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. De mogelijke verplichting tot het bijhouden van een mineralenboekhouding zal de

management-ondersteunende waarde van het fiscaal boekhoudverslag sterk doen toe-
nemen.
Dit proefschrift.

De meeste management informatiesystemen hebben als beoogd doel het verbreden van
inzicht en het vergroten van de kennis van de ondernemer. Aangezien deze doelen
moeilijk te kwantificeren zijn is het derhalve moeilijk de waarde van zulke systemen te
kwantificeren.

Dit proefschrift.

Bij de ontwikkeling en toepassing van kennissystemen voor het analyseren van boek-
houdverslagen is de disuniformiteit van verschillende boekhoudsystemen een grotere
“bottleneck” dan het proces van kennisacquisitie.

Dit proefschrift.

Voor de melkveehouderij zijn bedrijfsvergelijkende maatstaven zeer geschikt om te ge-
bruiken als referentiewaarde en voor het analyseren van gegevens door experts of ken-
nissystemen.

Dit proefschrift.

Er wordt in veel modellen voor beleidsstudies onvoldoende rekening gehouden met de
grote pluriformiteit van bedrijfsituaties, ondernemers en reactiemogelijkheden.
Dit proefschrift.

Wereldwijde uniformering van literatuurlijsten in combinatie met-een vermelding van
de correcte referentie bij het begin van elk boek of artikel zou voor het werk van on-
derzoekers eenvoudiger maken. '

Door de verzelfstandiging van het landbouwkundig onderzoek worden van de onder-
zoeker naast wetenschappelijke ook commerciéle kwaliteiten verwacht.

Bij toepassing van de onderzoeksmethode van groepsvergelijking voor het bestuderen
van de technisch/economische effecten van een specifieke investering of bedrijfssysteem
wordt onvoldoende rekening gehouden met het feit dat ondernemers met een bepaal-
de grondhouding, niveau van management en capaciteit eerder zouden kunnen kiezen
voor de betreffende investering of het systeem.

In sommige tijden zijn cashcows waardevoller dan spaarvarkens.

Koeien met een té hoge conditiescore hebben een té slechte conditie om goed te pres-
teren.

Dat emancipatie bij ministeries nog onvoldoende is doorgevoerd blijkt uit het feit dat
het kind van een mannelijke medewerker niet in aanmerking komt voor kinderopyang.

De maatschappij is er onvoldoende op ingesteld dat de vrouw na haar huwelijk haar
eigen naam wenst te gebruiken.

Een flinke heroinevangst door de politie hoeft niet als een succes te worden aange-
merkt indien door de grotere schaarste hieraan de criminaliteit toeneemt.

Het beroep van leraar wordt vaak ten onrechte niet alleen financieel ondergewaar-
deerd. -
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This thesis describes new methods and knowledge-based systems for the analysis of
technical and economic accounting data from the year-end records of individual dairy
farms to support the management and, after adaptation, for policy analysis.

A new method for farm comparison, the farm-adjusted standard, which makes it
able to compare a dairy farm with similar farms, is described. Two methods for the ac-
quisition, representation, and presentation of knowledge from experts are developed.
These methods, IMAGINE and FUZZY-DETECTOR, can be used for different types of
data and are especially characterised by fuzzy boundaries, compensatory mechanisms,
and fast and easy knowledge acquisition.

Two knowledge-based systems have been developed where these methods are
used. GLOBAL-DETECTOR performs a global analysis of year-end results concerning
aspects of gross margin. ENVIRONMENT-DETECTOR gives suggestions for a reduction of
nitrogen surplus while maintaining the income. Proposed is a new method for sector
responses on government options (APPROXI). A mode! is presented as an example of
this method.

The developed methods and knowledge-based systems for this thesis offer many
opportunities for application in other domains.
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*For agriculture to make increased use of computer
technology, it will find the challenges to be great -
but the opportunities will be even greater!"®

(Stephen B. Harsh, 1990)
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SUMMARY

Introduction

Dairy farmers try to achieve their goals. This asks for good farm
management, or, the right decisions will have to be made at the right
moments. Purposefully gathered and up to date information is indispens-
able to make this possible. The complexity and importance of farm man-
agement has increased because of the increasing complexity of the
changing environment, the milk quota system and pollution problems.
These ask for better decision-making within the current farm set-up (i.e.
tactical management) to achieve low costs.

