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When fixed, sunk investment costs are high, firms may not have sufficient incentive
to enter the market unless future entry is constrained. In this case, the government
faces a dilemma between a full commitment and noncommitment of restricted future
entry. A way out is to consider a commitment conditional on the realization of the
uncertain parameters, such as the trigger-point mechanism (TPM) that sets condi-
tions on current production level, excess capacity, and demand growth under which
future entry will be allowed. This article shows that the TPM facilitates the incum-
bents’ collusion but may improve social welfare under certain circumstances. (JEL
L13, L43, L50, H10, H54)

I. INTRODUCTION

In regulated industries, a key issue faced
by the regulator is how to induce investment
to increase social welfare. For example, a reg-
ulated firm (monopoly) can make a research
and development investment to reduce its pro-
duction costs. After the investment has taken
place, it is socially optimal for the regulator
to reduce the regulated firm’s supply price,
thus reducing the firm’s profit from such an
investment. But anticipating the regulator’s
opportunistic behavior, the firm may not
make the investment in the first place.1 This

type of ex ante inefficiency, however, can be
mitigated or completely avoided by using
some properly designed mechanisms.2 One
of those mechanisms is to write a long-term
contract between the regulator and the regu-
lated firm, under which the regulator fully
commits to no change of policy. But as the
environment (other than the firm’s invest-
ment) changes, the policy may turn out to be
bad and the regulator will have no means to
correct it under the long-term contract. This
represents the danger of overcommitment.
As pointed out by Laffont and Tirole (1993,
p. 620), ‘‘The benefit of commitment is that
the regulated firm’s investment is not expro-
priated. The cost of commitment is that the
government may identify with the firm
and bind the nation to a bad outcome over
the long run.’’

The trade-off between full commitment
and noncommitment naturally suggests that
a mechanism of conditional commitment
may be preferable. Although this type of
mechanism has not been studied in the reg-
ulation literature, it has already been put to
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1. This leads to the time consistency problem as in the
macroeconomics literature (see Kydland and Prescott
1977) or the opportunism problem as described by
Williamson (1975, 1984).Williamson argues that if the reg-
ulator cannot guarantee not acting opportunistically, ex
ante inefficiency will result. Besankol and Spulber (1992)
cite the following real-world example of Hesse (1989):
TheFederal EnergyRegulatoryCommission observes that
capacity shortages result from the limited commitment of
the system in which normal return to cost-reducing invest-
ment by the regulated firms is not guaranteed.

ABBREVIATIONS

CHH: Container Handling Committee
PDB: Port Development Board
TPM: Trigger-Point Mechanism

2. Laffont and Tirole (1993, pp. 101–103) briefly dis-
cuss four mechanisms that can help mitigate the underin-
vestment effect.
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use in the real world.3 One such example is
the so-called trigger-point mechanism (TPM)
used to regulate entry into container terminal
service in the world’s busiest container port,
Hong Kong. To protect the financial interests
of the private investors who developed the ter-
minals, the Hong Kong Port Development
Board (PDB) adopted the TPM, under which
‘‘new berths were not triggered until fore-
cast throughput equalled working capacity
of existing and planned berths’’ (PDB 1992,
p. 23). The PDB makes a conditional com-
mitment under the TPM with regard to entry:
Entry will be allowed if future demand is suf-
ficiently strong but not allowed otherwise.4

Another example is the second-sourcing of
defense systems adopted by the U.S. Depart-
ment of Defense. As described and modelled
by Anton and Yao (1987), the mechanism
specifies that if the developer (the primary
contractor) produces x units in the first stage,
then the remaining quantity, z � x units
(where z is the prespecified quantity) will be
reprocured and the contract will be awarded
to the winner in a bid between the developer
and a second contractor. Hence, reprocure-
ment occurs if and only if x < z. If no repro-
curement is interpreted as full commitment
and reprocurement as noncommitment, then
the mechanism of second-sourcing represents
a conditional commitment.

The book edited by Levy and Spiller (1996)
contains many other examples of conditional
commitment regulations of the telecommuni-
cations industry in Chile, Jamaica, the Philip-
pines, and the United Kingdom.

