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Stellingen

1.

Optimalisatie per schakel kan leiden tot suboptimalisatie van de keten als geheel.
Dit proefschrifi

2.

Onjuiste verrekenprijzen spelen een belangrijke rol in het veroorzaken van
ketensuboptimalisatie.
Dit proefschrifi

3.

Naarmate hogere eisen worden gesteld aan dierlijk welzijn in de varkensketen stijgen
de daarmee gepaard gaande kosten progressief.
Dit proefschrifi

4.

Maatregelen ter verbetering van dierlijk welzijn kunnen conflicteren met milieudoelstellingen. Als gevolg daarvan verändert bij gelijktijdige, in plaats van afzonderlijke, economische beschouwing, de volgorde waarmee deze maatregelen zouden
moeten worden ge'implementeerd.
Dit proefschrifi,

5.

Het ketenonderzoek in de landbouw is nog te kwalitatief van aard. Voor een
succesvolle uitbouw van de ketengedachte zijn meer aandacht en middelen gewenst
voor een kwantitatieve economische benadering.
Dit proefschrifi

6.

Gericht marktonderzoek en een bewuste marktbenadering zijn cruciaal voor het
behalen van economische meerwaarde van nieuwe gedifferentieerde ketenprodukten.

7.

Te veel wetenschappelijk onderzoek eindigt als weten op een schap. Integratie van
onderzoek en praktijk via externe financiering en commerciele vermarkting zou in
dit verband een goede zaak zijn.

8.

Beslissingsproblemen bestaan alleen wanneer meerdere (conflicterende) criteria de
keuze van de oplossing bepalen. In andere gevallen is er slechts sprake van zoeken
en meten.
Romero, C. and Rehman, T. (1989). Multiple criteria analysis for agricultural decisions. Elsevier,
Amsterdam.

9.

Het zou de vooruitgang in de wetenschap ten goede komen als hoogleraren, zoals
hun promovendi, niet zonder meer voor het leven worden benoemd maar periodiek
getoetst worden.

10.

Volgens Sonnert and Holten (1996) publiceren vrouwelijke wetenschappers
weliswaar minder vaak dan him mannelijke collega's, maar is datgene wat zij
publiceren doorgaans van een hogere kwaliteit. Helaas wordt dit laatste ontkracht
door het feit dat het achterliggende onderzoek door mannelijke wetenschappers is
uitgevoerd.
Sonnert, G. and Holton, G. (1996). Career patterns of women and men in the sciences. American
Scientist, January-February, 63-71.

11.

Vanwege het feit dat het duurste kattevoer duurder is dan varkenshaas, kan men zieh
afvragen of sommige beesten een mensachtig bestaan leiden of andersom.

12.

Hoewel de Salmonella problematiek zeker niet onderschat mag worden, leven er
vooralsnog meer mensen van dan er aan sterven.
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Abstract

Economic modelling of pork production-marketing chains
Economische modellering van produktie-marketing ketens voor varkensvlees
den Ouden, M., 1996.

The research described in this thesis was focused on the development of economic
simulation and optimization computer models to support decision making with respect to
pork production-marketing chains. The models include three production stages: pig
farrowing, pig fattening and pig slaughtering including cutting of carcasses. Transportation
of live pigs between these stages was also considered. The pork chain simulation model
was developed and described to simulate technical and economic performance of both
individual stages and pork chains as a whole. Special attention was focused on the
quantification of the way in which stages can influence each other's performance and
profitability. The simulation model was used to analyse the distribution of costs and
benefits along the stages of the pork chain using various transfer pricing systems. Besides
the chain producing standard pork, three differentiated pork chain concepts were
evaluated. The simulation model was also used to quantify the impact of pig welfare
demands on the economics of the pork chain. Pig welfare perceptions were assessed from
animal welfare experts, retailers and other consumer-related respondents using a
questionnaire based on conjoint analysis. The estimated pig welfare perceptions and
corresponding economics were used as input parameters for static and dynamic linear
programming models to analyse the development of least-cost chain concepts satisfying
increasing demands on pig welfare. Additionally, the optimization models were extended
using multi-criteria-decision-making techniques to include the effects on nitrogen and
phosphorus emissions and energy consumption in pig farming as well.

