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We examine the profitability of two different cartel organizational forms: full
collusion, under which firms collude on both price and quality, and semicollusion,
under which firms collude on price only. We show that, in the presence of
demand uncertainty that cannot be contracted upon in the cartel agreement, firms
may be better off limiting their collusive agreement to price only. However, a
positive relationship between demand uncertainty and the relative profitability of
semicollusion exists only for low levels of demand substitutability. The converse
is true for high levels of demand substitutability. Therefore, if demand
substitutability is sufficiently high, no level of demand uncertainty will make
semicollusion the optimal organizational form. In contrast, semicollusion is
guaranteed to be optimal for a sufficiently low level of demand substitutability.
The market structure described is motivated by and closely parallels that of
shipping cartels.
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1 Introduction

In an industry in which firms compete only in prices (or quantities),
industry profits will increase if firms collude rather than engage in
competition. One would also expect this to be true if the firms have more
than one strategic variable at their disposal. If, for instance, firms could
choose product quality and price, one would expect collusion with respect
to both strategic variables to yield higher profits than collusion with
respect to only one of them.
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It is often observed, however, that cartels choose not to collude on all
aspects of their business even when this is possible and legal. Dick (1992)
examines a number of semicollusive arrangements of the Japanese export
cartels and how these affect their performance. He provides numerous
instances of when the firms voluntarily restrict the scope of their collusive
agreements. Sicotte (1996) shows that during the era when shipping cartels
could operate unencumbered by government restrictions, approximately
half of the shipping cartels fixed only price, forgoing restrictions on the
quality of service.! Other examples of legal cartels and their practices can be
found in Nakazawa and Weiss (1989), and Audretsch (1989).

Deltas, Serfes, and Sicotte (1999) investigate the factors that led to the
choice of a semicollusive versus a fully collusive agreement in American
shipping cartels in the pre-WWI era. They find that one of these factors is
the length of the route with shorter routes more likely to be semicollusive
than longer routes. One of the characteristics of cartels operating on short
routes is their vulnerability to opportunistic entry by the so-called
“tramps.” These are ships, typically smaller and slower, that would
transport cargo when demand conditions make it profitable and would
operate without any regular schedule. Tramps were less frequently
observed in longer routes because operating in these routes required
bigger and faster ships and a higher level of commitment. A consequence
of the stronger competition by tramps on short routes is that any increase
in service quality of cartel members operating in those routes, such as
more frequent schedules and faster service, would have different effects
compared to long routes. Suppose cartel members were free to nonco-
operatively choose their quality of service. Then, a unilateral increase in
service quality by a single member of a cartel would have two main
effects: (i) it would divert some traffic from other cartel members, and (ii)
it would increase total traffic for the cartel members by diverting traffic
from tramps. For short routes the second effect would be relatively bigger
than the first compared to longer routes. As we show below, this
differential across markets effect is a determining factor in the optimal
organization of the cartels.

In this paper, we propose a stylized model that incorporates four key
features of the shipping cartels. First, competition between firms is not
limited to price only, but also includes other factors, such as service

1 Restrictions on service were clearly feasible since the remaining cartels did,
in fact, impose them.
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quality. Second, the effects of a deviation from a cooperative equilib-
rium differ across markets, as illustrated above. Third, market demand
can not be predicted with certainty at the time a cartel agreement is
concluded. Fourth, a collusive agreement cannot be adjusted instanta-
neously and cannot be contingent on the realization of demand condi-
tions.> Of course, these four features, and the model we propose,
characterize other industries as well. In our model, semicollusion arises
as an equilibrium outcome in markets with a positive level of uncer-
tainty, but only when the increase in a cartel member’s sales arising
from an increase in its service quality comes primarily from non-cartel
member firms (demand expansion) rather than from other cartel mem-
bers (demand diversion). However, our model does not require the
existence of a competitive fringe. It only requires that an increase in a
cartel member’s quality not only diverts sales to that member from the
rest of the cartel, but also increases aggregate quantity demanded. In the
absence of non-cartel firms demand expansion is likely to dominate
demand diversion if the products of each firm are not very substitutable.
Therefore, markets with a relatively strong demand diversion are mar-
kets with a small competitive fringe or markets in which the products of
cartel members are very substitutable.

We recognize that there are many factors that affect the form of
collusion. In this paper we focus our attention on the role of demand
uncertainty and product substitutability and we identify conditions
which determine the organizational form of the cartel. In particular, we
consider a market that consists of » symmetric firms facing a stochastic
demand. The firms are interested in forming a cartel and must decide on
the form of collusion before demand uncertainty is resolved.’ The cartel
is assumed to be one of two types: (i) a cartel that fixes both price and
quality, or (ii) a cartel that fixes price only. We choose these two types

2 Deltas, Serfes, and Sicotte (1999), and Deltas, Sicotte, and Tomczak (2001)
document that the shipping agreements were typically not contingent on demand
conditions, even though demand for shipping services was highly variable.

3 We motivate this assumption by the observation that in real world applica-
tions, the state of nature is prohibitively expensive to fully describe. Therefore,
the cartel agreement, like most contracts, must be incomplete, in the sense that it
is contingent on a coarser partition of the information set than is available to the
firms themselves. For example, a cartel agreement may specify a collusive price
as a function of only GNP and the price of a substitute product, even though these
two factors do not fully specify the cartel’s demand function.
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of collusive agreements because they correspond to the two broad
classes of shipping cartels. If the cartel allows the firms to choose the
quality of their product non-cooperatively, the firms can delay com-
mitting to a quality level until after the realization of the demand un-
certainty.* We assume that an increase in a firm’s product quality leads
to higher demand for its product. The increase in demand consists of
two components: the first expands total industry output, the second
results in a diversion of sales from the other firms. This second com-
ponent demand diversion, is crucial to our results.

We show that for any given level of demand uncertainty, there exists
a threshold level of demand substitutability below which collusion on
price only would yield higher profits than collusion on both price and
quality. One might be tempted to conclude that this result is a direct
consequence of demand uncertainty, with higher demand uncertainty
making semicollusion relatively more profitable. However, this is not
the case. In particular, it is not true that for any given degree of demand
substitutability, there exists a level of demand variability such that
semicollusion leads to higher profits than full collusion. This statement
is true only for sufficiently low levels of demand substitutability. In-
deed, if the demand diversion effect is sufficiently strong, the ability to
respond to the demand shock will decrease rather than increase the
expected joint profits of the semicollusive cartel (which implies that the
fully collusive cartel dominates for all levels of demand uncertainty).
Therefore, there does not necessarily exist a trade-off between flexibility
to respond to demand shocks and coordination on both price and
quality. Such a trade-off exists only for sufficiently low level of demand
diversion. On the other hand, the existence of at least some demand
uncertainty is crucial. In the absence of any demand uncertainty, col-
lusion on both price and quality yields higher cartel profits than semi-
collusion.’

