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Abstract

We show how collusion in market entry can be detected from entry choices alone,
without price data. In an infinitely repeated entry game, competition and collusion
generate opposite responses to persistent cost shocks: an adverse shock reduces joint
entry under competition, but under collusion, it can reduce the value of punishment
by more than it increases the gain from a one-shot deviation, so that the cartel must
allow more entry. Monte Carlo evidence shows adequate power with a few hun-
dred markets. In the Ohio school milk cartel, participation rises with persistent cost
increases where cartel activity concentrates.
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1 Introduction

Detecting collusive behavior among firms has long been a central challenge in industrial
organization and antitrust economics. Competition authorities use statistical methods
to detect collusion. Besides being preventive due to increasing the expected likelihood
of detection, these methods can help in detecting and prosecuting existing cartels. Most
existing cartel screens have concentrated on identifying collusion in pricing conduct or
bidding behavior, using patterns that deviate from the predictions of competitive mod-
els. Phlips [1996] and Porter [2005] discuss theoretical and empirical approaches to de-
tecting collusion, particularly in settings where firms’ prices, quantities, or other market
outcomes are observable. A parallel literature focuses on auctions, where collusion can
be inferred from noncompetitive bidding patterns, as shown in empirical studies such
as Baldwin et al. [1997], Pesendorfer [2000] and Chassang et al. [2022].

Our contribution is to develop a formal theoretical framework and practical empir-
ical tests to detect collusion in market entry, distinguishing competitive from collusive
conduct through observable entry patterns, without any price or bid data. While existing
cartel detection approaches have advanced our understanding of how collusion mani-
fests in market behavior, these methods often rely on detailed data on prices, quantities,
or bids—data that may be unavailable or noisy in many real-world settings. Moreover, in
some markets there is very little variation in the price data. Franchising chains, for exam-
ple, often employ nationwide pricing policies. In contrast, market entry decisions are of-
ten directly observable. Entry choices are also inherently strategic and forward-looking,
which makes them a potentially rich source of information about underlying conduct.
Despite this, entry behavior has received relatively little attention in the literature on
cartel detection. Exceptions include structural estimation studies of entry conduct under
competition [e.g., Jia, 2008], but frameworks that link observed entry behavior to col-
lusive conduct remain scarce. To our knowledge, no existing framework explicitly uses
observed entry choices as a basis for testing for collusion grounded in a repeated-game
interpretation of firm behavior.

We begin by characterizing competitive and collusive equilibria in a complete-
information setting. We then embed the collusive allocation in an infinitely repeated en-
try game in which firms sustain cooperation using subgame-perfect punishment strate-
gies. Our main result is a sign reversal in the response of joint entry to a persistent ad-
verse profit shock. Under competition, a decrease in operating profits reduces the set of
entry-cost realizations for which both firms enter and therefore lowers the probability
of joint entry. Under collusion, the same shock also reduces the continuation-value loss
generated by punishment. If this enforcement effect is sufficiently strong, exclusion be-
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comes harder to sustain and the cartel must tolerate joint entry for a larger set of cost
realizations. Thus, a positive response of joint entry to a persistent adverse profit shock
is inconsistent with the maintained competitive model but can arise under collusion.

We derive this result in an infinitely repeated entry game between two symmetric
firms with heterogeneous entry costs. Under competition, both firms enter whenever
their entry costs are below duopoly profits. On the collusive path, the firms instead seek
to allocate the market to the lower-cost firm. A firm that was supposed to stay out can
deviate by entering and earning duopoly profits in the current period, but doing so trig-
gers a temporary reversion to competitive play. Therefore, the collusive entry rule is
determined by the comparison between the one-period gain from the deviation and the
future loss from punishment. We characterize necessary and sufficient local conditions
under which a marginal persistent decline in profits raises the collusive accommoda-
tion cutoff. Moreover, the main theoretical results and testing framework are robust to
an incomplete information setting, despite private information complicating collusive
enforcement, because observed entry choices do not necessarily reveal deviations.

The theoretical result leads directly to a reduced-form empirical test. Under the main-
tained competitive model, the response of joint entry to an adverse cost shifter is non-
positive. A statistically significant positive response therefore rejects the competitive
benchmark and is consistent with the collusive mechanism identified in the theory. The
test requires entry data and a persistent profit shifter, but not data on prices, quantities,
or submitted bids. Our testing approach can be robust to unobserved heterogeneity as,
depending on the available data, also quasi-experimental approaches are feasible.

We also provide Monte Carlo simulation evidence to demonstrate the feasibility and
robustness of these tests and that they achieve reasonable power under samples typical
in real-world data. Finally, we show that the test works in the well-known Ohio school
milk cartel, where the cartel operated through a market allocation scheme based on re-
specting incumbencies, making entry restraint an integral part of the collusive agree-
ment [Porter and Zona, 1999].

The existing literature on the detection of collusion uses almost solely price or bid
data. Harrington [2008] provides a survey on the earlier approaches to detecting car-
tels. Prominent examples include Bajari and Ye [2003], Baldwin et al. [1997], Banerji and
Meenakshi [2008], Porter and Zona [1993] and Price [2008]. Our test is related to Porter
[1983] and Ellison [1994], who test for collusion by examining how prices and quanti-
ties respond to demand and cost shifters, because also we use cost shifters to identify
collusion. Among more recent collusion screens Chassang et al. [2022] and Kawai et al.
[2023] develop bid-pattern tests based on quasi-experimental reduced form estimation
strategies as do we.

2



Few existing approaches use entry choices to test for collusion. First, among the sev-
eral collusion tests proposed by Porter and Zona [1999], one requires no bid data: they
estimate single-equation participation models for suspected members and examine the
correlation of the residuals across bidders. This test requires the assumption of no unob-
served heterogeneity. Second, the entry test of Conley and Decarolis [2016] is tailored to a
setting of average price auctions and compares the frequency of joint entry for members
in a suspect group with a set of comparable bidders in terms of various determinants of
entry. Moreover, their test requires a rich set of observed firm covariates and the presence
of a complementary dataset of first-price auctions. Relatedly, Kawai et al. [2023] propose
a regression discontinuity based test using past allocation of public procurement con-
tracts as the outcome variable to test for bid rotation, but that test is not directly based
on entry choices and constructing the forcing variable requires bid information. Also
they verify their test using the same Porter and Zona [1999] data that we use. To our
knowledge, ours is the first entry-based collusion screen derived from the comparative
statics of a repeated entry game. The distinguishing implication is not merely that col-
lusion reduces entry, but that collusive entry discipline can respond to persistent profit
shocks with the opposite sign from competitive entry. Moreover, our test is not limited to
auction settings, but can test for market allocation type collusion in market entry games
more generally.

Our approach is also related to the large literature on empirical estimation of en-
try games, where seminal contributions include Bresnahan and Reiss [1990, 1991], Berry
[1992], Tamer [2003], Seim [2006]. That literature uses entry outcomes to recover mar-
ket structure, competitive effects, and firms’ profit functions. The key difference is that
our objective is not to structurally estimate the primitives of the entry game, but rather
use the comparative statics of an entry-game model to construct a reduced form cartel
detection test.

The theoretical mechanism behind our empirical test is related to the repeated-game
theory of self-enforcing collusion. Pioneered by Stigler [1964] and Friedman [1971], a
central insight in the oligopoly theory is that collusion is sustained not by static optimal-
ity but by dynamic behavior and incentives; firms refrain from profitable deviations be-
cause such deviations reduce future continuation payoffs. This logic underlies the price-
war models of Green and Porter [1984] and the general theory of repeated games with
imperfect monitoring developed by Abreu [1988], Abreu et al. [1990], and Fudenberg
et al. [1994]. In our setting, the relevant deviation is not a secret price cut but over-entry:
a firm that is supposed to stay out can enter and earn duopoly profits today, but doing
so weakens future collusive profits via punishments.

Our main comparative static is closely related to the literature on collusion over the
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business cycle. Rotemberg and Saloner [1986] show that collusive prices may become
more competitive in booms because high current demand increases the one-shot gain
from deviation. Haltiwanger and Harrington [1991] emphasize that anticipated move-
ments in profitability also affect the value of future punishment, so that the sustainability
of collusion depends on where the industry is in the cycle. Kandori [1991] and Bagwell
and Staiger [1997] extend this logic to serially correlated demand shocks, while Staiger
and Wolak [1992] and Fabra [2006] show that capacity constraints can alter, and in some
cases reverse, the cyclical pattern of collusive conduct. Our contribution is to apply the
same incentive-constraint logic to the extensive margin of market participation. A persis-
tent adverse profit shock reduces the static profitability of joint entry under competition,
but under collusion it may reduce the continuation-value loss from punishment even
more, forcing the cartel to relax exclusion and tolerate more joint entry.

The model is also related to theoretical work on collusion with private information
and market allocation. In Athey and Bagwell [2001], productive efficiency under pri-
vate costs requires high-cost firms to relinquish market share today in exchange for fu-
ture market-share favors. Athey et al. [2004] and Athey and Bagwell [2008] study re-
lated tradeoffs when private cost shocks affect collusive pricing and when those shocks
are persistent. This connection is natural in our environment because collusion in en-
try similarly allocates market participation across firms with heterogeneous short-run
costs. Relatedly, Harrington and Skrzypacz [2011] show how communication and trans-
fers can sustain cartel agreements when prices and quantities are privately observed.
Our incomplete-information extension follows this tradition by showing that the entry-
based comparative static can survive when participation costs are private but deviations
become verifiable, or sufficiently well monitored, over time.

