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Abstract

This article andyses the impact of ownership sructure on investments in a three-party supply

chain from an incomplete contracting perspective. Circumstances are determined in which a
marketing cooperative is the unique first-best ownership structure.



Ownership Structurein Agrifood Chains. The Marketing Cooper ative
1 Introduction

In recent years, vertica co-ordination or integrated supply chain management has received much
attention of economists and management scholars studying the agrifood sector Changes in the
market for agrifood products, in farm support policies, in consumer demand and in technological
development require more collaboration in the agrifood supply chain (Downey). Contract-
regulated production and trade are replacing spot market transactions (Martinez and Reed).
More co-ordination and collaboration may lead to improved efficiency in the production and
digribution channel and to more product and market innovations (Gdizzi and Venturini). These
verticd relationships can take many forms, like drategic dliances, long-term contracts, licensing,
subcontracting, joint ventures and franchisng (Mahoney and Crank).

Increasing vertica co-ordination of production, distribution and marketing among firmsin
a supply chain may have an impact on the invesment decisons of each firm individudly. Invest-
ments by afirm in one stage of the chain must be co-ordinated with invesments by firms in other
stages in order to obtain optimal chain performance. As there are complementarities anong the
activities of different chain participants, the investments are of a relationship-specific kind. In other
words, vertical co-ordination may increase asset specificity. The centra question of this paper is
how different ownership structures affect the investment incentives of firms participating in specific
agrifood supply chains. In addressing this question, we apply incomplete contract theory as e
veloped by Grossman and Hart and Hart and Moore.

The main contributions of this paper are twofold. Firgt, we present a conceptudisation of
a three party supply chain. Where incomplete contract modds have mainly been developed on
the basis of two parties engaged in a verticd or lateral reationship, in this paper we develop a
mode with three parties. Second, the three-party model is used to analyse the efficiency of own
ership structures in the agrifood sector, particularly the farmer-owned marketing cooperétive.

The paper congsts of eight sections. Section 2 gives a stylized example of the type of ag-
rifood chain we are sudying and the invesment decisons of its participants. Section 3 briefly
presents the incomplete contract theory of the firm. Section 4 introduces the modd for andysing
efficient ownership structures. Section 5 presents the model for two parties. while section 6
develops the model for the three-party agrifood chain. In section 7 comparative statics results are
formulated. Section 8 provides conclusons.

2. A stylized example

An example of an agrifood chain with complementarities in the activities of the chain participants
can be found in the production and marketing of organic food. Consider three parties — grower,
processor and retaller — agreeing on an exclusive reationship to produce organic tomato salad.
The grower decides to produce organic tomatoes, to be processed into tomato sdad by the
processor, and to be sold by the retailer. Before he can harvest the first tomato, the grower hasto
meke a sgnificant investment in shifting from conventiond to organic farming. Mot of this invest-
ment is in obtaining gppropriate knowledge. His newly acquired knowledge is related to the land
he owns and isworthless if he has no access to the land.

The grower’s products will be processed in separate processing lines and will be sold
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through separate marketing initiatives. Thus, the specia activities of the processor and the retailer
lead to the highest totd (i.e. chain) surplus. Assuming tha the grower will receive part of the
revenues generated in the processing and retail stages of this chain, he will invest moreif heis part
of this gpecific chain than if heis part of some generic chain. Thus, the investment by the grower is
(at least partidly) chain-specific.

The chain-gpecific nature of the grower’ s investment means that his investment will yield a
sgnificantly lower return if the processor and/or the retailer renege on the contract. Thus, akind
of dependency has been created between the grower on the one hand and the processor and
retailer on the other hand. An opportunistic contract party may take advantage of this depend-
ency rdationship, for ingance if market conditions have changed. Once the farmer has done his
(sunk) investment, the processor or retailler may demand a larger part of the total chain surplus
under the threat of discontinuing the contract altogether. Such opportunistic behaviour is dways
possible as no contract can cover dl future contingencies. Particularly in Stuations of great uncer-
tainty and market voltility, opportunities for contract reneging increase.

This uncertainty about the future behaviour of his contract partners may induce the grower
to lower hisinvestment or to take precautionary measures to prevent ending up in a Stuation that
other parties can appropriate a large part of the surplus of his investment. For instance, he may
decide to do the processng of tomatoes into tomato sdlad himsdf, and he may even sl the
tomato salad himsdlf. What this redly means is that the grower may set up or acquire processing
and retailing assets. Farmer co-operaives are an example of such investments by agricultura
producersin processing and marketing stages of the agrifood chain.

In this paper we do not only look at the chain-specific investment by the grower, but dso
by the processor and retailer. A processor can make a chain-specific investment, for instance in
R&D that yields a specid processing technology for organic produce (e.g. low energy use in
processing). This technology is related to the equipment or a patent that the processor aready
owns. From this investment, too, complementarities (or podtive externdities) in the chan may
arise. For ingance, the new processing technology yields a higher return if the grower coordinates
his harvesting activities with the processng activities. Findly, the retaller may invest in setting up a
marketing campaign that attracts customers willing to pay a higher price for organic tomato salad.
The marketing campaign is rdated to the company name and its image. This investment, too, is
chain-specific, because it generates a higher total surplus if the farmer and the processor guaran-
tee the continuous supply of organic tomato salad.