4 This assumption begs the question of why the firms do not jointly choose the
quality level after the uncertainty is resolved. We motivate our assumption from
the fact that it is easier for a single firm to change the quality of its own product
than for all firms to agree on a given level of quality.

5 An entirely different strand of the cartel literature [e.g., Green and Porter
(1984), Abreu, Pearce and Stacchetti (1986)] deals with the impact of demand
variability that cannot be observed by cartel members on the ability to enforce the
cartel agreement. In our paper, we follow Donsimoni et al. (1986), Cramton and
Palfrey (1990) and others in assuming that the cartel agreement is enforceable.
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Finally, the demand and cost framework that we adopt, though quite
general, has a very important and special, but desirable, characteristic: For
any given level of product quality, collusion on price is optimal regardless
of the degree of demand uncertainty. That is, had product quality been
exogenously fixed, collusion would always be optimal. Therefore, the
departure from full collusion is due to the interplay of demand uncertainty
with the ability of firms to affect market demand through changes in
product quality.

In related work, Fox (1994) derives the comparative statics of shipping
cartels in which member firms collude in the choice of price and choose
the quality of service non-cooperatively. Her work adopts a deterministic
framework in which the organizational form of the cartel is exogenously
given. Our work complements hers by providing one possible mechanism
for the endogenous determination of the cartel agreement. There also
exists literature that examines the formation of semicollusive cartels when
firms have two strategic variables. Fershtman and Gandal (1994), and
Brod and Shivakumar (1999) analyze collusion in a market where firms
first choose the level of cost reducing R&D (or capacity) and then
compete in prices. They show that semicollusion may be less profitable
than no collusion at all. Finally, the trade-off between commitment and
flexibility under demand and cost uncertainty in the context of oligopoly
models and strategic trade policy is examined by Spencer and Brander
(1992), and Wong and Chow (1997).

Our paper is organized as follows. Section 2 outlines the general
modeling framework. Section 3 develops the results and comparative
statics of the model. The paper ends with a few concluding remarks. Ap-
pendix A shows an example of how our demand specification can be de-
rived from micro-fundamentals, while Appendix B contains all the proofs.

2 Modeling Framework
2.1 Preliminaries

Consider an industry that consists of # symmetric firms. The demand for a
firm’s output depends on the price it charges, the prices that other firms
charge, the quality of the firm’s product, and the average quality of the
competing firms’ products. The quantity demanded is also influenced by
a random disturbance. The total production cost of each firm is an
increasing function of the firm’s output and the quality of its product. We



116 G. Deltas and K. Serfes

assume that the marginal cost is constant and independent of the level of
product quality.®

We distinguish two different cartel organizational forms: Full collu-
sion, in which firms collude with respect to both price and quality, and
semicollusion, in which firms collude with respect to price only. We
assume that under a fully collusive agreement, the cartel’s choice of
quality and price can neither be contingent on the realization of the
demand disturbance nor can it be delayed until after the resolution of
this demand uncertainty. We motivate this assumption by the observa-
tion that in real world applications the state of nature involves an
exhaustive enumeration of different situations. The random disturbance
is a real-valued function defined on the states of nature. The value of
the random disturbance cannot be easily communicated amongst cartel
members or verified by a third party. Therefore, a cartel agreement is
contingent on these states of nature and not on the value that the ran-
dom variable takes on for any given state of nature. If describing these
states of nature is very costly, the cartel agreement must be incomplete
in the sense that it is contingent on a coarser partition of the information
set than is available to the firms themselves.” This parallels the moti-
vation of incomplete contracts. Alternatively, one can base this
assumption on models with asymmetric information. For instance,
Serfes and Yannelis (1999), show that in a static Cournot duopoly with
differential information it is not incentive compatible for the firms to
base their collusive agreement on their private information. An incentive
compatible cartel agreement can be conditioned only on the coarsest
information partition.

Under full collusion, the cartel commits to a price and quality before
any uncertainty is resolved. Under semicollusion, the cartel commits to a
price before any uncertainty is resolved, but each individual firm can
choose a quality level affer it has observed the realization of the demand
uncertainty. A firm’s optimal choice of quality will be a function of the
collusive price. The cartel chooses the price that maximizes the expected

6 This assumption is consistent with the interpretation of the costs of higher
quality as organizational costs of producing better service, the costs of providing
more frequent service in, say, the airline or other transportation industries, the
cost of increasing the number of outlets, and R&D costs. In this respect, our
analysis is similar to that in Dorfman and Steiner (1954).

7 In our model it is contingent on the coarsest possible partition. This greatly
simplifies the exposition.
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total firm profit, taking into consideration each firm’s optimal response to
this price. It is worth pointing out that even though we assume that
collusion on price is always optimal, such collusion would arise in
equilibrium if firm-level demand elasticity with respect to the price of
competing firms is sufficiently high. This is highlighted in Appendix A in
which the parametric model we use in Sect. 3.1 is derived from micro-
foundations.

2.2 The Model

We assume that both types of cartel agreements are either binding or can
be enforced by punishment strategies in a repeated game, i.e., we
consider discount factors sufficiently high such that no firm would
choose to deviate from either type of agreement. This approach has also
been adopted by a large body of literature, including Donsimoni et al.
(1986), Cramton and Palfrey (1990), and Fershtman and Gandal (1994).
We also assume throughout the paper that the cartel members agree on a
single price and not on a price-quality schedule. Therefore, we only
need to specify the demand function of each firm as a function of the
common cartel price and not in terms of the entire vector of all firms’
prices. More formally, the demand function that a cartel member firm, i,
faces is

qgi = 8f<paSi - 5S—i> ) (1)

where ¢; is the quantity demanded, p is the price, S; represents the quality
that firm i offers, S_; is the average quality of the other firms, ¢ > 0 is a
random variable, the mean of which is normalized to 1 and reflects the
strength of the demand, and ¢ is the demand substitutability parameter.
This parameter can be interpreted as follows. Suppose f'(+,-) is linear in
quality. Then, if a firm increases its quality, the proportion of the increase
in sales that is due to diversion from sales of the other n — 1 cartel firms
would be equal to 6. The proportion of the increase in sales that results
from an overall expansion of the market (or diversion of sales from non-
member firms) is 1 — J. Therefore, o is low if the products of the cartel
members are not very substitutable, aggregate demand is sensitive to
quality, and/or there is a large competitive fringe. For demand functions
that are not linear in quality the above interpretation is valid for small
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changes in quality around a symmetric equilibrium.® A demand function
of this form could arise from a market where firms are both horizontally
and vertically differentiated. In such a market, the higher quality firm
does not get all consumers.’