PhD-thesis, Department of Farm Management, Wageningen Agricultural University,
Hollandseweg 1, 6706 KN Wageningen, The Netherlands.
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Chapter 1
GENERAL INTRODUCTION

1.1

INTRODUCTION

Due to specialization and concentration, the production and marketing of pigmeat are
distributed over several, more or less independent farm and agribusiness firms, that is in
Western regions of the world. Together the firms involved in subsequent stages of
transformation of raw materials into final pork products are called production-marketing
chains. Because they are linked vertically the various stages may influence each other's
technical and economic performance, and conflicting goals and incentives between chain
participants may occur (Marion, 1976; Miller 1994). As a result, optimization from the
perspective of each individual stage may suboptimize the economic result of the chain as a
whole (Gilbert and Strebel, 1988). To avoid this suboptimization understanding and
quantification of vertical linkages, and vertical coordination are needed. This becomes
even more important, as current consumer attention for the quality of the final food
product and the way of production increases (Barkema, 1993; Miller, 1994), creating
opportunities for product differentiation. Commodity industry is more and more being
replaced by one with differentiated products (Boehlje, 1996). Especially in the case of
fresh food products and consumer demands concerning issues, such as pig welfare and
environmental pollution, this implies the transmission of those (changed) consumer
preferences to preceding stages which supply the raw or intermediate materials (Boehlje,
1996). Putting special demands on stages will change their performance and profitability
and potentially that of subsequent stages via interstage relations. Elaboration on the
economics of product differentiation including the (changed) distribution of costs and
benefits among chain participants, provides quantitative tools to control chain activities for
example, through a differentiated transfer pricing system. Because prices influence
incentives affecting economic decisions, transfer prices can be used to serve as effective
signals to transmit buyer demands through all stages of the chain and simultaneously
redistribute a potential premium consumer price back to the stages involved.
Until recently many technical and economic research and system simulation models in
pork production have focused on a single farm or agribusiness firm (Jalvingh, 1992). The
research project on integrated quality control in slaughter pigs (Elbers, 1991) was one of
the first in - Dutch - pig production that concerned (technical) relations between pig
fattening and slaughtering operations. The pig breeding area has also been more concerned
with interstage relationships, and Hovenier (1993), for instance, considered breeding
effects on pigmeat quality. Economic evaluations are still limited, however.
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The objective of this thesis was to develop an economic pork chain simulation model in
which technical and economic performances could be simulated for both individual stages
and the chain as a whole. The model should allow for the quantification of the distribution
of costs and benefits among the chain participants in general and of interstage relations
and the impact of product differentiation in particular. Economics of both current and
potential future pork chain concepts should be evaluated, including their implications for
transfer pricing systems. In order to optimize pork chain concepts of various and
sometimes conflicting criteria such as economics, environmental pollution and pig welfare,
optimization models had to be developed using linear programming and multi-criteriadecision-making techniques.

1.2

OUTLINE OF THE STUDY

In Chapter 2 a literature review on vertical coordination in production-marketing chains is
given with special reference to agriculture and product differentiation in pork. Although in
the literature the potential advantages of vertical cooperation and the importance of
integral analyses are recognized, quantitative chain analyses seem to be lacking.
Therefore, it was decided to develop an economic pork chain simulation model to allow
for the quantification of pig chain issues in general and the way in which stages can
influence each other's performance and profitability in particular (Chapter 3). By
analysing the effects of various stage- and chain-related variables on the distribution of
costs and benefits, it was aimed to analyse whether individual stages, by optimizing their
individual goals, could suboptimize the chain result as a whole. In Chapter 4 the analysis
is extended to include the effects of various transfer pricing systems, as these seem to be
potential sources of suboptimization. Application is directed towards three differentiated
pork chain concepts based on real-life examples in the Dutch market. Besides current (and
past) pork chain concepts, it would also be interesting to explore the effects on economics
and chain structure by anticipating potential future changes in customer demands and their
implications for pork product differentiation. Effects of changing demands regarding pig
welfare perceptions are examined in Chapters 5 and 6. Besides the underlying simulation
model, methods used include a pig welfare questionnaire based on conjoint analysis
(Chapter 5) and dynamic linear programming (Chapter 6). Customer demands may
simultaneously concern varying product attributes, ranging from food safety
considerations, nutritional values, animal welfare and environmental issues. In Chapter 7,
therefore, the economic optimization model focusing on animal welfare issues is
transformed into a compromise programming model to also include the sometimes
conflicting effects on nitrogen and phosphorus emissions and energy consumption in pig
farming.