Before we introduce our model for andysing the relaionship between ownership structure
and efficient investment decisions, we will briefly introduce incomplete contract theory. Our paper
builds upon the ideas developed in this strain of economic organisation theory.

3. Incomplete Contract Theory

The incomplete contract theory starts from the basic idea that it is often difficult to write enforce-
able comprehensive contracts. Red world contracts are dmost dways incomplete in the sense
that there are inevitably circumstances or contingencies | eft out of the contract, because they were
ether unforeseen or Imply too expensve to enumerate in sufficient detail. As contracts are n-
complete, actions and payments must often be determined ex post, either unilaterdly or through
negotiation. Consequently, contracting parties should be concerned ex ante with the threat of
opportunistic behaviour and the results of possible renegotiaion. Thisis particularly problemdtic if
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ex ante specific investments have to be made. These investments cregte the opportunity for hold
up, i.e. ex post gppropriation of quas-surplus (i.e. goecific investment costs plus surplus) by the
nor-investing contract party. As a result, incomplete contracts may lead to under-investment in
the economic relationship. Klein et a. and Williamson (1979, 1985) have suggested that vertica
integration may solve thisinefficiency problem.

Grossman and Hart have argued that vertical integration brings costs as well as benefits.
To understand whet is changing when two firms merge, Grossman and Hart and Hart and Moore
have developed a property rights theory of the firm. A firm is identified with a collection of non-
human assets under common ownership, where ownership means holding resdud rights of con-
trol. Resdud rights are dl rights to an asset that are not expresdy assgned to another party
(including the gtate). The alocation of resdud rights of control has effect on the bargaining pos-
tion of partiesto a contract after they have made re ationship-specific investments. In the absence
of comprehendve contracts, property rights largely determine which ex post bargaining postion
will preval. A paty owning assets that are essentid for value cregtion in the rdaionship isin a
position to regp a least some of the benefits from the reationship, which were not explicitly
dlocated in the contract, by threatening to withhold the assets otherwise. Thus, a shift of owner-
ship affects the ex ante investment incentives of contract parties.

4. Themodd: sructure

The standard modd of incomplete contract theory conssts of a three stage non-co-operdtive
game. The first stage congsts of the choice of ownership structure, where each ownership struc-
ture is associated with a specific digtribution of bargaining power. The second stage congsts of
the specific investment decison(s). The third stage congsts of the choice of the non-investor
between honouring the contract and renegotiating it.

This game is solved by the method of backward induction. We gart therefore with the
third stage. Two parties, for ingance a farmer and a food procesor, may sign a contract before
investment by the farmer takes place. A contract may specify ex ante, i.e. before the investment
decison, that each party receives ex pod, i.e. after the investment decison, haf of the surplus.
The problem with this contract is that Stuations may arise for which the contract does not specify
anything, e.g. consumer demand is lower than expected. The (opportunigtic) processor will argue
that the quasi-surplus ingtead of the surplus has to be divided in such stuations. The specificity of
assts has weskened the ex post bargaining position of the farmer to such an extent that he will
accept these new terms regarding the exchange. The subgame perfect equilibrium drategy in the
third stage is therefore to renegotiate the ex ante contract.

The investment decision in the second stage of the game determines the bargaining pos-
tions in the third stage. The specificity of the invesment puts the investor in a wesk bargaining

! The main Grossman/Hart/Moore conclusions on optimal asset ownership in a two party vertical
relationship (i.e. buyer-sdller relationship) are the following. (1) A party with an important invest-
ment (in human capital) should have ownership rights over the asset for which the investment is
required. (2) If investments by party A become relatively more important than investments by party
B, A should own more assets. (3) Highly complementary assets should be under common owner-
ship. (4) Independent assets should be separately owned. (5) Important assets should not by owned

by athird party.
3



position regarding the divison of the surplus in the third sage. However, the investor anticipates
that the other party may take advantage of the incompleteness by claming alarger share of the ex
post surplus than initialy agreed upon. This fear of ex post opportunistic behaviour results in
underinvestment. Thisis the hold-up problem (Klein et a., 1978).

In the first stage of the game, the choice of ownership structure is chosen. It isassumed in
the incomplete contracting theory that an ownership stucture is chosen efficient. Every ownership
dructure is associated with a particular distribution of bargaining power. In order to capture
bargaining power, we adopt the game theoretic solution concept Shapley value Shapley), just
like the semind article by Hart and Moore (1990).

5. Themodd: two parties

There are two parties (1 and 2), two assets (A; and Ay) and two investment decisons (X, and
X2). For amplicity, x, can only take the value O or 1. Each party represents a specific stage of
production. For instance, party 1 isafarmer and party 2 is a processing firm. The assets are, for
ingtance, land and factory. The investment is done by a person and cannot be done by another
person, thus the investment is (at least partidly) in human capitd. The investment is related to a
specific non-human ass4, i.e. the investment does not generate any surplusiif the investing party is
denied access to the asset. For ingtance, the farmer invests in enhancing land productivity and the
processor invests in improving processing technol ogy.