This article constructs a multiperiod model
to investigate the effects of the regulator’s con-
ditional commitment, in the form of the TPM,

on entry, collusion, and social welfare. In the
first period, two firms contemplate entering
the market in which future entry by a third
firm is regulated. Because entry in the first pe-
riod incurs a large sunk cost, the government’s
entry regulation affects first period entry as
well as future entry. To see commitment value
as clearly as possible, we suppose that there
will be entry in the second period in the ab-
sence of regulation. Because future entry
heightens competition and lowers the incum-
bent firms’ future profits, their discounted
profits may not be large enough to recover
the sunk cost of entry in the first period if
the government does not prohibit future entry.
That means the firms may not enter at all,
resulting in a loss of welfare. This calls for
commitment by the government to disallow-
ing future entry. However, if future demand
proves to be sufficiently strong, then permit-
ting future entry may not discourage first-
period entry. In that case, full commitment
to absolutely no entry may generate lower so-
cial welfare than noncommitment. Therefore,
in an environment with uncertain demand,
a TPM, which specifies conditions for new
entry, may be more desirable than both full
commitment and noncommitment.

After entry in the first period, the two
incumbents may collude by producing an out-
put level lower than that without collusion.
Without the TPM, however, future entry will
destroy current collusion. The authors show
that in many cases the TPM not only restores
first-period collusion but also induces the
incumbents to collude at an even lower output
level for the purpose of reducing entry.5 The
reason is simple. In addition to the usual
profit-enhancing motivation for collusion,
with the TPM the condition of entry depends
on the gap between capacity and current de-
mand. The incumbents have an additional
incentive to lower the output level such that
entry will not be triggered.6

3. Baron (1989, p. 1410) points out that one way for
the government to make a commitment is to issue a bond
to the regulated firm. If the government changes its initial
policy, the firm can claim the specified amount of money
from the government. If the bond’s value is very small,
then it is equivalent to noncommitment. If the bond’s
value is sufficiently large, then it is equivalent to full com-
mitment. If the bond’s value is in the intermediate range,
then it is equivalent to conditional commitment, i.e., the
government does not change the policy in some circum-
stances but does in others.

4. In the cartel literature, it is well known that in the
presence of incomplete information, firms can use the
trigger-price strategy to facilitate collusion (see Green
and Porter 1984). The TPM considered in this article is
a contract between a regulator and firms in the regulated
industry, but it has some features similar to the trigger-
price strategy that is used by firms to facilitate interfirm
cooperation.

5. This supports the following concern by the Hong
Kong Centre for Economic Research (1992): ‘‘Since the
amount of excess demand is determined in part by the level
of handling charges set by terminal operators, this mech-
anism provides existing operators with a tool to limit com-
petition by reducing the rate of entry.’’

6. Collusion under a TPM has its counterpart in inter-
national trade. Rotemberg and Saloner (1989) have ana-
lyzed the impact of import quota on collusion. Krishna
andMorgan (1998) show that voluntary import expansion
facilitates/induces collusion among the import competing
firms.
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In general, the effect of TPM on social
welfare is ambiguous. It has a positive effect
because it induces current entry, but it has
a negative effect because it facilitates collu-
sion, which reduces competition and blocks
future entry. Nevertheless, the authors show
that TPM improves overall welfare in some
cases, depending (among other factors) on
the level of entry cost. Therefore, although
a simple TPM will not be able to achieve an
efficient outcome in all cases, it may still be
a preferred policy if the regulator does not
have information about entry costs.

The present study contributes to the reg-
ulation literature by showing the potential
superiority of the regulator’s conditional com-
mitment over both full commitment and non-
commitment and by deriving the implications
of such a mechanism for the incumbents’ col-
lusive behavior and social welfare. It differs
from the literature in a number of ways.
Laffont and Tirole (1993, chapter 16) con-
struct a model to illustrate ‘‘the trade-off
between encouraging investment through
commitment and correcting wrong policies
through noncommitment.’’ The present article
goes further by examining the implications of
conditional commitment for firms’ collusive
behavior. Though the existing studies in the
literature have largely focused on the reg-
ulation of a franchised monopolist, in which
case the complication of strategic interaction
among the regulated firms is absent (see Baron
1989, p. 1350).7 This article assumes two firms
in a regulated industry to explicitly analyze
their strategic interaction (competition and
collusion).

This article is related to Kim (1997), who
assumes excess entry in the absence of regula-
tion in contrary to the present assumption of
insufficient entry without regulation. In Kim’s
model, a single incumbent sets its production
capacity in the first period with a view of de-
terring entry in the second period. In between
the two periods, the government decides
whether to allow entry in the second period.
Kim shows that the government’s entry regu-
lation lowers the incumbent’s cost of deterring
entry and hence it may deter even socially op-
timal entry. Two additional differences dis-
tinguish this article from Kim’s. First, in the
present model the government sets the TPM

before the first-period investment takes place,
so the incumbents’ firms are not able to act
strategically to influence the government’s
mechanism design. Second, there are multiple
incumbents in the model so that the authors
can investigate the issue of collusion among
the incumbents for the purpose of deterring
future entry under the TPM.8

The rest of the paper is organized as follows.
Themodel is setup in sectionII.SectionIIIana-
lyzes the equilibrium under TPM-sanctioned
entry. Section IVanalyzes the first-period entry
and welfare. Section V discusses robustness of
the results and concludes.