The quality of management can be improved on many farms
because there are great differences in income and in the efficiency of
mineral usage between farms under comparable circumstances. A pro-
fessional analysis of the available (accounting) data is one way to
improve management, but this is difficult for farmers because of the lack
of required knowledge, good farm comparison methods and good stan-
dards for evaluation. So dairy farmers should be supported in analysing,
but support from advisors (extension workers) is becoming costly. How-
ever, recent developments in information technology give prospects for
computers for analysis and diagnosis. According to the literature,
especially so-called knowledge-based systems (KBSs) are advocated for
this task, despite the low implementation rate of personal computers on
farms.

This thesis investigates the possibilities for developing methods and
KBSs - according to the requirements (e.g. accounting for the specific
situation of the farm, stimulate the creativity of the farmer) - for the
analysis of technical and economic accounting data from the year-end
records of individual dairy farms to support mainly the evaluation and
tactical management functions. Term ‘tactical’ refers to decisions within
the current farm set-up. Since there are differences in farmers’ reaction
on policy measures, an additional objective of this research is the devel-
opment of a method (APPROXI) for the evaluation of various govern-
ment options based on a KBS.

Suitable methods for farm comparison and standards for evaluation,
methods for the acquisition of knowledge and expertise regarding data
analysis and interpretation, and a guideline for analysis are developed
and described in this thesis. The knowledge in the KBSs is predominantly
supplied by D.W. De Hoop, and also by C.H.G. Daatselaar and the
farmers from our test group.
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Data and analysis with farm-adjusted standards

Information is the key element in the decision-making process. Data
are the raw material for information. Accounting data to be used by the
proposed KBSs should not only be available, but also automatically read-
able from the data bases of different accountancies. This last aspect is
hampered since similar data from different accountancies are at the
moment not uniform in description and meaning.

Once the data are available, they can be analysed. In the first step
the data must be compared with relevant reference values or standards.
In the second step différences between standards and results are judged
by the KBS to come to strong and weak aspects and suggestions for
improvement.

According to a number of requirements for use in the proposed
KBSs of this thesis, five different types of standards are compared: stan-
dards based on data from previous years, standards from planning or
budgeting, standards as outcome of research (normative), standards from
group-comparison, and farm-adjusted standards (FASs). The FASs have
many advantages in the reseéarch described in this thesis. This new type
of standard, which makes it: able to compare a dairy farm with other
very comparable farms and| which is based on regression analysis, is
developed by De Haan (1 991)‘ and described extensively in chapter 2.

Interpretation of data with KBSs

Knowledge is indispensable for the interpretation of accounting
data and for a judgement. of deviations from standards. Generally,
farmers only incidentally study the account, so it is questionable if they
have enough knowledge and experience for this task. Specialists or
experts, for example advisors .and extension workers, can see things on a
farm or on an account in their true perspective. Since only a limited
number of farmers makes use of the knowledge from advisors, etc, for
the evaluation of their year-end results, distribution by ‘means of KBSs
may be of interest. !

The knowledge has to be extracted from advisors and experts and
transformed to KBSs. The achIsmon of knowledge from experts and the
representation of that knowledge in a KBS is often difficult and time-
consuming. -The problems originate mainly from the ‘compiled’ pro-
cedural kind of knowledge that cannot be verbalised. KBSs are defined
and some elements and aspects are briefly described. The emphasis is on
the management of uncertainty in KBSs, and the difference between the
use of a commercial tool and the use of a computer language for the
development of KBSs. For this’ thesis, all tools (i.e. software products
based on the methods) and KBSs are developed from scratch with com-
puter language muLISP.

14 \



IMAGINE: a method for knowledge acquisition and representation

The quantitative character of the data hampers the development of
KBSs in technical, economic, or financial domains. Such data are predomi-
nantly continuous and may therefore attain numerous different values.
Current tools cannot adequately deal with continuous variables.

A subdivision in several classes, or making these continuous vari-
ables discrete, results in an unmanageable number of situations. This
problem is called the problem of combinatorial explosion.

To face combinatorial explosion, the Artificial Intelligence method
IMAGINE has been developed and described in this thesis. The main char-
acteristics of IMAGINE are fuzzy boundaries, compensatory: mechanisms,
fast and easy knowledge acquisition and representation, and comprehen-
sive explanation facilities (in contrast with rule-based systems). With this
method, cognitive models of the expert regarding conclusions (i.e. strong
and weak aspects of management and suggestions for improvement) can
be developed. A tool has been built based on this method.

