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Abstract:

We investigate the free-riding problem in determgnproduct quality within cooperatives
in a vertically related market. Whereas the indieildmember has to bear all costs associated
with higher quality, the benefits of delivering h&y quality will be shared among all
members. On the basis of a mixed-oligopoly mode,slvow that the free-rider problem in
the supply of high-quality products is important file members of the cooperative and might
be strong enough to ensure that cooperatives wilensupply higher quality than investor-
owned firms. Whether the cooperative can overcadmeeftee-riding problem and supply a
final product of high quality is shown to dependtbe consumer’s valuation of quality, the
costs of producing high quality, the way in whidme tquality of the final product is
determined from the quality levels of the inputdivi@ed, the possibilities in controlling
product quantity as well as on the number of membéthe cooperative.
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1. Introduction

Cooperatives and investor-owned firms are altevadbrms of business organisation that
coexist and compete in many markets. The theotdtieaature has identified a number of
comparative advantages and disadvantages of cdimesré~ulton, 1995; Albaek and Schultz
1998; Karantininis/Zago 2001; Bogetoft 2005). A ssl@al problem of traditional
cooperatives is the quantity coordination problemhich arises from the decentralised
decision making of the members of a cooperativell{ 1953). Each member (farmer)
decides how much to deliver to the cooperative thedcooperative thus has no control over
what is actually supplied to the market. Although iadividual farmer realizes that an
increase in production reduces the price in thal fimarket, he does not internalize the profit
loss stemming from the price decrease incurredhieydther members of the cooperative
(free-riding)?!

Decentralized decision making within a cooperatalso leads to quality coordination
problems, which could be considered even morerdetrial to the prosperity of cooperatives
since, in contrast to quantities, the quality dmiad by individual members very often is
difficult to verify and might be non-contractibletiween independent actors. The problem of
free-riding on product quality with decentralize@ction making is a well-recognized
problem in the literature on cooperatives (see,raputhers, Cook 1995 and Fulton 1995) and
is nicely illustrated in Babcock and Weninger's@2014) case study of the Alaskan Salmon
Industry: ‘... suppose two fishermen deliver toiregke processor. The fishermen know that
part of the investment in quality that increasasewill end up in the pocket of the other
fisherman. The two fishermen get roughly a halfrshaf the benefit of quality-control
efforts, yet both bear the full cost of those @BorSimilar observations have been made for

cooperatives in wine production in Germany (Dilgén5).

The present paper investigates this free-ridindplera in determining quantity and quality
within a marketing cooperative in a vertically teld market. In contrast to previous studies
on quality competition in an oligopolistic markdteqhmann-Grube (1997), Choi and Shin
(1992), Hoffmann (2005)) the decisions which firotumlly delivers the high quality product

Albaek and Schultz (1998) investigate the consages of this behaviour in a market, where the
cooperative competes with an investor owned firnix¢eh 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 advantafecooperatives in Cournot competition.
Overproduction in the cooperative serves as a comenit device for credibly and profitably gaining
market shares: ‘... the results of this paper sugdstin the long run all farmers would be memtudrs
the cooperative’ (Albaek and Schultz 1998: 401).



is endogenous here. Upstream firms (farmers) deliymuts to the downstream market, where
the cooperative and an investor-owned firm (mixadpbly) use the components delivered to
produce a composite good which is then sold to wmess. Whether the cooperative can
overcome the free-riding (coordination) problem an@ply a final product of high quality is
shown to depend on the consumer’s valuation ofityydhe costs of producing high quality,
the way in which the quality of the final produstdetermined from the quality levels of the
inputs delivered as well as on the number of membéithe cooperative. We find that the
quantity- and the quality control problem are ireéated: improvements in coordinating
quantity decisions between members also mitigagefitbe-riding problem with respect to

product quality.

Section 2 provides a brief literature review oratetl studies. In section 3 we set up the
model. Section 4 compares the quality decision dirra and a cooperative acting as a
monopolist, whereas section 5 considers a mixggppbly setting, where a cooperative and a

firm compete with each other. Section 6 concludes.

2. Related literature

Since the beginning of the 1990’s, a number of @asthave investigated the quality choice
in ‘pure’ duopolies with two investor-owned firmis pure duopolies it is a well-established
result that the firm producing higher quality earnigiher profits, irrespective whether
producing higher quality increases fixed costs (hahn-Grube 1997; Motta 1993), variable
costs (Motta 1993) or does not influence costdl §Caoi/Shin 1992). The decision which of
the two rivals produces the higher quality prodoctvever is not derived endogenously in

these studies since the duopolists typically aseraed to be identical ex ante.

In the spirit of Tirole’'s (1996) model of collecéivreputation, Winfree and McCluskey
(2005) investigate the individual firms’ incentiteechoose quality levels. The authors assume
that firms in the group share a common reputatidnich is based on the groups’ past average
quality. It is shown that individual firms have mrtentive to produce lower quality and free
ride on the good group reputation. Free-riding lbee® more important as the number of

firms increases.

Our paper is most closely related to the analysidodfmann (2005) and Herbst and Prufer
(2007). Hoffmann (2005) investigates firms’ pricadaquality choices under different
ownership structures (mixed duopoly) in a vertica#llated market. If the downstream firm

decides about product quality whereas the fixedsoofsproducing high quality are to be paid



by the upstream supplier, the firm will underestientine full costs of delivering high quality.

If upstream suppliers also sell their products detweam through a cooperative, the fixed
costs associated with higher quality are considémethe cooperative’s decision about the
guality of the final product. Huffmann (2005) showst investor owned firms choose a
higher level of quality than cooperatives in maskahere the costs of producing high quality
are fixed. On the basis of numerical calculatidms author suggests that the conclusion is

reversed in markets where producing high qualisesavariable costs of production.