II. THE MODEL

There are infinitely many periods. Consider
an industry in which firms produce a homog-
enous good. Demand in period t is assumed
to be pt ¼ at � X. The authors focus on one
particular scenario where there is a one-time
(permanent) demand shock (expansion) that
occurs in period 2. Specifically, assume a1 ¼ 1
and at ¼ a > 1, for all t > 1. Assume that
a is a random variable with distribution
F(a), a 2 (1, �a]. Denote EðxÞ ¼

Ð �a
1
xdFðxÞ:

Before period 1, the government announces
the TPM, which specifies the conditions under
which new entry will be allowed in period 2. In
period 1, two risk-neutral firms, 1 and 2, make
their respective entry decisions. After the entry
decisions are made, the firms know more
about the demand (through market research).
For simplicity the authors assume that they
know the exact value of a, capturing the fact
that firms already in the market have more in-
formation about demand than the govern-
ment. But at the time of entry they need to
make entry decision based on expected payoffs
because they are not in the market yet. If both
firms enter, each firm incurs a fixed and sunk
cost s2. If only one firm enters, the fixed and
sunk cost is s1. In the case of two-firm entry
and if the firms do not collude, the authors
assume the equilibrium in the product market
is achieved through Cournot competition. If
there is no entry, there will be no production

7. GilbertandVives (1986) isoneexception,but theydo
not consider collusion between incumbents to deter entry.

8. There is a large literature on entry deterrence (i.e.,
barriers to entry created by incumbents’ strategic behav-
ior, not by the government), e.g., limit pricing, overinvest-
ment, extensive noncooperative competition, etc. See
Gilbert (1989) and Tirole (1988) for a survey of this liter-
ature. In contrast, in this article, explicit entry barriers are
created by the government.
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in this period, and the game moves to the sec-
ond period. The authors assume that if firm 1
or firm 2 does not enter in the first period, it
never enters in the future because it will have
invested in some other projects.

At the beginning of the second period, a is
realized to all parties (including the regulator)
and the TPM determines whether new entry is
allowed. Assume that the potential entrant,
firm 3, will always enter in period 2 if entry
is allowed. This will be the case if the entry cost
to firm 3 in period 2, denoted by s3, is much
lower than the entry cost to firms 1 and 2 in
period 1. It will soon become clear that if no
firm enters in period 1, the TPM always allows
firm 3 to enter. Then in period 2, all firms ob-
serve a and produce for the market. All subse-
quent periods are identical to period 2.

For simplicity and without loss of gen-
erality, assume that each firm can produce at
constant marginal cost, equal to 0, up to a ca-
pacity level K. This assumption captures the
lumpinessof investment in container terminals.
Moreover,K is exogenousbecause it is toa large
extent determined by the government.9

Before the authors lay down the mathemat-
ical representation of the TPM, they describe
its institutional background and actual prac-
tice. In 1990, the PDB of Hong Kong was
established for the strategic planning of Hong
Kong’s port. Under the PDB, the Container
Handling Committee (CHC) plans and over-
sees the development of new container termi-
nals. Its aim is to ‘‘ensure that supply would
continue to meet demand and to obviate over-
provision, or underprovision, of container
terminal capacity’’ (PDB 1992, p. 23). When
determining whether a new terminal will be
built to meet future demand, the CHC uses
the recent data of container throughput to
forecast demand growth in the future. Based
on the forecast demand, the CHC decides

whether to trigger a new terminal. The CHC
has little room to manipulate the decision
because the TPM is demand-led and a new
terminal will not be triggered until forecast
throughput equaled working capacity of exist-
ing and planned terminals. In particular, the
trigger point is ‘‘set at the throughput level
where forecast demand exceeded existing ca-
pacity’’ (PDB 1992, p. 23).

