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1. INTRODUCTION

For much of the last quarter century, world coffee trade has been controlled by a
group of exporters and Importers through a series of International Coffee Agreements
(ICAs) under the authority of the International Coffee Organisation (ICO). Each coffee year,
the ICA set sales volumes and indirectly regulated world coffee prices. Under the quota
system, each producing country was given a percentage share of the market for importing
member countries.

But disputes over coffee sales to non-ICA member importing countries and over the
availability of the different types of coffee led the ICO to drop export quotas in July 1989 1.
Despite several negotiation rounds between exporters and importers, there has been no
resolution. Without quotas, major exporters began aggressively to sell their coffee, resulting
in a steep fall in the world coffee prices. Thus since 1989, exporting countries ha\}é suffered
from a sharp decrease in their coffee exports receipts. For example while in 1985-86, the
ICO producing countries exported 4.1 million tons of coffee corresponding to a 14 billion $
export value, in 1989-90 the 4.9 million tons of exports accounted for only 6.6 billion $.

Because an agreement involving both exporters and importers could not be reached,
concerns over major exporters earnings led these latters to investigate the possibility of co-
operating in order to restore higher coffee price levels on the world market. Following
several meetings, major coffee producing countries agreed on a new retention scheme in
September 1993. More precisely, during a meeting held in Brasilia, twenty-seven producing
countries (accounting for 80 % of the world coffee production) agreed on retaining 10 to
20 % of their sales on the world market until coffes prices recover higher levels. Between
October 1993 and May 1994, world prices of cotfee have risen by about 35 %.

The inability of the ICA quota system to deal adequately with the problem of
availability of the different types of coffee has revealed as a main factor originating the
breakdown of the former Agreement. In fact, two most important species of coffee are
traded on the world market: arabica 2 {mainly produced in Brazil and Colombia and
accounting for 75 % of the world coffee exports) and robusta (for which major producers are
Indonesia and African countries). Under the ICA quota system, each country was allocated
an annual expart quota but adjustment was sometimes necessary during the year according
to whether the market was judged to be aver or under sdppﬁed. Although the various ICAs
allowed the adjustments of export quotas to be selective regarding the coffee type over or

! Fora detalled presentation of the history of the world coffea market, he background for the cotlas Agreamants and tha conlent of
the various ICAs, see Daviron {1885}, Daviron and Lavin (1986), Mwandha et al, {1985) and Dalaports (1993).

2 According 1o the ICO, there are Miree types of aabica colfee: Colomblan milds, other milds, B and othor hed
arablcas.







under supplied, in practice opposition from producers and technical problems prevented this
scheme from operating. Then, any increase or reduction in export quotas was done on a
country-by-country basis using pre-set share, with littie regard for the type of coffee desired
by importers.

Now, major producing countries of arabica and robusta coffees are involved in the
newly-adopted export retention scheme. Hencs, this further arrangement will still face this
context of differentiated products. So, the objective of this paper is to investigate whether
this product differentiation may enhance or weaken the sustainability of this cooperative
agresment.

One important feature of the new arrangement on the coffee market is that importing
countries are no longer invelved as'they were in the old ICAs, Therefore, while before 1989
coffee exports were controlled by importing countries (through the system of Certificates of
Origin), the adopted retention scheme provides no mean to control the quantity exported by
each producing countries. Moreover, since the retention scheme is not under the authority
of the ICO, nor of any other public organ, only self-discipline behaviours from exporting
countries could permit such a cooperative agreement to be sustained.

The idea among which some cooperation could be reached among coffee exporting
countries through self-discipline seems consistent with the main characteristics of the world
coffee market. Firstly, the world demand for coffee is relatively inelastic 3. Secondly, the
world coffee market is highly concentrated on the export supply side since the four largest
exporters (Brazil, Colombia, Indonesia and Ivory-Coast) contributes about 60 % to the world
exports. Thirdly in many exporting countries, governments exert control on coffee growing
and trading through public agencies ¢. Hence, although in almost all exporting countries
coffee is produced by a great number of smaltholders, the world coffee export supply
seams to be imperfectly competitive.