The cost function for firm i is given by

Ci(Si,qi) = hi(Si) +cqi . (2)

Each member of the semicollusive cartel chooses the level of quality so as
to maximize profits

m = (p—¢)qi — hi(S:) (3)

after the uncertainty has been resolved. The solution to this problem,
which is denoted by S, is a function of the cartel price and the level of
demand.

The semicollusive cartel chooses the price so as to maximize expected
total firm profits

Joj y E{Z [ni(stemi)] } 4)

i=1

taking into account the reaction of the individual firms to the cartel price,
as given by S}

i,semi*

8 If products are substitutes,  cannot be negative since that would mean that
an increase in the quality of a firm’s product would increase the quantity de-
manded for each of the other firms. (We briefly discuss the possibility of product
complementarities, i.e., the case of 6 < 0, later in the paper.) The value of
cannot be greater than 1 either, since that would mean that a simultaneous in-
crease in the quality of all firms’ products would result in a reduction of demand
for each one of them (which would imply a reduction of the overall demand).

9 In Appendix A, we derive a set of demand functions of this form from first
principles. Further, we have obtained similar results (through numerical exam-
ples) when firm demand is derived using the standard logit model of discrete
consumer choice. Consumer willingness to pay for quality is the same. However,
consumer willingness to pay for a product also includes an idiosyncratic com-
ponent, ensuring that firm demand curves are everywhere differentiable with
respect to both price and quality (see McFadden, 1973). The results are the same
as those obtained using the reduced form specification shown above. However,
generalizing the preference structure to obtain general results would complicate
the analysis without any additional insight.
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The fully collusive cartel chooses price and quality simultaneously in
order to maximize expected total firm profits

EX i = E{Zn:[(lﬂ —c)qi — hi(Si>]} - (5)

i=1

We note that the assumption of multiplicative demand shock and constant
marginal cost has the following implication. If quality were exogenously
fixed to any level, then expected cartel profits would have been inde-
pendent of demand variability for any set of prices. As a consequence,
collusion on price would have been always profitable. Therefore, any
departure from full collusion in our model will be due to the interplay of
the demand uncertainty with the ability to affect market demand by
changing product quality.

In the next section, we determine the optimal organizational form of the
cartel as a function of the degree of demand uncertainty and product
substitutability.

3 Analysis

We begin the analysis by an illustrative example which highlights the
effects arising from the interaction of demand uncertainty and product
substitutability. We then derive some general results.

3.1 An Example

Consider an industry with n» symmetric firms. Let the demand function
that each firm faces be

gi = ¢ z—E17+Si—5x§—i )
non

where ¢; is the quantity demanded, p is the cartel price, S; is the quality
that firm 7 offers, S_; is the average quality that the other firms offer, and &
is a shock that follows a distribution with mean 1 and variance ¢?. Let the
cost function of each firm be

Cj:Sl~2+qu .
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Denote the second moment of ¢ by E¢2. We make the following as-
sumptions:

(i) a> fe.
(i) 4P — Ec*n(1 —25) > 0.
(iii) 4 — n(1 — 8)> > 0.

Assumptions (i) and (if) state that the market demand is sufficiently
strong so that the semicollusive cartel makes positive profits, and the
market demand is sufficiently responsive to a price change so that these
profits are finite. Similarly, Assumptions (i) and (iif) guarantee that the
profits of the fully collusive cartel are positive and finite.

After observing the realization of the random variable ¢, each firm in
the semicollusive cartel chooses quality level S; in order to maximize its
profits,

I =(p—c)gi—S;
o B -
=(p-cle|l-——p+S—35,;| -7 .
(p C)Sn P i

The optimal choice of quality, S} ,,,;, will be a function of the price p, the
parameter J, and the shock ¢. The semicollusive cartel chooses price in
order to maximize the expected sum of profits

ETLemi :EKP_C)S(&_ ﬂp+ (1 - 6)nSZsemi(p’8?5)) _nS;iemi(p’g’é)] ’

taking into consideration each firm’s optimal response to this price.
The fully collusive cartel chooses both price and quality in order to
maximize expected total firm profits

Ellj = E[(p — ¢)e(e — Bp + (1 — 8)nS) — nS?] |

where S is the quality level of each firm. We first derive the optimal policy
of the semicollusive cartel and the profits under this organizational form.

Lemma 1: The optimal price of the semicollusive cartel is given by

. 2(0+ pe) — Eenc(1 — 20)
Psemi = 48" Fedn(1 — 20)
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and the maximal profits by

* _ (OC B Bc)z
Bl = 48 — Ee2n(1 —25) (©)

The proof of this and all other results is contained in Appendix B. The
effect of increased demand uncertainty on the cartel price is ambiguous
and depends on the degree of demand diversion. For 6 > 1/2, p;, . and
ETI, ; are decreasing in the second moment (E¢*) of ¢. For & < 1/2 they
are both increasing in the second moment of .

We next turn to the derivation of the optimal policy of the fully col-

lusive cartel and the associated profits.

Lemma 2: The optimal price and quality of the fully collusive cartel are
given by

. 2(0 4 Be) —en(1 = 6)? g (e=pe)(1-0)
PRl g — o T 4p a1 = o)

and the maximal profits by

(o0 — pe)’

EIL,, =—— "2
M 48 —n(1 - 5)?

(7)

Notice that p},;;, S7,, and EIly,;, do not depend on Eé.

Figure 1 depicts the optimal semicollusive cartel’s expected profits as
a function ofthe variance foré = .3,n = 2,0 = f = l and ¢ = O and Fig. 2
depicts the same relationship foro =.7,n =2, 0 =f=1andc = 0.

We are now ready to state the main proposition of this section.