To sum up, the idea behind the TPM is that
if the growth in demand is not strong enough,
the incumbents will have sufficient capacity to
satisfy future demand and so entry should not
be allowed. If growth in demand is sufficiently
strong, however, new entry is justifiable.10 In
terms of the level of demand, let X1 be the
actual quantity demanded (the available data
observed and used by the CHC) in the first
period, X be the future quantity demanded,
and K1 be the total capacity in the first period.
The TPM says that additional berths will be
built and new entry will be triggered if and
only if X is greater than or equal to the exist-
ing capacity K1. An equivalent way of captur-
ing the essence of the TPM is in terms of
demand growth and existing idle capacity.
Note (a � 1) captures the growth in demand.
By definition, the idle capacity is given by
(K1 � X1). Accordingly, the TPM is specified
mathematically as follows:

New entry is allowed if and only if

ða� 1Þ � nðK1 � X1Þ;
where nðdÞ > 0; n#ðdÞ > 0:

ð1Þ

Because there is no growth after the second
period, the authors assume that the TPM
disallows entry after period 2.

The authors do not claim that condition (1)
is the actual TPM in the real world but use it
as a simple mechanism to capture the gov-
ernment’s conditional commitment, namely,
allowing entry if the growth in demand is rel-
atively strong but not allowing entry if it is rel-
atively weak.11 They believe this simplification

9. In the container terminal business, the capacity of
each operator is largely constrained by the quay front and
back-up land, both of which are determined by the regu-
lator. For instance, the newest terminal in Hong Kong
(Terminal no. 9) features 320 meters of quay front and
15 hectares of back-up land per berth. The length of
the quay front determines how many ships can be serviced
at the same time. Containers must first be stored in the
container yard (i.e., on the back-up land) before they
are loaded onto the ships or after they are unloaded from
the ships. Although it is not impossible for the terminal
operators to make investment in equipment and yard to
increase their container-handling capacity, this kind of in-
vestment is very costly and inevitably runs into diminish-
ing returns.

10. It is justifiable for two reasons. First, allowing for
new entry will not reduce incumbents’ profitmuch because
future demand is strong. Second, even if the incumbents
can incur higher marginal production costs beyond their
design capacity, a new entrant may result in lower total
costs for the entire industry.

11. The first-period idle capacity has a key effect on
the government’s decision. This can also be seen in Anton
and Yao’s (1987) modeling of the Department of
Defense’s mechanism for regulating new entry and in
Kim’s (1997) optimal government decision on new entry.
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is justified because the purpose of this article is
not to design an optimal TPM but to investi-
gate the implications of such a mechanism for
collusion and welfare.

III. COLLUSION UNDER TPM-SANCTIONED ENTRY

To underscore the importance of TPM and
perform an analysis of collusion in a repeated
game, first consider the following case: Firms 1
and 2 have already entered the market and
there is no future entry.

The authors use superscripts m, c, n, and
d to denote monopoly, collusion, Cournot-
Nash competition, and defection, respectively.
In deriving the various output levels, for con-
venience the authors ignore the capacity con-
straints. Even though capacity is crucial to the
TPM, for a large range of parameter values
(specified later) the authors find that firms’
outputs are not constrained by the capacity.
In the case when capacity constraint is bind-
ing, firms’ competition and collusion will be
affected. The effects of binding capacity con-
straint will be briefly discussed in section V.

In the absence of collusion, the equilibrium
is given by that of Cournot. They are (for each
firm), respectively, xn1 ¼ 1=3; pn1 ¼ 1=3; and
pn1 ¼ 1=9 for period 1, and xn ¼ a/3, pn ¼ a/3,
and pn ¼ a2/9 for every other period onward.
If there is a single monopoly or if the two firms
maximize joint profit, the optimal (total) out-
put, price and (total) profit are, respectively,
xm1 ¼ 1=2; pm1 ¼ 1=2; and pm1 ¼ 1=4 for period
1, and xm ¼ a/2, pm ¼ a/2, and pm ¼ a2/4
for every other period onward.

When firms tacitly collude at output xc1 in
period 1: that is, each produces xc1=2; then
the price and each firm’s profit are, respec-
tively, pc1 ¼ 1� xc1 and pc1 ¼ ð1� xc1Þxc1=2: Sim-
ilarly, if they collude at output xc in every
other period, then the price and each firm’s
profit are, respectively, pc ¼ a � xc and
pc ¼ (a � xc)xc/2. The colluding firms will
choose xc1 2 ½xm1 ; 2xn1Þ and xc 2 ½xm; 2xnÞ as
low as possible.

As it is common in the literature, the
authors follow Friedman (1971) to use grim
strategy to model punishment schemes on de-
fection.12 Specifically, when a firm defects
from xc1 or x

c, the other firm will not continue
to produce at the collusive level. However, as-

sume that the other firm is not able to respond
until one period later, implying that the defec-
tor’s optimal output and the resulting price
and profit during the defection period are,
respectively: xd1 ¼ pd1 ¼ ð2� xcÞ=4; and pd1 ¼
ð2� xc1Þ

2=16; or xd ¼ pd ¼ (2a � xc)/4, and
pd ¼ (2a � xc)2/16.

