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Abstract: Cooperatives and investor-owned firms are alternafirens of business organisation that coexist andpete in
many markets. The theoretical literature has idesdi a number of comparative advantages and disadems of
cooperatives. Decentralized decision making wittiaperatives may lead to quality coordination prabte(free-riding on
product quality), for example: whereas the indidtimember has to bear the full costs associated igher quality, the
benefits of delivering higher quality will be sharachong all members. The present paper investigdiiesfree-riding
problem in determining product quality within a rkating cooperative in a vertically related markietod chain).

On the basis of a mixed-oligopoly model, we showttiefree-rider problem in the supply of high-gtyaproducts might be
strong enough to ensure that cooperatives will nesgpply higher quality than investor-owned firmshather the

cooperative can overcome the free-riding probleml sopply a final product of high quality is showndepend on the
consumer’s valuation of quality, the costs of pmidg high quality, the way in which the quality b&tfinal product is

determined from the quality levels of the inputliveeed, the possibilities in controlling productigntity as well as on the
number of members of the cooperative.

Keywords: product quality, cooperatives, food chain, contjpet

1. Introduction

Cooperatives and investor-owned firms are altevearms of business organisation that coexist @pete
in many markets. The theoretical literature hastified a number of comparative advantages andidasatages
of cooperatives (Fulton 1995; Albaek and Schult®8 XKarantininis/Zago 2001; Bogetoft 2005). A claab
problem of traditional cooperatives is the quantbordination problem, which arises from the deadised
decision making of the members of a cooperativall{{h1953). Each member (farmer) decides how miach
deliver to the cooperative and the cooperative thassno control over what is actually suppliedhe market.
Although an individual farmer realizes that an &ase in production reduces the price in the finatket, he
does not internalize the profit loss stemming frima price decrease incurred by the other membetbeof
cooperative (free-riding).

Decentralized decision making within a cooperatilso leads to quality coordination problems, wtdohld be
considered even more detrimental to the prospefityooperatives since, in contrast to quantitibs, quality
delivered by individual members very often is diffit to verify and might be non-contractible betwee
independent actors. The problem of free-riding modpct quality with decentralized decision makisgiwell-
recognized problem in the literature on cooperatif@ee, among others, Cook 1995 and Fulton 199b)isan
nicely illustrated in Babcock and Weninger's (2004) case study of the Alaskan Salmon Industrystippose
two fishermen deliver to a single processor. Tishdimen know that part of the investment in quatlitgt
increases price will end up in the pocket of theeotfisherman. The two fishermen get roughly a-bbHre of
the benefit of quality-control efforts, yet bothabehe full cost of those efforts’. Similar obsefoas have been
made for cooperatives in wine production in Germ@ijger 2005).

Albaek and Schultz (1998) investigate the coneeges of this behaviour in a market, where the
cooperative competes with an investor owned firnixéah duopoly). The authors find that due to the
decentralisation of output decisions, cooperatitersd to overproduce. Interestingly, this negative
externality turns out to be a comparative advantagecooperatives in Cournot competition.
Overproduction in the cooperative serves as a comenit device for credibly and profitably gaining
market shares: ‘... the results of this paper sugiedstin the long run all farmers would be memtdrs
the cooperative’ (Albaek and Schultz 1998: 401).
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The present paper investigates this free-ridindlgr in determining quantity and quality within arketing
cooperative in a vertically related market. Upstnefirms (farmers) deliver inputs to the downstreararket,
where a cooperative and / or an investor-owned fise the components delivered to produce a conepgsid
which is then sold to consumers. We compare a gatipe acting as a monopolist to an investor-owfired as
the only manufacturer and, in a second step, aaaymixed duopoly market. In contrast to previduslies on
quality competition in an oligopolistic market (LleAnn-Grube 1997; Choi and Shin 1992; Hoffmann 200&)
decisions which manufacturer actually delivers ttigh quality product is endogenous here. Whether th
cooperative can overcome the free-riding (coordmatproblem and supply a final product of high lifyais
shown to depend on the consumer’s valuation ofityuahe costs of producing high quality, the waywhich
the quality of the final product is determined frahe quality levels of the inputs delivered as veslon the
number of members of the cooperative. In a monepasktting we find that (i) even if the cooperatnan
control the quantity problem, the cooperative wédlver supply a final good of a higher quality thla firm. We
further find that the quantity and the quality adioation problem are closely related and that ifiithe
cooperative faces a free-rider problem with respecfuantity, the quality coordination problem amgtes and
the cooperative will certainly deliver productslofver quality than the firm in a number of scenaridvhen a
cooperative and an investor-own firm compete indbenstream market (mixed duopoly setting), we fimait
(i) in general the quality of the composite goofithe firm will be at least as high as the prodattthe
cooperative (and certainly of a higher quality om® scenarios) except (iv) if the quality of theafi good is
determined by the minimum quality of its componemtsere no clear results can be derived.