Finally, the paper is connected to the literature on collusion through market alloca-
tion and entry restraint. Bernheim and Whinston [1990] show how multimarket contact
can facilitate collusion across markets, while Byford and Gans [2014] study collusion at
the extensive margin, where firms sustain collusion by avoiding entry into each other’s
markets. Vasconcelos [2004] analyzes how entry affects cartel stability. Our focus differs
from these papers: we use the comparative statics of collusive entry discipline to derive
a detection test based on observed entry responses to persistent profit shocks.

2 Theoretical Framework

We study an infinitely repeated market-entry game between two symmetric firms, A
and B. In each period, the firms simultaneously choose whether to enter the market.
Prior to the entry decision, each firm j ∈ {A, B} draws an entry cost k j. In each period, a
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new entry-cost vector (kA, kB) is drawn. The vectors are independently and identically
distributed across periods, and their two components are independently and identically
distributed according to a continuous distribution F with support on R+. The realized
entry-cost vector (kA, kB) is observed by both firms before they choose entry. In Sec-
tion 2.3, we extend the analysis to an environment in which each firm privately observes
its own entry cost.

Let yj ∈ {0, 1} denote firm j’s entry decision, where yj = 1 indicates entry. If exactly
one firm enters, it earns gross monopoly profit πM > 0; if both firms enter, each earns
gross duopoly profit πD ∈ (0, πM/2). If a firm does not enter, it earns zero. Net payoffs
equal gross profits minus the realized entry cost when yj = 1. Firms discount future
payoffs with a common discount factor δ ∈ (0, 1).

2.1 Competitive Equilibrium

Under complete information and competitive behavior, firms choose entry strategies to
maximize individual expected profits. A firm j’s payoff from entering, conditional on
the opponent’s strategy, y−j, is

φj(y−j, k j) = (1− y−j)πM + y−jπD − k j.

Allowing for mixed strategies, define

Φj(q−j, k j) = q−jφj(1, k j) + (1− q−j)φj(0, k j),

where q−j is the probability that the opposing firm enters. In equilibrium, firm j chooses
qj ∈ [0, 1] to satisfy

qjΦj(q−j, k j) ≥ 0, (1− qj)Φj(q−j, k j) ≤ 0.

When kA, kB ∈ (πD, πM), the entry subgame has two strict pure-strategy Nash equi-
libria and one mixed-strategy equilibrium. We select, among the Nash equilibria, the
equilibrium that maximizes total industry profit. Hence, in this region, the lower-cost
firm enters while the higher-cost firm stays out.1 With this refinement, the selected pure
equilibrium strategies are characterized by

yjφj(y−j, k j) ≥ 0, (1− yj)φj(y−j, k j) ≤ 0.

1This type of equilibrium-selection assumption is standard in the empirical industrial-organization
literature; see, for example, Seim [2006]. Alternatively, one could avoid point selection using the partial-
identification approach of Tamer [2003]. For our purposes, the selection is innocuous because the joint-
entry region is not affected by how the unilateral-entry equilibria are selected.
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2.2 Collusive Equilibrium

We now turn to collusion sustained by dynamic incentives in an infinitely repeated set-
ting. Firms can support cooperative behavior by conditioning future entry decisions on
past play.

Candidate collusive entry rules. For any accommodation cutoff k ∈ [0, πD], consider
the following collusive entry rule. If both firms’ entry costs are below k, both firms en-
ter. Otherwise, the lower-cost firm enters unilaterally whenever monopoly entry is prof-
itable. A lower cutoff therefore represents stricter collusive exclusion and less joint entry.
When k < πD, the rule features less joint entry and more unilateral entry than the com-
petitive benchmark.

To be precise, let

k(1) = min{kA, kB}, k(2) = max{kA, kB}.

If k(1) ≤ πM and k(2) ≥ k, the lower-cost firm enters while the higher-cost firm stays
out. If instead k(2) < k, both firms enter. Under competition, joint entry occurs whenever
kA ≤ πD and kB ≤ πD, so the competitive joint-entry cutoff is πD. Thus, any collusive
rule with k < πD replaces some joint-entry outcomes with unilateral monopoly entry
and raises expected industry profit before taking incentive constraints into account.

Figure 1 plots the entry-cost realizations (kA, kB) and the corresponding entry out-
comes. In each panel, the dark bottom-left square indicates joint entry: under competi-
tion the cutoff is πD, while under the selected collusive rule it is kC. Outside the joint-
entry region, at most one firm enters; the shading distinguishes which firm enters, with
the lower-cost firm selected in the unilateral-entry region, and the upper-right square
(kA > πM, kB > πM) corresponds to no entry.

Punishments. Consider the following public strategy profile. Following any public
history without a deviation, the firms play the candidate collusive entry rule. Follow-
ing a detected deviation, they play the selected competitive equilibrium for Z periods.
Any deviation during the punishment phase restarts the Z-period punishment. After Z
consecutive punishment periods without a further deviation, the firms return to collu-
sive play.

The competitive continuation is sequentially rational because it consists of stage-
game Nash equilibria. On the collusive path, a low-cost firm prescribed to enter unilat-
erally earns πM − k(1) ≥ 0 and therefore does not gain by staying out. A firm prescribed
to enter jointly has k j ≤ k ≤ πD and hence does not gain by staying out. The potentially
binding deviation is therefore over-entry by a firm that is prescribed to stay out.
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Figure 1: Entry decisions under competition and collusion.

Let ΠC(k; πD) and ΠN(πD) denote a representative firm’s ex-ante expected per-
period profits under the candidate collusive rule and the selected competitive equilib-
rium, respectively. The discounted loss from triggering Z periods of competitive rever-
sion is

Γ(k, πD) = H0
(
ΠC(k; πD)−ΠN(πD)

)
, H0 :=

Z

∑
t=1

δt =
δ(1− δZ)

1− δ
.

By symmetry, this punishment loss is the same for both firms. As shown in Appendix A,
ΠC(k; πD) ≥ ΠN(πD) for every k ∈ [0, πD]. Hence restarting the punishment phase
weakly lowers a firm’s continuation payoff. Because the prescribed actions during pun-
ishment constitute a stage-game Nash equilibrium, and a deviation would additionally
restart the punishment, no one-shot deviation during the punishment phase is prof-
itable.

Sustainability and selection. Consider a history in which firm j is prescribed to stay
out while the other firm enters. If firm j complies, it earns zero in the current period. If it
deviates by entering, it earns πD− k j and triggers the punishment phase. Its incremental
gain from deviating is therefore

∆(k j; k, πD) = πD − k j − Γ(k, πD).

A firm prescribed to stay out has k j ≥ k. Because ∆(k j; k, πD) is decreasing in k j, the
marginal excluded firm has the strongest incentive to deviate. Define

Ψ(k, πD) := πD − k− Γ(k, πD).
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We call a cutoff k sustainable if the associated collusive entry rule can be supported by
the specified punishment strategy. By the one-shot deviation principle and the preceding
observations, the cutoff k is sustainable if and only if

Ψ(k, πD) ≤ 0.

Accordingly, let

S(πD) := {k ∈ [0, πD] : Ψ(k, πD) ≤ 0}

denote the set of sustainable cutoffs. This set is nonempty because k = πD is always
sustainable: at that cutoff the collusive entry rule coincides with the selected competitive
allocation, so Γ(πD, πD) = 0 and Ψ(πD, πD) = 0.

We define the cartel-selected accommodation cutoff as

kC(πD) := minS(πD). (C)

Under the continuity conditions imposed in Appendix A, S(πD) is closed, so the mini-
mum exists. If kC(πD) > 0, the marginal exclusion constraint binds:

Ψ
(
kC(πD), πD

)
= 0.

Indeed, if the inequality were strict, continuity would imply that a slightly smaller cutoff
is also sustainable, contradicting the definition of kC(πD). At the boundary kC(πD) = 0,
the constraint may hold strictly.

Appendix A also shows that expected collusive profit is decreasing in the accom-
modation cutoff. Hence, among the sustainable cutoff rules considered here, both firms
prefer the smallest cutoff, and (C) selects the cartel-optimal rule.

Comparative statics. To represent a persistent profit shock, take πD as the public profit
index and allow monopoly profit to co-move with it according to a differentiable increas-
ing function πM = πM(πD). Thus, an adverse shock is a decrease in πD, accompanied by
a decrease in πM(πD). The derivative ΓπD below includes both the direct effect through
duopoly profit and the indirect effect through monopoly profit.

Under competition, the probability of joint entry is

PN(πD) = F(πD)
2,

which is increasing in πD. Under collusion, the probability of joint entry is

PC(πD) = F
(
kC(πD)

)2.

Hence, an adverse shock can increase joint entry under collusion precisely when the
selected accommodation cutoff rises as πD falls.
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Proposition 1. Suppose that Γ is continuously differentiable, that F is strictly increasing at πD

and kC(πD), and that the cartel-selected cutoff is interior and regular:

kC(πD) ∈ (0, πD) and 1 + Γk
(
kC(πD), πD

)
> 0.

