Exports
» Indoor Mechanisation b | N
— e
Livestock |4 P Field
y
Store Rl

FIGURE 4.1. FASSET with focus on the simulation module
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There is some feedback from the simulation model to the planning model as e.g. the amount
of animal manure in the storage at the end of the year is used in the planning for the fol-
lowing year. The following presentation starts with the part, which is modelled in most
detail, namely the field and crop rotation.

4.1. Field and crop rotation

Presently crop rotations containing winter wheat, winter barley, spring barley, winter oil-
seed rape, fodder pea and set-a-side fields (rye grass in rotation or permanent) can be simu-
lated. These are the major crops for plant and pig production farms in Denmark.

4.1.1. Overall structure

Generally a dynamic and deterministic model, as the present crop-soil sub-model, can be
described as a system containing a number of state variables, e.g. dry matter content per m?
in the crop. These state variables are updated at each iteration, in this case daily. The simu-
lation execution starts on the 1* of September each year and changes in these state variables
depend, in a deterministic fashion, on the variables themselves plus driving variables out-
side the model. The crop rotation model consists of a crop sub-model and a soil sub-model
and the climate and prices are considered as external variables as shown in figure 4.1. More

detailed description regarding this modules can be found in Petersen et al., 1999.

FIGUHE 4.2. Sites in Denmark were climatic data sets are available
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The dynamic part of the crop rotation model simulates actual crop growth and nitrogen dy-
namics depending on climate. The minimum requirement for climate data are: daily average
temperature, radiation, precipitation and potential evapotranspiration. Data are available
from 1961 and forward for the 6 sites marked in figure 4.2. An irrigation decision module
according to the principles in (Olesen & Plauborg, 1995} is included in the model.

4.1.2. The crop sub-model

The major processes considered in the crop sub-model are crop development, leaf area ex-
pansion, assimilation of carbohydrates and nitrogen and dry matter partitioning and transfer
(Petersen et al., 1999). The phenological development is simulated by discrete growth
phases governed by thermal age. For robustness, the assimilating green crop area is not par-
titioned into single leaves. The model acts as a variant of a “big leaf model”. The crop sub-
model simulates daily net dry matter production from light interception using a radiation ef-
ficiency index that depends on temperature, crop nitrogen status and water availability. The
btomass is partitioned into ¢ffective biomass of roots, vegetative top and storage organs re-

spectively.

Light interception is calculated from leaf area, which in turn is simulated using expansion
rates depending on crop phenological state, dry matter, temperature, nitrogen content and

soil water status.

For nitrogen fixating crops, the N-fixation is assumed to depend on daily dry matter pro-
duction and nitrogen deficiency, such that the fixation decreases with increasing availability

of nitrogen in the soil.

The minimum and maximum amount of nitrogen in the crop is a function of leaf area and
dry matter in the various parts of the crop. The radiation use efficiency is zero when the ni-
trogen content equals the minimum amount, and radiation use efficiency reaches maximum
if the nitrogen content is at maximum level. The nitrogen demand is the difference between
maximum and actual nitrogen content. Availability of water is another stress factor, imply-
ing that crop production decreases with increasing water deficiency. Nitrogen uptake and
actual transpiration is calculated by the soil sub-model. The major processes in the crop
sub-model are illustrated in figure 4.3.
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The uptake of water and nitrogen can be either limited by crop demand, availability in the
root zone or the ability by the roots to absorb them. The spatial distribution of the root sys-
tem is simulated by the principles outlined in Gerwitz & Page (1974).

In case of hard frost crops like winter-barley and wheat can actual die and a different crop
(spring barley or peas) then has to be sown in the spring. The model does presently not
simulate such a die-back.

4.1.3. The soil sub-model

The soil sub-model handles the following processes:

» Water transport, evaporation and transpiration by soil and plants.
¢ Nitrogen transport, turn over, loss and uptake by plants.

¢ Soil temperature.
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FIGURE 4.3. The crop sub-model
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The model is run in daily time steps. The variables that are supplied to the soil prior to each
daily update are: mean air temperature, precipitation and irrigation, potential evaporation
from soil surface and a number of plant specific parameters. The crop parameters include
potential evapotranspiration from green and dead leaves, root radius, root length, water
pressure potential at root surface, nitrogen demand and maximum nitrate and ammonium

uptake rates.

The soil sub-model has a one-dimensional vertical structure consisting of an interception
layer, a soil surface and a soil profile (see figure 4.4). The interception layer handles water
interception and ¢vaporation from the surface of the plant canopy. The soil surface handles
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FIGURE 4.4. The soil sub-mode)
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snow accumulation, soil evaporation and contains pools of organic and mineral nitrogen
that may later be made available to the soil profile.

The hydrological processes include accumulation and melting of snow, interception of pre-
cipitation by the crop canopy, evaporation from crop and soil surfaces, infiltration, water
uptake by plant roots, transpiration and vertical movement of water in the soil profile. Soil
temperature and ice formation is described. Soil water and nitrogen movement are modelled
by a combination of the simplified approach described by Addiscott and Whitmore (1991)
and the Richard’s equation (Hansen et al., 1991). The nitrogen transformation processes in
the soil model are net mineralisation, nitrification, denitrification and nitrogen uptake by
plants. The soil nitrogen turnover model is almost identical to the one used in the DAISY
model (Hansen et al., 1991). Atmospheric deposition of nitrogen is simulated using a con-
stant N-concentration in the precipitation.

Interception layer
Handles the interception of water by the crop canopy. The evaporation of snow and water
from this layer is calculated from the potential evaporation.

Soil surface
The soil surface handles evaporation from soil and application of fertilisers and manure to

the soil.

Soil profile

The soil profile consist of a number of vertical soil layers of variable thickness (see figure
4.4 and 4.5). Each layer is described by a number of physical and chemical properties such
as layer thickness, drainage constant. clay content, soil water retention retention and con-
ductivity curves. Within each layer these properties are assumed to be constant. The dy-
namic variables in each layer are nitrate content, ice fraction, ammonium content, tempera-
ture and water content.

Temperalure

The temperature in each layer is calculated according to the principles used in the SOIL
model (Jansson, 1996). The numerical solution to the differential equations describing the
temperature is found with a Newton method with varying time steps.
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Organic pools

Each layer has a number of organic pools. Each pool is characterised by its carbon and ni-
trogen content and a first order turnover constant (proportional relationship). Turnover rates
are modified depending on the clay content, temperature and water content.

The total soil-pools are divided into a number of different pools according to origin and re-
sistance to biological turnover. The pocls are as described by Hansen et al. (1991), were
AOM is the Added Organic Matter consisting of slurry and plant residues, BOM (Biologi-
cal Organic Matter) consists of microbial biomass and SOM (Soil Organic Matter) contains
dead native soil organic matter. For each type of pool two levels exists, where index 2 indi-
cate the one with the highest rate of turmover. The content of both N and carbon (C) are cal-
culated for these soil pools.

Nitrification and denitrification
The oxidation of ammonium (nitrification) is described by first order kinetics, where the

turnover is a ratio of the total amount. The ratio varies with the effect of soil water and tem-
perature. The denitrification is described in a similar manner, but is assumed also to depend
on the activity of the BOM-pools.
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Uptake of nitrogen and water by plants

A simplified version of the principles in Hansen et al (1990), is used for simulation of the
water uptake. In addition, uptake from competing species are allowed using principles from
resource allocation in food webs (Screiber and Gutierrez, in press). The uptake of nitrogen
is as described by Hansen et al (1990), but modified amongst others to account for several
co-existing plant species.

Transport of water and nitrogen in the soil profile

The transport of water and nitrogen is calculated using the concepts of the Solute Leaching
Intermediate Model (Addiscott and Whitmore, 1991) combined with a simple model of
water movements due to gradients in water potentials. Water potentials are calculated from
retension curves.

Soil surface
The soil surface handles evaporation from soil and application of fertilizers and organic
matter to the soil.

4.1.4. Calibration and validation

The crop-soil model was calibrated using the following data sets:

s Winter wheat grown 1989-1992 at three N-levels (unpubl. data)

e Winter wheat grown 1992-1993 (Friis et al. 1995 and Friis et al. 1996)

# Rye grass grown 1989-1992 with and without irrigation (unpubl. data)

e Spring barley grown 1989-1991 at three N-levels (unpubl. data)

=  Winter oilseed rape grown 1991-1993 with different treatments (Andersen et al., 1996)
= Pea grown 1990-1992 (unpubl. data)

Verification deals mainly with the internal consistency in the model. This has been tested
both during the programming of each sub-module and afterwards. The validation, which has
been carried out afterwards, tries to compare the behaviour of the model with the behaviour
of the real world system. Examples of calibration results from a JB3 soil (Danish classifica-
tion system) are shown in appendix 7.

One problem has been that the simulated year finishes at the end of August each year, when
not all crops have been harvested. This problem has now been solved allowing both the
crops from last vear to finish growing and harvested and the new crops to be sown before
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the calculation of the total yield. This calculation is therefore not carried out before at the
end of December.

Comparing the yield in the planning module and the simulation module

In table 4.1 a general comparison between the expected yield in the planning model and the
actual simulated yields for the different crops is made. The table shows that all crops on the
sandy soil have a higher simulated yield than expected from the production function. The
expected and simulated yield on sandy soil is higher than the expected yield used by the
Danish Advisory Service for 1995 (DAAC,1996b). The main reason for this difference is,
that the yields used by The Danish Advisory Service are obtained without irrigation,
whereas irrigation is used in the results from FASSET.

For crops on loamy seil the yield in the planning and simulation model for winter wheat and

winter barley are lower than used by the advisory service. The yields of winter wheat and
peas in the planning model are higher than in the simulation model.

TABLE 4.1. Simulated yield compared with expected yield {t/ha)

Sail type - T I T = - Y1 1x VA (o1 1| H—
Data source Budget 95" Planning®  Simulation  Budget 957 Planning®  Simulation
Winter wheat 5,0 5,6 6,/ 8,4 79 74
Winter barley 38 5,0 6,1 7.5 6,2 6,8
Spring barley 4,0 & ® B.5 ® ®
Winter rape 2,3 3,0 3,5 3,6 3,9 4,0
Peas 2,6 3,5 4.2 4.5 45 3,7
Comment:

1) Budget 95 consists of the recommendation regarding the yield in 1995 form The Danish Agricultural Advi-
sory Service (DAAC, 1996b). Results on sandy soil (JB1 and JB3) are without irrigation.

2) The planning results are with full pesticide use and N-application around level 8, when N is applied.

3) Observations for spring barley have not been recorded for all climatic years, why they are left out.

The production functions used in the planning module are short-term functions. Long-term
production functions, based on the new established equilibrium for the organic pools have
not been used. The estimation of these functions is very difficult. Knudsen et al. (1997) has
used a factor 1,5 indicating that a short-term reduction in N-application of e.g.10 kg N per
hectare is equivalent to a long-term reduction of 15 kg N per ha. The reduction in yield was
found to be between 1.7-2.0 times that which was found when using the short-term produc-
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tion function. A general accepied relationship between the short- and long-term production
function does not exist and is hence not included in the model.

The production function used in the planning module and the simulated production function
are not identical. Therefore the two production functions will not have the exact same opti-
mum and a production can therefore be carried out at what from the simulation model, point
of view, seems to be a non-optimal level, as the optimum in the two calculations can easily
be slightly different. One of the reasons for this is that the production function used in the
planning module is adjusted for type of crop in the year before and crop rotation depression.
The production function based on the simulated yields will also depend on e.g. current N-
pools on the farm. Hence, the two functions can not be completely identical unless the pro-
duction function used in the planning module is tailored to the individual farm and the cur-
rent crop rotation.

This is also what happens on farms. The weather will influence the optimal N-application
so that the planned optimal application might be higher or lower than what, in hindsight,
would have been the optimal. In both cases this is due to the climatic conditions in that par-
ticular year. Farmers can to some extent adjust their fertiliser application during the year
according (o experience, weather and soil-analyses etc, but this is not possible in the present
version of FASSET. It can be noted, that the optimal N-application for wheat can vary with
up to 50 kg N per hectare due to the variation in the climatic conditions (Pedersen, 1997).

A comparison between expected vields from the planning module and yield from the simu-
lation model for different crops at different N-application levels has been made (see figure
4.6 for wheat on loamy soil). The results show that the vields for wheat are similar at N-
levels around the optimal application level, whereas the yield generally is somewhat lower
in the simulation model, when the N-application is close to zero.

The simulation curve can be taken as an rough estimate for the long-term production func-
tion. However, more analyses have to be carried out to give a more precise picture of the
long-term production function, especially at lower N-levels. Simulations carried out at dif-
ferent levels of N-applications show that the yield falls over time (see figure 7E in appendix
7). The yield for winter wheat after 30 years of 0 N application is for example, close to 2
tonnes pr ha, compared with an average for the 25 years of 2,7 tonnes.
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FIGURE 4.6. The production function compared with simulation results for winter wheat on
sandy loam

This suggests that the N-pools are reduced in size over time when dealing with crop farms.
One of the main reasons for this is that straw is being removed in this simulation. This drop
in soil N-pools over time, when no animal manure is applied, is in agreement with the
findings in long term experiments (Christensen, 1990). As shown the simulation model can
be used to estimate the long term development in yields at different N-application levels.