Section 2 provides a brief literature review omatetl studies. In section 3 we set up the modeltidded
compares the quality decision of a firm and a coafpee acting as a monopolist, whereas sectionrsiders a
mixed oligopoly setting, where a cooperative arfidra compete with each other. Section 6 concludes.

2. Related literature

Since the beginning of the 1990’s, a number of @ugtihave investigated the quality choice in ‘putedpolies
with two investor-owned firms. In pure duopoliedsta well-established result that the firm prodgchigher
quality earns higher profits, irrespective whetheyducing higher quality increases fixed costs thehn-Grube
1997; Motta 1993), variable costs (Motta 1993) oeslnot influence costs at all (Choi and Shin 1992p
decision which of the two rivals produces the higheality product however is not derived endogehous
these studies since the duopolists typically asemed to be identical ex ante.

In the spirit of Tirole’s (1996) model of colleciweputation, Winfree and McCluskey (2005) investiégthe
individual firms’ incentive to choose quality legelThe authors assume that firms in the group shammon
reputation, which is based on the groups’ pastamgesguality. It is shown that individual firms haee incentive
to produce lower quality and free ride on the ggoalip reputation. Free-riding becomes more impoarthe
number of firms increases.

Our paper is most closely related to the analybidaifmann (2005) and Herbst and Prufer (2007). fhainn
(2005) investigates firms’ price and quality chaiasnder different ownership structures (mixed digpim a
vertically related market. If the downstream firraciles about product quality whereas the fixed scost
producing high quality are to be paid by the umstresupplier, the firm will underestimate the futists of
delivering high quality. If upstream suppliers alsell their products downstream through a cooperathe
fixed costs associated with higher quality are wered in the cooperative’s decision about the iual the
final product. Hoffmann (2005) shows that investmwned firms choose a higher level of quality than
cooperatives in markets where the costs of produtigh quality are fixed. On the basis of numerical
calculations the author suggests that the conalusigeversed in markets where producing high guadiises
variable costs of production.

Herbst and Prufer (2007) compare the decisionstgiroduct quality in three organisations (firmspperatives
and nonprofits). The problems of coordination witlthe cooperative are captured by introducing co$ts
collective decision making which increase with theterogeneity of a cooperative’s members. Firms are
assumed to care about profits only (shareholdessfofn do not consume the good produced themsgeliée
pure focus on financial returns implies a perfeaglgalignment among shareholders and a firm thies dmt
have to bear any costs of collective decision n@kinembers of a cooperative on the other hand sseraed to
care about both: dividends as well as consumeidsi{per assumption, members also act as conswhéhng
products produced). If individual members’ prefexes for quality differ, the cooperative incurs extosts of
collective decision making. The differences in imidees as well as the costs of decision making betwa firm
and a cooperative also has implications for thesitats about product quality. The indirect utildy members
from consuming the products produced provides alitiadal incentive for the cooperative to delivepgucts
of higher quality. Herbst and Prufer (2007) thuggast that firms provide lower levels of qualityath



cooperatives. In the present paper, we will exiijichnalyze the decision making of the individuaémbers
instead of trying to capture them with a ratherpaasfic term of ‘transaction costs’ (‘costs of dgoin making’).
In addition, we will specifically focus on the dggic interaction effects between a firm and a evafive in a
mixed duopoly which are neglected in Herbst andePr2007)?

Empirical evidence on ownership structure and pcoduality is scarce. Few studies have attemptedeasure
the market performance of cooperatives. Haller §)@®mpares prices of cooperative brands relativeading
non-cooperative brands in the US and finds sigamifity lower prices for cooperatives. However, §t riot
possible to determine whether the lower prices eseby cooperatives’ brands were due to differsringhe
type of products sold by cooperatives’ (p. 190ii&ir findings are reported in Haller (1993) fortteme cheese
for 47 US metropolitan areas. Whether lower pricesooperatives are the result of a lower qualitytheir
products thus is unclear.

According to our knowledge, the only direct emgtievidence on ownership structure and productityuial
provided in Frick (2004) and Dilger (2005). Thelars find that cooperatives in the German wineseaaffer a
significantly lower quality compared to investor4oed firms (farms). Dilger (2005) observes, that hers of a
wine cooperative are normally paid according to thentity they deliver as long as they preserve esom
minimum quality requirements. Accordingly, cooper@s$ face a free-rider problem. Whereas the indiaid
member has to bear all costs associated with higiiity of inputs delivered to the cooperatives benefits of
delivering higher quality have to be shared amdhmambers.

3. The model

To investigate the relationship between ownerstrigciure and product quality, we follow Albaek aBdhultz
(1998) as well as Karantininis and Zago (2001) eswisider a situation where there are two manufactuanch
farmers who sell through one or the other. We oalt manufacturer the cooperativ@) (and the other the
investor-owned firm, for short the firnfr). From then farmers,nc deliver to the cooperative amd to the firm
(n=n_ +n.). If a farmer delivers to the cooperative, he ttagecide whether to produce high or low quality
and what quantityq) to produce and to deliver. On the other hand,dib@sion-making process of the firm is
centralised: the firm decides, which quantity aridalv quality each farmer has to deliver to the firm

The manufacturers use the components delivered thenfarmers and produce a composite good whitieis
sold to consumers. The quantity and the qualittheffinal product are solely determined by the djt\aand the

quality of the inputs. Each farmer’s product iscessted with a numbes® >0, g O{H,L} which represents its
quality level (with s > sIL).3 To simplify notation, we normalize" =1, s =1+s with s>0.