Herbst and Prifer (2007) compare the decisions tapmduct quality in these three
organisations (firms, cooperatives and nonprofitBle problems of collective decision
making within the cooperative are captured by mii@ing costs of collective decision making
which increase with the heterogeneity of a cooperat members. Firms are assumed to care
about profits only (shareholders of a firm do nohsume the good produced themselves).
The pure focus on financial returns implies a perfpal alignment among shareholders and
a firm thus does not have to bear any costs oectle decision making. Members of a
cooperative on the other hand are assumed to barg hoth: dividends as well as consumer
surplus (per assumption, members also act as camsuof the products produced). If
individual members’ preferences for quality diffehe cooperative incurs extra costs of
collective decision making. The differences in imiees as well as the costs of decision
making between a firm and a cooperative also hagdigations for the decisions about
product quality. The indirect utility of membersofin consuming the products produced
provides an additional incentive for the coopemtio deliver products of higher quality.
Herbst and Prifer (2007) thus suggest that firmsvige lower levels of quality than
cooperatives. In the present paper, we will exiyicanalyze the decision making of the
individual members instead of trying to capturenthaith a rather unspecific term of
‘transaction costs’ (‘costs of decision makingh).dddition, we will specifically focus on the
strategic interaction effects between a firm armbaperative in a mixed duopoly which are
neglected in Herbst and Priifer (2007).

Empirical evidence on ownership structure and pcoduality is scarce. Few studies have

attempted to measure the market performance oferatipes. Haller (1985) compares prices

of cooperative brands relative to leading non-coafpes brands in the US and finds

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



significantly lower prices for cooperatives. HowgVé is not possible to determine whether
the lower prices observed by cooperatives’ brandsewdue to differences in the type of
products sold by cooperatives’ (p. 190). Similardfngs are reported in Haller (1993) for
cottage cheese for 47 US metropolitan areas. Whédker prices in cooperatives are the

result of a lower quality of their products thusiisclear.

According to our knowledge, the only direct emmtievidence on ownership structure
and product quality is provided in Frick (2004) abdger (2005). The authors find that
cooperatives in the German wine sector offer aifsogmtly lower quality compared to
investor-owned firms (farms). Dilger (2005) obsex#hat members of a wine cooperative are
normally paid according to the quantity they delias long as they preserve some minimum
quality requirements. Accordingly, cooperativesefag free-rider problem. Whereas the
individual member has to bear all costs associai#it higher quality of inputs delivered to
the cooperative, the benefits of delivering higlgerality have to be shared among all

members.

3. The model

To investigate the relationship between ownerstrigcture and product quality, we follow
Albaek and Schultz (1998) as well as Karantinimid Zago (2001) and consider a situation
where there are two manufacturers anfdrmers who sell through one or the other. We call
one manufacturer the cooperatié® and the other the investor-owned firm, for shbet firm
(F). From then farmers,nc deliver to the cooperative amg to the firm (h=n. +n.). If a
farmer delivers to the cooperative, he has to @ewlether to produce high or low quality
and what quantityq) to produce and to deliver. On the other hand, dbeision-making
process of the firm is centralised: the firm desjdehich quantity and which quality each
farmer has to deliver to the firm.

The manufacturers use the components delivered filoen farmers and produce a
composite good which is then sold to consumers. lantity and the quality of the final

product are solely determined by the quantity gl dquality of the inputs. Each farmer’s

product is associated with a numbsgt >0, gO{H,L} which represents its quality level

(with s"" >s").? To simplify notation, we normalize" = ,%" =1+s with s>0.

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



To determine the quality of the final (manufactsifeproduct s® we distinguish between
two cases. In the first, we follow Economides (1998d assume that the quality of the
manufacturers’ composite good is the minimum of ghality levels of its components (the

inputs delivered by the individual farmgr The aggregation function of product quality thus

1

has the so-called ‘O-Ring’ form (Kremer, 1943}° =1+[” (s® -1)]". The multiplicative

interaction between quality levels provided by th#erent farmers implies that the final
product will be of high quality if all farmers deér high quality. As soon as one farmer
delivers low quality the final product will be adw quality. Alternatively, the quality of the
final product could be determined as the (weightadrage of the quality of inputs delivered
by farmers. This assumption would be representedalinear aggregation function for
product quality: s° :Za)lslg, where «, represent the weight attached to the quality of
i=1
farmeri’s product delivered.We start with discussing the implications of tkeRing’ form
for the quality aggregation function, the consegesnwhen assuming a linear aggregation

function will be discussed later.

We assume that manufacturers have constant maigstd which are normalized to zero.

Farmers, on the other hand, have positive produaasts. Producing high quality inputs is

assumed more costly then producing low quality iape(q) :%cq2 +f9withf" >f" To

simplify notation, we normalizef “ = @nd f" = f > 0. For a given product quality, all

farmers have the same production technofogy.

The failure of the launching of the space shuttles entirely due to the malfunctioning of a small
component, the ‘O-Ring’. Kremer (1993) analysesithplications 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 point$e fidelity of sound in such a phone call is the
minimum of the qualities of the three services us€de probability of success of a complex prodess
given by the joint probability of success of adl garts.

The linear aggregation function might be platesibl the case of wine production for example, whkee
quality of the wine depends on the quality of alames delivered. Finally one could consider the
implications of a third form of the quality aggréiga function which assumes that the quality of fihal
product is determined by the highest quality ofitiputs delivered. We consider the last assumgtdre
rather unrealistic and will not consider this casgher here.