The authors can analyze the defection/
collusion behavior for every period, but given
that they are most interested in the first-period
collusion between the incumbent firms in the
main model with TPM, they just focus on
the first-period equilibrium. When contem-
plating defection in the first period, a firm
must weigh the one-time gain for defection
ðGðxcÞ [ pd1 � pc1Þ against the discounted fu-
ture losses from the breakdown in collusion
(L(xc) [ pc � pn). Assuming that firms have
the same discount factor, d 2 (0, 1), a firm’s
defection incentive (DI) is given by

DIðxc1Þ [ Gðxc1Þ �
d

1� d
LðxcÞð2Þ

Collusion at xc1 is sustainable if and only if
DIðxc1Þ � 0:When firms discount future profits
less (larger d), they have less incentive to defect
from current collusion.

The authors now return to the model in
whichfirm3 iswaiting to enter in period 2. Sup-
pose there is no TPM in place. Then, if firms 1
and 2 collude in the first period and firm 3
enters in the second period, a natural question
is how the incumbent firms respond to the en-
try.As pointed out byHarrington (1989), there
are generally two classes of response. First, the
incumbent firms break up their collusion in re-
sponse to entry, that is, all three firms will play
the Cournot competition game in all periods
after entry. Second, the incumbent firms ac-
commodate the entrant by establishing a new
collusion includingfirm3.13Tomake the impli-
cations of TPM for collusion as sharp as pos-
sible, this article adopts the first class of
response, in which entry is not accommodated.
Section V discusses the robustness of results
when entry is accommodated.

It turns out that with future entry and in
the absence of the TPM, collusion in the first
period cannot be sustained. The reason is that
because the outcome in the second period and

12. For other more appealing and sophisticated pun-
ishment schemes to support collusion, see Green and
Porter (1984) and Abreu (1986).

13. Within the second class of response, Harrington
(1989) also considers the case in which the incumbent firms
coordinate in punishing the entrant (predation).
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beyond is always a three-firm Cournot-Nash
equilibrium, there is no future loss due to cur-
rent defection (L(xc) ¼ 0 because there is no
collusion anyway), but there is always a
one-time gain from defection in the first pe-
riod. Thus, DIðxc1Þ > 0 for all xc1; and so collu-
sion in the first period cannot be sustained.

The authors shall show that the TPM not
only restores the first period collusion but in
some cases also makes it more collusive, be-
cause the incumbents restrict output further
to reduce the threat of potential entry.

First the authors derive the most collusive
output after the first period under the assump-
tion that firm 3 does not enter in period 2. This
result will be used repeatedly later. From pe-
riod 2 onward, the defection incentive be-
comes DIðxcÞ [ GðxcÞ � d=ð1� dÞLðxcÞ: Let
xo¼ 2a(9� 5d)/3(9� d) and x* be the optimal
(lowest) sustainable output for collusion be-
tween firms 1 and 2 in every period from
period 2 onward. It can be shown that x* ¼
xm for d � 9/17 and x* ¼ xo for d < 9/17. If
d < 9/17, xo > xm. Accordingly, in this article,
the discount factor is considered high if
d � 9/17, and low if d < 9/17.

Suppose the TPM as specified by (1) takes
the following specific form:

entry is allowed if X1 > v;

but entry is not allowed if X1 � v;

ð3Þ

where the ‘‘entry threshold’’ v[ 2K � (a � 1).
Thus, if K > 3/8, firms’ outputs will not be
constrained by the capacity in all relevant cir-
cumstances analyzed. Moreover, if demand
growth is expected to be sufficiently high
(e.g., a � 2), it is reasonable to believe that
existing incumbents’ capacity will not be suf-
ficient to meet the demand, and therefore the
TPM is justifiable.

Depending on the value of v, the authors
can distinguish between three cases:

Case A: v � 2xn1; Case B: v 2 ½xm1 ; 2xn1Þ;
and Case C: v < xm1 ;

where xm1 ð¼ 1=2Þ is the monopoly output in
the first period and xn1 ð¼ 1=3Þ is the Cournot-
Nash equilibrium output of each of the two
incumbent firms in the first period. The rest
of this section assumes that under the TPM
as given by (3) two firms will enter in the first
period. Firms 1 and 2’s entry decisions in pe-
riod 1 will be considered in section IV.