Variation in yield

The average simulated yield for wheat and the standard deviation are shown in figure 4.8.
The standard deviation increases with yield level, but divided with the average, the Coeffi-
cient of Variation (CV), is constantly around 20% for N-levels over 0 kg N pr. ha. This
conclusion holds for most of the crops as can be seen from table 4.2. The variation in yield
in the simulation model was found to match quite well with historic yield variations as
found by Rasmussen, 1990. The yield variation on crops on sandy soil seem however to be
lower, which can be explained by the optimal irrigation which was mentioned before.
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TABLE 4.2. Variation in simulated yield compared to historic yield variation

Simulated yield Historic yield  Simulated yield Historic vield
variation” variation™" variation"” variation™”
Soil type Sand Sand Sandy loam Sandy loam
Crop
Winter wheat 1% 25% 18% 19%
Winter rape 1% 27%* 14% 23%"
Winter barley 15% 19%
Spring barley 16% 20% 24% 16%
Peas 21% i 30% 31%

Comment: CV is the standard deviation divided by the mean value
2} Observations for sandy soil are from VES (Western-Jutiand) and
observations for loamy soil are from @st (Eastern Jutland)
3) Spring oil seed rape instead of winter oil seed rape .
Source: * Own calculations and * Rasmussen, 1880.

4.2. Livestock

In the simulation of the livestock production, the model attempts to make the best use of
home grown forage. There is a specific amount of feeds in storage, which can be used to
link feeding and production. Besides knowing the amounts of feeds, details regarding the
specific characteristics of feed iterns are also available.

Use of fresh grass in dairy production raises the need for more periods during the summer
compared to the planning situation. The production of fresh grass depends, amongst others,
on the climate and utilisation for grazing or conservation. Therefore, simulations in the crop
sub-model and the dairy sub-model must be synchronised during the summertime, so that
the first expected grass growth is simulated separately. This should then be followed with
an optimisation in order to find out how much grass to use for grazing and how much to use
for conservation. After this grass growth can be simulated for the next period etc.

This calls for a sub-pianning model which can be called during the production year and deal
with the optimisation of the operative day-to-day planning. Such a sub-model is not pres-
ently included.

In the pig production, the knowledge sets describing feeding norms are unchanged com-
pared to the norms used in the planning module. Instead, the supply activities for feeds are
adjusted to meet actual feed characteristics and prices. The planned and the simulated feed
is the same apart from the varying protein content in the home grown feed. This means that
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the content of N in animal manure will depend on the actual feed ration. Changes in the
utilisation of animal manure due to changes in the N-concentration are however not in-
cluded in the model.

4.3. Buildings and stores

In general all buildings and stores share some general features. All buildings have the fol-
lowing economic parameters: new value, maintenance, insurance and depreciation. The
value of maintenance, insurance and depreciation are calculated as a fraction of the new
value. Other economic parameters include age, size and expected lifetime. The model oper-
ates with two kinds of storage: a general store which is used for storage of feed items, and a
slurry store (see figure 4.7). The stores for feed items contain harvested crop products that
are parts of the livestock feeding plan.

Livestock buildings are described by the above parameters, but in addition they also contain
descriptions of the installations. The installations consist of different sections (i.e. fattening
section for slaughter pigs) that are characterised by a feeding system (i.e. automatic),
cleaning system (i.e. liquid manure) and a box system (i.e. a box sty). Also the maximum
number of animals in each section is included. Based on the sections characteristics the
working hours necessary for executing herd operations, like feeding and cleaning, are cal-
culated according to Nielsen and Sgrensen (1993). The calculations give the labour re-
quirement, and work capacity, based on analytical models using work study data for differ-
ent herd operations,

The buildings on pig farms are assumed to have a fixed maximum capacity and slaughter
pigs are assumed to be exported when they reach a specific weight. The manure stores also
have a maximum capacity and this will affect the plan for manure application to the field.

Ammonia may be lost from all parts of the system through volatilisation. The ammonia
volatilisation from livestock buildings and slurry stores are described by a model developed
by Hutchings et. al. (1996). Basically, this model states that volatilisation is dependent on
N-concentration, surface area, temperature, pH-value and the diffusion resistance between
slurry and air. The model requires a daily input describing the actual climate. The ammonia
volatilisation during field application is estimated as a quotient of the applied nitrogen. This
quotient depends on the machinery used, crop grown and time of application.
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FIGURE 4.7. Model structure for buildings

4.4. Machinery and Labour

The labour and machinery use is simulated in a sub-model of the simulation module. This
sub-model is described in more detail in Sgrensen (1999).

The primary function of the labour and machinery sub-model is to ensure that the field and
indoor mechanisation activities can be carried out by the machinery and labour available on
the farm. Furthermore, it involves an estimation of the energy (fuel etc.) use on the farm.

The objectives of the labour and machinery model are:

# to evaluate labour, machinery, and energy input for different feasible production plans
and machinery/installation systems.

= (o exchange data and machinery parameters with other sub-models

e to calculate indicators within areas like labour requirement, work conditions and energy
requirement.

The labour and machinery model is a collection of input factors combining human re-
sources (labour) and tangible assets (buildings, equipment etc.). The labour and machinery
sub-model does not create a production, but they are necessary for activities in the plant and
husbandry production. The use of labour in a given period is used as a indicator, but the use
of labour and technical equipment also influences a number of the other indicators (e.g.
utilisation of animal manure and hence the N-loss).
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4.4.1. Model design

The main physical parts of the labour and machinery model are the collection of machinery
items, production buildings, installations and amount of labour available. Other parts of this
model include field and herd operations describing different jobs related to the field and
herd operations.

Figure 4.8 outlines the main structure of the labour and machinery model. The operation
represents a technical coherent combination of treatments by which the conditions of a
field, a crop or an animal is changed at some specific point in time. An operation is the con-
nection between the biological production system and the physical labour and technical re-
sources. Furthermore, operations on the farm are divided into operations performed on the
field or in the stables looking after the herds.

Field machinery Field operations
Tractors Soil treatment
Implements E— Sowing
Self-propelled )

. Harvesting
machinery
——» Irrigation

Spreading manureg

Labour
Mineral fertilising

1
[ ' |
Worker Plant care

Herd operaticns
Indoor mechanisation
Feeding
Installations L
Bedding
Indoor machinery
Cleaning

FIGURE 4.8. Model design for labour, field and indoor mechanisation
Comment: The current version of the model only includes herd operations related to pig production.
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The technical resources are divided into specific types of technical equipment, including in-
stallations in the buildings. The buildings and the production are closely connected through
the use of stores.

Each time any product-consuming entity receives a new production plan, a list is produced
giving the products needed in the following year. When a product is produced on the farm,
it is determined whether it should be sold or stored for later use. When a product is needed,
it is extracted from some store, or otherwise bought from outside the farm and the expenses
are recorded.

4.4.2. Labour and machinery input estimations

The estimation of labour input, work capacity, energy input etc. is based on analytical mod-
els for work operations related to the field and the herd (Nielsen & Sgrensen, 1993). These
models give the labour requirement and work capacity as a function of equipment size,
working speed, transport distance etc. For the purpose of using these analytical models in
labour and machinery sub-model modifications have been made in order to reduce the
number of parameters complying with the objectives of FASSET.

These modifications have implied that certain input parameters are regarded as constant (for
instance: field shape, work speed etc.), while concentrating on operational parameters like
field acreage, equipment size, dose etc. as primary parameters determining the work re-
quirement, work capacity, and energy requirement. The information regarding operation
type, field and crop characteristics are provided from the crop or live livestock sub-models
together with operational information on the equipment available and calculations are car-
ried out (see figure 4.9).

The results obtained for each operation is used for updating state variables. This includes
the updating of the accumulated working hours and the material flow transferred in and out
of storage’s. In addition, the resulting indicators are transferred to the economic sub-model.

To summarise, the objective of the labour and machinery sub-model is to provide the po-
tential framework for activities in the plant and husbandry production. The use of labour,
machinery and installations, directly influences indicators such as work requirement, work
capacity, and energy requirement and influences indirectly other indicators in the produc-
tion system. Besides the immediate estimation of the operational consequences of specific
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FIGURE 4.9. Model calculations regarding work requirement and capacity

operations, the labour and machinery model also keeps continuous track of the current state
and utilisation of labour and technical equipment and instailations.

4.5, Economics

In the simulation module, the economic sub-model deals with the simulation of the actual
prices and the expected prices for the following period. The calculation of the economic re-
sult is also made here.

4.5.1. Simulation of the actual price

For each year there is a choice of which prices to use. The model allows the use of either:
¢ Historic prices

e Expected prices, which follow a certain trend

* Monte-Carlo simulation based on a triangular or normal distribution

The historic price sets are chosen when the objective is to compare fluctuations in income
with empirical results for given years. It can also be used when the purpose is to compare
results with other projects {(e.g. sub-project 1). Expected prices with a certain trend are
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needed when the expected price increases are expected to develop differently for different
inputs and products.

Most prices seem to follow a normal distribution (Rasmussen, 1990). The use of a triangu-
lar distribution can be an acceptable approximation and it was therefore chosen to incorpo-
rate both a triangular distribution and a normal distribution. A normal distribution was used
in Dalsgaard, 1996.

It is clear from Rasmussen (1990) that there exists a correlation between prices within the
following 3 groups: cereals, grass for seed and animal products. The question is, however,
whether previous estimates still holds after the increased liberalisation of the agricultural
trade e.g. the CAP-reform in 1992. Dalsgaard (1996) chose to include both correlation and
auto-correlation in his model, based on Rasmussen (1990). The approach used were differ-
ent as the variation in yicld was simulated directly and not related to the climate in that par-
ticular year. Price variation regarding inputs could also be considered.

4.5.2. Expected prices for the following period

Looking ahead for the planning of the production the following year, it is possible to update
the price expectations. The model allows for different ways of updating the price expecta-
tions for the following period:

o The price expectations can be exogenous by using historic prices for all the years in the
‘model.

» A fixed development in prices from one period to the next can be chosen.

e An adaptive expectation mode] where prices depend on the difference between the ex-
pected and actual price in the previous period can be used (Lund, 1995).

As the model for price expectations and the simulation of the future price have many simi-
larities they are placed in the same part of the sub-module.

The model used for forming the price expectations is the following :

Poa=0of Pi+A(P,- P{)),

where
expected price for the following period
the expected price for the present period

(-4
P t+f
P

1
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P: = the actual price for the present period
A and o are constants.

In the case where A=0, the expected price in the previous period is equal to the price for the
following year multiplied by the factor o.. There is no change between the years. In case
o=1, the adaptive expectation model can be used. The value of A then decides to what ex-
tent the difference between expected and the actual price should influence the price expec-
tation for the following year. The value of A ranges from O to 1, where 1 is equal to a full
adjustment of the price expectations based on the difference between expected and actual

price.

The simulation results, shown later in the report, does not incorporate changes in the farm-
ers’ price expectations. The results are all based on simulations where A=0 and =0, as the
calculations are carried out with fixed prices, implying no adjustments of the price expecta-
tions.

4.5.3. Calculation of the economic resnlt

The economic result is estimated after the simulation for each year has been finished. The
profit is calculated as the revenues minus the costs for each year. No adjustments for
changes in herd and stores between years have been included. The reason is that no large
changes in the production capacity are assumed in the present model. The accounting year
follows the calendar year, which is different from the simulation year as this goes from 1
September. Examples of the indicators used can be found in appendix 10.

In order to find the economic result the revenue from plant products and animal products
are added together. From this the variable costs are subtracted. These costs include fertil-
iser, seed, chemical, energy, feeding costs and veterinary costs. The revenue, minus the
variable costs, is named: Gross margin excluding Levy. Then the levy is calculated ac-
cording to which scenario is analysed and the Gross margin including levy is found.

A calculation excluding levy has been included to show the effect on income from the ac-
tual production. A levy would not be given back in the same proportion as it is paid, when
looking at the farm level. This is more likely when looking at the sector level (sub-project

1).
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Other costs consisting of depreciation, insurance and maintenance for buildings and ma-
chinery are then deducted from the gross margin.

The standard method of calculating depreciation for machinery (reduced balance method)
for each machine turned out to be to detailed, as it would require detailed knowledge re-
garding each machine concerning age and value. An option considered was to assign an av-
erage lifetime for each machine depending on farm size. This would in principle be a rela-
tively correct method, but very difficult to parameterise correctly.

A simple approach has been chosen here, where it is assumed that each machine besides its
new value has a certain lifetime in hours. The depreciation then simply is the number of
hours in relation to the lifetime hours. This is then multiplied with the new value of the ma-
chinery and then summed over all machines. This method ensures relatively correct levels
of depreciation for different farm sizes, but has weaknesses when looking at different sce-
narios on the same farm. When looking at the same farm, modest changes in machine use
pattern will have a noticeable influence on the simulated depreciation. This influence is not
realistic, as the actual replacement rate will be little influenced by such modest changes in
machine use pattern. The depreciation value from the base scenario for a given farm is thus
used throughout in the multiple scenario analyses.

Maintenance on machinery varies in the model with the use of the machinery. This relation-
ship might overrate the change in machinery costs due to changes in cropping pattern. In
other words the variation over the scenarios might be too large with respect to maintenance
and too small with respect to depreciation.