A marginal permanent decrease in duopoly profits lowers the probability of joint entry under
competition. Locally, under collusion, the same shock raises the probability of joint entry if and
only if

ΓπD

(
kC(πD), πD

)
> 1.

The intuition is as follows. Under competition, joint entry requires both firms to find
duopoly entry profitable. Lower duopoly profits therefore shrink the set of entry-cost
realizations for which both firms enter.

Under collusion, joint entry occurs when exclusion is not supportable. Exclusion is
sustained by comparing the one-shot gain from over-entry with the discounted loss
from triggering punishment. A decrease in πD reduces the one-shot gain from over-
entry one-for-one. If it reduces the punishment loss by more than this, so that ΓπD > 1,
exclusion becomes harder to sustain and the cartel must accommodate joint entry for a
larger set of cost realizations. Appendix A proves the proposition, establishes that the lo-
cal comparative-static branch remains the selected smallest sustainable cutoff, and gives
conditions under which such a cutoff exists.

This mechanism is the entry-margin analogue of the cyclical-collusion literature. In
those models, the effect of demand or cost movements on collusive conduct depends on
how the shock changes the incentive constraint: the current gain from deviation must be
compared with the future loss from punishment. Rotemberg and Saloner [1986] show
that high current demand can make collusion harder to sustain because the deviation
gain is large. Haltiwanger and Harrington [1991] emphasize that anticipated future prof-
itability also matters, since it affects the value of the punishment phase. Subsequent work
extends this logic to serially correlated shocks [Kandori, 1991, Bagwell and Staiger, 1997]
and to capacity-constrained environments in which the sign of the cyclical pattern may
change [Staiger and Wolak, 1992, Fabra, 2006]. Our comparative static works through the
same dynamic incentives, but from the entry perspective: an adverse persistent profit
shock may reduce the punishment loss by more than it reduces the one-shot gain from
over-entry. Consequently, exclusion becomes harder to sustain, and joint entry rises.

2.3 Incomplete-information robustness

Our baseline analysis assumes that entry costs are commonly known. In many settings,
however, each bidder or firm privately knows its own short-run participation cost. Pri-
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vate entry costs complicate collusive enforcement because observed entry choices do not
necessarily reveal deviations. Appendix B shows that the identifying comparative static
can nevertheless survive under particular verification technologies.

Competition. With privately observed entry costs, the competitive entry game admits
a symmetric cutoff equilibrium: each firm enters if and only if its cost is below a thresh-
old that depends on the public profit shifters. An increase in marginal cost c lowers op-
erating profits, so the competitive cutoff falls and joint entry weakly decreases. Hence,
even under incomplete information, an adverse cost shock cannot generate a positive
relationship between c and joint entry within the maintained competitive model.

Collusion. Incomplete information matters for enforcement because the public entry
profile does not perfectly reveal whether a firm deviated, for example by entering with a
high private cost. Nevertheless, collusion can be sustained in monitoring environments
in which costs, or evidence about costs, become verifiable with some delay, for exam-
ple through occasional audits, procurement scrutiny, or ex-post documentation. In such
environments, the cartel can implement a cutoff-style entry rule and punish detected
over-entry. The collusive cutoff may then move in the opposite direction from the com-
petitive cutoff: when c rises, the continuation-value wedge supporting discipline can
shrink because punishments become less severe when future profits are lower, inducing
the cartel to relax entry discipline and tolerate more joint entry.

Implication. The competitive sign restriction extends to the private-cost benchmark
analyzed in Appendix B. On the collusive side, Appendix B provides particular verifica-
tion environments in which joint entry increases after an adverse cost shock. Thus, the
opposite comparative static can survive private information, although the result is an
existence statement for those verification environments rather than a general character-
ization of private-information collusion.

3 Empirical Identification and Test Design

Having formalized competitive and collusive models of entry, we now turn to the ques-
tion of how to empirically detect collusive conduct using observed data. The data consist
of a sample of entry decisions across markets or time periods, accompanied by covari-
ates that plausibly affect profits or entry costs. Our goal is to test whether observed be-
havior is consistent with competitive conduct or instead provides evidence against the
competitive model.
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Formally, suppose we observe N market outcomes:{
(yt, wt), t = 1, . . . , N

}
,

where yt = (yt
A, yt

B) are the entry choices in market t, and wt is a vector of covariates.
Let

ρ(c, w) = Pr
(
yt

A = 1, yt
B = 1 | c, w

)
denote the probability of joint entry conditional on a persistent marginal-cost shifter c
and other observable market characteristics w.

Under competition, an increase in marginal cost c reduces both πM and πD, and
therefore weakly reduces the probability of joint entry:

∂ρ(c, w)

∂c
≤ 0.

Under collusion, however, an increase in marginal cost also reduces the continuation-
value loss from punishment. This can increase the accommodation cutoff kC and thereby
raise the probability of joint entry; see Proposition 1.

Our empirical test is therefore based on the one-sided population restriction

H0 :
∂ρ(c, w)

∂c
≤ 0 against H1 :

∂ρ(c, w)

∂c
> 0.

A statistically significant positive relationship between joint entry and a persistent ad-
verse cost shifter rejects the maintained competitive model and is consistent with the
collusive mechanism identified in the theory. In our empirical analysis, we exploit this
result by examining the relationship between costs and entry.

Although our focus is on entry, the same logic applies to other dynamic collusion
environments such as pricing or investment. For instance, observing price reductions in
response to permanent cost increases, but not to temporary ones, is a possible signal of
collusive behavior. This suggests that tests that are based on asymmetric responses to
shocks with different persistence could be applied in possibly many different empirical
contexts.

3.1 Monte Carlo simulation

We proceed with a Monte Carlo simulation. In what follows, we set p = D(q) = a− q
with a = 11/5. As a reference point, when marginal cost equals c = 1/5, monopoly and
duopoly profits are πM = 1 and πD = 4/9, respectively. In the Monte Carlo simulations,
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Table 1: Thresholds and joint entry probabilities

c πD kC Pr(joint entry | com.) Pr(joint entry | col.)

0.20 0.444 0.195 0.198 0.038
0.22 0.436 0.208 0.190 0.043
0.24 0.427 0.221 0.182 0.049
0.26 0.418 0.233 0.175 0.054
0.28 0.410 0.245 0.168 0.060
0.30 0.401 0.257 0.161 0.066

Notes: πD is duopoly profit under linear demand p = a− q with a = 11/5. kC is the collusive cutoff.
Entry costs are i.i.d. Uniform[0, 1].

marginal costs vary across markets and are drawn independently from the uniform dis-
tribution on [0, 2/5]. We set H0 = δ 1−δZ

1−δ ≈ 7.2 Entry costs are uniformly distributed on
[0, 1].

The assumed data structure is as follows. We observe a total of N entry decisions.
Each observation corresponds to a market with a permanent marginal-cost level c.
Marginal cost varies across markets but remains constant over the repeated interaction
relevant for sustaining collusion.

Because each market’s cost level is permanent, firms expect the current monopoly
and duopoly profits to continue throughout the punishment phase. The stationary pun-
ishment value used in the theoretical calculation therefore applies directly.

In this setting our model predicts the following: in the competitive market, the prob-
ability of joint entry decreases after an adverse cost shock, while in the collusive market
joint entry can either decrease or increase.

Table 1 illustrates this mechanism by varying marginal costs from 0.2 to 0.3 and re-
porting the implied probabilities of joint entry under competition and collusion. A 10%
increase in marginal cost reduces duopoly profits by approximately 2% while increas-
ing the collusive entry threshold by about 7%. At the other extreme, a 50% increase in
marginal cost reduces duopoly profits by about 10% and increases the entry threshold
by roughly 32%.

To estimate the relationship between marginal cost and joint entry, we estimate sep-
arate probit models for competitive and collusive markets:

Pr(yir = 1 | cir) = Φ(β0r + β1rcir) , r ∈ {com, col},

2This is, for example, supported by a discount factor of δ = 0.95 and the number of punishment periods
equal to 9 (see Appendix A).
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where i indexes markets, yir equals one if both firms enter market i, cir is the marginal
cost in that market, and Φ denotes the standard normal cumulative distribution func-
tion. The models are estimated separately by maximum likelihood for the two regimes.

The sign of β1r determines the direction of the relationship between marginal cost
and the probability of joint entry. Under competition, the model predicts β1,com < 0.
Under the collusive calibration used in the simulation, it predicts β1,col > 0. The latter
prediction is specific to the chosen calibration, since under other collusive parameteriza-
tions the response may be nonpositive, resulting in a false negative.

In each Monte Carlo replication, we apply the one-sided test introduced in the previ-
ous section. At the 5 percent significance level, the null hypothesis is rejected when the
estimated coefficient-to-standard-error ratio exceeds the one-sided critical value of 1.645.
The rejection frequency under the competitive data-generating process is the empirical
false-positive rate. The rejection frequency under the collusive data-generating process
is empirical power, and its complement is the false-negative rate. We set the number of
Monte Carlo replications to 1000. We let the number of observations (i.e., entry events)
vary from 200 to 1,000.