The expert fills in a standard form. He describes which accounting
data and FAS values must be used, and how they relate to each other
and to the conclusion. Parameters - for the different types of
parameterised functions are also indicated by the expert. His task is
rather easy after some explanation and experience, and he can do this
independently from the knowledge engineer (developer of the KBS). The
process is called model-based or backward knowledge acquisition.

The contents of the standard form (i.e. the acquired model of the
expert), is put in the knowledge base of the KBS (representation). During
consultation of the KBS, actual farm data are used as input for the model
of the expert. The result (output) is a number indicating the relevance of
the conclusion.

IMAGINE is used for the development of some KBSs. The experi-
ences are positive.

FUZZY-DETECTOR: a method for knowledge acquisition and representa-
tion .

During some tests it appeared that users who are not so well
informed about IMAGINE have some trouble understanding the explana-
tion facilities of systems developed with this method. These users urged
on the developers the necessity of a less quantitative approach and as a
result more clearness. Another limitation of IMAGINE is the disability to
deal with uncertain and qualitative data. It is to be expected that such
data (e.g. farmer's goals and wishes) become increasingly important in
KBSs.

The Artificial Intelligence method FUZZY-DETECTOR has been devel-
oped and described in this thesis. This method is an extension of the
approach described by Baas and Kwakernaak (1977). Like IMAGINE, fuzzy
boundaries, compensatory mechanisms, and the ease of knowledge
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acquisition and maintenance are the main characteristics of FUZZY-
DETECTOR. However, FUZZY-DETECTOR tackles the problem of dealing
with qualitative and uncertain data and has a clearer explanation facility
for the .user. The most important aspect of the method is the manage-
ment of uncertainty concerning both expert’s knowledge and farm data.
The fuzzy set theory is lying at the root of FUZZY-DETECTOR.

Knowledge in FUZZY-DETECTOR takes the form of IF-THEN rules. In
the IF part, conditions and their importance are stated in linguistic (quali-
tative) terms; in the THEN part the conclusion is stated. Actual farm data,
which may be either qualitative or quantitative, are matched with the
conditions of the IF part. The result of these matches are weighed with
the importances which leads to the relevance of the conclusion.

GLOBAL-DETECTOR: a KBS for management support

The KBS GLOBAL-DETECTOR has been developed for the global
analysis of year-end results (from farm accounts) concerning aspects of
gross margin from dairy farms. The requirements that are set up for
GLOBAL-DETECTOR originate predominantly from the research by De
Hoop et al. (1988). These have been fulfilled to a great extent. The sys-
tem tries to fill the gaps of the lack of good performance figures and the
lack of good farm comparison. With this instrument, the analysis of
accounting data by farmers may be improved.

FASs have been developed for returns, variable and fixed costs, and
are used to position farm results with respect to results of comparable
farms. These standards are also used to show (empirical) relations and
the position of other farms by means of a large number of graphical
presentatigns. The deviations with FASs are the clues for good or bad
management that are analysed by the artificial intelligence methods
IMAGINE and FUZZY-DETECTOR. The user may choose one of these. The
result is a list of strong and weak aspects regarding the farm and farm
management as well as suggestions for improvement.

A group of six farmers was involved in the development of GLOBAL-
DETECTOR. The system appears to be very user-friendly, supports the
management of different types of farmers due to it's flexibility, stimu-
lates the creativity, and has extended explanation facilities. The required
maintenance is minimal. Validation and verification is discussed.

ENVIRONMENT-DETECTOR: a KBS for environmental management sup-
port

The Dutch government aims to reduce and control the nitrogen
losses to the environment. One of the instruments of the government
that seems to be effective and acceptable is the so called ‘mineral
account’ plus a levy system for unacceptable mineral losses. A mineral
account is a statement of flows of minerals resulting in a net surplus of
minerals. There are large differences between dairy farms regarding the
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surplus of nitrogen per hectare. Measures to be taken by the individual
farmer to lower the surplus should be farm specific, taking into account
the farm’s structure and performed management. This led to the devel-
opment of ENVIRONMENT-DETECTOR, a KBS for the analysis of the nitro-
gen efficiency (i.e. surplus) on dairy farms and for the generation of
global suggestions for a reduction of nitrogen surplus while maintaining
the income as good as possible.

FASs are used for the position of the farm compared to similar
farms regarding the nitrogen surplus. Farm specific suggestions for
improvement are inferred from accounting data, deviations from FASs,
the farmer’s objective in reducing the surplus, the farm’s structure, and
the expected outcomes when separate suggestions are applied on the
farm. The most important suggestions are combined in two different
tactics (packages of suggestions). An arithmetical model is used to calcu-
late the effects of each tactic on the mineral account, on the returns, and
on the variable and fixed costs. A farmer who uses the system can mod-
ify these tactics and can even develop and evaluate his own preferred
tactic. Farmers were involved in the development of ENVIRONMENT-
DETECTOR, so information needs and decision behaviour are taken into
account to a great extent.