Note that different assumptions concerning thet @b quality have been made in the literature eo f
Here, we do not consider the cost of quality asugable cost component which considerably simdifie
the analysis. Assuming a change in product quatitinfluence variable costs introduces an additiona
interdependence between quantity and quality detssof 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 dglivto the cooperative and the firm respectively.
Karantinides and Zago (2001) investigate this issuaore detail.



Due to the ‘individualistic’ decision-making prose®f the cooperative, where each
member decides how much and which quality to delithee cooperative has no control over

what is actually supplied to the market. The extenivhich the individual members of the

0
cooperative coordinate their output decisions balrepresented by a paramefes a—qJ for

i #j. We view A as the outcome of some unknown gamdes1 would imply perfect
coordination, A =0 corresponds to Cournot-behaviour within the coapes. The
cooperative also retains no profit. The unit ppeéd to the farmer either &', if the product
is of higher quality than the competing firms’ prod, orp", in the case where the cooperative
offers the product with the lower quality. Deperglion the prices received, an individual

members’ profit is
1
¢ = piac —odc — f°. @)

The firm on the other hand is characterised by tiedised’ decision making. Following
Albaek and Schultz (1998), we assume that the fiem a (perfect) contract with farmers
specifying the quantity as well as the quality loéit inputs. As the distribution of profits
between farmers and the firm is not essential ikeefirm’s behaviour can be described as if
it maximises the vertically integrated profit oetf and its suppliers. In order to facilitate
comparison with the behaviour of the cooperative, fallow Albaek and Schultz (1998) in
assuming that the vertically integrated profit istitbuted among all farmers delivering to the
firm.” By assumption, there is thus no difference betwtberfirm and the cooperative in our
model with respect to the degree of vertical ind¢ign: the cooperative is vertically integrated
and the firm acts as if it is vertically integratddhis allows us to focus on the implications of

coordination in decision making for the provisidmpooduct quality.

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

2
ng = ngF _nF%C{%j —nf ’ 2

F

g
with Q- =n.q; . Each individual farmer receives’ :&.
F

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 effet buyer market power of downstream manufacsurer
towards upstream firms (farmers) in a mixed duog®lgvailable in Tennbakk (1995).



Finally, it remains to describe consumer behavi@Qamsumers’ preferences are formalized
in the spirit of Gabszewicz and Thisse (1979) aivdld (1988). There is a continuum of
consumers distributed uniformly over the interyél-1,6] with unit density, wheré >1.

Each consumer either buys high quality, low quatitydoes not buy at all. The consumer

indexed by the paramet@rD[e—le] maximizes the following utility function:

_ g9 — p? if hebuysaproduct wth quality s°
0, = ®3)

0 otherwise

All consumers prefer higher quality at a given eribut a consumer with highe} is
willing to pay more for higher quality. The paramet? measures the degree of consumer
differentiation in evaluating product quality. Theverse demand functions for high and low
quality are

p" =0-Q" -Q"+(6-Q")s
and (4)
p*=6-Q" -Q",
where Q" and Q" is the aggregate quantity of the high and low igygbroduct

respectively.

4. The cooperative and the firm as monopolists

This section compares the behaviour of the firm #redcooperative in a situation, where
there is only one manufacturer (the cooperativéherfirm) and alln farmers in the market

sell their products via this monopolist. Consider situation of a profit maximising firm first.

H
Maximizing profits in (2) with respect t®; gives qf,, = Qe = +29?1+ )
’ n c+2n{l+s

for high

L
quality andqy ,, = QF—M = +'92 for low quality products. The corresponding prédit each
’ n c+2n

6°s? 6?

individual farmer is7, =———————~~-f and 7-,, =———, respectively. The firm
"M 2c+4n(1+s) FM P y

2c+4n
decides to produce high quality jf:M > ﬂ;M . Quality choices can be illustrated by means

of an ‘isoprofit’ contour (P ,, in Figure 1).



< Figure 1 around here >

If f =0 ands = 0, there are no quality differences (neithepiaduction costs nor in the
consumers’ willingness to pay for quality), andtlse isoprofit curvelP. ,, originates in this
point. As the costs of producing a high qualitydarat relative to a low quality produd?) (
increases, the consumers’ willingness to pay fghéi quality §) also has to increases in
order to guarantee each farmer the same leveldditpKthe isoprofit curves slope upwards,
see proposition 1 in the appendix). If, for a gigens,, the additional costs of producing high
quality ) are large f(> f1), the firm will choose to supply low quality. Aréain Figure 1
represents all combinations bands where the firm (as a monopolist) delivers low dyal

The firm delivers high quality in are&sandC.

Now compare this situation to a market in whichoaperative is the only manufacturer
(monopolist). Decentralised decision making witthie cooperative implies that each member
(farmer) decides how much and which quality to \a&li The cooperative thus faces two
(interrelated) coordination problems: a quantitg anquality control problem. The following

payoff matrix illustrates the decision making pregevithin the cooperative.