Financial management is not included in the present model. One reason for this is that it
would add noise to the results and hence make it more difficult to access whether the
change in economic result was due to type of loans or the policy which was implemented.
No interest has therefore been included in the profit calculation. Property tax, private con-
sumption and tax have not been included in the calculations either.

The Farm profit excluding levy is then calculated as the gross margin before levy minus
other costs. A Farm profit including levy is also calculated, both in total and per hectare.
The Farm profit after labour excluding levy is based on a wage of just under 100 DKK per
hour.
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It has been considered to calculate the imputed interest based on the total farm asset on the
farm leaving the difference to be the managers farm income. An alternative would have
been to estimate the managers income and then caleulated the return on capital based on the
difference between farm profit and imputed labour cost. The advantage of such calculations
are that all factors are paid. Such calculations have not been carried ont, as some costs have
not been included in the profit calculation. The values of earnings per hour and return to
capital would, hence be too high. The comparison between scenarios is here more important
than the comparison of the economic return between farms.

The environmental economic analysis seeks to relate the change in gross margin or profit to
the change in environmental indicators like N-application or N-leaching. Through these cal-
culations, we can estimate the private costs of reducing N-leaching using different policies.
Also the cost of reducing N-leaching for different farms can be compared. The income
clasticities with respect to N-application or N-leaching can be calculated as the percent
change in income divided by the percent change in N-application or N-leaching. The eco-
nomic calculations finish with an assessment of the total assets on the farm.

4.6. Execution of FASSET

The execution of FASSET is carried out through the use of command files. Therefore,
corrections to input data have to be made in the respective input files. There are 16 input
data files (see appendix 4), dealing with legislation, prices etc. When changing from one
scenario to another only a limited number of input files are changed and when changing
from one case farm to another case farm additional input files have to be changed (sec
appendix 4).

The file catled systern.dat deals with the overall guidelines for each execution of FASSET.
In this file, directions with respect to: start year, final year, whether the planning module
should be included and the year when the political scenario is introduced. Also the number
of climate scenarios, the date in the year when the environmental and economic indicators
are calculated and the information regarding input and output files are given by this file.

In the logfile (see appendix 8) all the activities carried out during the year can be found. The
logfile contains information with respect to sowing times, harvest times etc.

During the execution warnings can be issued and collected in a file. They might concern
whether additional cereals have to be bought to fulfil the feeding plan as the actual harvest
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is lower than the expected. In most cases the warnings are given when small changes to the
plan from the planning module are made.

In order to improve the execution of the planning module a minimum size for each field and
a maximum on the number of fields were introduced especially in order to reduce the input
requirements in period 2 and 3 of the 3-period model. However, this lead to the use of inte-
ger programming which slowed the execution of the model somewhat. Therefore, it was
necessary 1o introduce some restrictions on the integer part in order to be able to reach a
stable solution. A new version of GAMS released in 1998 has reduced these problems and
reduced the time it takes to execute FASSET.

It takes approximately 7-9 minutes to carry out the calculations for one year. As the present
scenarios include 30 years, 10 climatic scenarios and 3-4 different political scenarios it
takes almost a day to carry out calculations for an arable farm and up to two days for a pig
farm on a 200 MHz Pentium Pro PC.



5. Farm level scenarios

This chapter describes the choice of case farms and the initial conditions for these farms
with respect to soil conditions and machinery. The results from FASSET are then presented
starting with an example showing the results from an arable farm with fixed crop rotation.
The choice of scenarios is discussed and the results for the different levies on nitrogen on a
pig farm on sandy soil are then presented. The chapter finishes with the conclusions, which
can be made based on the results from all the case farms.

5.1. Case farms

It was decided to base the calculations on farms, which would match some of the farms
used in sub-project 1. The farms used in sub-project 1 consist of 14 types of farms accord-
ing to type of production (pig, dairy or crop farms, size of farm and soil type). A more de-
tailed description of these type-farms can be found in Schou et al. (1995) and in Schou et al.
(1998). This choice would make a comparison with results at the sector level (sub-project 1)
possible.

The next step was to find detailed information for farms, which could match the type of
farms selected. The farms used should be typical for their specific type of farm and they are,
in the following, named case farms. It was chosen not to use an average of a group of farms,
but to use data, which could be found on actual farms. Several data options were then avail-

able:

1. Specific farms from the SJFI statistics.
2. “Study”-farms used in other research projects with a very detailed set of data.
3. Creation of model farms similar to the case farms from sub-project 2.

SJFI’s statistics do not contain detailed accounts of the previous crop rotation on each farm
and this statistical information regarding individual farms can only be used in agreement
with the farmer.

Using information from the so-called “study”-farms as a reference point was considered as
well (BSF, 1994). The advantage is that detailed information regarding crop rotation and
feeding exists for these farms. There are available data from approximately 60 “study”-
farms today and they will fit most of the type-farms. They were not chosen, but it is thought
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that these farms could serve in the future validation of the model and in comparing expected
changes from the model with the actual change on real farms.

It was decided to create the case farms based on knowledge from sub-project 1 regarding
area, crop rotation and number of animals. This was used in combination with climate data
from @dum station (see figure 4.2.). The climate at this station is typical for eastern Jutland
and thereby Vejle County, which has been used in sub-project 1. Because the farms used in
sub-project 1 are averages of a range of farms their crop rotation etc. does not match what is
found on an actual farm.

As mentioned earlier, dairy farms were left out as the dairy sub-model in the simulation
model was not implemented. As only small differences in the environmental implications
were expected between large and small farms, only large farms were analysed. It was de-
cided to analyse 4 type of farms and the different types can be seen in table 5.1.

TABLE 5.1. The case farms in FASSET and the climate conditions

Name PLS PLL SLS SLL
Type of enterprise Arable Arable Pig Pig
Soil type Sand Sandy loam Sand Sandy loam
Size Largs Large Large Large
Acreage 167 ha 176 ha 71 ha 78 ha
Number of sows 0 0 114 127
Number of baconers produced 0 0 2395 2640
Livestock units (LU) {old definition) 0 0 121 133
Irrigation Yes No Yes No
Level of machinery” High High Low Low
Type of fertiliser used before Mineral Mineral Animal Anirnaf

Climate conditions:

Climate data station @dum @idum Sdum @dum
Period for climate data 1961-93 1961-93 1961-93 1961-33
A more detailed description of the farm machinery can be found in section 5.2.1.

5.2. The initial conditions

The initial situation on the case farms is very important to the results obtained from the
model simulation. In describing the initial conditions, the initial farm machinery and the
initial soil conditions forms an important part. Other areas included in the initial conditions
and a list of these is given in appendix 4 dealing with input data files.
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5.2.1. Initial farm machinery

The initial farm capital includes the machinery present at the farm when starting the simu-
lation. The initial set of machinery items at the case farm can be chosen in different ways,
One of the possible soluticns is to apply the economical optimal set of machinery. For this
purpose a model for optimisation of the size of farm machinery has been developed. Due to
time limitations this model was not used in connection with the present calculations, but it
can be used in a future application of FASSET.

The machinery optimisation model finds the optimal size of the machinery items and esti-
mates the annual costs. The selection of which types of machinery are possible on the farm
has, however, to be decided before the machinery optimisation is solved.

Model design
The purpose of the non-linear optimisation model is to find the least-cost sizes of the ma-

chinery items in the farm machinery compiement, given data concerning the field opera-
tions to be performed during the year at the case farm. The model is defined in terms of de-
cision variables, parameters and constraints (equations and inequalities). The formal
mathematical formulation of the model can be found in Sggaard and Sgrensen (1999). The
model has been implemented in the programming software GAMS (General Algebraic
Modelling System, Brooke et al., 1992).

The primary decision variables in the model are the sizes of machinery items together with
the number of tractors and their sizes (power). The size of a machinery item is either meas-
ured as working width (e.g. harrows and ploughs), harvesting capacity (mass harvested per
unit of time, e.g. combines and exact choppers) or load capacity (e.g. trailers). The model
also includes decision variables describing how the performance of the operations is dis-
tributed in time during the year (with a time resolution of one week). The main purpose of
introducing these variables is to enable modelling of timeliness and to see how it influences
the total costs. In this way, the model is able to find the optimal balance between machinery
sizes and the starting time/duration of the operations.

The objective function of the optimisation model gives the minimum annual costs as a sum
of fixed costs, variable costs and costs associated with the timeliness of the performance of
the operations. The detailed structure of the objective function is based on results presented
by Hunt (1983). The variable costs related to a given operation include expenses for repairs,
maintenance, fuel and wages. The objective function also includes a term representing the
indirect costs associated with loss of yield when operations are not performed in the week,
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which gives the optimal yield.

The minimisation of the objective function is subject to a set of constraints which should

ensure:

o that the consumption of man-time is kept within limits given by labour availability at the
farm week by week (the consumption of machinery-time and tractor-time is subject to
similar constraints),

o that the number of tractors at the farm is large enough to satisfy the operation which re-
quires most tractors to work simultaneously,

¢ that each operation is completed 100 percent,

e that the operations are performed in correct succession,

e that machinery sizes are kept within realistic intervals, and

e that the power of the tractors is adapted to the machinery item requiring the highest trac-
tor power.

Test and validation

For test and validation, a dairy farm with a total acreage of 81 ha and located in the western
part of Denmark is used. The crop plan includes 5.3 ha of winter rye, 7.6 ha of winter bar-
ley, 9.2 ha of spring barley, 17.5 ha of fodder beets, 31.9 ha of whole crop for silage and 9.5
ha of grass. Fodder beets and grass/silage are grown for livestock feeding purposes, while
the grain crops are grown to be sold from the farm. The livestock plan includes 80 dairy
cows and 88 voung cows. The following machinery resources are available on the farm:
conventional plough, mower, slury tanker, seed bed cultivator, straw baler, sowing ma-
chine, flail forage harvester, straw grating plant, roller, beet harvester, sprayer, tipping
trailer, precision seed drill, fertiliser applicator and universal trailers. There is no combine
and exact chopper availabie on the farm, and a contractor performs operations requiring
such machinery.

The main part of the input data to the model is related to either operations or machinery. For
each operation different parameters should be quantified, e.g. field identification, area of the
field, type of machinery involved, number of workers involved, the agronomic time slot to
do a certain operation regardless of weather conditions, workable time, timeliness of opera-
tion, crop yield, cost coefficients etc. Each machinery item considered should be character-
ised by a number of economic parameters, which include purchase price and fuel costs spe-
cifically related to either working width, harvesting capacity or load capacity. Other cost
factors are repair and maintenance as a function of purchase price, timeliness costs esti-
mated on a weekly basis, hourly wages and prices of products harvested and sold from the
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farm. Furthermore, each machinery type should be characterised by minimum and maxi-
mum size and its need for tractor power as a function of its size.

The farm specific data were all collected from the actual farm, while economic data, data
for timeliness effects etc. were specified on the basis of different sources (among others
Pedersen, 1989; Machinery Survey, 1994; ASAE, 1990).

When solving the model corresponding to the farm described above, the model found ma-
chinery sizes similar to the actual machinery sizes on the farm, but a few interesting differ-
ences can be noted. For instance, the optimal machinery to be used in connection with
seedbed preparation and sowing of grain in springtime is larger than the actual machinery
present at the farm. This underlines the fact that seed bed preparation is critical and require
high machinery capacity. The results from the test runs are further discussed in Sggaard
and Sgrensen (1999).

Use of the machinery optimisation model in FASSET

The tests of the machinery optimisation model have been completed only recently. Conse-
quently, it has not been possible to use the model for estimation of optimal machinery
equipment for the case farms used in the prototype runs of FASSET. Instead these runs
were based on previous experience and findings from farms which are similar to the case
farms.

The machinery used in the low machinery level on the pig farm on loamy soil consists of: a
plough, two tractors, three harrows, a slurry tanker and spreader, a seed-drill, a wagon, fer-
tiliser spreader, sprayer, mower and a combine harvester. The machinery included in the
high level of machinery consist e.g. of four tractors instead of two.

In the future, the machinery optimisation model can be used for determination of initial ma-
chinery systems for case farms to be simulated by FASSET. Furthermore, when FASSET
has been extended with an investment sub-module, the machinery optimisation model can
be used for assessment of the machinery investments made by FASSET. The machinery
optimisation model may also be used independently of FASSET as a general tool for as-
sessment and analysis of the machinery needed on real farms.
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5.2.2. The initial soil conditions

It is necessary to specify an initial soil situation. Primarily data on soil chemistry and phys-
ics are required. A realistic cropping history covering four years must also be provided for
each field. The cropping history used was a 5-year rotation consisting of: winter wheat,
winter rye, winter rape, winter wheat and peas. To facilitate a smooth transition to the new
crop rotation different fields were at different stages in this rotation.

At present, data covering four soil types are prepared for use with the model. The soils are
classified JB1, JB3, JB4 and JB6 according to the Danish Soil classification system. This
covers a broad range of typical Danish soils, from sand to sandy loam. In this report the
term loamy sotl reflects a sandy loam.

Data for soil-water retention and conductivity were taken from Bgrgesen et al. (1997). In
view of the fact that the composition of organic matter in the soil depends heavily on the
cropping history, and that animal farms typically have a significantly higher mineralisation
potential than plant production farms, pre-runs of the model were carried out.