APPROXI: a method for policy evaluation

LEI-DLO makes calculations regarding the economic and environ-
mental effects of policies on farm, regional, and national level. These
studies support the government in the decision concerning what policy
measure to take. At the moment linear programming (LP), econometric
or simulation models are used as the approach for the estimation of
reactions of a sector. These approaches are discussed, and a method
suggested and proposed by Baltussen et al. (1993a) that tries to combine
the strong aspects of LP and econometric models is elaborated in chapter
8. This method is named APPROXI and should be able to account for
differences in behaviour of (individual) farmers on various policy options,
estimate the effects on the environment and income as a result of that
behaviour, deal with new, big or drastical changes, account for techno-
logical change and autonomous developments, account for the current
situation and farm specific input/output relations, account for strategic
aspects (e.g. continuity of farms), use empirical data from (individual)
farms (e.g. from representative farms), combine and incorporate knowl-
edge rather easy, provide insight how behaviour and effects are derived,
and have a low maintenance.

A model has been developed as an example to illustrate the method
or philosophy and is based on most of the requirements mentioned
above. The behaviour of a farmer regarding a policy option is estimated
with this model for which data from the FADN are used. The behaviour
is based on an economic evaluation (using the knowledge base of ENVI-
RONMENT-DETECTOR) and styles of farming. Results from the research by

17



Van der Ploeg et al. have been used by J.J.F. Wien for implementation in
the model. The arithmetical model of ENVIRONMENT-DETECTOR is used
to estimate the effects on the nitrogen surplus and on the income of
that individual farm. Individual behaviours and effects are finally aggre-
gated to sector level.

The model requires further validation. The possibility of the devel-

opment of an APPROXI model according to all requirements has to be
proven, especially the accounting for strategic aspects.

Main conclusions

1.

18

The developed methods and KBSs for this thesis have opportunities
to support management on dairy farms and to have a better use of
accounting data.

For the analysis of farm results we must account for the specific
situation of the farm. FASs are very suitable for this in the dairy
sector, and without FASs the generation of strong and weak aspects
regarding the management and suggestions for improvement
would have been less easy and straightforward.

KBSs must make an objective and economic analysis. They must be
flexible and transparant (with explanation facilities) so that farmers
with various styles of farming and with different decision and infor-
mation behaviour can use the same system.

The proposed method for sector responses on government policy
measures (i.e. APPROXI), which is based on an individually used KBS
(i.e. ENVIRONMENT-DETECTOR), is a good alternative for some
econometric and linear programming models.

Both KBSs may have different kinds of users, and thereby a wide-
spread use in the dairy farm sector with low required support and
limited maintenance. They can also be used as a tool for the devel-
opment of systems in other branches.

The development of KBSs need not be time-consuming when suit-
able methods and tools for the acquisition and representation of
knowledge are used.

The methods and KBSs have many opportunities for application in
other domains.



SAMENVATTING

Inleiding

Melkveehouders proberen hun doelstellingen te bereiken. Dit
vraagt om een goed management, dat wil zeggen de juiste beslissingen
moeten op de juiste momenten worden genomen. Hiervoor is juiste en
tijdige informatie noodzakelijk. De ingewikkeldheid en het belang van
het management is toegenomen door de vermeerderde complexiteit van
de veranderende omgeving, door het melkquoteringssysteem en door de
milieuproblematiek. Om lage kosten te realiseren moeten betere beslis-
singen binnen de huidige bedrijfsopzet worden genomen (tactisch man-
agement). .

Op veel bedrijven kan de kwaliteit van het management worden
verbeterd omdat er tussen vergelijkbare bedrijven grote verschillen be-
staan in inkomen en in de efficiéntie van het mineralenverbruik. Profes-
sionele analyse van beschikbare (boekhoud)gegevens is een mogelijkheid
om het management te verbeteren, maar dit is moeilijk voor veehouders
vanwege de noodzakelijke kennis en de afwezigheid van goede vergelij-
kingsmethoden en referentiewaarden. Ondersteuning in het analyseren
is dus belangrijk. De huidige ontwikkelingen in de informatie-technolo-
gie bieden perspectieven voor het gebruik van computers voor analyse
en diagnose. In de literatuur worden hiervoor vooral kennissystemen
(KBSs) genoemd, ondanks het geringe gebruik van micro-computers op
landbouwbedrijven.