Defection under TPM-Sanctioned Entry

When TPMas specified in (3) is in place, the
first-period collusion will be different. Defec-
tion not only triggers punishment by the col-
luding partner but also results in new entry if
the first-period output becomes sufficiently
high due to defection. However, if the threat
of entry is low (i.e., v is very large), the in-
creased output as a result of defection will
not trigger new entry. On the other hand, if
the threat of entry is high (i.e., v is very small),
even a small deviation will trigger new entry.
In these two cases, the defector’s behavior will
not be different from that in the absence of
TPM. In other cases, TPM constrains the
defector’s output because the defector does
not wish to trigger new entry. The authors
demonstrate this intuition in this subsection.

Suppose in the absence of future entry
firms 1 and 2 collude at xc1 2 ½xm1 ; 2xn1Þ in
the first period and at xc in the second period
and beyond. Without the risk of future entry,
a defector’s first-period defecting optimal
output is xd1 ¼ ð2� xc1Þ=4; implying that the
total output in the first period is equal to
X1ðxc1Þ ¼ ð2þ xc1Þ=4: Whether this ‘‘uncon-
strained cheating output’’ is optimal under
the TPM depends on whether X1 will trigger
entry. If X1 � v, then the unconstrained
cheating output is optimal.

However, if X1 > v, then the defect will in-
duce entry in the second period, implying that
the three firms will play the Cournot competi-
tion game after period 1. To prevent entry by
firm 3, the defector must choose a lower con-
strained output. The optimal ‘‘constrained
cheating output’’ is equal to xv1 [ v� xc1=2; im-
plying that the first period’s total output is
equal to v. After cheating, the two incumbents
play the Cournot competition game in all
future periods.

If the defector produces the unconstrained
cheatingoutput, then its total discountedprofit is

Pun ¼ ð2� xc1Þ
2

16
þ d
1� d

a2

16
if X1 > v; or

Pd ¼ ð2� xc1Þ
2

16
þ d
1� d

a2

9
if X1 � v:

If the defector produces the constrained cheat-
ing output, then its total discounted profit is

Pcon ¼ ð1� vÞ v� xc1
2

� �
þ d
1� d

a2

9
:

QIU, CHENG, & FUNG: TRIGGER-POINT MECHANISM 161



Note, Pd > maxfPun, Pcong, but the com-
parison of Pun and Pcon is indeterminate. In-
tuitively, when v is small, the constrained
cheating output might be too small to make
it worthwhile to deter entry (i.e., Pun > Pcon).
However, if future demand is high and the
firms do not discount future profits too much,
it could be worthwhile to prevent entry by
choosing the constrained cheating output. If
v is very large, there is no need to worry about
entry at all. These intuitive results are stated
more precisely in Lemma 1.

Lemma 1. Suppose a firm defects from a col-
lusive output xc1 2 ½xm1 ; 2xc1Þ in the first period.

i. If v � 2xn1 or v < xm1 ; then the defector’s
output is equal to xd1 :

ii. If v 2 ð5=8; 2xn1Þ; then there exists
z0 2 ð2ð2v� 1Þ; v� such that the defector’s out-
put is given by

xv1 for xc1 2 ð2ð2v� 1Þ; z0Þ;
xd1 otherwise:

�

iii. If v 2 ½xm1 ; 5=8Þ; then there exists
z1 2 ½xm1 ; v� such that the defector’s output is
given by

xv1 for xc1 2 ½xm1 ; z1Þ;
xd1 otherwise:

�

Proof. See appendix. h

The intuition behind Lemma 1(i) is simple.
The defector chooses the unconstrained cheat-
ing output when there is either always no entry
(in Case A) or always entry (in Case C). The
authors will explain the intuition behind
Lemma 1(ii) and (iii), which belong to Case
B. In (ii), v is relatively large. One can divide
the interval [xm1 ; v] into three regions,
[xm1 ; 2ð2v� 1Þ], (2(2v � 1), z0) and [z0, v]. If
xc1 falls into the first region, it is far below v,
and so the unconstrained cheating output
does not induce entry. The defector gets the
highest discounted profit Pd by producing
this amount. If xc1 falls into the second region,
the unconstrained cheating output will in-
duce entry while the constrained cheating out-
put is not too restrictive, and so the defector
chooses this latter output level to get Pcon.
However, if xc1 falls into the third region, the
unconstrained cheating output will induce

entry, but the constrained cheating output
will be too restrictive to be worthwhile. Hence,
the defector chooses the unconstrained cheat-
ing output and gets Pun.

In Lemma 1(iii), v is already small, so the
first region does not exist. As in the case of
(ii), the defector chooses the constrained
cheating output when xc1 is in the second region
[ xm1 ; z1), but chooses the unconstrained cheat-
ing output when xc1 is in the third region [z1, v].