This has led a number of authors to address the possibility of imperfect competition
in the world coffee export market (e.g. Epps, 1975 ; Sengupta and Wang, 1991; Karp and
Perloff, 1993). While these studies provide some insights about the strategic behaviour of
the main coffee exporting countries, they all relate to the world coffee market under the
ICAs export quota system and do not consider the product differentiation dimension.

3 Estimates of the direct price elasticity of the world demand for coffee are comprises, amang authors, between - 0.1 and - 0.7 (see
Okunade, 1992) )
4 For mare details on this point, see Marshali {1983)



Then, our concem is to analyse whether self-discipline among coffee exporters
(through the retention of a percentage share of their respective sales on the world market)
can be sustained in a context of product differentiation. We use recent work in game theory
which has demonstrated how cooperative outcomes can be sustained when the game is
played repeatedly, defectors are punished, but agents play non-cooperatively (e.g. Green
and Porter, 1984; Abreu, Pearce and Stachetti, 1986; Riezman, 1991). Then, we assume
that coffee exporting countries do nat formally cooperate but adopt strategies that can lead
to cooperation over time. Thus, our approach of cooperation relates to the trigger strategy
framework as defined by Friedman (1971). We adopt a quantity competition scheme.
Throughout the repeated game, each coffee exporting country can either retain a
percentage share of its sales on the world market (as required by the adopted retention
scheme) or cheats on this cooperative equilibrium. But any defection from tacit cooperation
is punished by a reversion to Cournot-Nash equilibrium 5. In addition, we assume that the
world coffee demand is vertically differentiated with arabica as the high quality product and
robusta as the low one 8.

Supergame models of collusion have been used to study product differentiation in
recent works. Deneckere (1983) and Majerus (1988) study the relative efficiency of price vs.
quantity competition in cartels composed of firms selling differentiated products. Chang
(1991) and Ross (1992) analyse the effects of different levels of product differentiation on
cartel stability. They show that increased differentiation could enhance cartel stability.
However, their results correspond to the case of a cartel of two identical firms, in the context
of either a quadratic utility mode! or an address model of differentiation, implying a rather
different situation from the one prevailing on the world coffee market.

The paper is organised as follows. In section 2, we present the basic model.
Section 3 focus on whether cooperation can be sustained in a context of vertical product
differentiation. Two different retentlon schemes are successively examined: i) the
percentage share retained is different among countries according to the quality product they
sell and ii) the percentage share retained Is equal for all producing countries. Finally, in
section 4 issues for the world coffee trade are discussed in light of the theoretical
predictions.

5 Desplte casual evidenca suggests that coffee exporting countries cannot adjust thelr production instantaneously, adjustements in
the quantities sold on the world market may stem frem ajustments in Inventories since major coffee exporting countries (such as
Brazll and C i intain large P

6 Generally, coffee quality is judged on the characteristics of the row bean, the roasted bean and the liquor. But the liquor stage
constitutes the true Indication of the coffee b ge qualities for . The term "hard" Indicates a rank flavour that makes the
cup quality rather low. By contrast, "soft” refers o a strong and acid (in the desirable sense flavour comesponding to a higher quality
cup. Arablcas are generally termed “soft" while robustas are called "hard” (See Mwandha et al., 1985)
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2. THE MODEL

Let consider n countries producing two fixed qualities &, and k, (with 0<k, <k,)
of a differentiated product, N denotes the set of producing countries ( #n=card (N )) while
N,(j=12) is the set of quality &, producing countries (N =N, U N, and n,=card (N )).
We assume that each producing country produces only one quality of the product
{ N,NN,=0). We adopt the view of quantity setting producing countries which consider
the Cournot game as an infinitely repeated game.

q,(t) is the quantity of quality product k;(j=12) supplied by country
i(i=Ain,)in period t. Then q(t)=(q,(1)) imtnyigel.2 is the vector of national supply
quantities in period T . Each producing country has a quadratic cost which is assumed to

vary according to the quality good produced. Then, the total production cost of country i
producing quality &, is written as:

Ci(q,(t))=c,q,(v)? i=ln;j=12 m

In period T, each country producing quality k, of the differentiated product faces
the inverse demand function p (q(t)), (j=12). Hence, the profit of each producing
country i is given by: '

n (9t )=p,(q9(t Ng;-C,(q,) i=1in, j=12.