The four soil types, with initial carbon content also taken from Bgrgesen et al. (1997), were
subject to two different types of soil management for a 50-year simulation period. The first
soil management type is similar to a typical plant production farm, were only mineral fer-
tiliser was added. The other soil management type is typical for a pig farm, with use of
animal manure. As expected, the simulated soil where animal manure has been applied had
the highest content of easily decomposable carbon pools at the end of the periods, and thus
the highest nitrogen mineralisation potential. As can be seen the model would also allow for
an analysis of what happen when animal manure is applied on a crop farm, which has al-
ways used mineral fertiliser and vice versa.

5.3. Using FASSET on an arable farm with fixed crop rotation

The first results come from a simulation of an arable farm with a fixed crop rotation. This
farm is not one of the four case farms, but is included in order to picture the results for a
farm where the crop rotation is fixed and no levies have been introduced. The variation in
the results from this farm is only due to the variation in the climate over the years from
1961 to 1993. It also allows a description of the basic indicators used in the model and 4
short comparison with a similar farm based on results from the SJFI statistics.
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In this case the crop rotation is fixed and the planning module has therefore not been used.
As the planning module was not used, no behavioural response to taxation or regulation was
evaluated and only calculation for the base scenario is presented.

The crop rotation consist of 60 -ha winter wheat, 30 ha winter barley, 30 ha rape, 30 ha peas
and 9 ha set-a-side. The total area is 159 ha. Figure 5.1 shows the N-input on the farm in kg
N/ha. Of the average total N-input of 180 kg N/ha, mineral fertiliser constitutes 120 kg N/ha
and seeds 3 kg N/ha. The average deposition from the atmosphere constitutes 22 kg N/ha,
varying from 14 to 30 kg N/ha in this case.

From N-fixating crops (peas), 34 kg N/ha is obtained on average, varying from 18 to 48 kg
N/ha. The N-fixation is included with an average of approximately 180 kg N/ha of peas.

Although the crop rotation is the same, the amount of N which is removed at harvest and N-
leaching vary considerably over the years. The average N-leaching is 42 kg N per ha, with a
standard deviation of 16 kg N per ha. The Coefficient of Variation (CV) is equal to 37%.
The average level of nitrogen removed at harvest is 148 kg N per ha, with a standard devia-
tion of 19 kg N per ha (CV=13 %). There is only a minor variation in denitrification over
the years.
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FIGURE 5.1. Total N-input on an arable farm with fixed crop rotation on loamy soil
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The years with the highest N-leaching seems to have been 1961 and 1979, whereas the iow-
est N-leaching is simulated in the years 1972, 1975, 1986, 1990 and 1992, with an N-
leaching around 20 kg N per hectare. Comparing these results with the amount of rainfall in
the same years (figure 9C in appendix 9) shows that the rainfall also was the high in 1961
and 1979, but also in 1967 and 1991. The year with the lowest amount of rain was in 1975.
As can be seen some correlation between rainfall and N-leaching does exist, but N-leaching
depends on more factors than just the amount of rainfall in one year (e.g. winter precipita-
tion).

When comparing nitrogen input with nitrogen output, it is found that N applied including
mineral fertiliser and N-fixation and seed {157 kg N/ha) is only slightly higher than the ni-
trogen removed (148 kg N/ha) at harvest (excluding N-leaching). The N-leaching is hence
not much higher than the deposition from the atmosphere.

This is reflected in the development of the N-soil-pools. The average size of the pools is
almost constant over time, with a slight decline (see figure 5.3). Especially the largest N-
pool (SOM1) is almost constant over time as this pool has a very slow turnover and is as
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FIGURE 5.2. Simulated N-leaching and N removed at harvest for an arable farm with fixed

crop rotation
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N-pools is around 9.000 kg N per hectare with a standard variation of approximately 80 kg
N per hectare because of climatic conditions and a general decrease in the size of the N-
pools. These results underline the fact that the N-application made by the farmer is very
small compared to the N-pools existing in the soil. The development of the other N-pools
can be found in appendix 9. The development of the carbon (C)-pools, which is parallel to
the development of the N-pools, is also described in appendix 9.

In the analysis above the straw is removed at harvest, but if the straw was not removed the
total N-pool would instead of minor decline show an increase of around 12 kg N per ha per
year (see figure 9D in appendix 9). It is primarily the development in the two large N pools
(SOM1 and SOM2) over time, which has changed.

Comparing the results with results from SJFI statistics

In order to see how primarily the economic results compare with statistics, the economic re-
sults from the large arable farm in FASSET is compared with the results from a large arable
farm in the SJFI Agricultural Statistics for 1995/96 (SIFI, 1996a). A large arable farm is
here defined as an arable farm with two or more full-time employed.

9000

8000 T—=—= - —— v ——

7000

6000
o
-; 5000 ——SOM1
o .
= - S0M2
2 4000 —a—Qther N-pools

3000

2000

o8- a0 g --o—0—-a—8—a—a—o—a
1000
R o e e e R R e

1960 1865 1970 1975 1980 18835 1980 1895
Year

FIGURE 5.3. Calculated development in soil N-pools with fixed crop rotation
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A comparison of the crops shows that a total of 20% of the area on an average large crop
farm is not included in the present model. The missing crops are sugar beet (6%), seed for
grass (8%) and potatoes (4%).

The overall economic output per ha is a little larger than found in the model, but the vari-
able costs in FASSET are similar to what was found in the statistics. The total income cal-
culated in the model is 550,000 DKK lower than in the statistics. The main reason for the
difference in the economic result is that work as a contractor outside the farm and income
from the animal production (for a crop farm) are not included in FASSET. Also property
tax and car expenses have not been included in FASSET. The estimated level of profit is
therefore different to what is found in the statistics.

FASSET allows only 1400 working hours or 8 hours per hectare, which is substantially less
than the approximately 20 hours per ha which is the average for large whole time crop
farms in the SJFI statistics, accounting for the hours used for livestock. One reason for the
difference is the different crops as sugar beet, potatoes and seed for grass are more labour
intensive than cereal crops. Another reason might be the need for labour in peak working
period, which might result in more working hours.

The results in FASSET are in line with estimations regarding the number of working hours
used in a detailed machinery analysis (Poulsen and Jacobsen, 1997). However, it does indi-
cate that the hours used for management and miscellaneous might be underestimated.

Calculation with respect to return on capital and profit per working hours has been left out
as the cost calculations do not included all costs. The key economic values would therefore
be too high.

5.4. Choice of scenarios

In the project it has been an aim to demonstrate different types of regulation and taxes using
FASSET. The model framework is well suited to deal with both taxes and regulations at the
farm level. In order to achieve results, which are comparable across the sub-projects, the
following three scenarios and a base scenario have been chosen (see also Walter-Jgrgensen,
1998)
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Name Comment
Base A base scenario, which serves as a reference point.
Levyl A 100% tax on nitrogen in artificial fertiliser
(in this case 5 DKK per kg N).
Levy2 A 100% tax on nitrogen in artificial fertiliser and imported animal feed.
Levy3 A 100% tax on nitrogen surplus (input minus export, where input includes

deposition and nitrogen in N-fixating crops like peas, but not N deposited.

These scenarios are chosen among the ones discussed in section 2.1.3. It should be noted
that the level of taxation has been chosen to show the potential of the model and not in or-
der to reach a certain reduction in N-leaching. The aim was primarily to test and verify
FASSET in order to show its potential (Vetter and Olsen, 1996).

There is no updating of price and yield expectations used in the scenario presented here.
The prices chosen for scenarios are taken from a list of prices from Danish Institute of Ag-
ricultural and Fisheries Economics’s (SJFT) statistics in 1995 and from other statistical pub-
lications from that year. Some of the important input and output prices are presented in ta-
ble 4.3. The prices are fixed over the years, which means that all values are determined in
1995 DDK, as the inflation has no impact on the results from the simulation.

At the end of each simulation, which covers climatic scenarios for 30 periods, the results
are collected and presented. As mentioned in chapter 2, the resulis are an average of the re-
sults for the last 10 periods in the simulation. The results from each period are based on 10
different climatic starting years.

TABLE 5.1. Prices set used in the planning and simulation model

Crop DKK per tonne Other products DKK per unit
Winter wheat (selling) 1003 Sows (sell) 788
Winter wheat (buying) 1086 Sows (buy) 2177
Winter barley (selling) 966 Piglets (sell) +transfer 313
Winter barley (buying) 1087 Piglets (buy) 375
Spring barley (selling) 966 Baconers (sell) 948
Spring barley (buying) 1087 DKK per kg.
Rape (selling) 1442 Nitrogen 5,00
Rape (buying) 1790 Phosphorous 8,00
Peas (selling) 920 Potassium 3,00
Peas (buying) 1170

Source: Based on SJFI, 1996b



- 98

5.5. Results from case farms

The presentation of the results is divided into two parts where the first consists of a fairly
detailed description of the results from a large pig farm on sandy soil. The second part is a
discussion of the results from all the four case farms.

 5.5.1. Results from scenarios on a large pig farm on sandy soil

A list of the most important indicators for the large pig farm on sandy soil can be found in
appendix 10. The indicators chosen follow the discussion in chapter 2, however P- and K-
balances were left out as they have not been calculated. The term levyl to levy3 is used to
describe the different type of scenarios.

Base scenario

The main crops in the crop rotation for the large pig farm on sandy soil (SLS) in the base
scenario consist of 33% wheat, 22% winter barley, 15% peas (maximum) and 19% winter
rape. The animal production in the base scenario is 114 sows, which produces 2423 bacon-
ers (slaughter pigs) per year.

The number of livestock units per ha is 1.7 following the old definition of livestock units
and 1.4 livestock units per hectare using the new definition (one livestock unit equal to 100
kg N ex storage). The result is due mainly to the effective feeding with respect to protein
use, which is applied even in the base scenario.

The simulated vield for most crops on this farm is higher than the expected yield, as previ-
ously discussed in chapter 4. This is mainly due to the assumption regarding optimal irriga-
tion on farms with sandy soils, which is used in the simulation model, but not uiilised on
many real farms.

The plant products are mainly used for feeding the pigs. Only winter rape (47 tonnes) is
sold as it can not be used directly for feeding purposes. In the years where the actual yield is
higher than the expected yield, the surplus is stored. Only when the amount stored exceeds
the store capacity is it actually sold. Having this store capacity also helps in years where the
yield is lower than expected, as the farmer does not need to buy cereals.
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The gross output from the crop production is 5,300 DKK per hectare (excluding hectare
premium) or totally approximately 380.000 DKK. However, the major source of income is
the pig enterprise, which generates a total gross income of 2,5 mill. DKK.

When the variable costs are deducted, the total gross margin is 1.6 mill DKK or 22,700
DKK per ha. Divided into the different enterprises the gross margin for the crop enterprise
is around 6,650 DKK per ha, including an average hectare premium of 2,655 DKK per ha.
The gross margin for the pig enterprise, including the slaughter pigs, is around 10.000 DKK
per sow.

Other costs, including depreciation, insurance and maintenance constitute 386,000 DKK,
leaving 1,2 mill DKK for profit before labour and capital. When the labour costs of 250,000
DKK are deducted, 970,000 DKK are left as profit before capital costs. As previously men-
tioned not all farm costs are included and the calculations can therefore be used only to
compare different scenarios, and not to give an estimate of the return on capital on the case

farms.

Turning to the N-balance, the largest N-input comes from feedingstuffs (218 kg N per ha),
whereas only 22 and 28 kg N per ha comes from deposition and fixation respectively. N in
animal manure (ex storage) constitutes 137 kg N per ha. Using an average utilisation of
55%, the approximately applied effective N is 80 kg N per ha or 99 kg N per ha, when only
the fields which demand N are taken into account, leaving out fields with peas and fallow
fields.

The N export from the farm consists of 36 kg N per ha in sold plant products and 81 kg N
per ha in sold livestock products. The remaining N export is the N-surplus (with deposition)
which constitutes 162 kg N per ha. Of the total N-surplus, 80 kg N per ha is N-leaching
(50%) and 79 kg N per ha is lost as NH, — volatilised from stable and store or lost when
spreading the manure (49%). The rest is made up of denitrification and changes in the N
stores in the soil and on the farm. The N-efficiency, measured as the N-export in products
divided by the total N-import, is 42%.

The use of pesticides, divided into herbicides, fungicides and insecticides are calculated
using the Treatment Frequency Index (TFI), which shows a total of 2.09 TFI per ha. The
indicator list finishes with a calculation of the energy consumption (kWh) and the total as-
sets on the farm, which constitute just over 4 mill. DKK.
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Alternative scenarios: Levy1 to levy3

Figure 5.4 show the crop rotation in each period in the case of levy 3. The first 10 periods
are without levy, but in period 10, levy3 is introduced. The change in crop rotation between
the scenarios is fairly limited. The main reason for this is the economic advantage of the in-
dividual crops in the base scenario combined with their crop rotation effects, which results
in a similar crop rotation in all four scenarios. The figure shows that spring barley is in-
cluded in the base scenario (until period 10}, but left out when a levy on N-surplus is intro-
duced (apart from period 25).