Consumers’ preferences are formalized in the spir@abszewicz and Thisse (1979) and Tirole (198Bgre is
a continuum of consumers distributed uniformly otfer interval[6 —1,8] with unit density, wheré@ >1. Each

consumer either buys high quality, low quality ared not buy at all. The consumer indexed by thamater
6 0] 8 -1,60] maximizes the following utility function:

1)

U = @?‘sg—pg if hebuysaproduct wth quality s*
¢ 0 otherwise

All consumers prefer higher quality at a given eribut a consumer with highé is willing to pay more for
higher quality. The parameté& measures the degree of consumer differentiaticvatuating product quality.
The inverse demand functions for high and low dyalie

p" =6-Q" -Q" +(d-Q")s
and (2)
I:)L :B_QH _QL,

where Q" and Q" is the aggregate quantity of the high and low itgaproduct respectively.

In Herbst and Prifer's (2007) analysis, consumesose between the product offered by the
organisation considered (the firm, the nonprofitler cooperative) and an imperfect substitute predu
by a competitive fringe in an alternative markeheTprice and the quality of the substitute are
exogenously given and a strategic interdependeetyden the suppliers thus is ignored.

We use subscripts to denote organisational fof@snd F) and superscripts to identify the level of
product quality.



As the decision process is centralized for the fitmere is no doubt in assessing the product gquatithe firm:
All farmers supplying the firm either produce high low quality. The quality of the final product ¢fie
cooperative is determined as the (weighted) avemgéhe quality of inputs delivered by farmers. §hi

assumption can be represented by a linear aggoegétinction for product quality:Za)lsf’, where w

represents the weight attached to the quality whéai’'s product delivered, Wicha)l =1.* As the members of

the cooperative might choose different quality lsyvéhe cooperative can produce a final good ofxadi
quality’. Consumers perceive this mixed qualityhigh quality (and are therefore willing to pg}) if there is no

product of higher quality in the market and Ea),s,g >s', where s’ is a certain ‘threshold quality’ with
i=1

st <s" <s" ° This specification includes an aggregation functiproposed by Economides (1999), who

assumes that the quality of the manufacturers’ amit good is the minimum of the quality levels itsf

components (the inputs delivered by all individfzamers). In this cass’ =s" and the aggregation function of

product quality can, alternatively, be stated in sm-called ‘O-Ring’ form (Kremer, 199%)

n 1
s? =1+[|_| (s’ -1]". The multiplicative interaction between qualitwéés provided by the different farmers

implies that the final product will be of high qitglonly if all farmers deliver high quality. As en as one
farmer delivers low quality the final product wile of low quality. We start with discussing the liogtions of

the ‘O-Ring’ form for the quality aggregation fuimt, the consequences when assuming a linear aaj@eg
function (excluding the special case of the ‘O-Rilogm) will be discussed latér.

We assume that manufacturers have constant magpetd which are normalized to zero. Farmers, erother
hand, have positive production costs. Producin® ligality inputs is assumed more costly then produmow

quality inputs: c(q) =%cq2 +f° with f" > f-. To simplify notation, we normalizéd - =0 and f" = f >0.
For a given product quality, all farmers have tame production technolodly.

Due to the ‘individualistic’ decision-making prosesf the cooperative, where each member decidesninash
and which quality to deliver, the cooperative hascontrol over what is actually supplied to the kedr The

The linear aggregation function might be plaiesibl the case of wine production for example, whkee
quality of the wine depends on the quality of aliges delivered.

The weights are assumed toﬁce for each member. This simplifies the analysisaméndividual farmer

can affect aggregate quality only by changing hiality level and not by changing his output. The
assumption is justified ex-post, because if thepeoative produces mixed quality, all farmers predte
same quantity, irrespective of their individual lijydevels (as quality affects only fixed, but nedriable
costs; see below).
The failure of the launching of the space shuttks entirely due to the malfunctioning of a small
component, the ‘O-Ring’. Kremer (1993) analysesithglications of an O-Ring production function for
economic development. In an industrial organizaframework, Economides (1999: 903) motivates this
assumption with the following example: ,a long diste call requires the use of long distance lires a
well as local lines at the two terminating pointhe fidelity of sound in such a phone call is the
minimum of the qualities of the three services Us€Hde probability of success of a complex procisss
given by the joint probability of success of all farts.
One could consider the implications of a thirdnfoof the quality aggregation function which assame
that the quality of the final product is determingy the highest quality of the inputs delivered.this
case the threshold quality can be characterized $y< s’ < Za)j s, +ws". We consider this