On the demand side, a vertical product differentiation model is adopted. This kind of
model has been widely used in the literature on product differentiation (e.g. Mussa and
Rosen, 1978 ; Motta, 1993) and its main characteristics are well-known. As part of the basic
hypothesis, is that consumers differ in their tastes and face various qualities of the product.
Tastes of consumers are described by the parameter 0 € /@ ) ], 8 being uniformly

distributed. 8 and ) represent consumers endowed with respectively the lowest and the

highest taste for quality in the economy. A consumer characterised by the taste parameter
6 buys one unit of one quality of the product in order to maximise its utility defined as:

Uy (k;,p,)=8k -p,

However it U, (k;,p,) <0 for j= 12, then the consumer @ does not buy the
differentiated product. Hence, in period 7, the inverse demand functions of each quality k;

of the differentiated product may be written as:

Pt )=k, (8 ~1(Q,(x )+ Q,(x )

. )
Po(q(t )=k, (6 - ((AQ,(t )+ Q,(1 )



where Q,(t)= Zq,.j(t ) is the aggregate supply of quality product k, in period t .
=l

The ratio A=k, /k,, which lies in the range /0,/], serves as a measure of the degree of
product differentiation. While (=0 -0 indicates the degree of heterogeneity among
consumers.

We assume that countries view the quantity game as an infinitely repeated game.
Hence, the problem facing each country is: '

max 3.3°,(9(% )

where the actual discount rate & € /0,/] is equal for all producing countries. Let
suppose that a set of producing countries C (Ce N) adopt trigger strategies (see
Friedman, 1971) which require them to retain a percentage share of their production unless
there is evidence that someone is cheating on the retention scheme. Any detfection from the
production retention scheme is punished by an infinite reversion to Cournot-Nash
equilibrium quantities. Then, the retention scheme is sustained within C as long as it never
pays a country belonging to C to defect. That is, if the one period gain from defection is
less than the discounted stream losses from having Cournot-Nash equilibrium for ever, then
the retention scheme is chosen. At time 0, each producing country r belonging to C will
choose to adopt the retention scheme if 7:

n:-n;<§5'(1t;—1t;) (3)

where = denotes the profit of country r (producing quality product &} when the
retention scheme holds within C. n: is the profit of country r resulting from cheating (i.e.
from producing its best response quantity when other countries leave their production
unchanged). Finally =7 is the profit of country r resulting from the reversion to Cournot-
Nash equilibrium quantities. Hence, the left-hand side of (3) gives the one-period expected
gain of country r to cheating by producing its best response quantity in peried 0. The
right-hand side of (3) gives the expected discounted loss that occur because from the next
period on, Cournot-Nash quantities will be produced instead of smaller quantities.

From condition (3), it can be seen that the retention scheme can be sustained by
tacit cooperation within a set C of producing countries, provided the actual discount rate
& is not too small i.e. if:

7 Inthe following, argumants of the countries’ profit functions are dropped for simphicity.
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U n'-i n'!
(Hi) VreC §>8 =——=
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where 8 is the critical discount rate. Thus, it can be deduced from condition (HI)
that lower levels of & correspond to more likely cooperation among producing countries 8,
However, in addition to condition (H/), we may ensure the punishments to be credible.
That is if defection does occur, other countries involved in the collusion C will actually carry
out the punishment. In the literature on cartel stability, several authors have underlined the
need to distinguish the cases where the punishments are effectively credible i.e. the cases
where it is profitable for the cheated collusion to punish the defector (e.g. Farell and Maskin,

1989 ; Rotschild, 1993). Here, we will say that punishments are not credible if:

(H2) VieC-{r} =mn"<n’

U] K]

where m is the profit of country i being cheated by country r. Condition (H2)
says that if for each producing country in C~{r}, the reversion to Cournot-Nash equilibrium
is less profitable than going along with the cooperative equilibrium, then the cheated
coliusion will not carry out the punishment. In the following we will consider that
punishments are "credible” if and only if they are not "non-credible". Of course, this is a

simplified definition of credibility. A more general definition would require to investigate all
the cases where a sub-set of C—{r} could be negatively affected by a reversion to

Cournot-Nash equilibrium.