The model conssts of two steps: an ownership structure step and an investment step. We
make the following assumptions about investment (X). Investments are made smultaneoudy and
non-cooperatively (i.e. each party invests without taking into account the choices of the other
parties). Investments are observable but not verifiable. This means that no contract can be written
about the precise investments, but that parties can observe each other’s investments once they
have been made. The observability implies that bargaining a T, takes place under symmetric
information about the Ty investments. No contracts are possible about cost sharing a T, or bene-
fit sharing a T;. As contracts at date To about the divison of vaue generated by the investments
are necessaxily incomplete, the divison of vaue at date T, depends on the bargaining power of
the parties.

We assume complementarities in assat use. An invesment by party 1 generates a higher
vaueif not only asset A; but also A, is used. Smilarly for an investment by party 2. it generates a
higher value if more assets are used.

As the generation of maximum vaue depends on the use of assets belonging to another
dtage of the chain, the investments are chain-specific. The vaue generated by a specific invest-
ment is the quasi-surplus (), being the surplus plus that part of the investment that is sunk in the
relationship. The actud vaue of q depends on who invests and which assets are used. We &
sume that party 1 generates a quas-surplus of t when A is used and 2t when both assets are
used. Smilarly, we assume that party 2 generates a quasi-surplus of f when A is used and 2f
when both assets are used. The quasi-surplus for various investment decisons and various assets
used is shown in table 1. The full quasi-surplus of each investment will be generated only when al
assets are used.

Table 1. Quasi-surplusfor two investment decisions and various assets involved
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assetsinvolved investment decision q

A X1=1 t
AL A, x=1 2t
Ao Xo=1 f
A A Xo=1 2f

Various divisons of asset ownership are posshble. We have distinguished 3 different ownership
structures. Figure 1 shows for each of the three ownership sStructures the assets that each party
owns. Ownership structure | represents market exchange. Forward integration is captured by
ownership sructure I1. It is an expresson of the agriculturd marketing cooperative, where farm:
ers own the processing or trading company at the second stage of the chain. Thus, in a marketing
cooperative party 1 owns A; and A,. Findly, ownership structure I11 represents backward inte-

graion.

: a5, non-owner
A . assHt, owner
<> :combined ownership

Figure 1. Three owhership structures

The bargaining power of each party in the supply chain under the various ownership structuresiis
captured by its Shapley vaue. The Shapley vaue is computed for each ownership structure and

each investment by using the characterigtic function. A characterigtic function v assigns a number
to every codition S, given a particular ownership structure G and given invesment choices x.

Formdly, v (S| G, X). This number is the total vaue generated by the parties in the codition S
without any help from the parties outside of S; S is the codlition of parties (with S| S; S being
the set of dl parties). G is the ownership structure, i.e. the dlocation of asset ownership. Table 2
presents the characteristic function and the corresponding Shapley value (SV) for each invesment

decison and al ownership structures. This entails 6 cases.



Table2. Characterigtic functionsand Shapley values

G X1 X2 v(f) v(1) v(2) v(12) SV, SV,
I 1 0 0 t 0 2t 1.5t 0.5t
[l 1 0 0 2t 0 2t 2t 0
1l 1 0 0 0 0 2t t t
I 0 1 0 0 f 2f 0.5f 1.5f
[l 0 1 0 0 0 2f f f
11 0 1 0 0 2f 2f 0 2f

The Shapley vaue is ameasure of power in the ex post bargaining process? It specifies for each
party the Sze of the quas-surplus that this party will receive in the bargaining process. Therefore,
the Shapley vaue determines the maximum costs of invesment the party is willing to make. If we
denote the sunk cost (or specific) part of theinvestment as ‘k’, then the (investment) participation
congtraint? for party 1 under ownership structure | is

ki £ 1.5t.

Efficient ownership structures (with two parties)

An ownership dructure is firsd-best efficient if both parties invest and each invesment generates
aurplus, i.e if x = (1,1) and k; £ q;, for i = 1,2. To find out whether a particular combination of
invesments will yield the first-best, we use the participation congtraints of the two parties, i.e. k;
£ SV, andk; £ SV,

% In our model we have assumed that a specific farmer is trading with a specific processor, and that
each investment is specific to this trade relationship, in the sense it generates a higher surplus in this
particular relationship than in trade with a third party. However, substitutability of farmers and

processors can be easily incorporated in the mode. We will outline this for the non-investor as well

asthe investor. Substitutability of a particular party reduces its Shapley vaue in two ways when the

party is a non-investor. First, an increasing number of subgtitutes for a particular party reduces the

Shapley vaue of al these substitutes jointly. The reason is that the probability increases that a
particular order of the grand coalition has the feature that one of these non-investors is earlier than
the investor. The value added by a non-investor in such an order is zero, whereas the value added
by the investor and the non-investor together is assigned to the investor. Second, one of the four

axioms underlying the Shapley value requires that identical players have to have identical Shapley
values. So, the decreasing share of the surplus going to the non-investor has to be split equaly

between an increasing number of subdgtitutes. If the party is an investor, then it is obvious that its
incentives to invest are diminished when identical rivals benefit from the positive externdlity of the

investment. Thisisthe classic public good problem.

% The participation constraint formulates the circumstances under which the investor invests. It is an
inequality which states that the revenues of the investment for the investor are not smaller than the

cogts of investment (k). The revenues of the investment of the investor are equa to the Shapley
vaue of the investor in our modd.