j#i
assumption to be rather unrealistic and will natgider this case further here.
Note that different assumptions concerning thgt o quality have been made in the literature &so f
Here, we do not consider the cost of quality as@able cost component which considerably simifie
the analysis. Assuming a change in product quatitinfluence variable costs introduces an addifiona
interdependence between quantity and quality dewsof manufacturers. A detailed discussion of this
issue is available in Hoffmann (2005). An intenegtextension would also be to consider heterogenous
farmers and investigate, which type of farmer dabvto the cooperative and the firm respectively.
Karantinides and Zago (2001) investigate this issuaore detail.
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extent to which the individual members of the caafiee coordinate their output decisions will benesented

oq,
by a parameteri Ea—q’ for i # j. We viewA as the outcome of some unknown games1 would imply
perfect coordination,A =0 corresponds to Cournot-behaviour within the coafpeg. The cooperative also
retains no profit. Without free-riding on qualitywlfich will be analyzed below), an individual mendigurofit

depends on the prices receivetl ¢r p-), and is
7= o - o - 17, 3)

The firm on the other hand is characterised bytredised’ decision making. Following Albaek and 8lth
(1998), we assume that the firm has a (perfectiraohwith farmers specifying the quantity as weedl the
quality of their inputs. As the distribution of fiits between farmers and the firm is not essehgaé, the firm’s
behaviour can be described as if it maximises #rdoally integrated profit of itself and its sujgsk. In order to
facilitate comparison with the behaviour of the pertive, we follow Albaek and Schultz (1998) iswaming
that the vertically integrated profit is distribdtamong all farmers delivering to the fifhBy assumption, there
is thus no difference between the firm and the eoafve in our model with respect to the degreeefical
integration: the cooperative is vertically integdfnd the firm acts as if it is vertically intefgéh This allows us
to focus on the implications of coordination in @& making for the provision of product quality.

Depending on whether the firm supplies high or tpality, its problem is to maximize

2
1(Q
:=p°Q.-n.-¢—~| —-n.f° 4
F p QF F Z{nF ] F ( )
rlg
with Q. =n.q, . Each individual farmer receiveg =—F
n

E

4. The cooperative and the firm as monopolists

This section compares the behaviour of the firm thed cooperative in a situation, where there iy anie
manufacturer (the cooperative or the firm) anchdtirmers in the market sell their products via timonopolist.

Consider the situation of a profit maximising fifinst. Maximizing profits in (2) with respect tQF gives

H Q;‘M & H H L QIF_ M % :
=== = for high quality and =—==——— for low qualit roducts. The
Qe n C+2n(l+s) gn qualty Qe v n c+on q y p
g°s’ &
corresponding profit for each individual farmerig',, =—————-f and ., = , respectively.
Y 2c+4n(l+s) Y 2c+4n

The firm decides to produce high djty if 7z

F.M

> 1., - Quality choices can be illustrated by means of an
‘isoprofit’ contour (IP, ,, in Figure 1).

< Figure 1 around here >

If f =0 ands = 0, there are no quality differences (neithepiiaduction costs nor in the consumers’ willingness
to pay for quality), and so the isoprofit curVg, , originates in this point. As the costs of prodgcan high

quality product relative to a low quality produd} {ncreases, the consumers’ willingness to payhigher
quality (5) also has to increases in order to guarantee faacter the same level of profits (the isoprofit\es
slope upwards, see proposition 1 in the appéfyditt, for a givens = s,, the additional costs of producing high
quality ) are large f( > fy), the firm will choose to supply low quality. Are& in Figure 1 represents all
combinations of ands where the firm (as a monopolist) delivers low dfyalThe firm delivers high quality in
areasB andC.

o An alternative would be to view the firm as actinga Cournot duopsony. As long as farmers patingiz

the firm are price takers, the firm will pay accogl to the farmers’ supply function (i.e. aggregate
marginal costs). A detailed discussion of the affed buyer market power of downstream manufacsurer
towards upstream firms (farmers) in a mixed duog®Bvailable in Tennbakk (1995).

The appendix is available from the authors umpmuest.
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Now compare this situation to a market in which @operative is the only manufacturer (monopolist).
Decentralised decision making within the coopegatiaplies that each member (farmer) decides howhnauncl
which quality to deliver. The cooperative thus fateo (interrelated) coordination problems: a qitargnd a
quality control problem. The following payoff matrfTable 1) illustrates the decision making procassording

to the quality a member of the cooperative. Thedefumn of the matrix describes the quality dexisof the
other members of the cooperative in contrast tahheshold quality.