3. SUSTAINABILITY OF COLLUSIONS AND PRODUCT DIFFERENTIATION

In this section, we examine the impact of product differentiation on the sustainability
of two kinds of collusion: i) symmetric collusions invelving countries producing the same
quality product and ii) asymmetric collusions formed by countries producing different quality
products. fn all cases, tacit cooperation takes the form of a production retention scheme. In
the first case, as cooperation comes onto identical countries, we assume that the retention
scheme corresponds to the Pareto optimum which maximises the sum of profits of
cooperating countries. In the second case, the retention scheme requires that each involved
country retains the same percentage share of her Cournot-Nash quantity. In the following,
we hypothesise that the ratio of the cost parameter to the quality parameter is a constant

8 Assuming that 1t > 1[ (i.e. cheating is profitable in a one-shot setting), it can be seen that, as soon as 1[ > Tt 5
is greater than 1. In lhal case lor sach producing country in C., the Nash equilibrium is more proli than lhe P
equilbrium. Hence, the collusion ' cannot be sustained. Salant, Swizer and Reynolds (1983) havs shown that in the case of a
madal °a la Cournot” with an homogeneous product, mergers could reduca the aggregate prolit of firms involved In the markel




(ie. a,=c,/a,=a, j=12). The derivation of quantities and prices corresponding to the
various equilibria is reported in appendix. Analytical results correspond to the most general

case which allows to perform simulations in order to examine how the cheaters' critical
discount rates are sensitive to various parameters.

3.1. Sustalnability of symmetric collusions

The concem here is to investigate the sustainability of collusions involving identical
producing countries. Two cases are outlined: i) the homogeneous product case where
C = N, implying that countries in C are not competing with other quality-type producing
countries and ii) quality-type collusions (i.e.C= N, or C = N, ) where countries in C face
competition from countries producing the other quality product. In other words, what is
pointed out in this last case is whether cooperation in the form of a non-uniferm retention
scheme (in the sense that, depending on whether countries belong to C or not, they are
not required to retain the same percentage share of their production) is supportable.

3.1.1. The homogeneous product case (k, =k, = k)

When the product is homogeneous, the inverse demand function is written
p(Q)=k(6 —10Q), where Q is the aggregate supply. Assuming C= N, the countries'
profits corresponding to the various equilibria are:

i / =2 .
n, =m i=in
a [2a+(n-i-!)l‘]? —2
" =T6(a+t)(atnt) oy
, 2@ +2n+Dar(ne i) -, @)
'S 8(a+t)(a+nt) = L=y
- (a+t) — -
i -[2’|r1+|"n+!)f]jl 4=

Hence, the critical discount rate (which applies to all producing countries) is written
as:

Viatn)

Bl (@)= =y s

with



Via,t,n)=4(a+1t){a+nt)
W(a,t,n)=[2a+(n+ 1)

One may easily verify that:

Yatne R, 0<8, (atn)<l
95, (a.t,n)

ot
85,_'_;;’:,.'.n)>0

. . 1
>0 and fl_%lah,(a.’.")- 3

Therefore, recalling that higher levels of the critical discount rate indicate that
cooperation is less likely to be supportable, the probability for the retention scheme to be
sustained is decreasing in the number of involved countries as well as in the degree of
heterogensity within the consumer group.

Moreover, assuming a varying cost parameter yields:

aﬁ;,{a'f.n)<0

Va,t,ne R, 3a

Then, the critical discount rate is decreasing in costs, implying that higher costs act
as favouring the sustainability of the collusion.

Finally, let notice that in this homogeneous product case, punishments are credible
since the profit of a cheated country (n’) is always lower than her Cournot-Nash

equilibrium profit (%" ).

3.1.2. The quality-type collusions case

It is now assumed that the product is differentiated. Thus two groups of different
countries are competing on the market for the differentiated product. The first one involves
n, countries producing the low quality product &, while the second one is composed of #,
countries producing the high quality product ,.