Table 2 implies aranking regarding the suitability of the various ownership structures with
respect to the specific investments.* The ranking of maximum possible invesment outlays by party
1 for the various ownership structuresiis.

<1 <II.

Ownership structure 11 is dways firg-best efficient regarding the specific investment of party 1,
I.e. every surplus generaing investment by party 1 will be implemented under ownership structure
1, regardiess of the value of k;. The reason isthat dl benefits of the investment accrueto party 1.

The ranking of maximum possible outlays regarding the invesment k, by party 2 for the
various ownership sructuresis:

<1<l

The ranking of efficient ownership structures for party 1 and party 2 is presented in figure 2. It
shows which ownership structures are first best efficient as a function of the sunk costs of each
party. The smaler the specificity of investment, the more ownership structures yidd the first best
efficent outcome. With higher leves of investment, fewer ownership structures are efficient. For
indance, if f<k,£1,5f and t<k,;£1,5t, then only | is first best efficient. The generd result is that a
first best ownership structure assgns more power to a party when its sunk costs / quas-surplus
ratio increases, ceteris paribus.”

* The ordina ranking of the ownership structures is to be interpreted as a ‘reduced form’ of an
underlying model (Williamson, 1991). The reduced form is to be seen as a way to deal with the
early stage of the development of the theory of the firm (cf. Holmstrom and Roberts). The empiri-
cal importance of ordind rankings is that they formulate some constraints with respect to the data.
To be more specific, various changes in the choice of ownership structure as a function of the level
of asset specificity are predicted not to happen. If they occur anyway in redity, then this will cast
serious doubts on the relevance of the model.

> The choice of ownership structure is in our model driven by efficiency considerations only. How-
ever, considerations of equity may prevent that the first best ownership structure will be chosen. A
possible solution is to accompany the choice of ownership structure with a lump sum transfer
scheme.



ka

" A B

[, 11 I C

0 t 1,5t 2t K1
Figure 2. First-best efficient ownership structures

In the areain the upper right corner of the figure no first best efficient combination of investments
ispossble. If invesments of 1 and 2 fdl in the area A, B or C only second best efficient owner-
ship structures are possible. This means that only one of the two parties will invest. The second
best ownership structure choice in region A is Il when 2f-k;3 1.5t-k; and | or 1l otherwise.
Similarly, the second best ownership structure choice in region C is |l when 2t-k;3 1.5f-k, and |
or 111 otherwise. Findly, the second best ownership structure choice in region B is Il when 2t-
k43 2f-k, and 111 otherwise. The generd result is that the second best ownership structure assigns
more power to a party when the surplus of its investment increases, ceteris paribus.

6. Themode: threeparties

Now we will present the model for the three party chain. There are three parties (1, 2 and 3),
three assets (A1, A, and Az) and three investment decisons (i, X% and xs). For amplicity, X can
only take the value O or 1. The three parties together make up an agrifood supply chain; they each
represent a specific stage in this chain. For ingtance, party 1 is a farmer, party 2 is a processing
firm and party 3isaretail firm. The assats are, for instance, land, factory and shop.

Once again, we assume complementarities in asset use. An investment by party 1 gener-
ates ahigher vaueif not only asset A; but also A, and A; are used. The notion of a chain entalls
that there is a difference between being in the middle or at the end of the chain. We capture this
by assuming that the vaue generated by the investment will be higher if two adjacent assets are
used than if two non-adjacent assets are used. In the three-party agrifood chain this means that
the pogtive externdities of the invesment of the farmer (party 1) is higher for the processng
company (party 2) than for the retaller (party 3). The quas-surplus for various investment deci-
sons and various assets used is shown in table 3, where the difference between adjacent and
non-adjacent assetsiscapturedby a <landb < 1.

Table 3. Quasi-surplusfor three investment decisions and various assets involved
8



assetsinvolved investment decision q

A X1=1 t

AL A, x=1 2t
A1 As X1=1 (1 + a)t
A Ay As =1 @2 +a)t

Ao Xo=1 f

A A Xo=1 2f

Ao As Xo=1 2f

A Az Az X=1 3f

As X3=1 h
As As x5=1 (1+b)h

Ao As X3=1 2h
As A, As xe=1 (2+b)h

The full quasi-surplus of each investment will be generated when dl assats in the chain are used.
Various divisons of asset ownership are possble. We have distinguished 10 different ownership
dructures. Figure 3 shows for each of the ten ownership structures the assets that each party
owns. For ingtance, ownership structure V holds if asset A, and Ag are both owned by party 3
and asset A is separately owned by party 1. Ownership structure Il is an expresson of the
agriculturd marketing cooperative, where farmers own the processing company a the second
dage of the chain. Thus, in amarketing cooperative party 1 owns A; and A, while party 3 owns
A3.