It would be expected that the introduction of a levy on N-surplus (and N from N-fixating
crops) would lead to a reduction in the area with peas. However, it was found that although
the levy includes N-fixation, the actual N-surplus on a field with peas is not a lot different
from the N-surplus which can be found in other crops. As peas also can be used for feeding
and have a crop rotation effect on the crops in the following year, peas are maintained in the
crop rotation.

AN

"]

*!

o i e

10 11 12 13 14 15

| Pyraser—
:Oset a side |

Hpea ;
IFspring barley |
Owinter barley !
{Mwinter rape

|Owinter wheat |

= )

T T

22 23 24 25 26 27 28 29

16 17 18 12 20 21

FIGURE 5.4 Crop rotation on a pig farm on sandy soil with levy3 introduced in period 10



- 101 -

The crop yield is reduced with the introduction of levies as described in table 5.2. The re-
duction in yields is generally what was expected, looking at the change in yield from the
planning module. Notice that because the area with oil-seed rape is reduced a little and the
area with wheat is increased in levy3, more fields would have wheat after wheat, which

leads to yield depression.

The amount of mineral fertiliser applied was limited in the base scenario. The effect of a tax
on mineral fertiliser is therefore rather limited, as the animal manure is always applied, as it

can not be sold.

The limited change in both crop rotation and yield means that the effect on the gross margin
excluding levy, is limited. The gross margin, excluding levy, decreases by 50 to 190 DKK
per ha for levyl-3 compared with the base scenario.

The actual levy paid is 0 DKK for levyl as no mineral fertiliser is bought. For levy2, the
levy is 1,093 DKK per ha or 78,000 DKK in total, because of the N in feedingstuffs. Levy3
costs 671 DKK per ha or 48,000 DKK in total, reflecting an N-surplus of 133 kg N per ha.

Other costs are identical for the three scenarios (levyl to levy3) apart from machinery
maintenance, which increases from base to levy 2 and 3 due to the reduction in spring bar-
ley. The increase in other costs is around 2,000 DKK in total compared with the base sce-
nario. The difference in farm profit, excluding levy between the base scenario and levyl-3
has therefore increased further.

In summary the economic impact of a levy on mineral fertiliser is very limited, whereas
levy 2 and levy3 lead to a drop in farm profit including levy of 7% and 5% respectively.

TABLE 5.2. Simulated yield for the different scenarios for a pig farm on sandy soil

Base scenario Levyl Levy2 Levy3

~——-- tonne per hectare (Index: Base scenario =100) --------—-—--

Winter wheat 6,9 6,4 6,4 6,1
(100) {93) (93) (89)
Winter barley 3,5 35 3,4 3.4
{100) (100) (97) (96)
Winter rape 6,0 5,9 59 59
(100} {98) (98} (98)
Peas 4,1 4,1 4,2 4,1

(100) (100) {101) (1 0('))
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The total N-input is only 2% (6 kg N per ha) lower in levy1-3 than in the base scenario.
This is partly because only limited changes in the feeding can be observed as the minimum
amount of protein in the feed has to be applied (figure 5.5). The effective N applied per ha
only falls by 8% as the level of mineral fertiliser is low in the base scenario.

The elements in the total N-export are almost the same in all four scenarios (see figure 5.6).
The total N-leaching from the pig farm does fall from 80 kg N per ha in the base scenario to
75 kg N per ha in case of levy3. The NH4-emission is reduced a little, but the N efficiency
(input in relation to output) is the same in all the scenarios. Notice that the N in sold prod-
ucts is also lower in levy1-3 than in the base scenario.

The development in the N-leaching in the whole period is shown in figure 5.7. The reason
why all periods are not included is that the calculations are based on whole calendar years.
In the figure, the yearly precipitation has also been included (top line in figure) to show
whether the variation in N-leaching over the periods is due to the climatic variation, which
is still left after the average over 10 climate scenarios has been calculated. The figure shows
that there is some correlation between the yearly precipitation and N-leaching.
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Looking at the effect of the different levies, levy3 generally reduces the N-leaching most.
The variation between years is partly due to the weather effect and pertly due to differences
in crop rotation. The difference in N-leaching between the scenarios is limited and in this
case smaller than the difference between years. With higher levies this would be expected
to change.

An analysis of the N-balance shows furthermore an increase in soil N by 1-4 kg N per ha
each year (see figure 5.8). In levy3 the N-pools increase with 5 kg N per year, but no new
N-equilibrium in the soil has been found within the time span of the 30 periods. In this case
straw was removed at harvest, but if the straw were applied to the soil, a larger increase in
soil N would have been expected as discussed in section 3.3.

The cost of reducing N-leaching is shown in figure 5.9. It shows that the cost based on the
gross margin excluding levy, is between 20-40 DKK per kg N and 15-48 DKK per kg N,
based on the farm profit excluding levy. The cost per kg N, including the levy, for levy 2
and 3, is as high as 190-280 DKK per kg N.
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The most economic efficient policy on this farm is to use levy 1 (tax on mineral fertiliser),
as the cost of reducing N leaching here is the lowest per kg N reduced. However, this is also
where the lowest reduction in N-leaching is obtained. Ideally the comparison should be
made at the same reduction in N-leaching, adjusting the levels of taxation in each levy. The
effect of increasing marginal cost of reducing N-leaching could then be taken into account.

Regarding pesticides, the results show that the treatment frequency index (TFI), measuring
how many standard applications have been used, is the lowest for levyl and highest for
levy3 (+1%). This reflects only the change in the crop rotation, as the application does not
change with expected yield.

Finally, it could be noted that the total number of working hours are slightly higher (+1%)
in levy2 and levy3 than in the base scenario. The total amount of working hours comes to
2745 hours. The peak working months are August and September (see figure 5.10). The
peak number of working hours is highest in levy 3 due to the larger area with winter wheat.
The use of energy is also the highest in levy3.
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5.5.2. Results from all the case farms

In the following, the general conclusions from all the case farms will be presented. An
overview of key results can be found in table 5.3. The results from Levyl and Levy2 are
identical for arable case farms and the results from levy2 are therefore left out.

The crop rotation on the two arable farms and the pig farm on loamy soil are¢ fairly similar
to the crop rotation on the pig farm just described. The tendency seems to be the maximum
area with peas (15%) and 32-40% wheat. The percentage of the area with wheat increases
from the base scenario to levy3.

The changes in yield due to levies are on farms with loamy soils, as expected, whereas the
yield on arable farms on sandy soil is reduced more than expected. The reason for this is the
application of the optimal irrigation, as previously discussed. As the simnlated response
curve on sandy soil with respect to N is steeper, the reduction in N-application, therefore,
leads to a larger reduction in yield than expected. The economic calculations will therefore
overestimate the actual loss in income due to a levy on crop farm on sandy soil.
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Calculations based on a simulation without irrigation showed a reduction in farm profit ex-
cluding levy of 12% and 25% (including levy) in the case of levyl. In case of levy3 the re-
duction in profit was 10% (excl. levy) and 12% (incl. levy) respectively. The reduction in
income due to the levies is in this case much closer to what was expected and the reduction
in income is now similar to the findings on the crop farm on sandy loam.

The N-application both of mineral N and total effective N per hectare are shown in table
5.2. The amount of N is here divided on to the entire area of the farms and not just the area
where N is applied. The N application levels are therefore fairly low. The table shows that
the effective N applied in levy1 falls to 72-92% of the level in the base scenario on the four

farms.

The levy paid on the crop farms is much higher in the case of levyl than in the case of
levy3 as the N-surplus (without deposition) on the crop farms is very low. The levy paid in
the case of a levy on mineral fertiliser amounts to 360-450 DKK per hectare or 60,000
DKK and 80,000 DKK for the crop farm on sandy and loamy soil respectively.

On the pig farms, the highest levy is paid in the case of levy?2 as also N in feedingstuffs is
taxed. The payment comes to around 1,000 DKK per hectare or a total 72-78,000 DKK per

farm.

Levyl leads to a reduction of 23-28% in the amount of mineral fertiliser used on arable
farms. On pig farms the use of mineral fertiliser is almost non-existent in case of levyl and
the levy paid is therefore very low.

The N-leaching on the crop farms fall by 13-17% from a level of 26-38 kg N per ha in the
case of levyl. The reduction in the case of levy3 is smaller. On pig farms, the highest re-
duction in N-leaching is found in the case of levy 3, where it falls by 6-8%.

The total N-efficiency is around 70-78% for arable farms and 42-46% for pig farms in the
different scenarios.

The farm profit, excluding levy, is only reduced slightly on pig farms, but the profit in-
cluding levy is affected by the levy paid in the case of levy2 and levy3. On arable farms, the
reduction in income is larger becanse the levies introduced affect the N-use more directly.
The large reduction in profit on the crop farm on sandy soil follows from the larger reduc-
tion in yield, as discussed earlier.
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The results seems to show that levy3 is the cheapest way of reducing N-leaching on arable
farms, whereas levyl is the cheapest way of reducing N-leaching on pig farms. In most
cases this is also where the lowest reducing in N-leaching is achieved. This is in line with
the conclusion above, but it also demonstrates that it is cheapest to remove the first kg of N-
leaching. In other words the marginal cost of reducing N-leaching is expected to increase as
it becomes more difficult to achieve the reduction in N-leaching.

Looking at the development in the different indicators it seems that the development in total
N-input is a good indicator of the development in N-leaching. It is clearly a better indicator
than e.g. the amount of mineral fertiliser applied.

The level of pesticide application is around 2 measured by the Treatment Frequency Index.
The level is the highest for levy3. The pesticide use on the arable farm on sandy soil is
fairly low. The reason is that the fall in yield and income, when going from full to no pesti-
cide use, is smaller than the reduction in costs. In the model, the cost of machinery due to
mechanical weeding increases only with the variable costs related to the different opera-
tions.
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TABLE 5.3. Results from the 4 case farms and 3 scenarios

Farm name SLS SLL PLS PLL
Enterprise Pigs Pigs Crop Crop
Soil type Sand Sandy loam Sand Sandy loam
Area (ha) 71,3 784 167,1 175,9
Livestock units (old definition) 118 130 0 0
Minerai-N (kg N/ha) 7 24 100 18
Applied effective N (kg N/ha) 80 100 100 118
Total N-import {kg Nha 279 284 156 167
N-surplus with deposition (kg N/ha) 162 151 46 40
N-leaching (kg N/ha) 80 68 38 26
Pasticide use (TF¥ha) 2,09 2,33 0,76 1,93
Farm profit excl. levy {DKK/ha) 17269 19031 2686 3598
Levy1: (base scenario = 100)

Mineral-N 1] 13 72 77
Applied effective N g2 78 72 77
Total N-import o8 86 82 84
N-surplus with deposition 98 97 85 79
N-leaching 99 93 87 83
Pesticide use 89 a5 104 111
Farm profit exc). levy 100 a7 72 90
Farm profit incl. lgvy 100 97 59 77
Levy2: (base scenario = 100)

Mineral-N 7 37

Applied effective N a1 83

Total N-import 98 a5

N-surplus with deposition 97 94

N-leaching 95 96

Pesticide use 98 103

Farm profit excl. levy 99 98

Farm profit incl. levy 99 93

Levy3: (base scenario = 100)

Mineral-N 5 32 76 83
Applied effective N 92 a3 76 83
Total N-import o8 96 84 86
N-surplus with deposition 97 96 82 80
N-leaching 94 92 89 85
Pesticide use 101 105 128 115
Farm profit excl. levy 99 98 78 92
Farm profit incl. levy 29 95 76 91

Comments:

Animal manure Is included in applied effective N with an average utilisation of 55%.
Levy1 is tax on nitrogen in mineral fertiliser.

Levy2 is tax on nitrogen in mineral fertiliser and feedingstuffs (only pig farms).
Levy3 is tax on nitrogen surplus including N-fixation,
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6. Evaluation and conclusion

In this chapter, the conclusions which can be drawn with respect to different policy recom-
mendations from sub-project 1 and 3, are briefly mentioned in the first section. In the fol-
lowing section, FASSET is compared with other models and the strengths and weaknesses
are discussed. Finally, recommendations regarding the future work and the future organisa-
tion are given.

6.1. Evaluation of different policies in sub-projects 1 and 3

From the outset it was an aim to be able to compare results at the farm level from sub-
project 3 with results at the regional level from sub-project 1 (see Schou et al., 1998). The
comparison has not been entirely possible, because FASSET, in the present version, does
not deal with all farm types. On the other hand sub-project 1, has not included levy3 in their
calculations. The aim here is to compare the results in the two projects with respect to two
scenarios (levyl and levy2) and four case farms.

The model used in sub-project 1 is an econometric model called ESMERALDA, which is a
model of the Danish agricultural sector (Jensen, 1996). The model is estimated on the basis
of agricultural data from 1974/75 to 1992/93 and the model is based on the assumption that
farmers exhibit optimising behaviour in each sub-sector included in the model.

The results with respect to levyl (tax on mineral fertiliser) are shown in table 6.1. Again the
results are compared with the base scenario and the table shows that the use of mineral fer-
tiliser in sub-project 1 on a pig farm with sandy soil, is only 18% of the level in the base
scenario in the case of levyl. The table shows that the reduction in mineral fertiliser is
larger on pig farms in sub-project 3 than in sub-project 1, whereas the opposite is the case
for arable farms.