To evaluate the finite-sample size of the test, we additionally simulate the least-
favorable boundary of the null hypothesis, where the population relationship between
marginal cost and joint entry is zero. This distinction is important because, under the
baseline competitive data-generating process, higher marginal costs reduce the proba-
bility of joint entry, so the population coefficient on costs is strictly negative. A false
positive would therefore require sampling variation not only to offset this negative re-
lationship but also to produce a sufficiently large positive estimate, which becomes in-
creasingly unlikely as the sample size grows. The conventional five-percent rejection
probability instead applies at the boundary of the null, where joint entry is indepen-
dent of marginal cost. In the boundary simulation, marginal costs are drawn from the
same uniform distribution as in the baseline simulations, but joint entry is generated
with a constant probability equal to the competitive joint-entry probability at c = 1/5.
For each simulated sample, we estimate the same probit model and apply the one-sided
five-percent rejection rule. Empirical size is calculated as the proportion of the 1,000
boundary-null replications in which the estimated coefficient-to-standard-error ratio ex-
ceeds 1.645.

The rejection frequencies are presented in Table 2. Across all sample sizes, the empiri-
cal false-positive rate under competition is zero, meaning that none of the 1,000 competi-
tive Monte Carlo replications incorrectly rejects the null. At the least-favorable boundary
of the null, the empirical size ranges from 0.053 to 0.060 across the reported sample sizes,
remaining close to the nominal five-percent level. Under collusion, the test has a power
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Table 2: Monte Carlo performance of the one-sided collusion screen

Observations Empirical size False-positive rate Power False-negative rate

200 0.060 0.000 0.731 0.269
400 0.054 0.000 0.938 0.062
600 0.053 0.000 0.987 0.013
800 0.054 0.000 0.998 0.002

1000 0.053 0.000 0.998 0.002

Notes: Results use 1,000 Monte Carlo replications. The first column reports the number of observations in
each separately simulated regime. Marginal cost is drawn independently across markets from the
continuous distribution Uniform[0, 0.40] and is permanent within each market’s repeated interaction. The
one-sided test rejects at the 5 percent level when the estimated coefficient-to-standard-error ratio exceeds
1.645. Standard errors use HC1. Empirical size is the rejection frequency under the least-favorable
boundary null, where the population cost coefficient equals zero. The rejection frequency under the
competitive data-generating process is the empirical false-positive rate. The rejection frequency under
the collusive data-generating process is empirical power, and its complement is the false-negative rate.

of 0.731 with 200 observations, which rises to 0.938 with 400 observations and to 0.987
with 600 observations. Correspondingly, the false-negative rate falls from 0.269 at 200 ob-
servations to 0.062 at 400 observations and 0.013 at 600 observations. With 800 or more
observations, the test detects the collusive alternative in almost all replications. Overall,
the Monte Carlo results indicate that the proposed screen has a very low false-positive
rate and achieves high power at empirically relevant sample sizes.

3.2 Remarks and Extensions

As discussed in Section 2, the frequency of duopoly can either decrease or increase in the
collusive equilibria after marginal costs increase. It is possible to parametrize the model
in a way that a cost shock has negative effect on the collusive entry threshold. This is
the main limitation of our proposed test: it can fail to detect a collusive market i.e. a
false negative. However, false positives are not possible since with any parametrization
in a competitive market the relationship between costs and entry cannot be positive. We
think that this feature makes our test particularly compelling for competition authori-
ties to apply in practice. Ortner et al. [2026] emphasize the benefits of using safe tests
for cartel detection, which are designed to minimize the risk of falsely flagging com-
petitive firms. Our test fits this description in that rejection is based on a pattern that is
incompatible with competitive behaviour.

A key determinant of the statistical power of the test is the amount of variation in
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marginal costs across markets. In the baseline simulation, marginal costs are drawn in-
dependently from a uniform distribution between zero and two fifths. Greater variation
in marginal costs makes the estimated relationship between costs and joint entry more
precise and therefore increases the power of the test. Conversely, a narrower cost distri-
bution reduces power.

The analysis can be extended in several directions without changing the identifica-
tion logic. First, instead of relying on cross-market variation in marginal costs, the iden-
tification strategy can be implemented using a differences-in-differences design across
markets exposed to a common cost shock. In this setting, competitive and collusive mar-
kets exhibit opposite responses of joint entry probabilities to an increase in marginal
costs. This approach is particularly useful when markets can be credibly classified into
treatment and control groups, but cross-market cost variation is limited.

Second, the cost process can be generalized to allow for both permanent and transi-
tory shocks. When marginal cost innovations contain a transitory component, firms base
entry decisions on expected future profits rather than contemporaneous profits alone.
This dampens the magnitude of the response of joint entry to cost changes but does not
alter its sign, provided that a nontrivial permanent component remains. As a result, the
proposed test remains informative, though statistical power may be reduced relative to
the baseline case of fully permanent shocks.

Third, the framework allows for correlation between observed covariates and unob-
served marginal costs. Measurement error or imperfect observability of marginal costs
attenuates estimated effects and reduces precision, but does not generate sign reversals
in the relationship between costs and joint entry. Consequently, while power may be
weakened, the test continues to distinguish competitive from collusive behavior under
mild regularity conditions.

Fourth, the analysis can accommodate correlation in entry costs across firms or over
time. Such correlation affects the level of joint entry probabilities and the degree of si-
multaneity in entry decisions, but does not overturn the comparative statics with respect
to marginal costs. As long as the distribution of entry costs is stable across regimes, the
sign of the estimated cost–entry relationship remains informative about the underlying
conduct.

Finally, an additional extension concerns markets with more than two potential en-
trants. In such settings, the outcome of interest need not be joint entry, but rather the total
number of firms entering the market. The identification logic extends naturally: under
competition, an increase in marginal costs weakly reduces the expected number of en-
trants, whereas under collusion higher marginal costs may relax incentive constraints
and lead to a higher tolerated level of entry. Accordingly, the sign of the relationship
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between marginal costs and the number of entrants remains informative about the un-
derlying conduct. With more than two firms, the outcome of interest is no longer binary.
A natural empirical extension is therefore to model the number of entrants using either
a linear specification or an ordered logit model.

4 Validation on the Ohio School Milk Cartel Data

4.1 Mapping the Model to the Data

To validate our collusion detection test, we apply it to data from the Ohio school milk
cartel. This well-known cartel case in public procurement was analyzed by Porter and
Zona [1999].3

Before turning to the data, we detail how the entry game of Section 2 maps into the
Ohio school milk cartel setting. First, in procurement auctions, the entry decision is the
decision to submit a bid. Bidding requires information acquisition and preparation costs
that vary across contracts and firms, corresponding to the entry-cost draws in the model.
The market outcome we observe in each auction—how many firms participate—is the
empirical counterpart of the entry profile in the model.

Second, the Ohio case is well suited to an entry-based test because entry restraint
was an integral part of the documented scheme. According to the trial testimony sum-
marized in Porter and Zona [1999, p. 269], the Cincinnati defendants allocated school
districts by respecting incumbencies: if a member had served a district in the previous
year, the others were to either submit high complementary bids that would not under-
cut the incumbent, or else refrain from bidding. Consistent with this, Porter and Zona
[1999] find that the defendants’ bid-submission decisions deviate systematically from
those of a competitive control group, and that the defendants competed aggressively
in distant districts while showing restraint near their plants, a pattern they interpret as
territorial allocation of the districts close to the dairies’ plants. This incumbency-based
market allocation is precisely the object our model formalizes: a rule prescribing which
firm participates in which market, sustained by the threat of losing future allocations.
The prescribed abstention of non-incumbent members corresponds to the exclusion of
the high-cost firm on the collusive path, and entry into a fellow member’s district corre-
sponds to the over-entry deviation whose incentive constraint drives Proposition 1.

Third, the cost shifter in the model is a persistent shock. Raw milk is the dominant
marginal cost of serving a school milk contract, and the federal marketing order price

3We obtained the data from Wachs and Kertész [2019].
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exhibits substantial serial correlation [Nicholson and Stephenson, 2015]. Therefore, price
movements shift firms’ expectations of future profitability and hence the continuation
values that sustain collusive discipline.

Fourth, the price of raw milk is plausibly exogenous to any individual auction.
Through the mid-1980s, the Commodity Credit Corporation’s price-support program,
administered by the U.S. Department of Agriculture, kept manufacturing-grade milk
prices close to an administratively set floor, and after 1987 market prices rose above
that floor. Throughout the studied period, the federal marketing-order price equals the
Minnesota–Wisconsin manufacturing-milk price plus a fixed location-specific differen-
tial. Its variation therefore reflects national dairy-market conditions and federal policy
rather than procurement decisions by individual Ohio school districts. Reverse causality
from local entry decisions or collusive conduct to the input price appears unlikely as a
small district’s auction or a cartel’s conduct cannot move the price.

Two features of the setting fall outside the model. First, the cartel also employed
complementary bidding, and thus, a submitted bid need not represent genuine compet-
itive entry. We discuss the implications for our test among the caveats below. Second,
the model has two symmetric firms, whereas the auctions here attract up to six bidders.
As discussed in Section 3.2, the identification logic extends to the number of entrants,
which is the outcome we use. With these qualifications, the Ohio data provide a de-
manding but appropriate testing ground: a documented market-allocation cartel, an ob-
servable and persistent cost shifter, and entry decisions recorded for both cartelized and
non-cartelized auctions.