< Table 1 around here >

Our choice of the ‘O-Ring’ specification for thegrggation of product quality implies that

the final product of the cooperative will be of higuality only if all members decide to

deliver high quality. In this case, profits arg',,. As soon as one member delivers low
quality, the final product will also be of low qitgl Here profits arerr;,, for members
delivering low quality andrz;,, for those delivering high quality (withrg,, > 72c,,, since
producing high quality is costly). Table 1 suggdbkest the question whether the cooperative
ends up producing high or low quality depends endbmparison betweert.,, and 7z, . If

i, > 7, , the dominant strategy for all members is to dgliow quality. If on the other

hand 7', >, , Table 1 suggests the existence of two Nash éqailin the decision

making within the cooperative: either all membersdoice high quality or all members
produce low quality. Delivering high quality che a Nash-equilibrium for a cooperative. The
indeterminancy of the equilibrium in the qualityct®ons within the cooperative however

9



implies that the cooperative couldso end up producing the low quality product evfen

producing high quality would generate higher peofir all members#;,, > 7z, ),

To investigate the factors influencimg,, and 7z;,,, we maximizes profits in equation

6(1+s)

(1) with:respect toq? which dives &ty = T o

for high quality

7

roducts andy- ,, =
P e c+n+1+A(n-1)

for low quality products. The corresponding levels

profits are oy =—f+ 6" (1+ S)Z{C+ 2[1+A(n- 7 1+25)}
2{C+[n+1+/1 (n—])](1+s)}
_O{c+2[1+4(n-9]

" 2[c+n+1+/1(n—])]2

. Note that if quantity decisions are perfectly hoated

(A =1), output levels and profits for members of thepmrative and farmers delivering to the
firm are identical ¢, =q?, and 72, =72, ). Assuming away the quantity control
problem within the cooperative implies that thepisdit curve for the cooperative, which

represents all combinations foéinds for which 7z, = 77¢,, is identical to the isoprofit curve
for the firm in Figure 11P. ,, =P} .

If, however, quantity decisions within the coopemtare not perfectly coordinated
(A <1), we find that the incentive to supply high quafidbr the cooperative is smaller, ceteris

paribus. With imperfect quantity coordination, ceagtive members tend to overproduce

[¢]
(aqC <0). As the aggregate quantity supplied to the maiketeases, the consumers

willingness to pay for higher quality decrea8eshich reducesngM relative to né'M . We

thus find thatlP;. ,, > IPC”jA1 (see proposition 2 in the appendix). ARa Figure 1 represents

all combinations of ands, where the firm (as a monopolist) delivers higlalgy, whereas
the product of the cooperative (as a monopolistfilow quality. In areaC we again have
two Nash equilibria for decision making within tbeoperative: all members either produce

high or low quality.

8 Note from equation (4) thap™ - p* = (H—Q” )s is a decreasing function &f".

10



Note that an increase in the number of farmers/eelig to the manufacturen)(reduces
the incentive to supply high quality. For both mfatturers acting as monopolists the
aggregate output increases with(although output per member declines wit)y since
production costs per unit decline. The price inseeanhich is associated with delivering high
instead of low quality declines with aggregate dianSupplying high quality thus becomes
less attractive.

The results derived so far illustrate the qualitgyomination problem within the
cooperative. Although the quality of products deted by a cooperative cde the same as
those produced by a profit maximizing firm coopematwill deliver lower quality in a
number of scenarios. In contrast, there is no coatlin of parameters in this model where
the cooperative would deliver higher quality thha firm. The results further suggest that the
coordination problem with respect to quality ancefity within the cooperative are closely
related. Improving the coordination problem witlspect to quantity also helps to reduce the

quality coordination problem.

These results remain unchanged if the quality effthal product is assumed to be the
weighted average of the quality of the inputs. Ae profit levels for a member of the
cooperative f¢,, and 7ic,,) are independent of the two different aggregafianctions
discussed, the isoprofit curves in Figure 1 aresdmme in both cases. The specific form in

which the quality of inputs is aggregated is momepadrtant in situations where the
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 codperhave to decide simultaneously
about quality and output levels. The optimal oufgetisions for the cooperative and the firm

will depend on their own as well as their rival'scision about product quality. Assuming

Cournot behaviour between the cooperative and ime (g&:%:m the optimal
Qc F

ane

g
guantities can be found by (:omputilct\??ﬂL =0from (1) and =0 from (2) and solving
Uc

=

for q¢ and g?. The corresponding levels of profits for the indixal members of the

11



cooperative as well as for the farmers supplyirgfihm for all combinations of quality levels

are summarized in Table®2.
< Table 2 around here >

The choice of quality levels and the correspondirafits of individual farmers depend on
parameterd, A, s andf, as well as on the number of firmg andng. The implications of the
guantity coordination problem within the cooperat( <1) as well as the effects of changes
in the number of upstream firm& ) have already been described in the previousmectio
keep the following discussion as simple as possihkto focus on the quality decisions, we
ignore the quantity coordination problem and assunsel. Any difference in product quality
between the cooperative and the firm are not cabsethe well known ‘quantity control
problem’ of the cooperative (described above fertonopoly case). We further restrict our
attention to the ‘closed membership’ case wheré éacner has already decided whether to
deliver to the firm or to the cooperative (close@mipership) and for simplicity assume

n:. =n. to be exogenously given.

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

In this scenario, the quality of the manufacturersiposite good is determined by the

minimum of the quality levels of the inputs deligdr by the individual farmers:

n 1
s’ :1+[|_j(§g -1)]". In contrast to the monopoly case discussed irticsecd, each

manufacturer now has to consider the quality dewisif its rival in determining his optimal
level of quality. This interdependence in decisioraking as well as the equilibrium

configuration of quality levels offered by the twanufacturers is shown in Figure 2.

In the following we denote the farmers’ profititlw 77 and 7™ when both manufacturers deliver low

quality (superscriptL) or high quality (superscripiH). Farmers’ profits arer- (77" ) when they supply

a manufacturer whose product is of low (high) dgyaiihereas the quality of the rival’s product ishigh
(low) quality.

The point here is to illustrate how differencesthe degree of coordination in the decision making
process as well as the way in which aggregate tguigliproduced 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 higve jmplications ofn. # n. in a mixed duopoly will be
briefly discussed in the final section of the pap&rdetailed analysis of the implications of diet
access policies for financing and growth of an epwmmbership cooperative is available in Rey and
Tirole (2007).