Proposition 1: For any o?, there exists a level of demand diversion
parameter 6 such that for any & < 6 = —02 4 1/0%(02 + 1) the semi-
collusive cartel yields higher profits than the fully collusive cartel.
Figure 3 plots a line depicting the locus of points where the profits of
the two cartels are equal. Above and to the left of this line the fully
collusive cartel is more profitable. Below and to the right of the line the
semicollusive cartel is more profitable. Observe from the graph that for
any level of variance, there exists a level of demand diversion such that
the semicollusive cartel yields higher profits. Notice that it is not true that
for any & there exists some critical value of demand uncertainty 62, such
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Cartel profits
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c
Fig. 1

that for ¢®> > 6% the semicollusive cartel yields higher profits. For
0 > 1/2, collusion on price and quality is always better than collusion on
price only. In fact, a stronger statement follows directly from Eq. (6):

Corollary 1: If 6 < 1/2, the maximum expected profits for the semi-
collusive cartel is an increasing function of ¢?. If > 1/2, the reverse is
true. If § = 1/2, the profits of semicollusive cartel are invariant to 2.

This Corollary states that for 6 > 1/2 the fully collusive cartel is not
only more profitable than the semicollusive one, but the difference in the
profits between the two organizational forms is increasing in the degree
of demand uncertainty.'”

To gain additional insight, we decompose the difference between the
profits of the semicollusive cartel and the profits of the fully collusive
cartel into a component that is due to the flexibility gained from the
ability to adjust quality ex post and a component due to the loss of
coordination from setting the quality cooperatively. Following the

10 Similar results can be obtained in a model in which product qualities are
complements (i.e., 0 <0). In this case, semicollusion is preferable if
0> 6> —a%— /d2(1 + 2), i.e., if the complementarity between the products
is not too strong. Therefore, one can view the results more generally as arising
from product differentiation rather than product substitutability. However, we

focus on demand substituability as the theoretical model is motivated by markets
in which products are likely to be substitutes rather than complements.
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Cartel profits
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terminology and rationale in Wong and Chow (1997), we refer to the
first component of the difference as “option value” and to the second
as “commitment value.” To decompose the profit difference into these
two components, we introduce the constrained “first best” cartel (from
the point of view of the firms) in which the firms are able to collude
on quality after the realization of the demand shock (but still have
to collude on price before the realization of the demand shock). Note
that our paper assumes that such a cartel is not feasible. Denote
the expected profits of this first best cartel by ETIz. We can then write

EHsemi - Enfull == (EHFB - EHfull) - (EHFB - Ensemi) .

One can show, using similar steps to those in the above propositions, that
the expected profits of the “first best™ cartel are given by:

(o0 — pe)’

Ellgp =
" 4B — n(1 — 9)*Ee>

The option value, then, is given by

n(1 —8)%a2(o — pe)?
[48 — n(1 = 8)*)[4B — n(1 — 6)*(1 + )]

Ellgp — Ell gy =

As expected, the option value vanishes when ¢ = 0, and monotonically
increases in ¢2. The commitment value, on the other hand, is given by
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Critical values of the parameter delta
1.0
0.9
0.8+
0.7+
0.6
0.5+
0.4
0.3
0.2
0.1+
0.0

Degree of demand diversion

0.00 0.09 0.17 0.26 0.35 0.43 0.52 0.61 0.69 0.78 0.87 0.95 1.04 1.13 1.21 1.30 1.39

Standard deviation of epsilon

Fi

=

g. 3. Full collusion is more profitable to the left of the line, while semicollusion is
more profitable to the right of the line

nd*Ee (o — fe)?
[48 — n(1 — 6)*Ee][4f — n(1 — 20)E€?]

EHFB - Ensemi =

Note that the commitment value is zero when é = 0. This is intuitive in
that the ex ante coordination in quality choice adds no value should the
firms’ products be completely independent.

It is also worth highlighting that the surprising result that, for high
values of o, increased uncertainty reduces (rather than increases) the
profits of a semicollusive agreement, relies on the assumption that the
demand shocks are common for all firms. If in addition to such a
common shock, firm-level demand is subject to idiosyncratic shocks of
sufficiently high variance, then an increase in the variance of the
common shock increases the profitability of the semicollusive agree-
ment for all values of J. Therefore, under these conditions, there al-
ways exists a level of demand wvariability under which the
semicollusive agreement dominates the fully collusive one. More
concretely, suppose that the quantity sold by firm j is given by

o P _
qj = €c&j ;—;P-FS]‘—&S—] ,
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where ¢, is the demand shock that is common to all firms with variance
2 »» and ¢; is an idiosyncratic i.i.d. shock to firm j with variance o7,,.
Following the solution approach utilized above for cartels with only
common shocks, it can be shown that the expected firm profits under

semicollusion are given by

g

. (o = pe)’
EILL,,,; = 4 —n(1+ 02, )(1 + 02, —20) (8)

Since 0 < 1, the counter-intuitive result we obtain with respect to the
non-monotonicity of profits with respect to the degree of common
demand uncertainty still obtains for low levels of variance of
idiosyncratic demand shocks. A somewhat mechanical intuition as to
why the result fails to be obtained for high levels of o7, is as follows.
Because the components of demand randomness enter multiplicatively,
an increase in the common component increases the idiosyncratic
randomness in a firm’s demand. When afid > 1, the increase in this
type of randomness associated with an increase in 62, is so large that
the direct effect of an increase in o2, never dominates. A less me-
chanical intuition is as follows. When the shock includes idiosyncratic
components, the option value of flexibility is even higher, as each firm
benefits from tailoring its quality to its own level of demand. In fact,
with idiosyncratic shocks an ex post cartel that sets a uniform price
and quality for all its members is not the first best cartel, as the return
to quality differs across firms. Therefore, uniformity in quality induces
an additional inefficiency (in terms of cartel profits) further tilting the
trade-off towards the semicollusive cartel. In the remainder of the
paper, we abstract from the possibility of any idiosyncratic demand
shocks.

3.2 General Results

The above example demonstrates that there is no globally monotonic re-
lationship between demand uncertainty and the relative profitability of the
two cartel organizational forms. At best, one could hope to derive local
results for relatively low values of demand substitutability. In this section
we first derive such results and then demonstrate that the counter-intuitive
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inverse relationship between the profitability of semi-collusion and demand
uncertainty is guaranteed to be obtained for high values of §.!! Finally,
second order stochastic dominance is used as the measure of demand
uncertainty because, when demand is nonlinear in quality, variance is no
longer a sufficient statistic for the distribution of demand uncertainty.

We observe, at the outset, that under our demand and cost framework,
the profits of the fully collusive cartel are independent of the degree of
demand uncertainty. Therefore, the relative profitability of the two cartel
forms depends on the effect of uncertainty on the profitability of semi-
collusion. As Proposition 2 shows below, for sufficiently low levels of
demand substitutability, an increase in demand uncertainty increases the
profits of the semicollusive arrangement.