VI X X

[ Il v \% VI VIl
party 1 Ay A A
party 2 A, A A
party 3 As A A

a : asset, non-owner
A . asset, owner
> :combined ownership

Figure3. Ten ownership structure

The bargaining power of each party in the supply chain under the various ownership structures is
captured by its Shapley vaue. The Shapley value is computed for each ownership structures and
eaech investment by using the characterigtic function. An example will illugtrate this. Suppose party
linvests(i.e x; = 1) and the choice of ownership structure is | (G = 1). The characterigtic func-
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tionis

N={123}
v(&A£]|l,(1,00)=0
v(1l]|l,(10,0)=t
v(2]|1,(1,00)=0
v(3]|l,(1,00)=0

v (12|, (1,0,0) =2t

v (13]1, (1,0,0) = (1+a)t
v(23]|I,(1,00)=0

v (123]1, (1,0,0)) = (2+a)t

Table 4 presents the computation of the Shapley values for ownership structure | and investment
by party 1. The Shapley vaue is an dlocation of payoffsto each player. The payoff assgned to a
player isequd to the average margind contribution he makesto each codition to which he could
belong, where al coditions are regarded as equdly likely. The incentive to invest is equd to the
Shapley vaue divided by the totd surplus which can be generated. We illugtrate the numbers in
table 4 by eaborating on two possible orders in which the grand codition of al players can be
formed. Congder first the order 123. The margind vaue added by player 1isv (1|1, (1,0,0)) -
v(ZA£|l, (1,00)=t-0=t Themargina value added by player 2isv (12|, (1,00))-v (1]
l,(1,0,0) =2t-t=t. The margind value added by player 3isv (123 |1, (1,0,0)) -v (12|,
(1,0,0)) = (2+a)t - 2t = at. The margind contribution of each player in order 312 is computed
amilarly. The margind vaue added by player 3isv (3|1, (1,0,0))-v(A]| I, (1,0,0) =0-0=
0. Themargind value added by player Lisv (131, (1,0,0)) -v (3|1, (1,0,0)=(1+a)t-0 =
(1+a)t. The margina vaue added by player 2isv (123 | I, (1,00) -v (13 |1, (1,00)) =
(2+a)t- (1+a)t =t.

Table 4. Shapley valuesfor ownership structure |l and investment by party 1
order in codition S party 1 party 2 party 3 total
(123) t t at (2+a)t
(132 t t at (2+a)t
(213 2t 0 at (2+a)t
(231) (2+a)t 0 0 (2+a)t
(312 (1+a)t t 0 (2+a)t
(321) (2+a)t 0 0 (2+a)t
sum of margind
contributions (9+3a)t 3t 3at (12+6a)t
Shapley vdue (9+3a)t/6 t/2 at/2 (2+a)t
Incentive to invest (9+3a)/(12+6a) 3/(12+6a) 3a/(12+6a) 1
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Smilarly we can compute the Shapley vaues for the other ownership structures as well as for
other investing parties. As we have assumed non-cooperative invesment decisons, only the
Shapley vaue of the investing party is relevant for its investment decison. Appendix A provides
al characteridic functions and the corresponding Shapley vaues for each invesment decisons
and dl ownership structures. This entails 30 cases. The (investment) participation condraint for
party 1 under ownership structure | is

k; £ (9+3a)t/6 = (1.5+ 0.5a)t.

Table 5 gives the maximum cods of invesment of each investing party under the 10 different
ownership structures. It follows immediately from table A-2 in gppendix A.

Tableb. Maximum investment levels under various owner ship structures
ownership max. investment max. investment max investment
sructure by party 1 by party 2 by party 3

I (1.5+0.5a)t 2f (1.5+0.5b)h
[l (2 +0.5a)t 4/3f (1.5+0.5b)h
1l (1+1/3a) 2.5f (1.5+0.5b)h
v (1L.5+0.5a)t 2.5f (1+1/3b)h
V (1.5+0.5a)t 4/3f (2+0.5b)h
Vi (A5+a) 2f (5/6 + 0.5b)h
VII 5/6 + 0.5a)t 2f (15+b)h
VIl (2+a)t 1.5f 1+0.5b)h
IX (1 +0.5a)t 3f 1+0.5b)h
X (1+0.5a) 1.5f (2+Db)h

Efficient ownership structuresin a chain
An ownership structure is first-best efficient if dl three parties invest and each investment gener-
atessurplus, i.e. if x =(1,1,1) and k; £ g, for i = 1,2,3. To find out whether a particular combina-
tion of invesments will yield the first-best, we use the participation constraints of the three parties,
ie k1 £ SV, k2 £ SV, and k3 £ SVi.

Table 5 implies aranking regarding the suitability of the various ownership structures with
respect to the specific investments. The ranking of maximum possible investment outlays by party
1 for the various ownership structuresiis.

VI <l <IXIX<IIVIV <VI<Il <VIII.