10
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< Figure 2 around here >

Figure 2 shows isoprofit contours for the firm aheé cooperative for given parameters
(n., ne, 8, and c). Assuming perfect coordination in output decisiowithin the
cooperative implies that the firm and the coopeeatieliver the same quantities as long as
quality levels are identical. We thus find thats" =", 7" =m", n:=m, and

g = . This implies that the isoprofit curves for thenfiand the cooperative are identical:

IP} = 1P} and IP? =IP?. IP! and IP! are the isoprofit curves for the firm and the

cooperative respectively assuming that the rivédivees low quality, whereasP’ and IP?
denote the corresponding isoprofit curves given tha rival delivers high quality. Note that
IP* > IP? and IP! > IP?: the decision of the firm to produce high instezfdow quality

reduces the incentives of the cooperative to prechigh quality too, and vice versa (for a
formal analysis see proposition 3 in the appendike two manufacturers have an incentive
to differentiate vertically. It is well known frotte results of ‘first-quality-then price games’
(Shaked and Sutton, 1982) that vertical differg¢imareduces the intensity of competition in
the product market.

The model suggests three different equilibrium mpmations (area#\, B, andC). Both
manufacturers will offer low quality products inearA. AreaB represents combinations of
ands where either the firm or the cooperative deliveigh quality and the rival will prefer to
produce low quality. Finally, the firm will delivdrigh quality products whereas offering high
or low quality can both be a Nash-equilibrium ire tdecision making process within the

cooperative in are@.

To discuss these results in more detail, asswres, > . If Ghe additional costs of

producing high qualityf] are large enough ¢ f1), the dominant strategy of all members of
the cooperative as well as the firm is to supply buality. AreaA in Figure 1 represents all

combinations of ands where both the firm and the cooperative deliver ¢pality.

As f decreases below (areaB) the decisions about quality are interdependdrd:firm
will choose to produce high quality, if the coopg@m produces low quality (since we are

below IP}), but the firm will opt for low quality, if the aperative produces high quality

(since we are abovéP?). The reason is that the price increase the fiam kealize from

13



producing high instead of low quality products madler if the cooperative produces high
quality already (see footnote 8). Aréa(the area betweenP! and IP?) represents all

combinations of ands where it is profitable for the firm to produce higuality, given that
the cooperative offers low quality products. Themerative’s decision in turn is illustrated in

the following payoff matrix.

< Table 3 around here >

If the firm produces low quality (the situation debed in the right payoff-matrix), the

dominant strategy for the members of the cooperativto produce low quality. This follows

from 77z > 15~ as well as the fact that in arBahe fixed costs associated with high quality

are too high and thusz; > 77" . If, on the other hand, the firm offers high qualithe

situation described in the left payoff-matrix), Tal8 suggests the existence of two Nash-

equilibria: either all members produce high quatityall members produce low quality (since
m >t > i), Note however, that the second Nash-equilibrinnthie decision making

process within the cooperative (producing low dgyalturns out to be inconsistent with a
Nash-equilibrium in the game between the firm dr@dooperative: as argued above the firm
would not want to produce low quality in arBaf the product of the cooperative is of low
quality. We can thus conclude that the behavioutheftwo rivals for all combinations &f
andsin areaB will be characterised by vertical product diffetiation: the two manufacturers

supply different levels of quality.

As the fixed costs associated with producing highlity further decrease anti< f,, the

incentive for the firm to produce high quality sag enough to guarantee that the firm will
always produce high quality, irrespective of the qualigcisions of the members of the
cooperative. The decision making within the coofpeea on the other hand still is
characterised by the existence of two Nash-equalibone in which all members of the
cooperative produce high quality and a second where all members deliver low quality.

This can be seen from the right payoff matrix ifl€a3. Note thatf < f, implies 772" > 7z& .

Area C in Figure 1 thus represents combinationss @ndf where the firm produces high

quality and the cooperative offers either highaw fuality.
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Under the assumption of the ‘O-Ring’ technology floe aggregation of product quality,
the present analysis does not provide a generdigii@n as to the whether the firm or the
cooperative provides higher quality. The free-rigegoblem in the supply of high-quality
products, although important for the members of ¢heperative, is not strong enough to
ensure that firms will alwaydeliver a quality that is at least as high aschelity supplied by
the cooperative. In contrast to the monopoly situatiescribed in section 4 we now find
cases where the cooperative delivers high qualibdycts and the firm decides to offer
products of low quality. The extent of the freeingl problem however crucially depends on
the way in which the quality of the final (manufars’) product is determined from the
inputs of the farmers. In the present case, theriiger problem is mitigated since a reduction
of the quality of inputs delivered by one membemiediately leads to a reduction in the
quality of the final product. Any cost savings asated with lower quality have to be
weighted against the losses from a price reductionan alternative scenario, where the
quality of the final product is the (weighted) aage of the quality of inputs delivered by

farmers, free-riding will have more severe consegas for the cooperative.
5.2. Aggregation of product quality: the linear fom

Assuming the production process for product quatite of a linear formg® :Za)lsg )
i=1

has important consequences for the equilibriumitudecisions of the rivals. Whereas the
equilibrium configuration is unchanged in arkgboth rivals prefer to produce low quality)
and aredC (the firm delivers high quality and the cooperatwill produce either high or low

quality), the situation is different in ar®in Figure 1.