4.2 Data Description

We use two data sources. The main dataset from Porter and Zona [1999] contains infor-
mation on school milk procurement contracts in Ohio awarded between 1980 and 1990.
It reports the contract ID, the year of publication, the submitted bid, an indicator for
whether the bid is a winning bid, and bids adjusted for inflation. The dataset covers 506
school districts. Porter and Zona [1999] identify three firms from Cincinnati that were in-
volved in the collusive scheme. Bids submitted by these firms are flagged using a binary
indicator identifying cartel participation.

Second, our test is based on cost shocks; therefore, we augment the procurement and
cartel data with the average federal marketing order price for raw milk, as reported in
Porter and Zona [1999]. The price is quoted for July of each year. The dataset contains
3,754 contracts. The median number of bidders per contract is 2, the mean is 1.9, the
minimum is 1, and the maximum is 6.
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4.3 Validation Findings

To validate the theory, we examine whether firm entry decisions in response to price
shocks differ conditional on cartel activity. Specifically, we regress the number of bidders
on the raw milk price, and on an indicator for the school district having high cartel
activity (i.e., share of cartel bidders is above median), and the interaction between the
two variables. Our theory requires firms to perceive cost shocks as persistent for these
shocks to affect entry decisions. A transitory shock raises current costs, but does not
materially affect the long-run profitability of collusion. By contrast, a persistent increase
in costs reduces the future gains from collusion and therefore weakens incentives to
sustain the cartel.

The U.S. farm milk price exhibits this type of persistence. Nicholson and Stephenson
[2015] document large-amplitude cycles in the 1996–2014 milk price series, reflecting
substantial serial correlation rather than white noise. This allows us to test whether cost
increases are associated with greater entry in districts with a larger cartel presence, as
predicted by the model. In our baseline test, we estimate the following regression:

NumBiddersa = β0 + β1 PriceRawMilkt(a) + β2 AboveMedianCartelShared(a)

+ β3 PriceRawMilkt(a) ×AboveMedianCartelShared(a)

+ γ t(a) + εa,

(1)

where NumBiddersa is the number of bidders in auction a, t(a) and d(a) denote the
year and the school district of auction a, and PriceRawMilkt is the July federal marketing
order price of raw milk (FMO #33, Class 1 Fluid Milk, in dollars per half-pint) in year
t. To measure cartel exposure, we first compute the cartel share of district d, defined as
the share of cartel firms among all firms that ever bid in the district during the studied
period. This share captures how much of a district’s potential competition the cartel con-
trols. AboveMedianCartelShared is an indicator equal to one if the cartel share exceeds
its median among districts with any cartel presence (0.333), and zero otherwise. The de-
sign compares how the number of bidders responds to the common milk price across
districts with high and low cartel exposure. Under the competitive benchmark β1 ≤ 0,
and collusion implies that β3 > 0. A stricter version of the test requires β1 + β3 > 0.

In Table 3, we report the estimation results. All columns are estimated by OLS. Col-
umn (1) includes only the variables of interest. Column (2) adds a linear time trend,
which the remaining columns without year fixed effects also include. Column (3) adds
school district fixed effects, column (4) instead adds fixed effects for the winning firm,
and column (5) includes both. Columns (6)–(7) replace the linear trend with year fixed
effects, which absorb the raw milk price, so that only the interaction term is identified.
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Table 3: Bidder participation and the raw milk price, by cartel exposure

(1) (2) (3) (4) (5) (6) (7)

Raw milk price β1 -3.46 -7.70∗∗ -6.19 -6.06 -7.39∗

(3.88) (3.76) (3.83) (3.82) (3.90)

Price × Above-median share β3 27.69∗ 26.94∗ 31.85∗ 24.14 31.97∗ 31.48∗ 32.02∗

(15.28) (15.10) (16.63) (15.34) (16.68) (16.43) (16.52)

Cartel-regime slope β1 + β3 24.23 19.25 25.66 18.08 24.58
(14.77) (14.52) (16.18) (14.83) (16.26)

Mean of dependent variable 1.91 1.91 1.91 1.91 1.91 1.91 1.91

Linear trend No Yes Yes Yes Yes
School district FE No No Yes No Yes Yes Yes
Winning bidder FE No No No Yes Yes No Yes
Year FE No No No No No Yes Yes
R2 0.031 0.035 0.525 0.147 0.554 0.531 0.559
Observations 3,754 3,754 3,754 3,754 3,754 3,754 3,754

Dependent variable: number of bidders per contract. All columns are estimated by OLS. Standard
errors, clustered at school district level, are reported in parentheses. Significance at 10% (*), 5% (**), and
1% (***), based on district-clustered p-values. The raw milk price is the July federal marketing order price
(FMO #33, Class 1 Fluid Milk) in dollars per half-pint, and it takes one value per year. Above-median
share equals one if the cartel share of a district’s potential bidders exceeds the median among districts
with any cartel presence (0.333), and zero otherwise. The cartel-regime slope is the price slope in above-
median districts: β1 ≤ 0 is the competitive prediction and β1 + β3 > 0 is the collusive reversal. Column (1)
includes no time controls. Columns (2)–(5) include a linear time trend. Columns (6)–(7) replace the linear
trend in columns (3) and (5) with year fixed effects, which absorb the trend and the raw milk price, so only
β3 is identified in these columns.

The coefficient on the raw milk price is negative in all five columns and statistically
significant in two of them. The interaction coefficient is positive in all seven columns
and statistically significant in six of them. This means that conditional on cartel activ-
ity, higher milk prices are associated with more bidders in auctions with stronger cartel
presence. This pattern is consistent with the model’s prediction that persistent cost in-
creases weaken incentives to sustain collusion and induce cartel members to participate
more aggressively.

The historical record provides further independent support for this mechanism. The
two cartel breakdowns reported in the trial testimony, the 1983–1984 and 1989–1990
school years [Porter and Zona, 1999, p. 269], coincide with periods of elevated or sharply
rising raw milk prices in the federal marketing order series, and the year-by-year esti-
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mates of Porter and Zona [1999] show the collusive markup collapsing in precisely those
years. These are only two episodes, and other factors may have played a role. Nonethe-
less, the timing is consistent with our proposed mechanism.
Caveats. Three caveats apply. First, the interaction term is not identified from exoge-
nous variation in both of its components. The raw milk price is a single aggregate series.
Although it is plausibly exogenous to any individual auction, which rules out reverse
causality from local entry or collusion, it may move with other year-level factors, such
as regional weather shocks or changes in federal dairy policy, that independently af-
fect participation. This type of variation should be captured by year fixed effects. The
cartel share, in turn, is not randomly assigned: districts served by the defendants differ
systematically from others, for instance in their distance to the cartel’s plants, and the
share is constructed from realized bidding as the fraction of cartel firms among all firms
that ever bid in the district, so it is related to entry by construction. School district fixed
effects absorb differences in levels, and year fixed effects absorb shocks common to all
districts, but neither rules out that districts with a high cartel share respond differently
to the milk price or to other year-specific shocks for reasons unrelated to collusion. We
therefore interpret the interaction as descriptive validation of the predicted sign pattern
rather than as a causal effect of cartel presence.

Second, our sample spans only eleven years (1980–1990), so the milk price takes only
eleven distinct annual values. Although the number of contracts is large (3,754), the
time-series variation used for identification is limited. As a result, statistical power is
constrained and the estimates may be sensitive to individual years.

Third, the cartel also employed complementary bidding, so bid submission is an
imperfect measure of genuine competitive entry. Indeed, Porter and Zona [1999] find
that the defendants bid more often than a competitive benchmark predicts within thirty
miles of their plants, and that their bid-submission residuals are positively correlated
pairwise—patterns suggesting that complementary bids inflated observed participation
in cartel districts. Our interaction term is identified from how participation co-moves
with persistent cost shocks rather than from its level, and the level contamination is ab-
sorbed by the cartel-intensity main effect and the school district fixed effects. Moreover,
there is no evident mechanism by which the number of complementary bids would rise
with the milk price specifically in cartel auctions; if anything, weakening discipline may
convert complementary bids into serious ones without changing bid counts, biasing the
test toward a false negative rather than a false positive, consistent with the asymmetric
error structure discussed in Section 3.2.
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5 Conclusion

This paper develops the first collusion screen based on the comparative statics of a re-
peated entry game. Our starting point is that entry decisions are often observable in
settings where prices, quantities, or bids are unavailable, uninformative, or centrally
set—franchising chains with national pricing being one example. We show that com-
petitive and collusive conduct generate opposite predictions about how joint entry re-
sponds to persistent profit shocks. Under competition, an adverse cost shock unambigu-
ously reduces joint entry. Under collusion sustained by dynamic incentives, the same
shock erodes the value of future punishment. When this enforcement effect dominates
the reduction in the one-shot gain from over-entry, the cartel is forced to relax exclu-
sion, and joint entry rises. This mechanism is the entry-margin analogue of the cyclical-
collusion logic of Rotemberg and Saloner [1986] and Haltiwanger and Harrington [1991].
Appendix B shows that it can also survive privately observed entry costs under particu-
lar verification technologies.