< Table 1 around here >

In the first (third) line of the payoff matrix, thié#nal product is perceived as a high (low) qualisoduct,
irrespective of the quality decision of the firnm both situations memberwill produce low quality, which

reduces production costs without altering the mapkee (77;,, >, and g, >, ). Table 1 therefore

C.M
suggests the possibility of two Nash equilibriatle decision making within the cooperative: It iways an
equilibrium that all members produce low qualitys fong as 7, >, this is the only equilibrium and

producing low quality is the dominant strategycdinbe an equilibrium that the cooperative producesiality
level that is just good enough to be perceived agh quality product. This is the casef,, =, . The

indeterminacy of the equilibrium in the quality dé@ans within the cooperative however implies thia¢
cooperative coulélso end up producing the low quality product edgroducing high quality would generate
higher profits for all members (coordination prohje

The 'O-Ring’ specification for the aggregation ofoguct quality implies that the final product ofeth

cooperative will be of high quality only if almembers decide to deliver high quality. In thisseca

s =s" =Za)jsj“ +w@s" and the first line in Table 1 does not exist. A®rsas one member delivers low
i#i

quality, the final product falls below the thresthalill also be of low quality.

To investigate the factors influencimg,, and 7z;,, , we maximizes profits in equation (3) with resp’«ex:qéJ

cMm !

. 6(L+5) . . 6

which givesq”, = for high quality products and’, = for low
IVES Qen = I+ 1+ A(n-D] A+ 9) gh quallty O = e A(n=1)

L 870+ 9 {c+ 21+ A(n-D](1+ 9}

2{c+[n+1+A(n-D](1+59)}?

quality products. The corresponding levels of psofire 77, = —f and

_ G{c+ 2L+ A(n-1]}

M 2c+n+1+ A(n-1)]?
and profits for members of the cooperative and éasndelivering to the firm are identica{, =q;, and
i

C.M

curve for the cooperative, which represents all lmioations off ands for which 7z, = 77

cM?

. Note that if quantity decisions are perfectly whoated (A =1), output levels

=, ). Assuming away the quantity control problem witlthe cooperative implies that the isoprofit
is identical to the
isoprofit curve for the firm in Figure 1P, , = IP/}; . In area A the cooperative acts as the firm aritets low
quality, whereas we find two Nash equlibria in aBeand C: all members either produce high or lowaligy

If, however, quantity decisions within the coopamtare not perfectly coordinatedi 1), we find that the
incentive to supply high quality for the cooperatiis smaller, ceteris paribus. With imperfect qitgnt

9
coordination, cooperative members tend to overpred% <0). As the aggregate quantity supplied to the

market increases, the consumers willingness tdqrdyigher quality decreaséSwhich reducest;,, relative to
n;,, . We thus find thatlP, , >IP/;; (see proposition 2 in the appendix). Agan Figure 1 represents all

combinations off and s, where the firm (as a monopolist) delivers higlalgy, whereas the product of the
cooperative (as a monopolist) is of low qualityaheaC we again have two Nash equilibria for decision mgki
within the cooperative: ‘pure’ high and ‘pure’ Iayuality.

1 Note from equation (4) thagp" — p* = (0— Q' ) s is a decreasing function .
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Note that an increase in the number of farmervelefig to the manufacturen)reduces the incentive to supply
high quality. For both manufacturers acting as npatists the aggregate output increases witfalthough
output per member declines witl), since production costs per unit decline. Thecgrincrease which is
associated with delivering high instead of low qyalleclines with aggregate quantity. Supplyinghhguality
thus becomes less attractive.

The results derived so far illustrate the qualitgmination problem within the cooperative. Althbute quality
of products delivered by a cooperative dam the same as those produced by a profit maxigifirm, a

cooperative will deliver lower quality in a numbef scenarios. In contrast, there is no combinatdn
parameters in this model where the cooperative avoeliver higher quality than the firm. The cootion

problem in the ‘O-Ring’ specification is, howeveant a free-riding problem in the classical sensee @ember
cannot benefit from the decision of the other mensib@ produce high quality inputs (via a higher keamprice),
without delivering high quality herself. The resuftrther suggest that the coordination problenh wnéispect to
quality and quantity within the cooperative areselly related. Improving the coordination problenthwespect
to quantity also helps to reduce the quality camation problem.

These results are similar if the quality of theafiproduct is assumed to be the weighted averatreeafuality of
the inputs. As the profit levels for a member of tooperative £;,, and 77, ) are independent of the two
different aggregation functions discussed, therisfitpcurves in Figure 1 do not change. The onf§edénce is

that the cooperative will produce a mixed qualitysfead of a ‘pure’ high quality as in the ‘O-Ring’
specification), just good enough to pass the tloeshuality. As in the ‘O-Ring’ specification we sérve a

coordination problem, because evemf, >, we find two Nash-equilibria: The cooperative caneasure,

that the quality of the final product will be higimough. Additionally, we observe a free-rider peoil Some
farmers produce high quality to preserve the thokshequirement (to receivp™), while others free-ride,

produce low quality and receive higher profits @§, > 72, ).

The specific form in which the quality of inputsaggregated is even more important in situationsrevtthe
cooperative and the firm compete in the downstresrket (mixed duopoly).