If the firm delivers high quality, the dominantategy for all members of the cooperative
is to produce low quality, which again correspomashe results derived in the previous
section. Consider now the case where the firm @scid produce low quality. Given the way
the quality of the final product is determined fréhe inputs delivered, the cooperative will
produce higher quality (as the firm) as soon asraeenber of the cooperative delivers high
quality. The following payoff matrix illustrates wther the members of the cooperative have

an incentive to do so.

< Table 4 around here >
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If farmer i delivers low quality whereas all other farmersiwl high quality, the

cooperative still produces higher quality thanfine and thus realises the high market price.
Since farmef saves production costs, his profits will be larggf > 770 . Farmers delivering
high quality thus provide a positive externalityhieh is not internalised in the decision
making process. In ar&we also haver. > 725". Table 4 suggests the existence of two Nash

equilibria in the decision making within the coogigre, either member produces low
quality whereas all other members produce highigyadr farmeri delivers high quality
while all other members produce low quality. Intbatises we find ‘heterogeneous quality
levels’ within the cooperative where some membee® fride and produce low quality.
Despite free riding, the quality of the cooperasvenal product (‘mixed quality’) will still be
higher than the quality of the firm’s product giviérat the firm produces low quality.

How would the firm respond to the decision of tlw®perative to supply ‘mixed’ quality?
Note, that a ‘mixed quality’ of the cooperative iieg that the firms’ product would be of

higher (lower) quality than the cooperatives’ proidifi the firm decides to produce high (low)

quality. The firm is indifferent between high amvi quality if 7z;' = 7z- . All combinations of
f ands where 7' = 71- are represented by the isoprofit contdBf in Figure 1. Proposition

4 in the appendix shows th#®® > IP}, which implies that it is always attractive foetfirm

to produce high quality if the cooperative delivarsxed quality’. A linear representation of
the production process of aggregate product quatjyravates the free-riding problem within

the cooperative.

The firm producing low and the cooperative prodgcimgh quality will not be a Nash-
equilibrium. The only remaining equilibrium is arBahus has the firm producing high and
the cooperative delivering low quality. In marketghere the average quality of the inputs
determines the quality of the final product, theefriding problem within the cooperative
implies that the cooperative in our modelling framoek will never deliver higher quality
products then the firm.

The present model also includes the results derimefllbaek and Schultz (1998) as a

special case. Ignoring differences in product quathe quantity coordination problem of the

cooperative turns out to be a comparative advardageall farmers should become members

1 Note the difference to the results obtained fasauming an ‘O-Ring’ technology for the aggregatibn

product quality. With an ‘O-Ring’ technology thestdt that farmer delivers a different quality level than
all other members of the cooperative (‘mixed qyglitan never be an equilibrium outcome, since farm
i (or all other farmers) can save production costBout negative consequences on revenue.
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of the cooperative in an open-membership equiliridssumings=0, f =0, andA1 =0

we find that the profit of cooperative members alsvaxceed those of farmers delivering to
the firm as long as\: > {see proposition 5 in the appendix). The preseatyais however
suggests that the superior performance of coopesmtuggested in Albaek and Schultz will

disappear in markets where consumers care abowugroquality €>0). A deeper

examination of an open membership setting in thgeds beyond the scope of this paper.

6. Conclusions and extensions

The present paper investigates the incentivesgplgtnigh quality products in a vertically
related industry. Quality choices of an investomewd firm and a producer cooperative are

analyzed within a monopoly as well as mixed duopa@ynework.

Assuming that the members of the cooperative inddgetly decide about the quantity and
the quality they deliver (decentralised decisiorkim@) there is a strong incentive to free-ride
and to deliver low quality (quantity and qualityordination problem). The investor-owned
firm on the other hand is characterised by a chs#ih decision making process and, by

assumption, is not plagued by a coordination prable

Comparing the behaviour of the two organisatiomeperative and firm) in a monopolistic
market position we find that a cooperative will aeproduce higher quality than an investor-

owned firm. Members of a cooperative tend to fride-with respect to the supply of quality.

In a mixed duopoly setting the incentives for thampetitors to supply higher-quality
products depend on the way in which the qualityhef final product is determined from the
inputs delivered by upstream firms (farmers). Assigran ‘O-Ring form’ in the production
process of aggregate quality (which implies that gmality of the manufacturers’ composite
good is the minimum of the quality levels of itsngmonents), we find that the free-riding
problem among the members of the cooperative instipply of high-quality products may
not be strong enough to ensure that firms will gswupply higher quality than cooperatives.
Despite free-riding, the cooperative’s product dsn of higher quality than the product
supplied by the firm. In an alternative scenanmwhich the quality of the final product is the
(weighted) average of the quality of inputs delagby farmers, free-riding will have more
severe consequences for the cooperative: the yleliel delivered by the cooperative will

never be above that of the firm.

17



The theoretical analysis further suggests thatghentity and quality control problem
within the cooperative are interrelated. Introdgcmeasures to coordinate quantity decisions
of members helps to mitigate the free-riding prableith respect to product quality within
the cooperative. In situations, where the qualftinputs supplied to the cooperative is more
difficult to verify than the quantity delivered (jractice, the quality of inputs might be non-
contractible between independent members of th@erative), any attempt to coordinate
quantities will be a suitable second best choiceclwvimdirectly also contributes to a higher

level of product quality of the cooperative’s protu

Whether the firm and the cooperative will offerlinigr low quality in equilibrium will also
depend on factors which are not explicitly includedhis model. The equilibrium outcome
might be determined by the visibility of cheatinigeé-riding) and on the possibility of
punishment. It is well known that repeated intacacbetween members helps to achieve a
cooperative outcome. The results obtained furthetikely to be sensitive to our assumptions
about the specification of consumer preferencel mispect to quality (Tirole, 1988, p. 101)
as well as on the assumptions concerning the ¢agiality (Huffman, 2005). In addition, the
extent to which the degree of competition betweeanufacturers influences the quality

decisions in a mixed duopoly has not yet been imy&ied in detail.