The resulting test is deliberately asymmetric regarding type I and type II errors. Be-
cause no parametrization of the competitive model can generate a positive relationship
between persistent cost increases and joint entry, a positive estimated relationship con-
stitutes evidence against competition. False positives are ruled out by the theory, while
false negatives remain possible when the enforcement channel is weak or the applica-
tion has limited statistical power. We view this asymmetry as attractive for screening
purposes, since the cost of falsely flagging a competitive market is typically higher for a
competition authority than the cost of failing to flag a cartel that other tools might catch.
False positives are nonetheless in practice possible, for example, due to sampling bias or
misspecified empirical model.

Monte Carlo evidence shows that a simple probit of joint entry on marginal cost
recovers correctly signed and statistically significant coefficients at sample sizes of a few
hundred entry events—well within the range of typical procurement or market entry
datasets.

Applying the test to the Ohio school milk cartel of Porter and Zona [1999], in which
market allocation based on respecting incumbencies made entry restraint an integral
part of the collusive scheme, we find that bidder participation responds positively to
persistent increases in raw milk prices precisely where cartel activity is concentrated,
while the relationship is negative elsewhere. The validation is subject to caveats—a short
time window, and a cartel that also employed complementary bidding—but the sign
pattern matches the theory’s distinguishing prediction.

Several extensions merit future work. The framework extends naturally to more than
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two potential entrants, where the outcome of interest becomes the number of entrants;
to differences-in-differences designs exploiting common cost shocks across markets; and
to other forward-looking strategic margins such as investment or capacity, where asym-
metric responses to shocks of different persistence could similarly separate conduct.
More broadly, our results suggest that the extensive margin, long treated in the entry
literature as a window onto market structure, can also serve as a window onto conduct.
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A Appendix: Theory – Complete Information

This appendix formalizes the theoretical arguments used in the main text. We allow monopoly
profits to co-move with duopoly profits by writing πM = πM(πD), where πM(·) is differentiable
and increasing. This is natural, for example, when the underlying shock affects marginal costs
and therefore shifts both monopoly and duopoly profits. Throughout this appendix, whenever
derivatives with respect to the cutoff are used, F is assumed to be continuously differentiable
with density f .

Let ΠN(πD) and ΠC(k; πD) denote a representative firm’s ex-ante expected per-period profit
net of entry costs under competition and under the collusive cutoff rule with accommodation
cutoff k, respectively. With the tie-breaking refinement that the lower-cost firm enters whenever
unilateral entry is feasible, these payoffs can be written as

ΠN(πD) =
∫ πD

0

[
F(πD)(πD − x) +

(
1− F(πD)

)(
πM(πD)− x

)]
dF(x) (2)

+
∫ πM(πD)

πD

(
πM(πD)− x

)(
1− F(x)

)
dF(x),

ΠC(k; πD) =
∫ k

0

[
F(k)(πD − x) +

(
1− F(k)

)(
πM(πD)− x

)]
dF(x) (3)

+
∫ πM(πD)

k

(
πM(πD)− x

)(
1− F(x)

)
dF(x).

Define the per-period collusive advantage by

D(k, πD) := ΠC(k; πD)−ΠN(πD),

and let the discounted loss from triggering Z periods of competitive reversion be

Γ(k, πD) := H0D(k, πD), H0 :=
Z

∑
t=1

δt = δ
1− δZ

1− δ
.

Sustainability and selection. For a candidate cutoff k ∈ [0, πD], define

Ψ(k, πD) := πD − k− Γ(k, πD).

We call a cutoff sustainable if the associated collusive entry rule satisfies the exclusion incentive
constraint under the specified punishment strategy. Because the gain from over-entry is decreas-
ing in the excluded firm’s entry cost, the cutoff k is sustainable if and only if

Ψ(k, πD) ≤ 0.

Accordingly, define the set of sustainable cutoffs by

S(πD) :=
{

k ∈ [0, πD] : Ψ(k, πD) ≤ 0
}

. (4)

The set S(πD) is nonempty because k = πD is always sustainable: at this cutoff the collu-
sive allocation coincides with the selected competitive allocation, so D(πD, πD) = 0 and hence

26



Ψ(πD, πD) = 0. Continuity of Ψ implies that S(πD) is closed, and therefore its minimum exists.
As in (C), the cartel-selected accommodation cutoff is

kC(πD) = minS(πD).

If kC(πD) > 0, then the incentive constraint binds:

Ψ
(
kC(πD), πD

)
= πD − kC(πD)− Γ

(
kC(πD), πD

)
= 0. (5)

Indeed, if the inequality were strict, continuity would imply that a slightly smaller cutoff is also
sustainable, contradicting the definition of kC(πD). At the boundary kC(πD) = 0, the incentive
constraint may hold strictly.

Lemma 1. For a fixed profit vector (πM, πD), expected collusive profit is weakly decreasing in the ac-
commodation cutoff k. It is strictly decreasing whenever increasing the cutoff changes the prescribed entry
outcome with positive probability.

Proof. Consider an increase in the accommodation cutoff. The only states in which the prescribed
allocation changes are states that previously featured unilateral entry by the lower-cost firm but,
under the higher cutoff, feature joint entry. Let k(1) and k(2) denote the lower and higher entry
costs in such a state.

Under unilateral entry, total industry profit is

πM − k(1).

Under joint entry, total industry profit is

2πD − k(1) − k(2).

The change in total industry profit is therefore

2πD − πM − k(2) < 0,

because 2πD < πM. Thus, increasing the cutoff weakly reduces expected industry profit and
strictly reduces it whenever the affected set has positive probability. By symmetry, each firm’s
ex-ante expected profit is one half of expected industry profit.

Equivalently, when F has density f , differentiation of (3) gives

∂ΠC(k; πD)

∂k
= F(k) f (k)

(
2πD − πM(πD)− k

)
≤ 0, (6)

with strict inequality whenever F(k) f (k) > 0.

Lemma 1 implies that, among sustainable cutoff rules, both firms prefer the smallest cutoff.
Hence the selection in (C) is cartel-optimal within the class of cutoff rules considered here. Since

ΠC(πD; πD) = ΠN(πD),

Lemma 1 implies

D(k, πD) ≥ 0 for every k ∈ [0, πD].
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Proposition 2. Fix a duopoly-profit level π0
D, and let

k0 := kC(π0
D) ∈ (0, π0

D)

be the cartel-selected cutoff. Suppose that Γ is continuously differentiable in a neighborhood of (k0, π0
D),

that F is strictly increasing at π0
D and k0, and that

1 + Γk(k0, π0
D) > 0. (7)

Then, in a neighborhood of π0
D, the cartel-selected cutoff is continuously differentiable and satisfies

dkC

dπD
=

1− ΓπD

(
kC(πD), πD

)
1 + Γk

(
kC(πD), πD

) . (8)

Consequently, a permanent decrease in duopoly profits raises joint entry under collusion if and only if

ΓπD(k0, π0
D) > 1. (9)

Under competition, the same decrease lowers joint entry.

Proof. Because k0 > 0 is the selected cutoff, (5) implies

Ψ(k0, π0
D) = 0.

Moreover, (7) gives

Ψk(k0, π0
D) = −1− Γk(k0, π0

D) < 0.

The implicit-function theorem therefore yields a unique continuously differentiable local root
k̂(πD) satisfying

Ψ
(
k̂(πD), πD

)
= 0

and k̂(π0
D) = k0.

It remains to verify that this local root is still the smallest sustainable cutoff. By continuity of
Ψk, choose ε > 0 and a neighborhood of π0

D such that

Ψk(k, πD) < 0

whenever k ∈ [k0 − ε, k0 + ε] and πD lies in that neighborhood. Shrinking the neighborhood if
necessary, the local root satisfies

k̂(πD) ∈ (k0 − ε/2, k0 + ε/2).

Since k0 is the smallest sustainable cutoff at π0
D,

Ψ(k, π0
D) > 0 for every k < k0.
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In particular, compactness of [0, k0 − ε] implies

min
k∈[0,k0−ε]

Ψ(k, π0
D) > 0.

By continuity, this inequality remains strict for all πD sufficiently close to π0
D. For k ∈ [k0 −

ε, k̂(πD)), strict monotonicity of Ψ(·, πD) on the local neighborhood implies

Ψ(k, πD) > Ψ
(
k̂(πD), πD

)
= 0.

Thus no cutoff below k̂(πD) is sustainable, while k̂(πD) itself is sustainable. Hence

kC(πD) = k̂(πD)

locally.
Implicit differentiation of

πD − kC(πD)− Γ
(
kC(πD), πD

)
= 0

yields (8). Because its denominator is positive,

dkC

dπD
< 0 ⇐⇒ ΓπD(k0, π0

D) > 1.

The collusive joint-entry probability is

PC(πD) = F
(
kC(πD)

)2.

Since F is strictly increasing at k0, a decrease in πD raises joint entry under collusion if and only
if (9) holds.

Under competition, the joint-entry probability is

PN(πD) = F(πD)
2,

which is strictly increasing in πD because F is strictly increasing at π0
D. Hence a decrease in πD

lowers joint entry under competition.