Ownership structure VI is dways firgt-best efficient regarding the specific investment of party 1,
i.e. every surplus generating investment by party 1 will be implemented under ownership structure
VIl regardiess of the value of k;. The reason is that dl benefits of the investment accrue to party
1.
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Because the positive externdities of investment are not fully taken into account when the
investing party makes its investment decison, under-investment may result. For example, party 1
will invest under ownership structure Il whenky T [0, (2+0.5a)t], but not whenky T ((2+0.5a)t,
¥). Ownership structure 11 is inefficient for high levels of ky, i.e. kT ((2+0.5a)t, (2+a)t), be-
cause party 1 does not take the full positive externdity of investment for party 3 into account in its
investment decison. Ownership sructure VI is less eficient than ownership structure 1l. The
difference between these two ownership structures is that party 1 owns the assets at stage 1 and
2 under ownership structure 11, whereas ownership structure VI entails ownership of the assets at
stage 1 and 3 by party 1 (see figure 3). Investment by party 1 generates more vaue in stage 2
than in stage 3, therefore ownership structure | is superior to ownership structure VI with respect
to investment by party 1. Ownership structures |, 1V, and V are identicd and dominated by
ownership structure VI from the viewpoint of the investment by party 1 becausein I, IV and V
party 1 only owns the asset a the firg stage of the chain. Ownership structure IX and X are
identica with respect to investment incentives for party 1. paty 1 is indigpensable because it
makes the investment, while the other party, i.e. party 2 in IX and party 3 in X, is indispensable
because it owns the assets in dl stages. Ownership dructure 111 is less efficient than ownership
structures 1X and X because here party 1 has to negotiate with two other parties instead of one
other party under 1X and X. Findly, ownership structure VI is the least efficient with respect to
the investment incentives for party 1. It is even less efficient than ownership structure 111 because
the combination of parties 1 and 2 in ownership Structure 11l generate more surplus than the
combination of 1 and 3 in ownership structure VII.

The ranking of maximum possble outlays regarding the invesment k, by party Zor the
various ownership sructuresis:

IV <VIIIX < ININI <INV <IX.

Smilarly, the ranking of maximum possible outlays regarding the invesment k; by party 3for the
various ownership sructuresis:

VI<IV <VII/IX <IN <VII <V < X.

The explanation of these rankingsis amilar to that of party 1 and will therefore not be presented.

These three rankings can be put in a three dimensond diagram with kg, k;, ks on the
axes. This diagram represents firg-best efficient ownership structures. For reasons of amplicity it
is diced into Sx two-dimensona figures, with each figure representing arange of vaues of k. In
figure 4 we have st the investment by party 2 a k, £ 1.33f. At this levd paty 2 will dways
inves.
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Figure 4. First-best efficient ownership structuresfor k, £ 1.33f

The next step is finding firg-best efficient ownership structures for a higher investment by party 2:
1.33f <k, £ 1.5f. Figure 5 presents this dice. Now ownership structures Il and V are no longer
firg-best efficient. Additiond figures, shown in gppendix B, show that:

- if L5f <k, £ 2f, then VIII and X are no longer firs-best efficient;

- if 2f <k, £ 2.5f, then I, VI and VII are no longer fird-best efficient;

- if 25f <k, £ 3f, then 1l and IV are no longer firg-best efficient;

- if kp > 3f, then no ownership structure isfird-best efficient.
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Figureb. Firg-best efficient ownership structuresfor 1.33f <k, £ 1.5f

It follows from figures 4 and 5 (and the ones in gppendix B) that each possible ownership struc-
ture can be uniqudy fird-best efficient. The ordering of efficient ownership structures for each
investing party shows that a change in ownership structure a the same time makes investing more
attractive for one party and less atractive for other parties. If a shift in ownership Structure
strengthens party i’'s bargaining podition then it will weeken party |'s bargaining postion. Certain
combinations of investment decisions of the three parties are only viable under a specific owner-
ship structure.

An interesting case is ownership structure 11 the farmer owns both the land and the fac-
tory, and the retailer owns the shop. An example of this structure could be a farmer-owned
marketing cooperative (MC) producing specia (organic) dairy products and selling to an inde-
pendent retailer. Each party in this supply chain is making specific investments, but the reative
szes of these investments differ. Figures 4 and 5 show that ownership structure Il is the only firgt-
best efficient dructure if and only if (1.5+0.5a)t < k; £ (2+0.5a)t, 0 < k, £ 1.33f, and
(1+0.5b)h < ks £ (1.5+0.5b)h. Here the farmer’ s specific investment is relatively large compared
to the investments by the processor and the retaler (i.e. ki/q; > ko/p and ki/ap > ka/gp). If the
farmer’ sinvestment issmdler, then dso | and V are first-best efficient. With ownership structure |
each party owns an asset, and with ownership structure V the processing plant and the shop are
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both owned by the retailer. If the investment by the retaller is smdler, i.e. ks £ (1+0.5b)h, then
a0 VIII becomes firg-best efficient. Ownership structure VIIlI means that the farmer owns dl
three assats. This Stuation of full chain integration will only yield the socid optimum if the specific
investments by the processor and retailer are much smdler than the investment by the farmer.

Ownership structure 11 does not show up anymore in figure 5, indicating that an increase
ink, will reduce the attractiveness of an MC as a ownership structure. When the specific invest-
ment by party 2 increases relative to the investments by parties 1 and 3, an MC can no longer
ded with the hold-up problem, thus leading to inefficiency. Because an MC is geared towards the
interests of the farmer (party 1), expressed by farmer-ownership of the processing firm, invest-
ments by party 2 face the threat of hold up by the farmers. The concluson is that if a coopera
tively owned processing firm needs rdatively high specific investments, for instance to enhance or
to maintain its compstitiveness, a shift from MC to another ownership structure may be neces-
sary. The recent restructuring of MCs into the incorporation of non-farmers as providers of equity
capita, can be understood from this point of view.