Proposition 2: There exists a level of demand substitutability A > 0,
such that for any 6 < A, a mean-preserving spread in the distribution of ¢
leads to an increase in the profits of a semicollusive cartel.

The intuition for the proof is as follows. Consider, for the moment, the
extreme case of d = 0. Then, conditional on the choice of price by the
cartel, the firms can be thought of as stand-alone monopolies, i.e., there is
no benefit to the firms of choosing quality cooperatively as there is no
externality in each firm making this choice non-cooperatively. Then, for
any given level of quality, firm profits would be linear in the level of
demand, i.e., in &. However, since firms can optimally adjust quality to the
demand realization (at no cost to the other firms), profits will be convex in
¢. Therefore, for 6 = 0, a mean-preserving spread in ¢ leads to a net gain
in expected profits. The proposition shows that, in fact, there is a non-
degenerate range of ¢ for which such a mean-preserving spread leads to
higher profits. In our example above, this range is the [0,1/2) interval.

One, then, obtains the following corollary.

Corollary 2: Consider a set of demand conditions such that the two cartel
organizational forms yield equal profits. Then, a mean-preserving spread
in the distribution of ¢ results in semicollusion yielding higher profits than
full collusion.

11 Conditions under which the existence and uniqueness of equilibrium is
guaranteed, and the associated proof of existence and uniqueness, are available
from the authors upon request. These conditions form the generalization of
Assumptions (i), (if), and (iii) in Sect. 3.1.
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The above result characterizes the geometry of the isoprofit locus.
However, the result does not guarantee the existence of such a locus. It
leaves open the possibility that semicollusion is never optimal (even for
low 9). Proposition 3 below demonstrates the existence of such an iso-
profit locus for low values of o.

Proposition 3: For any level of demand uncertainty, i.e., for any distri-
bution of ¢, there exists a level of demand substitutability 6 > 0 such that
for any 0 < ¢ semicollusion yields higher profits than full collusion.

The above results guarantee that for low levels of demand substitut-
ability there exists a level of demand variability such that the semicol-
lusive cartel dominates the fully collusive one. They do not preclude the
possibility that for high values of ¢ a semicollusive cartel dominates the
fully collusive one for some distributions and demand specifications. We
next consider this possibility formally and show that for sufficiently high
values of 9, the fully collusive cartel dominates the semicollusive one for
any level of demand variability. The demonstration of this result proceeds
in two steps. In Proposition 4 below, we show that the profits of a
semicollusive cartel decline with the dispersion of the demand shock for
sufficiently high values of 8. The result follows immediately from this
proposition because the profits of the fully collusive cartel are indepen-
dent of demand uncertainty and they exceed those of the semicollusive
cartel when there is no demand uncertainty. This is stated in Corollary 3.

Proposition 4: There exists a level of demand substitutability D < 1,
such that for any 6 > D, a mean-preserving spread in the distribution of &
leads to a decrease in the profits of a semicollusive cartel.

To obtain some informal insight, let us first consider the simplest (and
most extreme) case of § = 1 and ¢ = 0. Now, introduce some dispersion
in the distribution of ¢, but force firms not to adjust their quality levels to
the realization of the value of ¢. In that case, the firm profits will be linear
in ¢. If, in addition, firms could adjust their quality levels, aggregate
revenues would remain unchanged, as with = 1 the aggregate number
of consumers does not increase with quality. Therefore, the change in the
cartel profits will be determined by the change in the aggregate cost of
investment in quality. Notice that if firms could adjust quality to the
realization of ¢, they would reduce it for draws of ¢ that are lower than 1
(leading to cost savings), and increase it for draws of ¢ that are higher than
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1 (leading to cost increases). With a convex cost function in quality, the
net sum of the cost savings and cost increases leads to higher costs (in
expectation). Therefore, cartel profits are reduced.

More generally, consider the case of 6 = 1 and ¢? > 0, and denote the
equilibrium quality chosen by each firm for each realized value of ¢ by
S: ni(€). Let the optimal price of the semicollusive cartel be p. Now,
suppose there is a mean-preserving spread in the distribution of ¢, and, for
the moment, fix the cartel price at p. If cartel profits are concave in &, then
the mean-preserving spread will lead to a reduction in (expected) cartel
profits. By continuity, this should hold for values of  in the neighbor-
hood of 1. We show this formally in the proof of Proposition 4 in the
Appendix. Of course, the cartel will optimally adjust the price to the
higher demand variance, counteracting to some degree the loss of profits
described above. However, we show that because the price adjustment
represents a second order effect, it does not dominate the profit decline
induced from the mean-preserving spread in .

A direct implication of Proposition 4 is that the fully collusive cartel
dominates the semicollusive one for any level of demand uncertainty
when ¢ is sufficiently high. This is stated in Corollary 3 below.

Corollary 3: There exists a critical value of demand substitutability,
D < 1,suchthatforany 6 > D the profits of the fully collusive cartel exceed
those of the semicollusive cartel for any level of demand variability.

This result follows from the observation that, for high levels of demand
substitutability, the flexibility in choosing product quality leads to strong
competition between the cartel members. This competition outweighs the
benefits of tailoring the quality to the level of demand. In the terminology
of Wong and Chow (1997), the commitment value always exceeds the
option value for products that are sufficiently substitutable.

4 Conclusion

Forms of collusion between firms can be ranked on the basis of the
number of the decision variables that are part of the collusive agreement.
Semicollusive cartels allow the member firms to make many of the
strategic decisions noncooperatively. In fully collusive cartels most or all
of these decisions are made cooperatively. Cartel members are faced with
the decision of how restrictive a cartel to form. Conventional wisdom
suggests that a cartel that regulates all aspects of member firm behavior
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would lead to higher profits than a cartel that allows flexibility in member
firm behavior. In this paper, we show that semicollusion can lead to
higher profits than full collusion in the presence of demand uncertainty
that cannot be incorporated into the cartel agreement.