Next, we provide a sufficient condition for the existence of a punishment length Z and dis-
count factor δ such that a prescribed interior cutoff is the cartel-selected sustainable cutoff and
has the opposite comparative static from the competitive cutoff.

Proposition 3. Fix a duopoly-profit level πD and suppose that D is continuously differentiable. Suppose
there exists kC ∈ (0, πD) such that

D(kC, πD) > 0

and

DπD(k
C, πD) >

D(kC, πD)

πD − kC > sup
x∈[0,kC ]

{
−Dk(x, πD)

}
. (E)

Here DπD is the derivative with respect to πD holding the cutoff fixed, including the effect operating
through πM(πD). Then there exist Z ∈ N+ and δ ∈ (0, 1) such that kC is the cartel-selected smallest
sustainable cutoff, lies on a regular branch, and the locally selected cutoff is strictly decreasing in πD.
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Proof. Choose

H0 =
πD − kC

D(kC, πD)
. (10)

Because kC < πD and D(kC, πD) > 0, we have H0 > 0. This choice gives

Ψ(kC, πD) = πD − kC − H0D(kC, πD) = 0,

so the candidate cutoff satisfies the binding exclusion constraint.
The second inequality in (E) implies that, for every x ∈ [0, kC],

−H0Dk(x, πD) < 1.

Therefore,

1 + H0Dk(x, πD) > 0

and hence

Ψk(x, πD) = −1− H0Dk(x, πD) < 0 for every x ∈ [0, kC].

Since Ψ(kC, πD) = 0, it follows that

Ψ(x, πD) > 0 for every x < kC.

Thus no smaller cutoff is sustainable, and kC is the selected cutoff defined in (C). In particular,

1 + Γk(kC, πD) = 1 + H0Dk(kC, πD) > 0,

so the selected cutoff lies on a regular branch.
The first inequality in (E), together with (10), gives

ΓπD(k
C, πD) = H0DπD(k

C, πD) > 1.

Because

1 + Γk(kC, πD) = 1 + H0Dk(kC, πD) > 0,

the implicit-function theorem applies to the selected root. Moreover,

dkC

dπD
=

1− H0DπD(k
C, πD)

1 + H0Dk(kC, πD)
.

The first inequality in (E) implies that the numerator is strictly negative, while the second in-
equality implies that the denominator is strictly positive. Therefore,

dkC

dπD
< 0.
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It remains to show that the chosen H0 can be generated by some (Z, δ). Choose an integer
Z > H0 and define

hZ(δ) :=
Z

∑
t=1

δt.

The function hZ is continuous and strictly increasing on (0, 1), with

lim
δ↓0

hZ(δ) = 0 and lim
δ↑1

hZ(δ) = Z > H0.

The intermediate-value theorem therefore implies that there exists δ ∈ (0, 1) such that

Z

∑
t=1

δt = H0.

Thus the required punishment factor can be implemented by a finite punishment length and a
discount factor in (0, 1).

Example. We illustrate the framework under linear demand. Suppose inverse demand is p =

a− q and both firms have constant marginal cost c. Monopoly and duopoly profits are

πM =

(
a− c

2

)2

, πD =

(
a− c

3

)2

=
4
9

πM,

respectively.
In the simulations, entry costs are independently and identically distributed according to the

uniform distribution on [0, 1]. Take a = 11/5 and c = 1/5, so that πM = 1 and πD = 4/9. Thus
monopoly profit is normalized to one. At this parameterization,

ΠN
(

4
9

)
=

641
2187

, ΠC
(

k;
4
9

)
=

1
3
− 1

18
k2 − 1

3
k3.

Hence the binding exclusion constraint is

4
9
− k− H0

[
− 1

18
k2 − 1

3
k3 +

88
2187

]
= 0. (11)

The equation also admits the noncollusive solution k = πD = 4/9. Consistent with (C), the cartel
uses the smallest sustainable solution.

At πD = 4/9, the relevant derivatives are

DπD

(
k,

4
9

)
=

1
8

(
176
81
− k2

)
, −Dk

(
k,

4
9

)
= k

(
1
9
+ k
)

.

Therefore, the sign-reversal condition and regularity requirement become

ΓπD =
H0

8

(
176
81
− k2

)
> 1, −Γk = H0k

(
1
9
+ k
)
< 1. (12)

Moreover,

−Dk

(
x,

4
9

)
= x

(
1
9
+ x
)
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is increasing in x. Hence the second inequality in (12), verified at the candidate cutoff k, implies

H0 sup
x∈[0,k]

{
−Dk(x, 4/9)

}
< 1.

Together with the first inequality in (12) and the binding equation (11), this verifies the stronger
selection condition (E). Thus the cutoff used below is the smallest sustainable cutoff, not merely
one local solution of the binding equation.

For example, choosing δ = 0.99 and Z = 10 gives kC ≈ 0.0671. Both inequalities in (12) hold,
since ΓπD ≈ 2.57 and −Γk ≈ 0.11. Alternatively, choosing kC = 0.195, the binding constraint
determines H0 ≈ 7. One can then choose (δ, Z) such that

H0 = δ
1− δZ

1− δ
≈ 7.

For instance, Z = 9 and δ ≈ 0.95 deliver this value. With these parameters, ΓπD ≈ 1.87 and
−Γk ≈ 0.42. Hence the candidate is the cartel-selected sustainable cutoff and satisfies

dkC

dπD
< 0.

This is the baseline parameterization used in the simulations.

B Appendix: Theory – Incomplete Information

In this section, we discuss the model with incomplete information about entry costs.
Consider the same model as before, except suppose that k j is private information of firm

j ∈ {A, B}. Assume that kA and kB are independently drawn from the common distribution F.
We write duopoly profit πD as the primitive public profit index and allow monopoly profit to co-
move with it, denoting monopoly profit by πM(πD). Thus, an adverse profit shock is a decrease
in πD, which also reduces πM(πD).

Assume: (i) 0 < πD < πM(πD)/2 for all πD under consideration, (ii) π′M(πD) > 0, (iii) F is
continuously differentiable with density f and full support on [kL, kH ] ⊆ R+ such that kL < πD

and kH > πM(πD) for all πD under consideration.4

Competitive Equilibrium. Let us analyze the competitive equilibrium. This entry game has
a unique symmetric cutoff Bayesian Nash equilibrium. Fix a candidate cutoff k̄ and suppose the
opponent plays the strategy “enter iff k ≤ k̄”, otherwise stay out.

If a firm with cost k enters, its expected net payoff is

E[φ]ent(k; k̄, πD) = (1− F(k̄))πM(πD) + F(k̄)πD − k. (13)

4If kH = ∞, then f > 0 for all k ∈ [kL, ∞).
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Staying out yields 0, so the best response is to enter if and only if E[φ]ent(k; k̄, πD) ≥ 0, which is
equivalent to k ≤ k∗(k̄, πD) where

k∗(k̄, πD) ≡ (1− F(k̄))πM(πD) + F(k̄)πD.

We focus on symmetric cutoff equilibria. A symmetric cutoff equilibrium is a fixed point k̄ such
that k∗(k̄, πD) = k̄, i.e.

k̄ = (1− F(k̄))πM(πD) + F(k̄)πD,

and each firm enters iff k j ≤ k̄.
Define

G(k, πD) ≡ k− (1− F(k))πM(πD)− F(k)πD.

The equilibrium cutoff k̄(πD) satisfies G(k̄(πD), πD) = 0.

Proposition 4. For each duopoly profit level πD, there is a unique symmetric competitive entry cutoff
k̄(πD). This cutoff is increasing in duopoly profit: higher duopoly profits make firms willing to enter at
higher entry costs. Equivalently, an adverse profit shock lowers the competitive entry cutoff.

Proof. By the assumption that F is continuously differentiable, G(k, πD) is continuous in k. More-
over,

Gk(k, πD) = 1 + f (k)
(
πM(πD)− πD

)
> 0,

since πM(πD) > πD. Hence G is strictly increasing in k.
Furthermore, G(kL, πD) < 0 and G(kH, πD) > 0 by the support assumptions. Therefore, there

exists a unique k̄(πD) such that G(k̄(πD), πD) = 0.
Implicit differentiation yields

Gk(k̄, πD) k̄′(πD) + GπD(k̄, πD) = 0,

and hence

k̄′(πD) = −
GπD(k̄, πD)

Gk(k̄, πD)
.

Now,

GπD(k, πD) = −(1− F(k))π′M(πD)− F(k) < 0,

because π′M(πD) > 0. Therefore,

k̄′(πD) =
(1− F(k̄))π′M(πD) + F(k̄)
1 + f (k̄)

(
πM(πD)− πD

) > 0.

This result implies that, in the incomplete-information competitive benchmark, an adverse
profit shock cannot raise joint entry. Indeed, the probability of joint entry is

PN(πD) = F(k̄(πD))
2,

which is increasing in πD. Hence, when πD decreases, the competitive cutoff falls and joint entry
weakly decreases.
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Collusive Equilibrium. Let us now discuss collusive equilibrium. We have shown in the
complete-information model that repeated interaction can generate the opposite comparative
static: a decrease in duopoly profits can weaken punishments sufficiently strongly that the cartel
is forced to tolerate more joint entry. Therefore, if empirically adverse profit shocks and entry
move up together, one possible interpretation is that firms are playing a collusive equilibrium of
this type.