Finally, our results are derived under the asswnpthat the number of upstream firms
(farmers) patronising one of the two manufacturéss exogenously given (closed
membership). In contrast, an open-membership medeld determine the share of farmers
delivering to the cooperative and to the firm eretomusly: this share will depend on the
relative level of profits associated with supplyioge of the two manufacturers. A detailed
analysis of quantity and quality decisions in aemmembership model is beyond the scope
of the present papéf.Our result, however, that members of the cooperatnd to supply
products of lower quality (and thus realize loweofjis) causes doubts upon the finding of
Albaek and Schultz (1998), who conclude that ‘ie kbng run all farmers would be members
of the cooperative’ (p. 401). Our model suggesas the profitability of cooperatives depends
on consumers’ preferences for quality, as wellhesway in which the aggregate quality is
produced from the individual inputs delivered. Tdnebaracteristics need not be identical for

all products and might also differ between indidtioountries-> We hope that our paper will

12 Following Tennbakk (1995), an additional optiar those farmers patronising the firm would be to

establish a second cooperative. Tennbakk (1996uskies the implications of this strategy in theeaafs
duopoly model with homogenous products.

As documented by Hansmann (1996) cooperativesrdigprominently in some industries, such as
agriculture, credit cards, electricity, and theafioial sector. Focussing on the agri-food sectendikse

18
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spur further theoretical and empirical researchttan issue of product quality supplied by

different organizations along these lines.
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(1998) finds substantial differences in the sucadsoperatives between products and countriesleWh
cooperatives have large market shares in some regsirdnd some markets (e.g. milk production in
Ireland) they are virtually non-existent in otheankets (e.g. beef production in Belgium or Greece).
Within a particular country (e.g. Denmark), the kedrshares of cooperatives vary between 0 % (poultr
and sugar beet) and 97 % (pork), and within a §ipexiarket (e.g. vegetables), market shares differ
between 8 % (Ireland) and 90 % (Denmark). For ttfe.Al, Cook (1995) observes that the market share
of cooperatives in the market for milk productiortiie US increased steadily from 46 % in 1951 t&®5

in 1993. The market shares in other markets rerdafaiely stable (e.g. fruits and vegetables) orreve
declined slightly (e.qg. livestock).



Appendix A

Proposition 1:
The iso-profit contours IS5, IR, = IRy, IPA =R, IR*=IR? IR slope upwards in thé's

space fors>0, n=1, and for /ID[O,]] (for IPC‘;,}) and for A=1 (for all other contours).

nF=nC=2 for all iso-profit contours in the mixed duopolyeting (for the contours
PP, IPZIPZ, IPS).
Proof:

We compute the relevant iso-profit contour by settiz® — 772 =0 and solving fof. We show that the

derivative with respect tgis positive.

i 62| 2+c+2i(n-]) +(1+s)2{c+2[1+/1(n—])](1+s,)}
[1+C+/](n_1)+”]2 {C+[1+/1(n—1)+n](1+s)}2
AR 92(1+S){02+30[1+/1(n—1)](1+s)+[1+/12(n— ¥ +n+a(- 2n+n?)( ]i-s)z}

= 3 >0
0s {c+[1+/1(n—1)+n](1+s)}

C.M 2

P p e 6°s[ 2n(1+s)+c(2+s)]
MO T (e 2n)[ o+ (148 ]
AP, ARy & (1+s)[c+n(l+s)] N

0s 0s [c+2n(1+ s)}2

IR = IR}
:2923[(20+n)2(20+ 3)( 42+ 160+ P2)+ fo+n)( e+n)( €+ 1Sn+ 202+ Dh)s+ Hfc+n)’( c2 n)fsz]
(2c+3n)[ 4 + &n( 2+s)+n?( 3+ 4:)}2

0s 0s
26°[2c+n+ 2(c+n)s][(2:+n)2(zb2+ 1en+ %)+ B(c+n)( 2+n)( 6+ @)s+ r82(c+n)232}
) [402 +4en(2+s)+n*(3+ 43)}3

>0

IP?=IR? =

& (2c+n+ ns)2 [ 16( 1+ s)z(c+ n+ns) _ 1€c+n) J
8 (2c+n+ns)’[2c+ n(1+ s)]2 [402 +4en(2+5) +n?(3+ 4;)]2

dIR? _aIR? _6°(2c+n+ns) 8(1+S)[402+6‘3”(1+3)+ 3‘2(1*3)2L 16n(c+n)(z+n)’ 0
ds ds 4 (20+n+ns)[2c+ 31(1+s)}3 [4c2+4cn(2+5)+n2(3+ 4;)]3
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- 26°s[ 2c+n+(c+n)s]
T 4c® +den(2+5)+n°( 3+ &)
oIR? _ 26?2[(2c+n)2(2c+ )+ Ac+n)( 2+n)( 2+ B)s+ 4\(c+n)231 0

0s [4c? + den(2+5)+n? (3+ %)

Proposition 2:

If the quantity decisions within the cooperativetiiag as a monopolist in the downstream market) are
not perfectly coordinatedi(<1) the incentive to produce high quality productslides.