The driving force behind this result is not uncertainty per se. If a strategic
variable at the disposal of member firms results in large negative exter-
nalities to the other member firms, then allowing the cartel members to make
this strategic choice non-cooperatively after the realization of the demand
uncertainty would be detrimental to the profitability of the cartel. In this
case, an increase in the demand uncertainty results in a reduction in the
profits of the semicollusive cartel which implies that the fully collusive
cartel dominates for all levels of demand uncertainty. If, on the other hand,
the negative externalities are sufficiently small, then the higher the demand
uncertainty, the higher the profits of the semicollusive cartel. Nevertheless,
the presence of at least some demand uncertainty is crucial. If there is no
demand uncertainty, then the fully collusive cartel yields profits that are
higher than or equal to those of the semicollusive cartel regardless of the
strength of the negative externality. These results suggest a reason why,
even when allowed to do so, cartels choose not to collude on all aspects of
their business. They also suggest that a change in industry structure that
leads to greater substitutability between firm products increases the in-
centive for the firms to collude fully, rather than only partially.

Appendix A
A Microfoundations-based Derivation of the Demand Specification

In this appendix, (i) we derive our demand specification from a set of
microfoundations using a parametric model, and (i) we show in the
context of that parametric model how collusion with respect to price can
arise endogenously (rather than be assumed, as we do in the main body of
the paper).

To motivate the parametric model, consider the following environment
motivated by shipping cartels: A firm (one of many firms in a market) can
ship its product using two shipping companies, A and B (which we will refer
to as shippers). These shippers depart on different days, and therefore, to
avoid holding stock in large quantities at either end of the route, the firm
prefers to balance its shipments on both shippers. It is reasonable to assume
that the firm has decreasing marginal revenue for its product in the desti-
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nation market and increasing marginal cost. Therefore, profits are concave
in the total amount shipped. Furthermore, because units shipped with either
shipper are sold in the same market (and, thus, are to an extent substitutable),
the marginal profit of a unit shipped with shipper A is a declining function of
the number of units shipped with shipper B. Shippers can potentially differ
not only in the prices they charge, P, and P, but also in their quality levels,
S, and Sp. If the firm is using a higher quality shipper, its product will arrive
in better shape and will be more desirable to consumers. Therefore, the
firm’s profits are increasing in the quality of a shipper in proportion to the
amount that the firm is shipping with that shipper. In contrast, the profits of
the firm are decreasing in the quality of the shipper that it is not utilizing,
because a higher quality for that shipper implies that the products of the
firm’s competitors are arriving in better shape and are likely to be preferred
by the consumers at the expense of the firm’s own product.

A parametric specification of the firm’s profit function consistent with
the above environment is

p

V" (g4, 98) = (g4 + 45) = 5 (0% + q3) = 79495

+ 19484 — {q4SB +ngsSs — (qpSs — P1q4 — Ppqp -

The firm chooses g4 and gp to maximize its profits, taking the quality of
the products as given. The first order condition of profit maximization
with respect to g, yields

aHﬁ'rm(_)
0q.4
o —Pgs— g8 +nSqy —{Sp—P4 =0 .

=0,

One can similarly obtain the first-order condition with respect to g3.
Solving each first-order condition for the respective price yields the de-
mand system:

Py=o— PBgs—yqp +nSy — (Sa,
Pp =0 — Bgg —yq4 +nSp — (Sa -

This system can be inverted to solve for the quantities shipped to yield

q4 :a—bPA —|—CPB—|—]’!SA—€SB,
qp =a — bPg + cPy + hSp — eSy
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where there is an one to one relationship between {a,b,c,h,e} and
{a, B,7,1,(}. Our model is parameterized in the latter form (in which
we constrain the prices to be the same, factor 4 out from the last two
terms, and define 0 =e/h). [We omit the one-to-one mapping for
brevity.]

Note that when b and ¢ tend to infinity holding 4 and e constant, or
equivalently as ff ~ y with n and { adjusting so as to keep % and e
constant, the model tends to the Bertrand competition model in terms of
prices. In the limit, the firm will purchase from the lowest cost shipper.
If both shippers charge the same price, then the quantity that he pur-
chases from each shipper will be an increasing function of that shipper’s
quality and a decreasing function of the competing shipper’s quality. In
such a limiting case, if the marginal cost of shipping is constant, col-
lusion in price is always optimal: In the absence of collusion in price,
equilibrium profits are zero regardless of the realization of the demand
shock (following standard arguments from the Bertrand model), while
with collusion on price the profits will be positive. Therefore, one need
only examine whether further collusion with respect to quality is also
preferable. By continuity, when the parameter values are near enough to
the Bertrand situation, collusion with respect to price will always be
optimal.

Of course, the qualitative nature of our results is not likely to depend
on a particular parametric form of preferences. As we note in a footnote,
the same qualitative results are obtained using a standard logit discrete
choice framework, even though such a framework can not be nested in
our demand specification.'?

Appendix B
Proofs of Lemmas and Propositions

Proof of Lemma 1: The F.O.C. of an individual firm’s maximization

problem is
ggjzo:@—c)g—zs,»zo .

12 Note that in the model described above, as in the logit discrete choice
framework, we can get symmetric equilibria, while in pure vertical differentiation
models a strategy profile with the same quality choice is not an equilibrium.



132 G. Deltas and K. Serfes

This yields the firm’s optimal choice of quality as a function of cartel
price p

S :(p—C)E )

semi 2

Plugging S, into the profit function, summing up over all firms, and

taking the expectation with respect to the distribution of ¢ yields,

—Nnlp —-c n _CZ 2
Ensemi:E (p—C)8<O(—ﬁp—|—(1 5)2(17 )8>_ (p 4)8]
=oa(p—c)—Bplp—c)
(1= 0)n(p—c)’Ee> n(p—c)’Eé?
+ : _ ; '

The cartel chooses p to maximize ETI,,,,;. The F.O.C. with respect to p
is

dE Hsemi

=0=o—2fp+ fc+ (1 —0)n(p—c)Ee
dp

_ "<P—2_C>E82 _0
2(a+ Be) — Ee?ne(1 — 20)

48 — Ee?n(1 — 29)

>k
= psemi =

Under Assumption (ii), the F.O.C. yields a maximum. Assumptions (i)
and (i7) imply that price exceeds marginal cost. Finally, by plugging p,,..
into ETl,.,,; we get:

* _ (ﬁC B a)z
EHM”_4ﬂ—E¥M1—2®'

Proof of Lemma 2: The expected profits of the cartel when both price
and quality are determined prior to the realization of the demand shock

are
EH_fm] = (p — C)(OC — ﬂp+ (1 — 5)71S) — I’ZS2 .
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The F.O.C.s with respect to p and S are

8E1'Ifu,,
oS

=0=(1-0)(p—c)n—2nS =0,

OETL 4
op

=0=0—-2fp+Pc+(1-06nS=0.