Then, our objective is to examine the relationship between product heterogeneity

and the sustainability of cooperation within each country group facing competition from the
other country group {i.e. C=N,,j=12). The critical discount rate for each country

producing quality &, is denoted & (M 1,n,,n,). Hence, the computation of the critical

discount rates corresponding to both qualities leads to the following interesting result:

3t ls)=87(\t,51) VYhtel0],Vise R* (5

Therefore, in the case of two fixed qualities and assuming that the actual discount
rate is identical for all countries, the incentive to cheat on each quality-type collusion is
equivalent, provided cheated collusions have the same size { / in the above equation) and
each competes with an equal-sized other quality-type collusion (sin the above equation).
Hence, in this case, asymmetry among countries (according to the respective quality they
produce) does not affect the probability for cooperation to be sustained among identical
countries.

Figure 1 illustrates the relationship between product differentiation (as measured by
L) and the critical discount rates  8;°(A,t,n,,n,). Notice that it is a positive monotonic
relationship, indicating that the more homogeneous the products are the less likely the
quality-type collusions are sustainable. Hence, product differentiation acts as increasing the
probability for cooperation to be sustained among identical countries.

Figure 1 also shows that, as in the previous case, greater consumer heterogenaity
(i.e. increasing parameter f) implies stronger incentive for countries to cheat on cooperation.
Particularly it can be noticed that for high levels of t (t=2 on figure 1) a certain degree of

product differentiation is needed for cooperation become more profitable than non-
cooperation (for t=2, 8§/ > 1 , that is the cooperative profit is lower than the Cournot-

Nash profit, as long as A remains greater than 0.85). On the other hand, condition (H42)
ensuring the non-credibility of punishments never holds.

10



Figure 1 : The relationship between product differentiation and the critical discount rates
(for various degrees of heterogeneity among consumers)
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To summarise, the main point which has been pointed out is that product
differentiation favours cooperation, in the form of a non-uniform (i.e. quality specific)
retention scheme, to be sustained among countries producing the same quality product.
The following paragraph emphasises that product differentiation has rather different effects
regarding the sustainability of a collusion which involves differentiated countries adopting a
uniform retention scheme.

3.2. Sustalnabllity of asymmetric collusions

We assume that all countries adopt trigger strategies which require to retain a

percentage share of their respective Coumnot-Nash quantity productions. The retention
percentage share |1,/ € [0,/]) is determined so that:

W= Mm{ (znu P(ROT W07 ) uq )‘(1 u{znn P(HOr o7 ), qu.z))] (6)

where O and Q7 denote respectively the total production of quality / and
quality 2 products at Cournot-Nash equilibrium, while ¢ and ¢7 are the corresponding
quantities in countries i. By considering a weighted sum of profits, we assume implicitly

that one Pareto optimum is selected within the set of possible Pareto equilibria. Therefore,
the weight o (o € /0,/]) indicates the degree of power exerted by each country group

when negotiating the retention percentage share.

Resolving the first-order condition of the optimisation program (6) yields the following
expression for the optimal percentage share " 9:

r _
, NaQr +(1-a )OF i
2

MOPOF +(t+ ) (Mo (O + (10 (05 1]

@)

Then, figures 2 and 3 illustrate how the critical discount rates for both low quality
(8,;(An,n,) in figure 2) and high quality (8 7()\.n,,n,) in figure 3) producing countries
vary when product homogeneity increases. Simulations have been carried out for the polar
cases within the set of possible Pareto optima (o =0 indicating that the whole bargaining
power is given to the high quality country group and o = / comresponding to the opposite
situation). Hence, simulation results allow us to make three points about the relationship
between product differentiation and the sustainability of this kind of collusion.

9 The weighted sum of profits is a concave function of |L
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Firstly, the incentive to cheat on the cooperative equilibrium is always greater for
high quality producing countries (8 ”,(A.n,.n,) 28 ,(A,n,,n,)), whatever degree of product
differentiation. Moreover, when the product is non homogensous (i.e.A <), the less
bargaining power they get in the retention share decision process, the more high quality
producing countries are incented to cheat on the retention scheme (on figure 3, it can be
seen that the critical discount rates corresponding to o =/ are always greater than the
one obtained for o = 0 whatever the level of A and the values of n,,n,).