General introduction.
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Chapter 2
VERTICAL COOPERATION IN AGRICULTURAL PRODUCTIONMARKETING CHAINS, WITH SPECIAL REFERENCE TO
PRODUCT DIFFERENTIATION IN PORK
1

ABSTRACT
Optimization of individual stages within a Production-Marketing Chain (PMCh) may cause a
suboptimal result of the PMCh as a whole. Market imperfections and conflicting interest may
be the causal factors. Although vertical integration is often mentioned as the conventional
solution, certain disadvantages and the large scale differences in agricultural PMChs make
vertical cooperation a more appropriate alternative. Moreover, specific characteristics of
agricultural food chains and changing market circumstances, including increased interest in the
quality of products and production processes, justify renewed attention to vertical cooperation
and product differentiation in agriculture. Current developments in the Dutch pork PMCh and
implications on future research are described.

2.1

INTRODUCTION

During the past decades the trend in Western agriculture has been toward greater
specialization in fewer commodities and in fewer stages in the production, distribution,
and marketing of each commodity (Mighell and Jones, 1963). As a result, production and
marketing of many agricultural food products are distributed over several, more or less
independent, farms and agribusiness firms, each performing one stage of the transformation of raw materials into final consumer products. Theoretically the successive steps
or activities involved can be subdivided ^definitely (Ikerd and Higgins, 1973; Pennings et
al., 1984; Porter, 1985). However, in defining the boundaries between stages, most
authors emphasize technological, functional, geographical, and/or economic separability
(Mighell and Jones, 1963; Ikerd and Higgins, 1973; Pennings et al., 1984; Porter, 1985;
Perry, 1989; Romme, 1990). Because this study was especially concerned with the
interstage coordination of activities performed within separate organizations, stages are
described in economic terms. An 'economic' stage is defined as the combination of
activities performed between two adjacent marketing levels, that is a saleable product or

1

paper by Den Ouden, M., Dijkhuizen, A.A., Huirne, R.B.M. and Zuurbier, P.J.P.
published in Agribusiness: an International Journal 12 (3) (1996): 277-290.
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service exists at the separation between stages (Mighell and Jones, 1963; Herd and
Higgins, 1973). This means that a 'stage' is defined within the boundaries of a firm.
Together these stages form a so-called Production-Marketing Chain (PMCh) or value
system (Porter, 1985).
With the establishment of PMChs, the distance between consumers and primary
producers increased (Dalton, 1982), possibly contributing to the development of at least
partially conflicting goals and incentives that may exist between chain participants
(Marion, 1976; Porter, 1980). As early as 1973, Purcell (1973) and Marion and Arthur
(1973) reported conflicts between stages in a beef and a broiler PMCh, respectively.
Examples included conflicts and inconsistencies in the overall goal of operation, the
valuation of the animals, the desired level of information exchanged (Purcell, 1973), the
distribution of returns, control over decisions, and the sharing of risks (Marion and
Arthur, 1973). More recently, Miller (1994) described differences in quality concerns
among participants of the US pork chain. Because of these conflicting interests and related
imperfections in communication or coordination, the participants of the chain may, by
optimizing from their individual perspectives, suboptimize the economic result of the
chain as a whole (Gilbert and Strebel, 1988). Suboptimization refers to inefficiency and/or
inefficacy. That is, the goods in the chain are produced, distributed, or marketed neither
efficiently nor effectively, in the sense that they fail to match the preferences of the
consumers (Marion, 1976). Markets are supposed to harmonize supply and demand
optimally both in quantity and quality by means of the price system (Marion, 1976).
However, the theoretical assumptions underlying those perfect markets, including perfect
information, perfect competition, stable environments, and rational behavior, often do not
hold in practice (Marion, 1976; Brand et al., 1988). With regard to information, for
instance, 'the larger the number of stages and the more geographically dispersed, the more
difficult the communication of accurate information' through the chain will be (Marion,
1976; Bocksteal, 1987). Furthermore, complexity, uncertainty, and small numbers of
buyers and sellers (imperfect competition) are no exceptions in the real world and give
rise to bilateral inlerdependency, which increases the likelihood of opportunistic behavior
(Perinings et al., 1984; Perry, 1989; Williamson, 1989).
According to Hanf and Wright (1992), 'Currently, the growing awareness of the
importance of product quality by agribusiness managers contrasted to the increasing
dissatisfaction with product quality amongst consumers may be interpreted as an example
of a failure of the existing market system.' Vertical integration is often mentioned as the
conventional solution to dissolve the destructive results of market failures (Johnston and
Lawrence, 1988). After presenting the pros and cons of complete vertical integration, this
article focuses on the importance of incomplete vertical integration, or vertical
cooperation, as a more applicable solution in current agricultural PMChs. The concept of
a 'chain-wise' production in a PMCh and of vertical cooperation, are not new at all.