7. Comparative staticsresults

A number of comparative statics results can be derived from this modd. Firg, the set of efficient
ownership structures shrinks when k/q increases, i.e. when the specific codts of investment in-
creases relative to the surplus it generates. When k/q increases, the ownership structure has to be
more fine-tuned in order to prevent hold-up problems. Another way of formulating this result is
that an increase in the vaue of g, given the level of k, will increase the st of efficient ownership
gructures. The increase in the share of the surplus in the quas-surplus provides more leeway in
the choice of ownership structure such that both parties fed secure that their investments will be
recouped. In the cdls in the upper right corner of figure 4 and 5 there is no first-best ownership
dructure, i.e. thereis no ownership structure that is able to obtain the firs-best when k; aswel as
ks have ahigh value (rdative to the size of g).°

Second, many agriculturd markets are nowadays surplus instead of shortage markets.
The response of more product differentiation and more vertica coordination entails a higher leve
of assat specificity, thusincreasing k/q.. Third, the globaization of markets entails more competi-
tion, i.e. the surplus is reduced and therefore k/q is increased. This makes it more difficult to
establish the firgt best outcome. Finaly, what happensif a or b increases, i.e. if the complemen-
tarities of the chain increase? A higher vaue of a means that the specific investment by party 1
generates a higher quas-surplus. This results in a shift to the right of the borderlines between the
cdlsin figures 1 and 2. This implies that with given investment levels for parties 1, 2 and 3 more
ownership gructures are now firg-best efficient (also showing that less integrated Structures
become efficient for party 1). A amilar algument isvdid for the value of b. In generd we see that
ahigher quasi-surplus of a given investment makes more ownership structures efficient.

8. Conclusions

® Which ownership structures are second best efficient depends on the relative size of the parties
investment decisions.
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Incomplete contract theory predicts that asset ownership has effect on parties incentives to
invest. This effect is due to the imposshility to write comprehensve contingent contracts for
relationship-gpecific investments and the resulting potentid for opportunigtic behaviour and ex
post renegaotiation over the trade benefits. This risk of hold up leads to under-investments.
Changing the dlocation of asset ownership between the trading parties may solve (part of) the
hold up problem.

Our modd shows that optima asset ownership is determined by the specific investment
cost/quasi-surplus ratio for party A compared to the specific investment cost/quasi-surplus ratio
for party B when first best efficiency is attaingble. If thisratio is higher for party A then for party
B, than party A should own most of the assets that are used in generating the quasi-surplus. In
other words, if the specific investment by A generates asmaller surplus (rdative to the investment)
than the specific investment by party B does, A should own more assets in order to obtain the
efficient investment decisons. The second best ownership structure choice assgns most power to
the party generating the highest surplus.

The model has been presented as a chain conssting of three parties, eg. a farmer, a
processor and aretailer. A three party chain consisting of a plant breeder, a farmer and a retailer
can be andyzed in the same way. The same results will of course hold, but the MC isin such a
chain represented by ownership structure 1V instead of ownership structure 1.

Verticd co-ordination in the agrifood sector often requires aigning activities of more than
two parties. In this paper we have gpplied the incomplete contract model to a three-party supply
chan. Each party can make chain-gpecific investments, meaning that the investments yied higher
benefits within this specific supply chain than outside the chain. Whether parties are actualy willing
to make those chain-specific investments depends on the division of vaue in case of ex post
renegotiation. The bargaining power in this renegotiation process is determined by the ownership
of assets that are essentid for the investment (i.e. without access to these assets the investment
will generate no or lower vaue).

If changes in technology or changes in agrifood markets shift the relative importance of
the individud invesments by different chain partners, eg. if retaler invesment becomes more
important than farmer investment, it may be necessary to change the dlocation of ownership of
essentiad assets to induce parties to make those investments that generate the chain optimum. In
other words, it may be necessary to change the ownership structure of agrifood chains to obtain
that combination of investment decisons that yields the first-best. The modd we have presented
may contribute to determine ownership structures that induce maximum vaue generding.
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Appendix A. Characteristic functionsand Shapley values
Table A-1. Characterigtic functions

The incentive to invest is determined by the bargaining power of the investor in a particular own-
ership structure and the bargaining pogtion which is implied by the levd of investment. There are
ten possble ownership structures and three types of investment. Thirty different characteristic
functions have therefore to be andysed in order to determine the level of investment of each party
and the efficient choice of ownership structure. Table A-1 presents the characteristic functions.

We will explain the numbers of the rows seven and eight, i.e. ownership structures VI and
VIl (seefigure 3), of thistable in order to illudtrate its congtruction. Assume that player 1 invests.
Coadlitions without player 1 have vadue 0 because player 1 has to invest and is therefore essentid.
Thisimpliesv(2) = v(3) = v(23) = 0. If al players are in the codition then the whole surplus is of
course created by this codlition, i.e. v(123) = (2+a)t. Compare ownership structure VI with
ownership dructure V1I. Player 3 adds no vaue in ownership structure VI to a codition of which
player 1 is dready a member because player 1 owns the assets a the third stage. This implies
v(1) = v(13) and v(12) = v(123). The codition of player 1 adds a value of (1+a)t because he
owns the assets at stage 1 and 3, i.e. v(1) = (1+a)t. The codition of the players 1 and 2 gener-
ates the whole surplus because together they own dl the assets, i.e. v(12) = (2+a)t. The players
1 and 3 are both essentid in ownership structure VI because player 1 invests and player 3 owns
the assets at dage 1. Thisimplies v(1) = 0 and v(12) = 0. Player 2 is essentid for the players 1
and 3 for generating the value with hisass, i.e. v(13) = (1+a)t.