Proof:

aR.
For A=1 we havelR., =IR.,, . We need to show thatﬁ>0. To computelR; ,,, we set

g\, — 1, =0 and solve fof. This gives:

P :9_2[_ 2+c+21(n-1) +(1+s)2{c+2[1+/1(n—1)}(1+s)}J
2| [a+c+A(n-2+n] {c+[1+/l(n—1)+n](1+s)}2
alpﬂ:(n—l)@{ 2rerA(n-g ! g

04 [1+c+A(n=D+n]" [1+c+A(n-D+n]

(1+9 fer 2 1eA(n-](2 5} (1) ]
{c+[1+/l(n—1)+n}(1+s)}3 {c+[1+/l(n— J+n]( 1+s)}2

PR P SN - }

[1+c+/l(n—1)+n]3 {c+[1+/](n—1)+n](1+s)}3

_ 1 . 1 (1+5)
[1+c+/1(n—1)+n}3 {1+ c +/1(n—1)+n}3(l+s)3

(1+s)

=(1-2)(n-2)°

Proposition 3:

In the mixed duopoly setting, it is always more fitable to switch to high quality if the rivalling
manufacturer produces low quality, compared tdwatbn when the rivalling manufacturer produces
high quality, as long as>1.

Proof:
To show that IP*=IP!>IP*=1R? for A=1, n.=n, :g and s>0 we compute IP —IP?

(=P —1P?) and show that this is positive. Using the levelsprofits shown in Table 2 we set
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i -t =0 and 77" — 71t =0 and solve foff which gives the equation fdiP} and IP? as well as
IP:—IP:
1P - IP? = |P! - |P2

_6] c+on +(c+n+cs+2ns)2[c+2n(1+s)]
2| (c+3n) [c*+2cn(2+s)+n’(3+ 45)]2

(c+n+ns)*(1+s)*[c+ n(1+s)]  (c+n+ns)(c+2n)
[cz+4cn(1+s)+3q2(1+s)2}2 [cz+ &n(1+s)+ B &5)2}2

After rearranging we get:

IP:-IP? = IR} -IR’= & (c+n+ns) sk 0
F F C C 2 .
2(c+3n)2[(;2+4cn(1+s)+ 312(1.,.5)2} [C2+ 2n( 29)+n%( 3 Q)J

K =2c°(1+ 35+5?)+ 18°(1+5)°( 6+ 25+ 267)+c™n( 26 85+ 56+ )
+x'n?( 68k 248+ 23¢+ 70+ &)+ S 182 747 agh 3 s%p
+2°n*( 261 1228+ 17af+ 1081+ 189+ of( 126 679 1484 431 0sZP>0

Proposition 4:
It is always profitable for the firm to produce higuality if the cooperative delivers ‘mixed quglit

Proof:
We need to show that® > IR'=IP} if A1 =1, n. =n. =" ands>0. To computelP® and IP}, we
2

set7 —mt =0 and 7 — 77t~ =0 from Table 2 and solve fér This gives
s _ 2s[c(2+s)+n(1+s)]6"
P 4c® +den(2+5)+n°(3+ &)
2[c+n(1+s)][ x(1+s)+n( 1+ 3)]2 & 2(c+n)é’
[4c? + don(2+5)+n? (3+ 4) ] (2c+3n)*

. After rearranging, we get:
IP=IP! =

2ns(2c® + Tn+n*)[ &+ Zn( 8 3)+n*( 6 8)]6°

>0
(2c+3n)[ 4% + 4n( 2+ ) +n?( 3+ 4)]

IR -IP:=IR®-IR! =

Proposition 5:

The profit of farmers delivering to the cooperateseceeds those patronising the firmsif0, f =0,

and A =0 as long as; >0 (the result obtained in Albaek and Schultz, 1998).

Proof:
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(2+c)(c+n.)* &

> and
2[c?+(2+nc)ne +c(lng + e ) |

Profits of farmers from Table 2 simplify toz =

2 2
= (+e) (e )6 ~ s=0, f =0, andA=0. From this we find thatz > 7z¢
2[c2+(2+nc)nF+c(1+nC+2nF)]

if ng >0.
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Table 1: Payoff matrix for members of the cooperative (noolist)

Memberi
H L
All other H e T Tl TTe
members
L s T s, TS
C,M C,M C,M C,M

Table 3: Payoff matrix for members of the cooperative & trm produces low quality
(left) and high quality (right)

Firm produces high quality Firm produces low qtyali
. Memberi
Memberi
H L
H L

HH HH - L
"o o
m il | m om | Al other c e c e

All other members
L L- L L
members LL LL- LL LL L e TTg e TT;

L o TTg . TS

Table 4: Payoff matrix for members of the cooperative & firm produces low quality

Memberi
H L
H H H +
T o
All other c ’c c ¢
members
L m o ot
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Figure 1: Isoprofit curves of the firm and the cooperatimeimonopoly market
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Figure 2: Isoprofit curves of the firm and the cooperatineimixed duopoly
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Table 2: Profits for individual farmers delivering to theaperative or to the firm

Cooperati
Low Quality High Quality

= g*[2+c+2(n. -1 ](c+n.)* P 0*{c+2(1+5)[ 1+ A(nc - ) [c(2+s) +n (2 2)]

Low 2|:cz+(2+nc)n,:+c(1+nc+Eh,:)+/](nc—:])(c+ 21,:)]2 © 2{c2+2an+nCnFs+c(1+nC)(1+s)+nF(2+nc)(1+s)+,](1|-s)(nc— Yc+ B:)}2
Quality it = 6?2((:+2np)[1+c+/1(nc—])]2 o 92(c+2nF){c+|:1+/1(nC—])](1+s)}2
. 2[c*+(2+n)ne +c(1n + A )+ A(ng — Y(c+ an)]z F 2{c? +2en, +nenes+c(1nc)(1+s) +n (200 )( 2 8)+ A( 2 s)(ne - Y+ ap)}2
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