Vertical cooperation in agricultural chains.
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However, because consumers and society in many countries show increasing interest in
methods of production and product quality (Sloan et al., 1984; Burbee and Kramer, 1985;
Van Gaasbeek, 1990; Barkema, 1993) concerning issues such as animal welfare (Guither
and Curtis, 1983), environmental pollution, and food safety (Burbee and Kramer, 1985;
Barkema, 1993), even more demands are made on the level and smoothness of vertical
coordination and communication. Vertical cooperation concepts receive renewed attention
in this respect. Therefore, the use of vertical cooperation is discussed with special
reference to agriculture and product differentiation. Developments in Dutch pork PMChs
are described. Finally, attention is paid to future research needed to support agricultural
PMCh decision making.

2.2 VERTICAL INTEGRATION
Vertical integration can be defined as the combination of two or more stages of a PMCh
under single ownership (Mighell and Jones, 1963; Marion, 1976; Porter, 1980; Buzzell,
1983; Van Heck and Zuurbier, 1989; Williamson, 1989). Motives in favor of and against
vertical integration are discussed in the next sections under two basic headings:
achievement of economies and market power (Brand et al., 1988; Mulligan, 1989) (Table
2.1).
2.2.1

Motives in favor of Vertical Integration

Ever since Coase (1937) wrote 'The Nature of the Firm' in 1937, the reduction of
transaction costs has formed an important argument in favor of vertical integration (Table
2.1). Transaction costs are the costs associated with the process of exchange itself
(Bradach and Eccles, 1989; Perry, 1989). Transactions are characterized in terms of three
dimensions that dictate whether market exchange or internal governance of transactions is
most efficient: asset specificity, uncertainty, and frequency (Perry, 1989; Williamson,
1975, 1989). When transactions recur frequently and require high transaction-specific
investments, opportunistic behavior is likely to occur, causing transaction costs to rise and
markets to be replaced by more efficient internal organization of the exchange through
vertical integration (Perry, 1989; Williamson, 1975, 1989).
In the same way that vertical integration should reduce transaction costs, being the
resources consumed in the exchange of intermediate technological inputs, vertical integration may also reduce the amount of technological inputs itself (Clarkson and Miller, 1982;
Perry, 1989). The argument of economies of internal control and coordination is often
associated with the characteristic of vertical integration to assure supply in terms of
reducing its uncertainty (Table 2.1). In this way the need for inventory or other slack built
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into the business may decline (Porter, 1980). Reduction of uncertainty is especially
important to capital intensive stages where shortages of material lead to low usage of
expensive facilities (Buzzell, 1983).
Increased control over adjacent stages may also enhance the ability of a firm to
innovate or differentiate its product (Porter, 1980; Buzzell, 1983; Perry, 1989). Whereas
forward integration gives the firm better or more timely access to market information,
allowing a more rapid or specified adjustment of product characteristics, backward
integration may allow the firm to obtain specialized inputs through which it may improve
or at least distinguish its final product (Porter, 1980).
Table 2.1

Summary of potential advantages and disadvantages of Vertical Integration
Advantages

Disadvantages
Economies

- reduction of transaction costs
- technological economies
- enhanced ability to differentiate
- economies of internal control and
coordination
- economies of information
- economies of stable relationships

- high capital investment requirements
- unbalanced throughput because of differences in
efficient scale:
- diseconomies of scale
- reluctant independent suppliers/buyers
- dulled or attenuated incentives and bureaucratic distortions
- differing managerial requirements
- possibly missing advantageous external opportunities
- reduced flexibility to change partners
Market Power

-

elevate entry barriers and mobility barriers
raiserivalcosts by foreclosure
practise price discrimination
offset bargaining power and input price
distortions
- defend against foreclosure

- higher overall exit barriers
- foreclosure of access to supplier or buyer research
and/or know-how

Although it is not clear that vertical integration should be characterized as necessary to
reveal valuable information, once accomplished it should at least facilitate information
exchange for vertical integration increases the likelihood and duration of exchange
between stages (Perry, 1989). Moreover, vertical integration may cause the firm to
require less information, thereby reducing costs, for example for collecting and processing
information about the market (Porter, 1980). Of course, those potential advantages must
be balanced against the costs of possibly missing advantageous external opportunities
(Perry, 1989) (Table 2.1: disadvantages of vertical integration).