The solution to the above system of equations yields

2o+ fe) —en(1 -8 . (x—pe)(1—9)
4 —n(1 —6)* 4 —n(1 — o)

p;'ull = y o Rfull T

Under Assumptions (i) and (iii), this solution corresponds to a maximum

and, moreover, py,, and Sy, are positive.

Plugging pj,,, and S}, into ETlg,, yields

* _ (ﬁC B OC)Z
s = 4p—n(1 -0y

Proof of Proposition 1: Collusion on both price and quality will be
chosen over collusion on just price if

(Be—o) _  (Pe—o)
48 —n(1 —0)> ~ 4B — Ee’n(1 — 20)

= 4p — Ee?n(1 — 26) > 4B — n(1 — 8)* .

ETly,, > ETL,, =

Using the fact that E¢*> = 1 + ¢°, we write the above inequality as
(1+0%)(1—=20) < (1-25+08) = d*(1 -20) < .

If 6 > 1/2,(1 —20) is negative and the fully collusive cartel is always
more profitable. If instead 0 < 1/2, then from above we get
52
2
< .
7S -29)
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Since &°/(1 —20) is an increasing function of &, and positive for
0 < 1/2, it follows that for any level of demand uncertainty, ¢ o2, there
exists a level of demand diversion & such that for any & < &

2 52
o >7<1_25) :

This, in turn, implies that ET1;,, < ETI{,,, V6 < 5. Setting the two sides
of the above expression equal to each other, solving for J, and denoting
the solution ¢ yields 6 = —a? + y/02(a2 + 1). O

Proof of Proposition 2: The proof proceeds in two parts. First, we show

that the profits of semicollusion are convex in ¢ for low values of 6. We

then use this fact to show that expected profits of a semicollusive cartel

are increasing with a mean-preserving spread in the distribution of e.
The F.O.C.s of Eq. (3) with respect to S; are

(]J - C)st(p,S,' - 5S_[> - h’(S,) = 0, i= 1, RN (N
At the symmetric equilibrium the F.O.C.s become
(b — )efs(p, (1 8)S) — H($) =0 .

Denote the solution by S}, and the semicollusive cartel’s maximal
profits for each ¢ by

(8 5) - 8([7 - C)f(]? ( ) semz) h(S;emz) .

We first show that On?(e,0)/de* > 0, for all &.
By differentiating 7(¢, d) with respect to ¢ and using the above F.O.C.s
we get

7'68(8,5) = (p_ c)f(p ( ) semt)
3~ €)(p. (1~ 9)S)

Differentiating 7, with respect to ¢ and setting 6 = 0 we get

* aS:Eml
TCm(S,O) = (p - C)fS(.pv semz) s >0 .
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This is positive for every ¢ and p > ¢ since

a‘S’::emi — _(p - c)fS(.p> (1 - 5)S:emi)
O (1 - 5)8(10 - C)fSS(Pa (1 - 5>S:emi) - h//(Ss*emi)

>0,ifp>c.

We next show that there exists a neighborhood of strictly positive ¢'s such
that the semicollusive cartel’s profit function is convex in ¢. Let
¢(&,0) = m (e, d). Given our assumptions it can be easily seen that ¢ is a
continuous function. Also, as we showed above, ¢(¢,0) > 0, for all ¢.
Now let @(6) = min, ¢(¢,d). The function @ is continuous (by applying
the Maximum Theorem) and has the property that ®(0) > 0. Thus, there
exists a A > 0 such that ®(d) > 0 for A= > 0. This completes the first
part of the proof.

Before we proceed to the second part of the proof, we need to in-
troduce some notation. Let g(- ), the probability density function of ¢,
belong to a parametric family described by an L-dimensional parameter
vector ©. Let = be a vector that results from a transformation of the
parameter vector ®, such that an increase in any of the first L, argu-
ments of E, keeping the remaining L, elements constant, results in a
mean-preserving spread in ¢. For illustration, consider a random variable
X which is distributed uniformly on [b;,by]. In this example,
© = {by,by}. We can re-parameterize this vector as == {&, &}
where & = by — by, and &, = (b, + by )/2. Notice that an increase in
&,, while keeping &, fixed, results in a mean-preserving spread in the
distribution of X.

We now show that an increase in any of the first L; elements of = has a
positive effect on the expected profits of a semicollusive cartel. Consider
such an element, ¢;, of E, where 1 < j < L;. The effect of an increase of
¢ on ETIG,, . is

semi

8EH:em[(p:emi(§j)7 éj) _ aEHS@mi(p;kemi(éj)’ é]) apj:emi
0¢ j ODsomi 85/‘
8El—Isemi ;gmi(éj)) é])
B.1

The first term on the right hand side of (B.1) is zero from the F.O.C.
Further, an increase in any of the first L; elements of = yields a mean-
preserving spread. Since profits for the semicollusive cartel are convex in
g, for any 6 < A and a given p, any mean-preserving spread of the dis-



136 G. Deltas and K. Serfes

tribution of ¢ yields higher expected profits for the semicollusive cartel.
Thus, the second term of (B.1) is positive. O

Proof of Proposition 3: Suppose that the demand diversion parameter ¢
is 0. Then, there is no gain in choosing the level of quality S; coopera-
tively. On the other hand, there is a private gain to each firm from being
able to choose its level of quality after it has observed the resolution of
the demand uncertainty. Therefore, ETI(,,, > ETI}, ;.

semi

Now suppose that the demand diversion parameter equals 1. Observe
that the F.O.C.s of profit maximization for the fully collusive cartel with
respect to p and S yield

f+p—af,=0,
(p—C)fs(l—é)—h/:() .

Then, assuming f5 is finite and /'(0) = 0, we obtain S7,,;, — 0as é — 1.
Also, S;,,,; > Sf,;; as 6 — 1. This follows since, by using the F.O.C.s of

semi

the semicollusive cartel and taking the limit 6 — 1, we get that
(p—c)efs(p,0) =W (S:), Vi .

Assuming fs(p,0) > 0 and /'(0) = 0 for all i we obtain that S}, > 0

(for p > ¢, and & > 0). Since quality is costly, ETI},,, > ETI{,,,. Since

ETT;

semi @nd ET17, , are continuous in d there exists a d > 0 such that for
all 6 < & the semicollusive cartel is more profitable than the fully col-
lusive one.

We showed that for any level of the parameters of the distribution of ¢,
as long as it is not degenerate, we can find a sufficiently low é such that

the semicollusive cartel is more profitable. ]

Proof of Proposition 4: The proof proceeds in two parts. First, we show
that the profits of semicollusion are concave in ¢ for high values of 6. We
then use this fact to show that expected profits of a semicollusive cartel
are decreasing with a mean-preserving spread in the distribution of e.

