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Introduction

Food Supply chains are becoming increasingly
complex networks.
Differentiation and concerns with food safety are
promoting vertical integration of agents in different
tiers of food chains.
Barkena and Drabenstott (1995) claim that
contracts are quickly taking the place of spot
markets on the production and distribution of
agricultural commodities. They also claim that as
the preparation of foods moves from households to
industries the need for coordination among
different agents in the food chain will further
increase.



Objectives

Model vertical integrations of wholesalers and
retailers on food supply chain using
variational inequalities.
Verify the conditions in which there are
differences in flows of commodities between
vertically integrated and classic wholesaler
supply chains.
Understand how such structures influence
flows on food supply chain networks.



Food Supply Chains

Food supply chains are multi-tiered networks.
Some food chains involve over 5 tiers, from
input suppliers to final points of consumption.
However food products that are consumed in a
raw state, like fruits, have more simple supply
chains.
In our model we assume the existence of three
tiers:

Processors
Wholesalers
Retailers
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Structure of a Food Supply Chain
with Vertical Integration



Processors Behavior and
Optimization Conditions

Max      (5)

Subject to: tij ≥0 and tih≥0 for all i, j and h          (6)
The associated variational inequality is given by:

                                                                           (7)
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Vertically Integrated Wholesalers
Behavior and Optimization
Conditions

Max         (11)

Subject to :                         (12)

and the non-negative constraints that tjk ≥0 for all j and k and
tij ≥0 for all i and j.
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Vertically Integrated Wholesalers
Behavior and Optimization
Conditions

The corresponding VI is given by:
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Classic Wholesalers Behavior and
Optimization Conditions

Max  (16)

   Subject:  (17)
and non-negative constraint tih≥0 for all i
and h and thl≥0 and for all h and l
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Classic Wholesalers Behavior and
Optimization Conditions

The corresponding VI is given by:

(18)
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Independent Retailers Behavior
and Optimization Conditions

Max   (22)

   Subject:    (23)

and the non-negative constraints that tln≥0,
for all l and n and thl≥0, for all h and l.
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Independent Retailers Behavior
and Optimization Conditions

The corresponding VI is given by:

(24)
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Market Equilibrium Conditions
The following market equilibrium condition determines the
price charged by the vertical integrated structure 

      (27)

This is equivalent to the VI below:

                       (28)
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Market Equilibrium Conditions
The following market equilibrium condition determines the
price charged by independent retailers:

      (31)

This is equivalent to the VI below:

                          (32)
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Food Supply Chain Equilibrium
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Food Supply Chain Equilibrium

In the previous slide Variational Inequality:
 The first row reflects the optimization
conditions for processors
The second row the optimization of vertically
integrated wholesalers
The third has the optimal conditions of retailers
The last defines the prices charged to
consumers



Conclusions and Extensions
Using equation (37) we can analyze the conditions
under which the flows through the vertically
integrated structure equate those on the non-
integrated one.
 This can be done by comparing the shadow
prices of processor, demand prices and
transaction costs between processors, wholesalers
and retailers.
The main result is that we are able to compare
market prices with internal transactions costs,
hence being able to test the hypothesis of
institutional design based on transaction costs
proposed by Williamson (1989).



Conclusions and Extensions

An obvious extension is to find the
adequate algorithm to solve this model.
Another is to determine to what extent the
vertically integrated structure influences
the dynamics of flows in the model.
Finally, we could use it as base for
important questions relating to what
happens if different quality levels are
admitted and how to introduce both food
safety, and commercial risk to the model
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