5. The cooperative and the firm in a mixed duopoly

Assume that the firm and the members of the codiperhave to decide simultaneously about quality aatput
levels. The optimal output decisions for the coafiee and the firm will depend on their own as vwadltheir
rival’s decision about product quality. Assumingu@mt behaviour between the cooperative and tha fir

g
(6& =ai =0) the optimal quantities can be found by computfn%g— =0from (1) and on. =0 from (2)
0d. 0Q: 0d. 0Q.

and solving forqg and q,? . The corresponding levels of profits for the indival members of the cooperative
as well as for the farmers supplying the firm fbrcambinations of quality levels are summarized able 2

< Table 2 around here >

The choice of quality levels and the correspondgirgjits of individual farmers depend on paramet@rs, s and

f, as well as on the number of firmg andngz. The implications of the quantity coordination lplem within the
cooperative A <1) as well as the effects of changes in the numbempstream firms (1) have already been
described in the previous section. To keep the¥oig discussion as simple as possible and to focuthe
quality decisions, we ignore the quantity coordmatproblem and assumé =1. Any difference in product
quality between the cooperative and the firm arecaased by the well known ‘quantity control prablef the
cooperative (described above for the monopoly ca¥é¢ further restrict our attention to the ‘closed

12 In the following we denote the farmers’ profitittw 77~ and 77" when both manufacturers deliver low

quality (superscriptL) or high quality (superscrigdH). Farmers’ profits arer- (77 ) when they supply
a manufacturer whose product is of low (high) dyakihereas the quality of the rival’'s product ishigh
(low) quality. Note thatHHH is only possible if all members of the cooperativeduce high quality and
that if C=H andF=L the profits of those members of the cooperativieg free-ride and produce low
quality increases bfy



membership’ case where each farmer has alreadgietbwihether to deliver to the firm or to the cogpiee and

L n :
for simplicity we assume_ = n, :E to be exogenously giver.

5.1. Aggregation of product quality: ‘O-Ring form’

In this scenario, the quality of the manufacturemnposite good is determined by the minimum ofgbality

levels of the inputs delivered by the individuainfeers: s° =1+[|_| (s® -1)]". In contrast to the monopoly case
i=1

discussed in section 4, each manufacturer nowcesrtsider the quality decision of its rival in éehining his
optimal level of quality. This interdependence iecidion making as well as the equilibrium configima of
quality levels offered by the two manufacturershiswn in Figure 2.

< Figure 2 around here >

Figure 2 shows isoprofit contours for the firm athek cooperative for given parameters @, and C).
Assuming perfect coordination in output decisionghim the cooperative implies that the firm and the

cooperative deliver the same quantities as longuadity levels are identical. We thus find that" = 7",
m" =n", mo=m,and il = . This implies that the isoprofit curves for thenfiand the cooperative are
identical: IP} =IP! and IP?=1P?. IP! and IP; are the isoprofit curves for the firm and the cemive
respectively assuming that the rival delivers louality, whereasIP? and IP? denote the corresponding

isoprofit curves given that the rival delivers highality. Note thatlP! > IP? and IP; > IP?: the decision of the

firm to produce high instead of low quality reduties incentives of the cooperative to produce lojgélity too,
and vice versa (for a formal analysis see proposi in the appendix). The two manufacturers have a
incentive to differentiate vertically. It is welhkwn from the results of ‘first-quality-then-prigames’ (Shaked
and Sutton, 1982) that vertical differentiationuees the intensity of competition in the producthkea

The model suggests three different equilibrium mpmhtions (aread, B, andC). Both manufacturers will offer
low quality products in are@. AreaB represents combinations fodinds where either the firm or the cooperative
delivers high quality and the rival will prefer psoduce low quality. Finally, the firm will delivdrigh quality
products whereas offering high or low quality caittbbe a Nash-equilibrium in the decision makinggess
within the cooperative in arga

To discuss these results in more detail, asssmes, > 0. If the additional costs of producing high quality

are large enouglf ¢ f;), the dominant strategy of all members of the evafive as well as the firm is to supply
low quality. AreaA in Figure 1 represents all combinationsf @inds where both the firm and the cooperative
deliver low quality.

As f decreases belofy (areaB) the decisions about quality are interdependdet:firm will choose to produce
high quality, if the cooperative produces low qualisince we are belowP.), but the firm will opt for low

quality, if the cooperative produces high qualgin¢e we are abovéP?). The reason is that the price increase

the firm can realize from producing high insteadat quality products is smaller if the cooperatm@duces
high quality already (see footnote 10). The coojpega decision in turn is illustrated in the foing payoff
matrix.

< Table 3 around here >

13 The point here is to illustrate how differencestihe degree of coordination in the decision making

process as well as the way in which aggregate tguialiproduced from the inputs delivered result in
differences in strategic behavior in the final nerkThe explanation of how the market division is
determined in the first place is not an issue higre implications ofn. # n. in a mixed duopoly will be
briefly discussed in the final section of the pap&rdetailed analysis of the implications of diffet

access policies for financing and growth of an epwmbership cooperative is available in Rey and
Tirole (2007).