The first-order condition with respect to S; of a firm’s profit maximi-
zation problem is
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(p - C)ng(ngi - 55’71’) - hl(Sl) = 07 i= 17 sy
At the symmetric equilibrium the F.O.C.s become

(p = c)efs(p, (1= 6)S) = H(S) =0 .

Denote the solution by S, . and the semicollusive cartel’s maximal
profits for each ¢ by

(8 6) = g(p - C)f(p ( ) vemz) (S;keml> .

We first show that On®(¢,0)/0¢* < 0, for all ¢. By differentiating 7(¢, 6)
with respect to ¢ and using the above F.O.C.s, we get

7,(6,8) = (p—€)f (9, (1= 8) i) — 6(p— )35 (p, (1 - >S?emz>a§2m’~

Setting 6 = 1 the above equation becomes

Rl 1) = (0= ) (p.0) — elp — )fs(p,0) Z2em

Differentiating 7, with respect to ¢, we get

* 2 Qo
7'588(87 1) = _(P - C)fS(p 0) assem’ - (p - C)fs(p 0) 0 Ssem’ .

The above expression is negative for every ¢ and p > ¢ since by totally
differentiating the first-order condition of firm maximization with respect
to S and ¢ we obtain

8S:erm (p — C)fS(P» 0)

= 0
D¢ W)
and
0*S*
\eml — O
082

We next show that there exists a neighborhood of strictly positive &'s
such that the semicollusive cartel’s profit function is concave in &. Let
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¢(&,0) = mg (e, 0). Given our assumptions it can be easily seen that ¢ is a
continuous function. Also, as we showed above, ¢(e, 1) < 0, for all &.
Now let ®(5) = max, ¢(e, ). The function @ is continuous (by applying
the Maximum Theorem) and has the property that ®(1) < 0. Thus, there
exists a D < 1 such that ®(J) < 0 for D<6 < 1. This completes the first
part of the proof.

The above shows that profits, conditional for any fixed p, are concave
in . Therefore, any mean-preserving spread in the distribution of demand
uncertainty, will lead, if p were held constant, to a reduction in cartel
profits. Since p is chosen optimally and thus the adjustment of p is a
second-order effect, one can use standard envelope theorem arguments to
show that profits decline in the dispersion of ¢ even when the cartel
optimally adjusts the price to the new distribution of ¢. The formal
derivation of these arguments is omitted because it follows the second
half of the proof of Proposition 2 in the paper. O

Acknowledgements

We owe a special debt to three anonymous referees and Wayne Shafer for
comments that led to a substantial improvement of the paper. We would also like
to thank Dan Bernhardt, Yair Tauman, and seminar participants at University of
[linois, University of Kansas, University of Missouri (Columbia), SUNY at
Stony Brook, and the Spring 1998 Midwest Math-Econ Conference for helpful
comments and discussion. Financial support from the Illinois CIBER is gratefully
acknowledged. The usual caveat applies.

References

Abreu, D., Pearce, D., and Stacchetti, E. (1986): “Optimal Cartel Equilibria with
Imperfect Monitoring.” Journal of Economic Theory 39: 251-269.

Audretsch, D. B. (1989): “Legalized Cartels in West Germany.” The Antitrust
Bulletin 34: 579-600.

Brod, A., and Shivakumar R. (1999): “Advantageous Semicollusion.” Journal of
Industrial Economics 47: 221-230.

Cramton, P., and Palfrey, T. (1990): “Cartel Enforcement with Uncertainty About
Costs.” International Economic Review 31: 17-47.

Deltas, G., Serfes, K., and Sicotte, R. (1999): “American Shipping Cartels in the
Pre-World War I Era.” Research in Economic History 19: 1-38.

Deltas, G., Sicotte, R., and Tomczak, P. (2001): “Passenger Shipping Cartels and
their Effect on Trans-Atlantic Migration.” University of Illinois at Urbana-
Champaign, CIBER working paper no. 1-101.



Semicollusion vs. Full Collusion: The Role of Demand Uncertainty 139

Dick, A. R. (1992): “The Competitive Consequences of Japan’s Export Cartel
Associations." Journal of the Japanese and International Economies 6: 275—
298.

Donsimoni, M. P., Economides N. S., and Polemarchakis, H. M. (1986): “Stable
Cartels.” International Economic Review 27: 317-327.

Dorfman, R., and Steiner P. O. (1954): “Optimal Advertizing and Optimal
Quality.” American Economic Review 44: 826-836.

Fershtman, C., and Gandal, N. (1994): “Disadvantageous Semicollusion.”
International Journal of Industrial Organization 12: 141-154.

Fox, N. R. (1994): “An Oligopoly Model of Ocean Liner Shipping.” Review of
Industrial Organization 9: 343-355.

Green, E. J., and Porter, R. H. (1984): “Noncooperative Collusion under
Imperfect Price Information.” Econometrica 52: 87-100.

McFadden, D. (1973): “Conditional Logit Analysis of Qualitative Choice
Behavior.” In Frontiers of Econometrics, edited by P. Zarembka. New York:
Academic Press.

Nakazawa, T., and Weiss, L. (1989): “The Legal Cartels of Japan.” The Antitrust
Bulletin 34: 641-653.

Serfes, K., and Yannelis, N. C. (1999): “Collusion and Distribution of Profits in a
Cournot duopoly with Differential Information.” In Current Trends in Eco-
nomics: Theory and Applications, edited by C. D. Aliprantis, A. Alkan and
N. C. Yannelis. Studies in Economic Theory 8: 455473, Springer.

Sicotte, R. (1996): International Cartel Agreements in the Ocean Shipping
Industry, Ph.D. Thesis, University of Illinois at Urbana-Champaign.

Spencer, B. J., and Brander, J. A. (1992): “Pre-commitment and Flexibility:
Applications to Oligopoly Theory.” European Economic Review 36: 1601—
1626.

Wong, K. P., and Chow, K. W. (1997): “Endogenous Sequencing in Strategic
Trade Policy Games Under Uncertainty.” Open Economies Review 8: 353—
369.

Addresses of authors: — George Deltas, Department of Economics, University
of Illinois, Champaign IL 61820, USA (e-mail: deltas@uiuc.edu); — Konstantinos
Serfes, Department of Economics, SUNY at Stony Brook, Stony Brook, NY
11794-4384 (e-mail: kserfes@notes.cc.sunysb.edu)