With complete information, “collusion in entry” can be enforced by prescribing efficient par-
ticipation and punishing observable deviations. With private costs, however, punishments can
depend only on public histories of entry outcomes, so “unexpected” entry profiles may reflect
either deviations or cost realizations. This enforcement problem is the entry analog of the imper-
fect public-monitoring logic in Green and Porter [1984], where a bad public outcome can arise
either from cheating or from an adverse shock, and of the general imperfect public-monitoring
frameworks developed by Abreu et al. [1990] and Fudenberg et al. [1994]. In particular, when a
cartel follows Green and Porter [1984]’s construction and triggers punishment after an “unde-
sirable” public signal, here an entry profile, then punishment necessarily occurs with positive
probability even under compliant play. These on-path punishments reduce continuation values
and can weaken incentives for collusion, as noted by Abreu et al. [1990].

To extend our model to incorporate private entry costs, there are several modeling directions.
First, following the constructions of Yamamoto [2012], firms can cooperate for L periods, apply
a statistical test to the realized public history of entry outcomes, and then switch to a Z-period
punishment phase only if the test fails. Second, in the spirit of Athey and Bagwell [2001], col-
lusion can be self-enforcing with private information when incentive compatibility is sustained
via promised continuation payoffs, e.g., future market-share favors for firms that abstain from
competing aggressively in high-cost states. Third, if firms can communicate their privately ob-
served costs before choosing entry, then sustaining efficient entry allocations hinges on incentive
compatibility constraints for that communication, as emphasized in the repeated-games-with-
communication literature; see Compte [1998] and Kandori and Matsushima [1998].

For detection, the key question is whether the comparative statics in the main analysis con-
tinue to hold when entry costs are private information. Under competition, an adverse profit
shock weakens entry incentives and therefore reduces everybody’s entry. Under collusion, the
same shock can instead weaken collusion-enforcing punishments, which may push the cartel to
allow more joint entry. However, with private entry costs the punishment is constrained by im-
perfect inference and, if communication is allowed, by incentive compatibility for reports. Thus,
robustness cannot be taken for granted and should be established.

To extend our results to incomplete information, it is enough to show that the same com-
parative static result can arise in a repeated-game equilibrium with private information. We do
not aim to characterize collusion under incomplete information in general. Instead, we provide
simple constructions under specific verification technologies. With private entry costs, one way
to make deviations observable is to allow for verifiable disclosure.
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Costly third-party verification. Suppose that each firm j ∈ {A, B} privately observes k j and,
before choosing entry yj ∈ {0, 1}, the firms simultaneously choose whether to verify, vj ∈ {0, 1}.
If vA = vB = 1, each firm pays a fee m > 0 and a third party reveals (kA, kB) to both firms.
Otherwise, no disclosure takes place. If either firm refuses verification, the firms play the com-
petitive Bayesian cutoff equilibrium in the current period and immediately enter the Z-period
punishment phase.

Consider the following stationary strategy profile. On path, both firms verify in every pe-
riod. After observing (kA, kB), they follow the complete-information collusive entry rule with
accommodation cutoff kC(πD): if kA, kB ≤ kC(πD), both enter; otherwise, the lower-cost firm
enters whenever unilateral entry is profitable and the other stays out. Any publicly observed
deviation—either a refusal to verify or an entry decision inconsistent with the disclosed costs—
triggers Z periods of the competitive Bayesian cutoff equilibrium, after which play returns to the
collusive path.

Besides the entry incentive constraint below, firms must also be willing to participate in ver-
ification. We therefore require that the largest current gain from refusing verification, including
the saved fee and any change in the current entry payoff, is smaller than the resulting loss in
continuation value. This condition is satisfied for sufficiently small m whenever collusion yields
a strictly higher continuation value and the punishment is sufficiently severe.

Let ΠC(kC; πD) denote the representative firm’s ex-ante per-period payoff under the
disclosed-cost collusive rule before verification costs, and let ΠN(πD) denote the representative
firm’s ex-ante per-period payoff in the competitive Bayesian cutoff equilibrium. The discounted
punishment loss is

Γm(kC, πD) ≡ H0

(
ΠC(kC; πD)−m−ΠN(πD)

)
, H0 ≡

Z

∑
t=1

δt = δ
1− δZ

1− δ
.

As in the complete-information model, the tight incentive constraint is for the marginal excluded
type and pins down kC(πD) by

πD − kC(πD)− Γm(kC(πD), πD) = 0.

Since m enters the continuation-value gap additively and does not vary with either kC or πD,
this verification model has the same local comparative-statics logic as the complete-information
model. If the continuation-value loss falls sufficiently fast after a decrease in πD, relative to the di-
rect decrease in the one-shot deviation payoff, then the implicit function defined by the marginal
excluded type’s incentive constraint satisfies

dkC(πD)

dπD
< 0.

Hence, a decrease in πD raises the collusive cutoff and increases joint entry.

Ex-post verification. Suppose firms cannot communicate costs prior to entry. In each period
t, each firm i ∈ {A, B} privately observes ki,t and then simultaneously chooses entry yi,t ∈ {0, 1}.
The entry profile is publicly observed.
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After the entry decisions, an audit occurs exogenously with probability α ∈ (0, 1]. The audit
is compulsory, automatically charges each firm a fee m > 0, and publicly reveals the current
period’s entry costs (kA,t, kB,t). If the audit reveals that a firm violated the prescribed entry rule, a
Z-period reversion to the competitive Bayesian cutoff equilibrium begins in period t + 1. During
the punishment phase, no auditing is used.

Fix a cutoff kC(πD) and consider the implementable symmetric collusive entry rule

yi,t = 1{ki,t ≤ kC(πD)}, i ∈ {A, B}. (14)

Because firms do not communicate before entry in this construction, the rule does not implement
the complete-information lower-cost selection rule. Instead, it uses a symmetric cutoff rule that
is directly implementable from each firm’s own private cost. The purpose of the construction is
only to show that the sign reversal can survive private information.

If the audit conducted after period-t entry reveals that (14) was violated in period t, that
is, if yi,t = 1 with ki,t > kC(πD), then Z periods of reversion to the competitive Bayesian cutoff
equilibrium begin in period t+ 1. After the punishment phase, play returns to the collusive path.5

During reversion, no auditing is used.
The representative firm’s ex-ante per-period payoff on the collusive path before audit fees is

therefore

ΠC(kC; πD) =
∫ kC

kL

[
(1− F(kC))πM(πD) + F(kC)πD − k

]
dF(k). (15)

The corresponding competitive payoff is

ΠN(πD) =
∫ k̄(πD)

kL

[
(1− F(k̄(πD)))πM(πD) + F(k̄(πD))πD − k

]
dF(k). (16)

Since audits occur with probability α, the net on-path collusive payoff equals ΠC(kC; πD)− αm.
Because an over-entry deviation is detected only if an audit occurs one period later, the

marginal excluded type’s incentive constraint becomes

(1− F(kC(πD)))πM(πD) + F(kC(πD))πD − kC(πD)

= αH0

[
ΠC(kC(πD); πD)− αm−ΠN(πD)

]
. (17)

If the continuation-value loss falls sufficiently fast after a decrease in πD, relative to the direct
decrease in the one-shot deviation payoff, then the implicit function defined by (17) satisfies

dkC(πD)

dπD
< 0.

Thus, even with private entry costs and delayed verification, a decrease in duopoly profits can
raise the collusive entry cutoff and thereby increase joint entry. By contrast, under competition
the cutoff k̄(πD) is increasing in πD, so the same adverse profit shock reduces joint entry.

5One may also declare a deviation when yi,t = 0 with ki,t ≤ kC(πD); this does not bind in the construc-
tions below.
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Table 4: Joint entry probabilities in the lagged-verification collusion model.

c πD(c) kN(c) kN(c)2 kC(c) kC(c)2

0.20 0.4444 0.6429 0.4133 0.5221 0.2726
0.22 0.4356 0.6346 0.4027 0.5228 0.2733
0.24 0.4268 0.6263 0.3922 0.5236 0.2741
0.26 0.4182 0.6179 0.3818 0.5245 0.2751
0.28 0.4096 0.6095 0.3715 0.5256 0.2762
0.30 0.4011 0.6011 0.3613 0.5270 0.2778

Numerical illustration. Specialize to linear demand p = a− q with constant marginal cost c,
so that

πM(c) =
( a− c

2

)2
, πD(c) =

( a− c
3

)2
.

Assume F(k) = k on [0, 1] (i.i.d. uniform entry costs), take a = 11/5, δ = 0.95, Z = 9, α = 1, and
m = 0.001.

For the lagged-verification, kC(c) solves (17) (numerically) and the probability of joint entry
on the collusive path is kC(c)2. Table 4 shows that kC(c) is increasing in c while the probability of
joint entry on the competitive path kN(c)2 decreases in c. For each value of c, equation (17) can
have more than one root. The table reports the smaller regular root. At this root, the continuation-
value gap is positive, the marginal excluded type’s constraint binds, and all lower-cost types
strictly prefer to enter.
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