The reduction in effective N-application is larger in sub-project 1 (40%) than in sub-project
3 (22-28% in most cases). The reason for the low reduction on pig farms on especially
sandy soil is the fact that animal manure can not be sold. In sub-project 1 it is assumed that
animal manure can be sold at full price. One reason for the large drop in N use in sub-
project 1, might be the indirect calculation method used (see Schou et al., 1998).
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TABLE 6.1. The effect of a levy on N in mineral fertiliser (levy1) in sub-project 1 and 3

------------------ Pig farm Arabie farm --------—-—-
-- Sandy soil -- -- Loamy soil - -- Sandy soil —- -- Loamy soil --
Sub-project 1 3 1 3 1 3 1 3

Base scenario = 100

Mineral fertiliser 18 0 23 13 62 72 61 77
Applied efiactive N 61 92 59 78 65 72 63 77
N-leaching 81 99 80 a3 79 87 78 83
Farm profit inck. levy 94 100 96 97 80 59 75 77

As sub-project 1 has a higher reduction in N-application, it is not surprising, that the reduc-
tion in N-leaching is higher. The reduction in N-leaching is 20% in sub-project 1, against 1-
17% in sub-project 3.

Turning to the economic result, the drop in farm profit before labour and capital, but in-
cluding the levy, is fairly low on pig farms in both sub-projects (0-6%). The reason why no
fall in income is observed on the pig farm, is primarily that the farm has most of the nitro-
gen needed as animal manure. The drop in income on a crop farm on sandy soil is much
larger in sub-project 3 than in sub-project 1. The results from a crop farm on sandy soil
without irrigation show, as discussed in the last chapter, a drop in income of 25%, which is
close to the drop in income of 20%, which is found in sub-project 1.

In sub-project 1 the cost of reducing N-leaching is 19-29 DKK per kg N for arable farms
and 13-19 DKK per kg N on pig farms. The cost is the average cost when reducing the N-
leaching by 20%. A similar calculation was not carried out in sub-project 3, but the mar-
ginal cost is found to be 15 DKK prkg N for pig farms on sandy soil.

Levy on mineral fertiliser and N in feedingstuffs {levy2)
Levyl and levy2 in sub-project 3 are the same for arable farms as there are no pigs on these
farms. The results will, therefore, not be repeated.

The reduction in effective N applied and N-leaching is also for a combined levy larger in
sub-project 1 than in sub-project 3.

The change in income on arable farms is larger in sub-project 3 than in sub-project 1,
whereas the opposite is the case on the pig farms.
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TABLE 6.2. The effect of a levy on N in mineral fertiliser and feedingstuffs (levy2) in sub-
project 1 and 3

-mmmmmeem—mo—- Pig farm Arable farm ----eeeeeeo-
-- Sandy soil -- -- Loamy soil -- -- Sandy soil -- -- Loamy soil--
Sub-project 1 3 1 3 1 3 1 3

Base scenario = 100

Mineral fertiliser 15 7 19 37 62 72 60 77
Applied effective N 60 91 56 83 64 72 3] 77
N-leaching 81 95 79 96 78 87 76 83
Farm profit incl. levy 80 99 75 93 90 59 90 77

Comment: Levy1 and levy2 are identical on arable farms in sub-project 3.

The reason is that a reduction in the number of pigs has been included in sub-project 1. On
the case farms analysed in sub-project 3, no reduction in the number of pigs is estimated.

The cost of reducing N-leaching is 45 to 74 DKK per kg N in sub-project 1. The results in
sub-project 3 indicate a cost of more than 200 DKK per kg reduced N -leaching. One reason
for this high figure is that no behavioural change in feeding or application of animal manure
has been implemented. As a result the change in N-leaching is limited, but the reduction in
profit is fairly high, which together gives a high cost perkg N.

The resuits in both projects show that no single type of levy is much more effective and cost
efficient than any other. At the farm level it is a problem that arable farmers, who have the
lowest N-leaching, will pay the highest levy. It might be the most cost efficient looking at
the agricultural sector as a whole, but the problems related to a possible redistribution of the
levy then remains.

The conclusion with respect to which policy is the most cost effective is the same in the two
projects, showing that a levy on mineral fertiliser is the most cost effective measure on pig
farms and the least cost effective on arable farms.

Levy3, which has been analysed only in sub-project 3 has the advantage that only the actual
N-surplus is taxed, making a more clear connection between the amount taxed and the pos-
sible environmental effect. The results show however, that it is not necessarily the most cost
effective measure with respect to N-leaching. Introducing such a levy might also create
some administrative problems, but perhaps the introduction of N-accounting or “green ac-
counts” for each farm will be a good way of testing whether the administrative problems
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can be resolved. Only with calculations based on the conditions on each farm will it be pos-
sible to capture the large differences that exist between farms with similar production.

The reasons for some of the differences in the models described above are the different
model approaches. In sub-project 1 it is possible to take structural changes into considera-
tion, allowing for technical change and increases in animal production, which has not been
included in FASSET. The possibilities of adapting to new policies are, therefore, larger in
sub-project 1 where the whole sector is seen as one farm, which generally should lead to
lower costs for given policies. Furthermore, the full adaptation processes are seen Over a
longer time period in sub-project 1, than in sub-project 3.

FASSET, on the other hand, is able to deal with policies at the farm level. FASSET has a
detailed description of the total N-turnover and a more detailed account of the implications
on a long range of indicators for the different farm types. The use of sector-level elasticities
will, in comparison, only be a rough measure of the policy implications on each farm. The
main differences between the two model] concepts are further discussed in Walter-Jgrgensen
(1998).

The conclusion is that the different models focus on different aspects where they have their
strengths, but none of them on their own can give a complete picture of both the farm and
the sector level.

6.2. Modelling approach in FASSET compared with other meodels.

Having looked at other results within this project, it is also worthwhile comparing the ap-
proaches used in other projects in order to find ways to improve FASSET.

Firstly it has to be mentioned that there are relatively few interdisciplinary models today
which integrate detailed environmental and economic considerations at the farm level
(Zeiits et al., 1997). Therefore it has not been possible to use models from other projects in
other countries in the creation of FASSET, although experience regarding sub-modules and
programming methods have been used. Another problem is that models tend to be strongly
related to specific problems in each country.

A literature survey of studies dealing with nitrogen policies in Europe shows that LP-
models generally are used at the farm level, and econometric models are preferred at the
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sector level. Most of the analyses deal with levies on nitrogen fertiliser and levies on nitro-
gen surplus. Only few have looked at levies on both fertiliser and feed (Zeijts et al., 1997).

One of the first models in Denmark to deal with the environmental and economic implica-
tions of changes in policies is the N@K-model, Rude (1991). The N@K-model is based on
production functions for the use of nitrogen. The calculation of the N-leaching in the NGK-
model is based on an empirical function for N-leaching (Simmelsgird, 1991), which has
been used in several models later on. The changes in area with each crop, due to changes in
prices and policies, were calculated outside the NK-model in the so-called “KVL-model”,
which operates at the regional level (Stryg et al., 1991). In that respect the model approach
was coherent, as both environmental and economic considerations, including changes
within the sector, were included.

A modified version of the KVL-model has been used in recent calculations of the conse-
quences of different environmental policies (Hasler, 1998). The yield was based on non-
linear programming and the optimal N level was established in a separate module. Hasler
(1998) has included different technologies for spreading animal manure and different per-
centage of utilisation of animal manure in different crops. The cost of changing to a differ-
ent technology (trailing hoze or injection into the soil) is calculated as the difference in the
average cost between the two systems. However, only slurry, which constitutes approxi-
mately 75% of animal manure in Denmark, was included. Different types of feeding were
not included.

A European example of a project, which integrates economic and environmental analyses at
the farm level, is the Norwegian research project “Economics and Ecology - Resource
Management and Pollution in Agriculture” (Vatn et al., 1996). The purpose of the project is
to analyse the processes connected to supply and loss of nutrients and soil erosion, looking
both at the economic and the ecological side. Furthermore, the aim was to find the most
cost-effective measures regarding pollution problems in order to give ideas on where action
should be taken (Vatn et al., 1996 and Vatn et al., 1997).

The model called ECECMOD), is constructed to simulate the nutrient losses in watersheds.
The sub-modules in ECECMOD deal with agronomic practice, nitrogen turnover in the soil,
hydrology, erosion and the landscape. The yield is modelled from a range of production
functions. The entire model is run for 20 years, in order to capture the variability in climatic
conditions.
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The model is constructed in separate parts and it runs in sequential steps. It has a detailed
description of the crop production and the environmental impact, whereas the animal pro-
duction has been left out. However, animal manure is included. The analyses carried out
have dealt with scenarios concerning tax on fertiliser, reduced grain prices, mandatory catch
crops and changes in agronomic practices. The effects on nitrogen leaching and income at
the farm level were analysed. The analyses were undertaken assuming that the farmers were
given time to adjust fuily to the new conditions.

The planning on the farm in the Norwegian model is based on mathematical programming
using non-linear production functions. The emphasis has been focused on getting the agro-
nomic practices right, whereas changes in the aggregated farm structure are not included.

The focus is on the watershed or catchment area, but also lower levels of aggregation have
been of interest, especially the farm and the plot level looking at e.g. the implications on
different farm types and sizes. Due to the data requirements, the model so far has been used
only on watersheds near Oslo. The Norwegian model has been created in order to deal with
few environmental problems (N-leaching), which has made it casier to determine whether a
certain subject should be included in the model or not. The model is being developed fur-
ther looking at aspects like pesticide use in the so-called MILDRI-project (Olesen, 1998).

FASSET has in the present form some strength and weaknesses compared to the other mod-
els described above, which all deal with the environmental and economic evaluation of en-
vironmental policies and the effect at the farm level.

The expected yield level and response in the planning module is based on lingar program-
ming as opposed to non-linear programming used in other models. Minor problems with re-
spect to planning the long term crop rotation does exists.

FASSET describes the climatic impact on the crop growth well and the yield has a variation
over time, which is close to what has been experienced historically. The yield levels on
sandy soils are expected to become more accurate when the problem with respect to irriga-
tion procedures has been resolved.

FASSET allows for several feeding practices, but the feeding plans do not fully reflect the
possibilities of different feeding practices on farms. The effect of e.g. levies on N in feed-
ingstuffs might therefore be underestimated. A detailed model of animal feeding was not
included in any of the models above.
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The different types of handling of different types of animal manure is to an extent included
in FASSET as more types of manure can be used, but only one type of manure spreading
technology can be used at the time. An approach similar to the one used in Hasler (1998),
where the choice of technology is made within the model would be an improvement.

FASSET has a more detailed description of the N-flows at the farm level than most of the
models mentioned above. The full advantage of this are expected to be apparent when better
procedures regarding livestock feeding and handling of animal manure is in place.

Many other models have based the calculation of N-leaching directly on the Ccrop rotation.
DAISY is here an exception as it has a detailed description of the N-flow at the field level.
DAISY does however not aim to describe N-flows in the rest of the farm system, such as
emissions from slurry tanks and livestock buildings.

FASSET has a clear link between crop, livestock, machinery and economics, although not
all sub-modules have been developed to the same level of detail. It is a coherent framework,
where both technical, climatic and economic effects are included.

FASSET can be seen as a model to evaluate sustainable strategies at the farm level, which
focus on the implication of different crop rotations and animal production with respect to N-
flow, machinery, buildings and economics. The model includes most of the indicators con-
cerning sustainability at the farm level.

FASSET is at its present stage a sound prototype, but improvements are still needed to be
able to do quick calculations for more case farms and scenarios.

6.3. Recommendations concerning future work on FASSET

With regard to the future of FASSET an important question is, whether there in the future
will be a need for inter-disciplinary research with a holistic approach at the farm level? The
experience from this project and the demands made from for example the Ministries during
the project period suggests that this is clearly the case.

What kind of research questions should FASSET be able to address in the future? The fol-
lowing is a list of likely question in the near future;
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o The development in N-leaching will, following the new Aquatic Environmental Action
Plan II (Vandmiljgplan IT), be inspected on a regular basis. The consequences of adjust-
ing the law or turning to some of the tax-scenarios listed in chapter 2 are still present.
This will include analysis of how different production systems can help to reduce the loss
of nutrients from the entire system.

s As a result of the new Aquatic Environmental Action Plan II a plan on how to reduce
NH;-emissions has to be finished by spring 1999. This investigation will include analy-
ses of different types of buildings and technologies for applying animal manure.

o Calculation of the implication of a reduction or abolishment of the use of pesticides

e Analyse the potassium and phosphorus flows on different farms.

e Calculating the environmental and economic consequences of organic farming.

« Use the model on real farms (e.g. study-farms as mentioned earlier) in order to test the
mode} and to give advice as to how better environmental management can be imple-
mented,

Future improvements of the model
In order to deal with more of the research questions stated above FASSET needs to be im-
proved. The model should ideally be improved within the following areas:

+ A dairy sub-model covering both cows, heifers and young bulls should be included.

e The crop part should also be extended to include crops like clover-grass, cereal whole
crops, catch crops, sugar and fodder beet, potatoes, grass seed and maize.

e The 3-period LP-model is at present ranning close to maximum capacity. Using a lim-
ited number of crop rotations has to be considered along with other possibilities.

e Parts of the machinery sub-model needs to be reprogrammed in order to ease program
maintenance.