Secondly, product differentiation induces opposite effects regarding the respective
incentive to cheat for low quality and high quality producing countries. As illustrated by
figure 2, more product heterogsneity deters low quality producing countries to cheat on the
cooperative equilibrium (since 8, (\.n,,n,) is increasing in ). In other words, from the
low quality country group's point of view, product differentiation favours the retention
scheme arrangement to be sustained over time. At reverse, figure 3 shows that higher
levels of product differentiation increases the critical discount rate for high quality producing
countries (S,fj(l,n,,n, ) is decreasing in 1), suggesting a stronger incentive to cheat on
the cooperative equilibrium. Thus, according to the high quality country group, product
differentiation lowers the probability for cooperation to be sustained.

Thirdly, comparing figures 2 and 3, it appears that, in a context of differentiated
products, the highest probability for the collusion to be sustained over time is obtained when
the high quality country group is given the power to set alone the retention share according
to its own profit maximisation (i.e. when o =0). Therefore, it seems that such a collusion,
involving countries producing a vertically ditferentiated product, is more likely to be
supportable when high quality producing countries have strong bargaining power in the
retention share decision process (i.e. when o is low). The main reason for this result is
that self-discipline is always profitable for low quality producing countries while the high
quality country group has often strong incentive to cheat on the cooperative equilibrium.



Figure 2 : The relationship between product differentiation and the critical discount rate for
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To conclude on this theoretical part, we have shown that greater product
heterogensity does not necessarily weaken the sustainability of collusions. This result,
which is consistent with those of Chang (1991) and Ross (1992), is strongly related to the
adopted retention scheme. In fact, it has been highlighted that quality-type collusions,
implying a non-uniform retention scheme, are more likely to be supportable when products
are highly differentiated. In the case of a uniform retention schems, we have emphasised
that the impact of product differentiation on the sustainability of a collusion involving all
countries is less clear. On one hand, product differentiation deters low quality producing
countries defecting but on the other hand, it strengthens the incentive for high quality
producing countries to cheat on the cooperative equilibrium. It follows that the collusion will
be more likely supportable if the high quality country group is given strong bargaining power
in the retention share decision process, which in turn lowers its incentive to defect.

15



4. SOME ISSUES FOR THE WORLD COFFEE MARKET

Three interesting issues for the world coffee market can be deduced from the above
theoretical predictions.

The first one relates to the negative impact of consumer heterogensity on the
sustainability of collusions. In fact, coffee consumer tastes are known to vary a lot among
importing countries. For example, Southern European countries such as France and ltaly,
import nearly as much as robusta than arabica, while Northern European countries such as
Finland, Norway and Sweden, import nearly exclusively arabica. Such a consumer
differentiation is an important issue for the future of the newly adopted retention scheme,
almost if the actual degree of differentiation between arabica and robusta is rather low.
indeed, in that case {(as shown in figure 1), a high level of consumer differentiation induces
strong incentive, for all producing countries, to cheat on the retention scheme.

The second interesting result lies in the impact of product differentiation on the
sustainability of a collusion involving both low and high quality producing countries. This
kind of collusion corresponds to the current arrangement on the world coffee market since
major robusta and arabica producing countries both agreed on a uniform retention scheme.
In view of the sustainability of this retention scheme, the most interesting theoretical result
lies in the opposite effects of product differentiation on the respective incentive to cheat for
low and high quality producing countries. From this thearetical prediction, it seems that if
robusta and arabica coffees are relatively highly differentiated, it would be more likely
profitable for robusta producing countries to self-discipline, while arabica producing
countries should often face strong incentive to cheat on the retention scheme. Hence, it
seems that arabica producing countries hold a power de facto since they are in a position to
prevent, through their own doing, the collusion to be supportable. Moreover, it appears that
the only way to enhance the sustainability of the collusion is to allow arabica producing
countries to set the retention share according to their own profit maximisation. This result is
consistent with the commonly held idea among which, before the breakdown of the ICA
quota system, Brazil and to a lesser extent Colombia exerted strong power during
discussions of export quotas allocation 1°, Therefore, the previous theorstical results
suggest that, in a context of product differentiation, giving strong bargaining power to
arabica producing countries appears as one way to make the adopted retention scheme
more likely to be supportable.