X G v(1) v(2) v(3) v(12) v(13) v(23) v(123)
(1,00 I t 0 0 2t (1+a)t 0 (2+a)t
(1,00 I 2t 0 0 2t (2+a)t 0 (2+a)t
(1,00 [l 0 0 0 2t 0 0 (2+a)t
(1,00 v t 0 0 (2+a)t t 0 (2+a)t
(1,00 \% t 0 0 t (2+a)t 0 (2+a)t
(1,00 VI (1+a)t 0 0 (2+a)t (1+a)t 0 (2+a)t
(1,00 1 0 0 0 0 (1+a)t 0 (2+a)t
(1,00 VI (2+a)t 0 0 (2+a)t | (2+a)t 0 (2+a)t
(1,00 IX 0 0 0 (2+a)t 0 0 (2+a)t
(1,00 X 0 0 0 0 (2+a)t 0 (2+a)t
(0,1,0) I 0 f 0 2f 0 2 3f
(0,1,0) I 0 0 0 2f 0 0 3f
(0,1,0) i 0 2f 0 2f 0 3f 3f
(0,1,0) v 0 2f 0 3f 0 2 3f
(0,1,0) Vv 0 0 0 0 0 2 3f
(0,1,0) \ 0 f 0 3f 0 f 3f
(0,1,0) \Al 0 f 0 f 0 3f 3f
(0,1,0) VIII 0 0 0 3f 0 0 3f
(0,1,0) IX 0 3f 0 3f 0 3f 3f
(0,1,0) X 0 0 0 0 0 3f 3f

=
(0]




00,2 | 0 0 h 0 (1+b)h 2h (2+b)h
00,1) I 0 0 h 0 (2+b)h h (2+b)h
00,2) i 0 0 h 0 h (2+b)h | (2+b)h
00,1) W 0 0 0 0 0 2h (2+b)h
00,2 Vv 0 0 2h 0 (2+b)h 2h (2+b)h
00,1) VI 0 0 0 0 (1+b)h 0 (2+b)h
001 | Vi 0 0 (1+b)h 0 (1+b)h | (2+b)h | (2+b)h
001 | Vil 0 0 0 0 (2+b)h 0 (2+b)h
00,2 IX 0 0 0 0 0 (2+b)h | (2+b)h
00,1) X 0 0 (2+b)h 0 @+b)h | (2+b)h | (2+b)h
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TableA-2.  Shapley values

The Shapley vaue is used to determine the appropriation rate. Firg, it alocates the surplus which
the investment of an investor generates between the three parties. Second, it is used to determine
the incentive to invest, which is equd to the Shapley vaue divided by the quas-surplus. Notice
that for each particular case the Shapley vaue specifies an gppropriation rate for al the three
parties and of course only the incentive to invest of the investor.

Shapley value Shapley value Shapley value
X G
party 1 party 2 party 3
(1,00) I (1.5+0.5a)t 12t 0.5at
(1,00 1 (2+0.5a)t 0 0.5at
(1,00) [l (1+V/3a)t (1+1/3a)t 1/3at
(1,00) IV (1.5+0.5a)t (0.5+0.5a)t 0
(1,00) \Y (1.5+0.5a)t 0 (0.5+0.5a)t
(100 Vi (L5+a)t U2t 0
(1,00) VI (5/6+0.5a)t V3t (5/6+0.5a)t
(1,00 VIII (2+a)t 0 0
(1,00) IX (1+0.5a)t (1+0.5a)t 0
(1,00 X (1+0.5a)t 0 (1+0.5a)t
(0,10 I 1/2f 2f 1/2f
(0,10 1 4/3f 4/3f V3
(0,10 Il 0 2.5f 1/2f
(0,10 v 1/2f 2.5f 0
(0,10 V 1/3f 4/3f 4/3f
(0,10 \ f 2f 0
(0,10 VI 0 2f f
(0,10 VIII 1.5f 1.5f 0
(0,10 IX 0 3f 0
(0,10 X 0 1.5f 1.5f
00,1) I 0.5bh 0.5h (1.5+0.50)h
001 1 (0.5+0.5b)h 0 (L5+0.5b)h
00,1) [l 0 (0.5+0.5b)h (1.5+0.50)h
001 v 1/3bh (1+b/3)h (1+b/3)h
00,1) \Y 0.5bh 0 (2+0.50)h
001 VI (5/6+0.5b)h 1/3h (5/6+0.5b)h
00,1) VI 0 0.5h (1.5+b)h
001 VI (1+0.50b)h 0 (1+0.50b)h
00,1) IX 0 (1+0.50)h (1+0.50)h
001 X 0 0 (2+b)h
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Appendix B.

FigureB.1. First-best efficient ownership structuresfor 1.5f <k, £ 2f
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Figure B-2. First-best efficient ownership structuresfor 2f < k, £ 2.5f
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Figure B-3 First-best efficient ownership structuresfor 2.5f <k, £ 3f
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There are no first-best efficient ownership structures for k, > 3f because the investment is larger

than the quasi-surplus.
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