» The irrigation procedure has to be reassessed.

+ Phosphorus and potassium flows could be included.

e The possibility of improving the section regarding pesticide usc should be investigated
e.g. based on the findings from the Governments Pesticide Committee.

« Investments in land, machinery and buildings including new livestock systems could be
included based on the papers prepared in the project. This could also include more tech-
niques for handling animal manure.

e Introduction of new productions systems including e.g. outdoor pigs and new feeding
systems such as phase-feeding for baconers.
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* Considerations on how to simulate different types of managers shouid also be made, just
as considerations on how to include some minor planning sub-models, which can be

used in the simulation year.
The above changes will require changes in both the planning- and the simulation module.

Some of the above changes will be given as exogene variables, where the choice of e.g.
production system (e.g. outdoor pig system or phase feeding) is made outside the model.
The results from the different production systems can then be compared. Other changes
would need more program changes in FASSET to allow for the changes to be included in

the program structure.

It is not the intention that FASSET should be a tool which can be used to give the full
evaluation of e.g. a given production system with respect to working conditions, ventilation
etc. The purpose is merely to evaluate the systems with respect to environmental issues. The
more detailed analyses of the individual systems have to be carried out separately.

The future use of the model can be split in two directions. One direction will be to improve
details in the sub-models. Once the new sub-models have been tested it can be imple-
mented. Another use will be the general use, where FASSET or perhaps parts of it is used to
analyse different policy scenarios etc. These calculations will also benefit from the im-
provements made in other parts of the model.

The idea is to build a version 2.0 of FASSET, which will include some of the areas de-
scribed above. It is not likely that the model in the near future will have a user friendly front
end, why the key-group will have to carry out most of the validation and simulations for
other researchers. A full documentation of the model should be given a high priority in the
future.

6.4. Recommendations concerning future organisation

Experience with past organisation

In a multi-disciplinary project it is important that each research partner feels that his disci-
pline is described and implemented in an acceptable manner. The purpose of the co-
operation is to be able to achieve better results than each discipline would be able to do on
its own, creating a more holistic approach to the problem analysed.
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A lot of resources have been used to ensure co-ordination between researchers, aiming to
create a model structure, which on one hand allows fairly detailed input from the different
disciplines, but which on the other hand is not too detailed, making the programming im-
possible to carry out. A lot of effort was put into creating a common understanding in order
to ensure that the sub-models communicate with each other. The process has allowed for an
insight into other disciplines, which has been very fruitful, but also time consuming.

It has been more time consuming than expected to start using the object-oriented design ef-
fectively. The development of the programming code has also been delayed by frequent
changes in the project staff during the project period.

Future organisation

Concerning the future organisation the experience gained from the project suggest that it is
an advantage to have a few key people working on the model almost full time and on the
same location. These people should be in charge of the day-to-day updating and running of
the model. The key group should agree on the principles used in the programming of the
model. The key group should consist of people with both computer and agricultural insight.

The key group should be supported by a project group (like the current project group) with
researchers from special fields, who can help formulate the problems and give suggestions
on the possible modelling approach. They should, however, as a general rule not necessarily
carry out the actual programming. They can request certain analyses and will in some cases
be able to execute the whole model.

Changes in the staff will always occur in a project like this, which is stretched over 4-5
years. Care most therefore be taken so that “back-up” staff is available, who have some in-
sight into the model and can take over if necessary. An updated model documentation is
here essential.

Another issue is the actual location of the key-group, when more institutions or geographi-
cally divided institutions participate. The present key-group consists of two researchers lo-
cated at DIAS (Danish Institute of Agricultural Sciences) and one researcher located at
SJFL They are in charge of the actual programming and execution of FASSET. In the future
the responsibility of mainté.ining the simulation model will be moved to another department
at DIAS together with one rescarcher from the key-group.
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The general experience in projects like this is that it is important that the project leader lis-
tens to all sides in order to encourage and ensure co-operation between researchers from
different disciplines and organisations. If some researchers or organisations feel that their
objectives are not being meet they will have an incentive to make their own priorities,
which might endanger the fulfilment of the over-all objective.

With respect to the role of the leader Janssen and Goldsworthy (1996) find that “A multi-
disciplinary team, typically requires much more direction than disciplinary departments.
Since a team leader usually does not possess the knowledge and background of all the dis-
ciplines involved, the direction of the team can only be decided in a participatory manner by
mutueal agreements among the team members. Team leaders must meet at least the follow-
ing requirements: 1) they must be well accepted by the other team members; 2) they derive
their authority from their ability to listen to team members and their quality of leadership
rather than individual disciplinary excellence” (Janssen and Goldsworthy, 1996).

The final point with respect to organisation is that researchers working in multi-disciplinary
research often find that they have to serve two masters. As they will both have to report to
the local leader of their department and to the leader of the project where they are organ-
ised. This has also in this project created some conflicts, but such conflicts can be resolved
by meetings between project managers and with the head of departments, where the support
for the work in the multi-disciplinary project can be obtained. The project leader can here
make recommendations regarding the future funding according to the work carried out by
the participants involved.

The project has produced a more detailed prototype than planned at the outset. Creating
such a model has not been without problems, but the work has proven to be fruitful in es-
tablishing a common ground between the disciplines involved.

The project group hopes that the future research on integrated environmental and economic
analysis will build on the investments made in this project, allowing the co-operation be-
tween disciplines and institutions to continue.
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Filename | Description Farm Scenario
change change

System.dat Simulation parameters + +
| Farm.dat Farm parameters + +
| Building.dat  |Building parameiers + -
}Pigs.fOO Number of pigs and slaughter pigs year0 |+ -
!@gsfeed.foo Feed for pigs + -
:Techeqp.dat General parameters for tools + -
F)peratio.dat General parameters for machinery L+ -
| Fields.dat Initial field description (incl. history) ? -

| Fields.f00 Initial field plans ? -
{Jo*.dat Different soil description files - -

{ LabPeriod.dat | Maximum working hours during different |- -

i periods

i Legislat.dat Hectare preminm - -

| Per_crpr.dat Definition of crop periods - -

'- Per_tech.dat | Definition of technics periods - -

| Products.dat Definition of products - -
i?rices.dat Sell/buy prices of products - ?

+ = Will almost always be changed
9 = Will in some cases be changed
- = Will not be changed
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Appendix 5. Production functions used in the planning module
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FIGURE 5.A. Production functions used in planning for different crops on loamy sandy soil
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FIGURE 5.B. Production function for wheat on sandy soll at 3 different pesticide treatment
levels. Used in the 1-period LP-model
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Appendix 6. Data output from the 1 period planning model

The four files presented are named: Fields.LP1, Pigs.LP1, Pigsfeed.LP1 and Dataout.LP1.
The information in Dataout.LP1 is only used to check the output and is not transferred to

the simulation model.

LIOM.PA C.0
Fields.LP1 xkg-N- .00
Xg-o=- 196.00
[fieldOrder (0)] xg-%- 39z.00
CRCD w2 OO
X-level Fg [fieldCrcer({2):
PEST-LEVEL ZESTZ CROP Wa____ 02
Ha 3.520 N-level FE
SLUR.PS §7.9 PEST-LEVEL PESTZ
DUNG. PS c.o Ha 7.840
LIQM.PS 6.C SLIUR.FS 175.8
SLUR.PA 0.0 DUNG.PS ¢.0
DUNG.2A c.0 LIpM.BS 0.9
LIQM.PA 0.C SLUR.PA 0.0
xg-N- 187.94 DUNG.PA .0
xg-P- J2.00 LIQM.PA 0.¢C
kg-X- 105.63 xg-N- 297.48
Kg-P- .00
TfieidCrderil} ] xg-K- 21..28
CRCP 35 a0
N-level T8 [fiel&Criexrid)]
PEST-LEVEL PESTO CROP BG&___ 03
Ha 3.920 N-level F8
SLTUR.PS 87.5% PEST-LEVEL PESTO
DUNG. BS 0.2 Ha 7.840
LIQ¥.28 0.0 SLUR.PS 217.4
SLUR.PA c.o DUNG.?PE 2.0
DUNG . PA c.0 LIOM.23 0.2
LIQM.2A 0.C SLUR.PA 0.0
kg-N- 121.30 DUNG . 2R 0.0
kg=-2- c.00 LIQM.PA 0.0
kg-X- 103.63 ko-N- 258.59
xg-2=- 0.00
[fieldOrder 2} kg-X- 149,95
CROP PE____ 01
N-level FO r£ieldorder &}l
DEZST-LEVEL PEST2 CRC? Rw___ 04
Ha 7.840 N-level F7
SLUR.ES £.C PEST-LEVEL PESTZ
DUKG.PS 0.2 Ha 7.840
LIQK.PS 0.0 SLUR. PS8 0.C
DUNG. PS 0.0
SLUR.PA .0 LIQM. DS 2.0
SLUR.PA 3e5.7
CUNG.PA 0.0 DUNG.PA 0.C



LIQM.PA 0.0
kg-N- 84.97
kg-B- 0.00
kg-K- 245.01
[fieldOrder(6)]

CROP W2____ 05
N-level F8
PEST~-LEVEL PEST2

Ha 7.840
SLUR.PS 175.8
DUNG.PS 0.0
LIQM.PS 0.0
SLUR.PA 0.0
DUNG.PA 0.0
LIQM.PA 0.0
kg-N- 375.88
kg-P- 0.00
kg-K- 211.26
[fieldOrdexr(7)]

CROP Fl_ 06
N-level FO
PEST-LEVEL PESTO

Ha 3.9%20
SLUR.PS 0.0
DUNG.PS 0.0
LIQM.PS 0.0
SLUR.PA 0.0
DUNG.PA 0.0
LIQM.PA 0.0
kg-N- 0.00
kg-P- 0.00
kg-K- 0.00
[fieldOrder(8}]

CROP PE__ 06
N-level FO
PEST-LEVEL PESTZ2

Ha 3.920
SLUR.PS 0.0
DUNG. PS 0.0
LIQM.PS 0.0
SLUR.PA c.0
DUNG.PA 0.0
LIQM.PA 0.0
kg-N- 0.00
kg-P- 98.00
kg-K- 196.00

[fieldOrder(9)}]
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CROP W2__ 07
N-level F§
PEST-LEVEL PEST2

Ha 7.840
SLUR.PS 175.8
DUNG.PS 0.0
LIOM.PS 0.0
SLUR.PA 0.0
DUNG.PA 0.0
LIQM.PA 0.0
kg-N- 297 .48
kg-P- 0.00
kg-K- 211.26

[fieldOrder{10)]

CROP B6__ 08
N-level F8
PEST-LEVEL PESTO

Ha 7.840
SLUR.PS 175.8
DUNG. PS 0.0
LIQM.PS 0.0
SLUR. PA 0.0
DUNG.PA 0.0
LIOM.PA 0.0
kg~N- 438.60
kg-P- 0.00
kg-K- 211.26

[fieldOrder(11)]

CROP RW___ 09
N-level Fé
PEST-LEVEL PEST2

Ha 3.920
SLUR.PS c.0
DUNG. PS 0.0
LICM.PS 0.0
SLUR. PA 182.7
DUNG.PA 0.0
LIQM. PA 0.0
kg-N- 0.00
kg-pP- 0.00
kg-K- 122.77

[fieldOrder(12)]

CROP RW____ 10
N-level Fé
PEST-LEVEL PEST2

Ha 3.920
SLUR,PS 0.0
DUNG.PS 0.0



LIOM.P5
SLUR.PA
DUNG . PA
LIOM.PA
Xxg-K-
kg-P-
kg-K-
[erd]

Pigs.LP1
v (LPIGS)
SQN¥S

DACCONTRS

Pigsfeed LP1
SOWS .WHEAT
SOWS . WNBRL
SQWS.PEA

F
m

MO OO MO

'Y
k)

.036
.830

M b

N
o
Q9w

.608221
.053950
.ZZ3861

L& I S -]

BACCNERS . WHEAT 0.058834
BACONERS .WNBRL 0.072362

BACONERS . PEA
0.225614
0.010733
J2.086429
0.029788
B_SOYSRW 0.
0
0
0
D

S_SOYSRW
5_MIZTH

g _FISHM
5_MINF

B_LYSIN
B_THREC
3_FISHM
B_MINP
{end]

Dataout.LP1
X(C.Q,F)

W2 20 PESTZ T8
B6 00 PESTO =

YIEILD{CT)
WHEAT
RAPE

0.018032

l28¢€z29

.Q00313
.000249
.007613
.002483

217.050
61.113

P L R T e e e s I

oW <
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WNERL

PEA

Z(CT,E)
WHEAT BUY
RAFPE SELL
WNBRL BUY
PEA BUY

w2 3¢ F8
35 IC T8
W2 2 F8
B6_____C3 FB
¥ 04 F7
W2___05 F8
W2 07 FB
B& 8 F8
PBUY(C,¥} ...
2% 01 FO
PE____06 FO
XBUY(C,T})
wW2_____00 F8
ag_____00 T8
FE 01 FO
wW2____ (2 F8
B5_____03 F8
RW____ 04 F7
w2 05 F8
P 38 FO
W2z_ 07 FB
B6___ 08 T8
RW____ 09 F€
RW___10 F§
YL}