19 see Daviron. 1993. Karp and Perloff (1992) also view Brazil and Colombia as a dynamic oligopoly facing a lringe with
exogenecus exports,
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Finally, the third important result concerns the sustainability of quality-type
collusions. More precisely, the interesting issue for the world coffee market lies in the fact
that under this non-uniform retention scheme, low and high quality producing countries
would both face identical incentive to cheat. Furthermore (as shown in figure 1), product
differentiation acts as increasing the probability of each quality-type collusion to be
sustained. Therefore, this theoretical result suggests that a non-uniform retention scheme
among robusta and arabica producing countries could reveal to be a more likely
supportable arrangement than the one effactively adopted on the world coffee market.
Firstly, the sustainability of such a non-uniform retention scheme is not conditlonal on an
agreement among all countries, regarding the retention share decision process. Secondly,
product differentiation favours the sustainability of quality-type collusions (while it
strengthens the incentive to cheat on a uniform retention scheme for high quality producing
countries).

To conclude, casual evidence suggests that marketing and advertising on coffee is
strongly aimed at increasing the degree of differentiation between robusta and arabica.
Hence, the product differentiation aspect is likely to be of crucial importance for the future of
the world coffee market.
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APPENDIX"
A.1. The Quality-type collusions case

Cooperative equilibrium

n ™ is the profit function of each collusion C = N ,» (involving n, countries producing
quality product &), defined by :

(A1) n" = g(plq,] -¢,g}) j=12  with p, defined by (3)

The first-order condition of each collusion profit maximisation program is given by :
(A1.2) n,i—j:(Za, +n)Q, j=12

where @, is the aggregate supply of quality product & ,

Plugging (3) into (A1.2) gives the aggregate supply quantities of each collusion :

n,[i‘a, +n_,f} ]

)=
o o Ha, +mt)ay+nyt)=Amn,t?
(A1, L
. n,[2a,+(2=Wn | 0
Q= 2
Ha, +H,1)(u, +.u,r] =Ann,t
, . . P &
Then the supply quantity of each country i producing quality & jisiq;= o

}

Defection of country r belonging to collusion N ,

The best response quantity of country r producing quality product & ; is deduced

from the first-order condition of her profit maximisation program:
(A1.4) p, =k,.(2aj+l) g4, =12 r=1n

Using (3) and given that other countries in N , leave their production unchanged, the
best response quantity of country r producing quality product k, is then:

" Arg of all lunctions are dropped lor si
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Then, the aggregate supply of quality product &, is : Q] = o; +q:

(”f -1 )
"I
Cournot-Nash equilibrium

In this case, the country group N, is at Cournot-Nash equilibrium while the other
quality type country group (denoted N_)) is still at the cooperative equilibrium. Then, using

(A1.2) and (A1.4) gives the aggregate Cournot-Nash quantities of both quality products
v, o h=12:
(] v

If =1

o n,(Za,Hl,f}é-

' 2y +ngt)[2a,+(n, + 1) 1] -y
(A1.6) -

o n,[.?a, +(n, -An, +1) t] ]

2 Aay+mpt)[2a,+(m, + 1) f) = A nt?
If j=2

o n,(.?a, +{) ()
T " A, +n,l)|2a2+(n?+l) t]—M,n,t’

n,[2a, +n,{2—l}r]§.
2a, +.u,.'][2a, +(n,+1) rl =, mt?

05 =

A.2. The asymmetric collusion case

In this case the collusion involves all (i.e. n, +2,) countries

The Cournot-Nash equilibrium

21



The Cournot-Nash aggregate supply of each quality product is obtained using (A1.4)

n,(2a, +t) ]
[20 + n,+1 t] [Zaz nz+1 t] ynyt?
n,[(Za +1)+(1=n l] 6
[2a +(m,+ 1) 1] 20, +(n, + 1) ]~ Anynyt?

(A2.1)

The quantity of quality &; produced by each country i (i = /,n ,)is then ¢ = 7’-

b

The cooperative equilibrium

Each country i retains the same percentage share of her Cournot-Nash production.
The optimal retention share |~ is given by equation (7). Then at cooperative equilibrium,
the aggregate supply of each quality product is : Q= u'Q;." while the corresponding

quantity for country iis givenby : g7 = 'q,}' for j=12andi=1ln,.

Defection of country r

Results are identical to those presented in A.1. for the corresponding case.
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