In the next two subsections, the authors
analyze the defection incentive under TPM
to determine whether the two incumbent firms
will collude and at which output level. Because
the TPM may constrain the defector’s output,
the one-time gain from defection could be
reduced, which in turn reduces the incentive
to defect at a given collusive output. As a re-
sult, the first-period collusion output could be
lower as a result of the TPM. This intuition
will be borne out below for both high and
low discount factors.

Collusion When Discount Factor Is High

This subsection analyzes collusion when the
discount factor is relatively large (i.e., d � 9/
17), and the next subsection deals with the case
of a smaller discount factor. First, consider
Case A where v takes on a large value. Follow-
ing Lemma 1, the authors know that at any
first period collusive output xc1 the defector
always produces the unconstrained cheating
output and entry does not occur under the
TPM. Hence, the defection incentive is

DIH ðxc1Þ[
ð2� xc1Þ

2

16

� ð1� xc1Þxc1
2

� d
1� d

a2

72
:

ð4Þ

Noting that @DIH=@x
c
1 < 0 for all xc < 2xn1 and

DIHðxm1 Þ � 0 given that a� 1 and d� 9/17, the
authors conclude that in Case A the optimal
sustainable collusive output is the monopoly
output xm1 :

Then, the authors turn to Case B where v
takes on a moderate value. Recalling that
collusion never occurs at any output within
the interval (v, 2xn1), the authors focus on
xc1 2 ð1=2; v]. If the defector defects fromcollu-
sion at xm1 but keepsX1� v, then the future loss
from the current defection is the same as in
Case A, but the current one-time gain cannot
be higher than G1ðxm1 Þ because the defector
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may not be able to choose the unconstrained
cheating output. Alternatively, if the defector
produces the unconstrained cheating output,
then the one-time gain is the same as in Case
A, but the future loss is at least as large as that
in Case A. In both cases, the defection incen-
tive is no greater than that in Case A, and thus
the authors conclude that in Case B collusion
at the monopoly output xm1 is sustainable.

It is interesting to note that although
collusion at the monopoly output is sustain-
able, collusion at some higher output level
(xc1 > v) is not sustainable. This counterintui-
tive result arises because any higher output
level induces entry and consequently a break-
down of collusion.

Last, the authors consider Case C, where
any sustainable collusive output must be
below vð< xm1 Þ: Each firm’s profit in the first
period with collusion output xc is concave in
xc and reaches its maximum at xm1 if entry is
ignored. In addition, the defector’s profit
ð2� xc1Þ

2=16 (and so the defection incentive)
decreases as xc increases. These two observa-
tions together imply that if the firms collude,
they should collude at xc1 ¼ v: Knowing this,
the authors next derive conditions under
which collusion at v is both beneficial and
sustainable.

If the firms collude in the first period,
they will collude at xm in every subsequent
period, giving each incumbent firm a total dis-
counted profit Pc [ (1 � v)v/2 þ a2d/8(1 � d).
On the other hand, if there is no collusion
in the first period, they play the Cournot com-
petition game in all periods, giving each in-
cumbent firm a total discounted profit Pn [
1/9 þ a2d/16(1 � d). The defection incentive
is given by [(2 � 3v)2(1 � d) � a2d]/16(1 � d),
which is nonpositive if and only if v �
v0 [ ½2� a

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
d=ð1� dÞ

p
�=3; where v0 < xm1 : In

other words, the incumbents have no incen-
tive to defect from v unless v is very small
(i.e., at v < v0). But is colluding at v beneficial
to the incumbent firms? Because (Pc � Pn)
increases in v and is positive when v is close
to xm1 ; it follows that in Case C Pc > Pn for
all v � v0.

The authors now summarize the foregoing
analysis in Proposition 1.

Proposition 1 (Collusion with a Larger Discount
Factor). Suppose the discount factor is suffi-
ciently large (i.e., d � 9/17). The introduction
of the TPM not only restores collusion between

the incumbents but in some cases also induces
the incumbent firms to restrict output below the
monopoly output.

More precisely, if v � xm1 ; then the incumbent
firms collude at the monopoly output xm1 : If v0 �
v < xm1 ; then the incumbent firms collude at the
output level v, which is below the monopoly
output xm1 : If v < v0, then no collusion between
the incumbent firms in the first period can be
sustained.