If the firm produces high quality (the situationsdgbed in the second payoff-matrix), the domirstrategy for
the members of the cooperative is to produce loalityuas 7z; > 7.~ and as we are abou®?, which implies

7Tz > 7107 ). If, on the other hand, the firm offers low gixalithe situation described in the first payoff-ni

o c
Table 3 suggests the existence of two Nash-eqialibhe first line of the payoff matrix does noigxn the ‘O-
Ring’ specification (ass’ =s" = Za)is;* +ws"), so either all members produce high quality dmambers

j#i

produce low quality (asz," > 77;"~ and as we are beloWp.!, which implies7z) > ;" ). Note however, that the
second Nash-equilibrium in the decision making pescwithin the cooperative (producing low quality)ns
out to be inconsistent with a Nash-equilibrium lre tgame between the firm and the cooperative: gsedr
above the firm would not want to produce low qualit areaB if the product of the cooperative is of low
quality. We can thus conclude that the behaviouheftwo rivals for all combinations éfands in areaB will
be characterised by vertical product differentiatithe two manufacturers supply different levelgodlity.

As the fixed costs associated with producing higality further decrease antl < f,, the incentive for the firm

to produce high quality is strong enough to guaarhat the firm will alwayproduce high quality, irrespective
of the quality decisions of the members of the evapive. The decision making within the cooperativethe
other hand is still characterised by the existeatéwo Nash-equilibria, one in which all members thé
cooperative produce high quality and a second watere all members deliver low quality. This candeen
from the second payoff matrix in Table 3 € f, implies 77;" > 7z, , while 7. > 77.”). AreaC in Figure 1 thus
represents combinations ®andf where the firm produces high quality and the coaipee offers either high or
low quality.

Under the assumption of the ‘O-Ring’ technology foe aggregation of product quality, the preseratyais
does not provide a general prediction as to thethvenehe firm or the cooperative provides highealgy. The
coordination problem in the supply of high-qualityoducts, although important for the members of the
cooperative, is not strong enough to ensure thaisfwill always deliver a quality that is at least high as the
quality supplied by the cooperative.

5.2. Aggregation of product quality: the linear fom

Assuming the production process for product quabtype of a linear form has important consequefizethe
equilibrium quality decisions of the rivals. Whesehe equilibrium configuration is unchanged inaakg(both
rivals prefer to produce low quality) and ar€a(the firm delivers high quality and all members tbe
cooperative will produce either high or low qua)jty the situation is different in ardin Figure 2.

If the firm delivers high quality, the dominantaegy for all members of the cooperative is to poedlow
quality, which corresponds to the results derivedhie previous section. If the firm decides to mmwes low
quality instead, we find two equilibria in the c@vptive’s decision (see first payoff matrix in Talt8): One

equilibrium is that all members produce low qualitputs (ass;" > 71;""). The second equilibrium is a mixed
quality, just good enough to pass the thresholdityu@s 7;' > 77."). However, the cooperative will never
produce a final product of ‘pure’ high quality, ssme members can save production costs withoutrgjtéhe
market price by producing low quality (ag'* > 7). As in the ‘O-Ring’ specification, the cooperatizannot

ensure that the quality of the final product isth@nough to pass the threshold. Additionally (amwti@ary to the
O-Ring specification) some members produce higHityuaputs to preserve the threshold quality, vathers
free-ride, produce low quality and gain higher fisof

If the cooperative produces low quality, the firnillwnmediately switch to high quality. But how wiglithe
firm respond to the decision of the cooperativesupply ‘mixed quality’? Note, that a ‘mixed qualitgf the
cooperative implies that the firms’ product woulel &f higher (lower) quality than the cooperativesduct if

the firm decides to produce high (low) quality. Tihen is indifferent between high and low qualify iz’ = 7. .
All combinations off ands where 7z;' = 77 are represented by the isoprofit cont¢Bf in Figure 2. Proposition

4 in the appendix shows th&l’® > IP!, which implies that it is always attractive foretfirm to produce high
quality if the cooperative delivers ‘mixed qualityrhe firm producing high and the cooperative deiivg low

14 Note that all members have to produce high qudiitdependent of the threshold quality) in order t

match the high quality product of the firm.
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quality products is therefore the only remainingiggrium in areaB. In markets, where the average quality of
the inputs determines the quality of the final pretd the free-riding problem within the cooperatinglies that
the cooperative in our modelling framework will eeweliver higher quality products then the firm.

The present model also includes the results derivedlbaek and Schultz (1998) as a special caseorlgg
differences in product quality, the quantity cooation problem of the cooperative turns out to lsermparative
advantage and all farmers should become membetkeotooperative in an open-membership equilibrium.
Assumings=0, f =0, and A =0 we find that the profit of cooperative members @l exceed those of

farmers delivering to the firm as long as >1 (see proposition 5 in the appendix). The preseatysis

however suggests that the superior performanceapearatives suggested in Albaek and Schultz wélagpear
in markets where consumers care about producttyai> 0). A deeper examination of an open membership
setting in this case is beyond the scope of thiepa

6. Conclusions and extensions

The present paper investigates the incentives pplgihigh quality products in a vertically relat@ustry.
Quality choices of an investor-owned firm and adoureer cooperative are analyzed within a monopolyelsas
mixed duopoly framework. Assuming that the membefrdhe cooperative independently decide about the
guantity and the quality they deliver (decentraliskecision making) there is a strong incentiveréafride and

to deliver high quantity and low quality (quantiyd quality coordination problem). The investor-edrfirm

on the other hand is characterised by a centratiseision making process and, by assumption, iplagued

by a coordination problem.