Dit proefschrift onderzoekt de mogelijkheden voor de ontwikkeling
van methoden en KBSs voor de analyse van de jaarlijkse boekhoudgege-
vens van individuele melkveebedrijven, teneinde de evaluatie van het be-
drijf en het tactisch management te ondersteunen. Dit gebeurt overeen-
komstig de gestelde eisen, bijvoorbeeld rekening houden met de be-
drijfsspecifieke situatie en stimulering van de creativiteit. Aangezien er
verschillen bestaan in het gedrag van boeren op overheidsmaatregelen,
is het doel van dit onderzoek tevens de ontwikkeling van een op een
KBS gebaseerde methode (APPROXI) voor de evaluatie van verschillende
beleidsopties. ‘

Geschikte methoden voor bedrijfsvergelijking, methoden voor het
vergaren van kennis betreffende het analyseren en interpreteren van
boekhoudgegevens, en een richtsnoer voor analyse zijn ontwikkeld en
beschreven in dit proefschrift. De kennis in de KBSs is voornamelijk af-
komstig van D.W. de Hoop, alsook van C.H.G. Daatselaar en veehouders
van de testgroep.
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Gegevens en het analyseren met bedrijfsspecifieke maatstaven (FASs)

Informatie is essentieel in de besluitvorming en gegevens zijn
hiertoe de bouwstenen. Boekhoudgegevens die worden gebruikt door
de voorgestelde KBSs moeten niet alleen beschikbaar, maar ook direct
toegankelijk zijn. Deze toegankelijkheid van databestanden van de ver-
schillende boekhoudkantoren is beperkt door disuniformiteit in de data-
definitie.

Wanneer de gegevens beschikbaar zijn, kunnen ze worden geanaly-
seerd. In de eerste stap worden de gegevens vergeleken met referentie-
waarden. In de tweede stap worden de gevonden verschillen tussen de
waarden en werkelijke bedrijfsgegevens door het KBS beoordeeld om te
komen tot sterke en zwakke punten van het management en suggesties
voor verbetering.

Met betrekking tot de eisen die worden gesteld aan gebruik in de
voorgestelde KBSs worden vijf typen van referentiewaarden vergeleken:
historische gegevens, planningsgegevens, normatieve gegevens, groeps-
vergelijking en bedrijfsvergelijkende maatstaven (FASs). Voor het onder-
havige onderzoek hebben FASs vele voordelen. Deze op regressie-analyse
gebaseerde maatstaven zijn door De Haan (1991) ontwikkeld en in
hoofdstuk 2 van dit proefschrift uitgebreid beschreven. Maatstaven ma-
ken het mogelijk een bedrijf met gelijksoortige andere bedrijven te ver-
gelijken.

Het interpreteren van gegevens met KBSs

Kennis is essentieel voor het interpreteren van boekhoudgegevens
en voor het beoordelen van verschillen met referentiewaarden. In het al-
gemeen bestuderen boeren een verslag slechts incidenteel, en het is de
vraag of zij voor het zelf interpreteren voldoende kennis en ervaring
hebben. Experts, bijvoorbeeld voorlichters, zien zaken vaak in de juiste
verhoudingen. Aangezien slechts een gering aantal boeren voor het in-
terpreteren van boekhoudgegevens gebruik maakt van de kennis van de
voorlichting, zou verspreiding van kennis via KBSs interessant kunnen
zijn. KBSs kunnen ook een goed hulpmiddel zijn voor de voorlichters.

Kennis moet worden verkregen van adviseurs en experts, en vervol-
gens worden omgezet in KBSs. Kennisvergaring van experts en het repre-
senteren ervan in een KBS is vaak moeilijk en tijdrovend. De problemen
worden vooral veroorzaakt door de “gecompileerde” procedurele aard
van de kennis welke daarom niet in woorden kan worden uitgedrukt.
KBSs worden in dit proefschrift gedefinieerd en enkele onderdelen en as-
pecten ervan worden kort beschreven, De nadruk ligt op het manage-
ment van onzekerheid in KBSs, en op het verschil in gebruik tussen een
commerciéle "shell® en een computertaal bij de ontwikkeling van KBSs.
Voor dit proefschrift zijn alle tools (softwareprodukten gebaseerd op de
methoden) en KBSs ontwikkeld met computertaal muliSP.
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