SOWS
BACONERS
ViL,E)

121.114
52.920

14.210
61.113
201.609
25.395

187.940
121.300
297 .479
Z58.595
84.969
375.879
297.479
4£38.599%

196.000
98.000

105.628
105.628
392.000
211.23=2
149.932
245.012
211.255
19€.000
211.253
211.2533
12z.770
i22.770

123.03¢
2667.830

BACONERS SELL: 2667.8390

BACCKERS BUY

16.404
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Appendix 7. Selected calibration and test results from the simulation

module
o 1600+ 1600
& 1200 1200
o o N
800 O SRy - 800
] o i -
400~ £ i — 400
- /U- -
- ___________‘—"ﬂ"b ! B
0,....|..-.|....|.1.;|....|....1.;,:' 0
mar apr maj jun jul aug sep
‘é‘ 1500-5 :—1600
S 12004 1200
o Q o
- o 3
800 agreme———y - 800
4004 e | 2 400
] " 0 0 @
i B B B T 0
mar apr maj jun jul aug SEP
w 1600 F:[;_-j,(;.()
£ .
o 1200 - 1200
800 - 800
P e Ry C
400 P T ry 1‘ — 400
eeee—eegm5 0 °°
0,....,....,"..._.,....l....,....,.., ¢]
mar apr maj jun jul aug Sep
%’ 1600 1600
> 1200 1200
8
800 . -“'-9—'—"—'—1 o0
400 /.(“ ° | 400
-0 H
. N _H-a"o
0l S ek 0
mar aor maj jun jul aug sep

FIGURE 7.A. Top dry matter development in winter wheat 1989-1992 at Foulum. 0 kg N pr
ha fertiliser applied. Line: simulation. Circles: measurements
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FIGURE 7.B. Top dry matter development in winter wheat 1989-1992 at Foulum. 120 kg Npr
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mar apr maj jun jul aug sep

ha fertiliser applled. Line: simulation. Circles: measurements



- 145 -

30+ 30
A o5 25
& 20 20

15- -15

10__ o ° -—10

5 3 - S

-7 0

mar apnr maj jun jul aug Sep

30—_ FBO
Y 25— -25
> 20} 20

15_' -—15

10-] - 10

E . ° |

=7 T eoocao 0 o0 °F \ -5

Ol""i“"l""I“"I""11‘l"l"‘ 0

mar apr maj jun jul aug sep

30—_ [_—30
€ 25+ 25
S 20 20

157 15

10- -10

5_‘ 29 oo °0 .°°°'°°au_nﬂ -_5
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FIGURE 7.C. Total nitrogen content development in plant top, winter wheat 1989-1992 at
Foulum. 0 kg N pr ha fertlliser applied. Line: simulation. Circles: measure-
ments
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FIGURE 7.D. Total nitrogen content development in plant top, winter wheat 1989-1992 at
Foulum. 120 kg N pr ha fertiliser applied. Line: simulation. Circles: meas-

urements
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FIGURE 7.E. Development in simulated wheat yield on the same field with loamy soli over
30 years at different N-application levels
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Appendix 8. List of activities carried out on a field

Logfile activities in the simulation module for field 00 with il seed rape on a pig farm
from 1.9.1961 to 31.8.1962

———————————— Reading fleld alleoration plam - ———-———-——-
———————————— Reading SOWS feding plan -—————--—-——---—
———————————— Reading BACONERS feding planm —=-—-———-—-——--
01-09-1561 Fleld no 00 Renewed. Size: 7.840000 ha
01/09-19¢1 Fiels no 09 Ploughing Crop: RW Size: 7.840000 ka
GL/C9-1%€1 PL Ring 15.45 hours 135.23 1 diesgel
32/09-1%€1 Field no T SeedtedHarrowing Crop: RW 8ize: 7.54 &7a
32/39-196. SeedbedHarrowing 2.332 hours 23.5Z2 1 diesel
33/09-196L Field no U7 Sowing Crop: RW Size: 7.84 ha
15/39-168. Field no 0 WeedHarrowim Crop: RW Size: 7.64 ha
$1/7/.5-1961 Field no U0 MoritoringCrop Crop: RW Size: 7.54 ha
$1/30-15661 marual labour 23.352
10/03-19€2 Field no 00 MineralFertilizing Crop: RW Size: 7.84 ha
01/06-2952 Fielé@ no 0D Spraying Crop: RW Size: 7.E84 ha
01/06-19£2 Spraying 1,85 hours 1.7 1 diesel
16/08-19€2 rield no 00 Mowing Crop: RW Size: 7.84 ha
18/08-19£Z Mowing 4.12 hours 138.77 1 diesel
20/08-19¢2 Field =no 00 CombineXarvestingShred Crop: R Size: 7.84 ka
2C/0B-1962 CombineHarves:tingShred 14.15 hours 121.85 1 diesel
Earvest (:z/ha) 5.24
21/08-1952 Field no 00 StubHarrowing Crop: RW 3Size: 7.64 ha
21/08-19£Z StubHarrowing 3.23 Tours 31.2¢ 1 &élesel
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Appendix 10. Indicator list for a pig farm on sandy soil

Area (ha)
Wirter wheat
Winter rape
Winter barlay
Spring bariey
Peas

Set  side
Total area

Aren distribution (%)
Winter wheat

Winter rapa

Winler barley

Spring barley

Peas

Seta side

Uvastoci:

Sowy

Produced bacaners
Livastoek wnit {old) pr ha
Livastock unit (new) pr ha

Yield (tha)
Winier wheat
Winter rapa
Winter barfey
Spring bariey
Paay

Plant products sakd {DKK/he)
Winter wheal

Winter rape

Wintar barley

Sgring barley

Poas

Plant products sold

Groas plant output {DKIKha)
Groes plant output
Valug ¢f home produced feed

Incoma (DKK/ha)
Quiput sold from plant prod
Oulput sold from ammal prod.
Hectars pramium

Grags income

Costs [DKK/ha}

Seods

Fartilizers

Chemlcals

Fusl

Mics coste.
Tetel var. plant coals

Costs fead

Costa alectricty

Vet and misc. Costs
Tolal var. lvestook costs

Grozs margln excl. levy
Ditterence exel, [evy

Lewy
Girvsa mangin Inct. levy
Diflerence incl. levy

Other costs (DKK)
Deprociation Bulkfings
Depraciation machinery
Insuranee bulkdings
Insurance machinary
Maintenance bulkdings
Malntenance machinery
Contractars charges
Total other cosis

Tolal ather costs per ha.

Average

Basis Lavyt Levy2 Lovy3
232 24,2 257 288
135 135 12,5 13,9
153 13,8 18,2 13,8
5.0 53 0.7 07
107 10,7 107 10,3
3.6 [ 3.6 5
na 713 71,3 13
az5 34,0 36,0 40,5
18,0 19,0 17,5 19,5
21,5 185 25,5 195
70 7,5 10 1,0
150 15,0 15,0 14,5
58 50 50 50
14 14 114 4
2423 2423 2423 2423
17 17 17 17
i3 13 13 13
69 64 6.4 &1
35 a5 34 3.4
60 59 59 58
38 a7 37 a7
41 4,1 42 4,1
0 ] [ 0
883 862 675 043
0 0 0 i}
[} [} 0 [
0 0 o [}
883 962 (13 948
5208 5115 5232 5120
4335 4153 4258 4172
968 %5 B84 853
31143 31142 31143 31142
2655 2654 2632 2657
34764 34761 54636 24751
-356 256 -356 -354
124 02 104 -108
252 -236 ~256 280
12 110 112 -t12
-360 -380 380 -380
B - S [T e a1
5234 9388 9273 -8460
650 -643 -662 674
-008 809 900 -903
-10853 -0941 10844 -11042
22897 20637 22588 22487
-50 -100 -180
0 & -1083 €71
22837 22637 21494 21828
50 1198 861
-136000 ~136000  -135000 138000
113376 113378 -113376 113376
-13600 13600 13600 -13800
£575 6575 6575 8575

-23800 -23800 23800 ~Z23B00
-92340 90878 -gasez -85341

1] 0 ] o
-886241 -384028 -387913 ~369653
-5418 -5388 -5441 -5452

Baglg

100
100
00
100
100
100
100

100
100
100
100
100
100

100
100
100
100

100
100
100
100
100

100
100

109
100
100
100

100
100
100
100
100
160

100
100
160
100

100
100
100
100
100
100

00
100

Index

Lewt

105
o0

]
107
100
100
100

105
00

a9
107
100
100

e
100
100
100

100
a8

100

Lewy2
11

119

4
100
100
100

i

119

14
100
100

100
100
00
100

100
100
100
100
100
102

100
100

125
w3
al
14

100

125
103
"
14

100

0o
10¢
100

EEE-EE:]

focola

100
100
100
0o
100
103

m
o1
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Indicator list for a pig farm on sandy soil (continued)

Basls Loyl Levy2 Levyd Baals Lovyl Levy2 Levya
Farm profh exch. labour and Interest o capital (DKK)
Farm proft axcl. fevy 1241251 1230068 1222579 1215422 10 100 99 -]
Farm profit exzL ievy par ha 17268 17251 17446 17046 190 100 33 o
D*larenes par ha -'8 =123 -223
Farm prodit ol favy 1237251 1230066 1144633 11675683 100 1w 23 85
Far: profit incl, levy perha 17263 172651 16053 16375 100 130 =] a5
Diferencs per ha =8 218 -804
Farm geofil after labour excl. vy 873158 874050 9633 8E4687
Farr profit witer labour exc. iavy ke fa 13845 12661 13506 43389
Drtemarca pe: ha 1z -143 -ZBC
N-import (kg Nha)
Mirera! fadillzer 73 9.2 2.3 C.s 100 ¢ 7 5
N in deposition 222 22 22 222 100 %0 19¢ 120
N In seed 28 R 23 28 130 13C 102 2]
N fxalien 28,8 286 298 282 100 wh e a8
N in feecingsiulf 218,1 2193 2172 213,9 100 10 0 101
Tcialimport 27191 2738 2724 R 1% g8 L] 93
Applied animal manure from stordge 1918 1323 1303 1324 120 100 93 100
Min. fert.+ ani, manure at £5% fellaciva N} 785 728 72,1 732 e a2 a1 az
N an N-demanding fieids 3.4 3 90,2 258 100 82 a gt
N-oxpart (kg Nha)
Plari producis 53/t 64 kS a4 249 100 €5 a5 W
Livasiock seid 858 8 B8 808 100 Rl 123 100
N-lerching TIE 783 751 4.8 100 ] % “
N lost when spreading manure 5.8 58 59 £a 100 100 10 83
NHa volatized from stable and slove 728 T2.4 727 78 700 =] e o9
Deritrification ket Cd4 0,4 2.4
Tcial axport 2758 2728 €83 zEB.6 1€ g6 88 97
N-suplus wilthout depasition 38,8 1358 1352 1356 100 n g7 a7
N-surplus with deposilion 1620 1580 157.% 1578 100 3 a7 97
N effclency {N-sxpcrt from products/N-impart) 427 4% 4Z% ax%
N-belance (kg Nha}
Crarge in Gvestock-N -0t 0,0 4% [A 1% & -1er =143
Change In stored plant-N 13 o1 05 23 05 9 45 21
Charge in aci-N 1.2 0.8 —Eﬁi 45 190 42 2 237
To'al change 32 o 3,0 4.9 e 23 94 52
Caost of reducing N-spplication looking
at profit excl. kevy (DKK/kg N}
Total N-mput 33 182 13,3
Cost of reducing N-leaching {DKK/kg N}
Gross mamgin excl. levy 432 232 409
Gross margin inch, levy 43.2 276.3 1852
Fam prefl exc. vy 153 285 48,1
Farm profit inzi. levy 154 2816 1930
Farm profil inol (ahedr exc. 'evy -10,4 33,0 56,1
Cost of reducing N-surplus (wih depositicn)
based on profit incl. levy (DKK/g N) 44 2513 243
Pesticides (TFV'ha)
Herbiciies 2,71 1,53 186 kel 103 &9 a7 10C
Fungicides L.26 0,21 28 €.26 100 B3 04 106
Inscticides $,13 0,12 [riigy<] o, 1c0 :] ] 1
Tota! TFI 2,09 *.B6 ZlE 2.6 RL=ed a 96 w0
Lakowr (nreihs)
Fieid "Wy 114 5.9 121 430 2] 102 1c3
Suabe Z3 2c3 2c3 208 10C 100 100 *
Meiterares ang ma~agement 59 58 i3 8.0 103 a5 130 H4l
Tota: @bour s 382 07 38,8 ™ a3 10 10t
Labour field wih half mainenance 47 144 14,9 150 100 o 1061 03
Energy (Wh}
Energy use *56.1 1561 158.8 188.5 100 09 hb) 13
Assets{1600 DKK)
Real proparly 1428 1426 1428 1426 100 100 102 00
Livestock 1700 170G 1700 1700 120 100 190 100
Equipment o8 L 866 868 4 100 100 4
Slocks 36 132 338 118 100 a7 & B7

—_— e ——

Tol £330 4128 A2 417 10C¢ ] 100 19¢