Comparing the behaviour of the two organisatiom®perative and firm) in a monopolistic market piositwe
find that a cooperative will never produce highaality than an investor-owned firm, as the coopeeafaces a
quality coordination problem. The problems accogdie quality get more severe if the members fail to
coordinate their output decisions and thereford teroverproduce (free-riding according to quatity

In a mixed duopoly setting the incentives for tlenpetitors to supply higher-quality products dependthe
way in which the quality of the final product istdamined from the inputs delivered by upstream dirm
(farmers). In a general setting, where the qualitythe final product is the average of the quabtifyinputs
delivered by farmers, the free-riding problem iy enough to ensure that the quality of the coadjpe’s
final product will neverbe above the quality of the firm’'s composite gobrdthe special case of the ‘O-Ring
form’ in the production process of aggregate qualithich implies that the quality of the manufaets’
composite good is the minimum of the quality lev&fists components), the free-riding problem isigzited, as
one member cannot receive the market price for hjghlity products without delivering high qualitgpiuts
himself. Despite the coordination problem, the @rafive’s product can be of higher quality than pneduct
supplied by the firm.

The theoretical analysis further suggests thagtiantity and quality control problem within the peoative are
interrelated. Introducing measures to coordinatantjty decisions of members helps to mitigate the
coordination and free-riding problem with respecptoduct quality within the cooperative. In sifoas, where
the quality of inputs supplied to the cooperatigenore difficult to verify than the quantity deliregl (in
practice, the quality of inputs might be non-codtitsle between independent members of the coopejatny
attempt to coordinate quantities will be a suitad#eond best choice which indirectly also contelub a higher
level of product quality of the cooperative’s protu

Whether the firm and the cooperative will offer tmigr low quality in equilibrium will also depend dactors
which are not explicitly included in this model. &kquilibrium outcome might be determined by thebiiity

of cheating (free-riding) and on the possibilitypafnishment. It is well known that repeated intéoacbetween
members helps to achieve a cooperative outcomerdhats obtained further are likely to be sensitio our
assumptions about the specification of consumeiemeces with respect to quality (Tirole, 1988,101) as
well as on the assumptions concerning the costality (Huffman, 2005). In addition, the extentwdich the
degree of competition between manufacturers inflasrthe quality decisions in a mixed duopoly hasyebd
been investigated in detail.

Finally, our results are derived under the asswnptiat the number of upstream firms (farmers)grasing one
of the two manufacturers is exogenously given @domembership). In contrast, an open-membershipemod
would determine the share of farmers deliveringhe cooperative and to the firm endogenously: $hiare will
depend on the relative level of profits associatth supplying one of the two manufacturers. A deth
analysis of quantity and quality decisions in arerppembership model is beyond the scope of theeptes
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paper-> Our result, however, that members of the cooperatind to supply products of lower quality (andsth
realize lower profits) causes doubts upon the figddf Albaek and Schultz (1998), who conclude timathe
long run all farmers would be members of the coafper’ (p. 401). Our model suggests that the pabflity of
cooperatives depends on consumers’ preferencegiédity, as well as the way in which the aggregptality is
produced from the individual inputs delivered. Tdheharacteristics need not be identical for alldpats and
might also differ between individual countri®sWe hope that our paper will spur further theoedtiand
empirical research on the issue of product qualityplied by different organizations along thesedin
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Table 1: Payoff matrix for members of the cooperative (muolist)

Memberi
H L
s' < ;a)j s} +ws' Ty T
All other Y ws tws <s' <Y ws’ +ws’ ', Tl
members i#i i# ‘ ‘
s’ < ;wj s} +ws" Tley 7l

Table 3: Payoff matrix for members of the cooperative & fiim produces low quality and high quality

Firm produces low quality

Memberi
H L
T g L .
') @s)+as m .,
j#i !
g L T g H
All other ijsj +ws <s sZa)jsj +ws P i
members j#i j#
T g H _
s'<Y ws’ +ws e -
j#i

Firm produces high quality

Memberi
H L

H — g H

=Y s +as » N
All other I
members g H H

D @S +as’ <s - n;

j#i
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Figure 1: Isoprofit curves of the firm and the cooperatire@imonopoly market
IP® = f(s)|(rt =71)
f o =% IP! = f(9)|( = 71t")
A
AT =IP¢ = f(9)(rd =7ct)
fl ———————————— 17,‘/-’ ----------- |
. B
; IP? = f(9)|(7" = mt)
P S f =IR? = f(9)|(z" =m5)
5 C
: » S

S

Figure 2: Isoprofit curves of the firm and the cooperatireimixed duopoly
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Table 2: Profits for individual farmers delivering to theaperative or to the firm

Cooperative
Low Quality High Quality
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