Collusion When Discount Factor Is Small

This subsection analyzes the case for
d < 9/17. As shown before the introduction
of (3), in this case the lowest sustainable out-
put for collusion from second period onward
is given by xo if there is no entry in the second
period. The firms’ defection incentive in pe-
riod 1 is given by

DILðxc1Þ [
ð2� 3xc1Þ

2

16
� d
1� d

po � a2

9

� �
;ð5Þ

where po [ pc(xo) ¼ a2(9 � 5d)(9 þ 7d)/9
(9 � d)2. Noting that xc1 2 ½xm1 ; 2xn1Þ; we obtain
xo1 as the unique solution to DIL(x

c
1) ¼ 0:

xo1 [
2ð9� d� 4adÞ

3ð9� dÞ :

Letting x1* denote the first period’s collusion
output in the absence of future entry. The
analysis is summarized as

Lemma 2. Suppose d < 9/17 and there is no
future entry. Then the first period’s collusive
output is given by

x1* ¼
xm1 for d � d1;

xo1 2 ðxm1 ; 2xn1Þ for d < d1;

�

where d1 [
9

16aþ 1
<

9

17
:

Moreover, x1* is lower than the collusion output
(xo) in every other period.

The authors now examine the defection in-
centive under the condition that any defection
in the first period leads to new entry. The de-
fection incentive in this case is given by

ð2� 3xc1Þ
2

16
� d
1� d

po � a2

16

� �
:
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The DI is equal to 0 at

xe1 [
1

3
2�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
d

1� d
ð16po � a2Þ

r" #
:

Finally, if the incumbents can only sustain
their collusion at v < xm1 ; the authors need to
verify if it is beneficial, that is, (P̃c� PnÞ> 0;
where P̃c [ ð1� vÞv=2þ dpo=ð1� dÞ is the
counterpart of Pc as given previously.

Armed with these preliminary results,
the authors now state the counterpart of
Proposition 1.

Proposition 2 (Collusion with a Small Discount
Factor). Suppose d< 9/17. The first period col-
lusive output is characterized as follows.

(i). If (a) v � 2xn1; or (b) v 2 [xm1 ; 2x
n
1) with

d 2 [d1, 9/17], or (c) v 2 ð2
3
ð1� ad

9�dÞ; 2xn1Þ with
d < d1, then the incumbents collude at x1*:

(ii). If (a) v < minfxe1; x1*g, or (b)
P̃c �Pn < 0 and v < xm1 ; then there will be
no collusion at all.

(iii). In all other cases, the incumbents col-
lude at some output level below x1*:

Proof. See appendix. h

Although the conditions for various out-
comes described in Proposition 2 look com-
plicated, they are in fact quite intuitive.
First, the same collusive output without entry
(i.e., x1*) can be restored by TPM if entry is au-
tomatically deterred by TPM without the in-
cumbent firms choosing their first-period
output strategically to deter entry. This hap-
pens if v is very large (i.e., under condition
(i)(a) entry is deterred in any case), or if d is
relatively large (i.e., condition (i)(b), so the
firms value collusion more), or if (v� x1*)
is sufficiently large (i.e., condition (i)(c),
which is equivalent to v 2 (5/8, 2xn1) and
x1* 2 ðxm1 ; 2ð2v� 1ÞÞ; so v does not affect the
defection incentive at x1*). In all of these cases,
the threat from TPM-sanctioned entry is very
weak.

Second, at the other extreme where the
pressure of TPM-sanctioned entry is very
strong, the incumbent firms have to collude
at output levels that are too low to be sustain-
able or profitable to prevent entry. This occurs
when v is not only lower than x1* but also lower
than xe1 (i.e., condition (ii)(a), so the tempta-

tion to defect is too high), or condition
(ii)(b) holds (so it is too costly to deter entry
as the firms have to produce at an output level
much below the monopoly level).

Last, when TPM-sanctioned entry is nei-
ther very weak nor very strong in the sense
described, the firms can utilize the TPM to
support more collusive outcome if v > xm1 :
The reason is that the TPM lowers defection
incentive because the defector will receive
more punishment (if the defector chooses
the unconstrained cheating output) or get less
one-time gain (if the defector chooses the
constrained cheating output). This explains
why under the TPM the firms go further
in output restriction for the purpose of entry
deterrence.14

IV. ENTRY AND WELFARE ANALYSIS

This section analyzes the first-period entry
decision under TPM and TPM’s welfare
results. For simplicity, the authors focus on
the case that the demand size a is uniformly
distributed over [1, 2]. They shall focus on
the role of entry costs, which affect the firms’
entry decisions together with the pressure of
future entry, TPM, and their effects on collu-
sion. The first subsection characterizes the
conditions for single entry and two-firm entry.
The second subsection performs some wel-
fare analysis based on the result obtained from
the first subsection. The authors highlight an
important welfare trade-off that is inherent
in the TPM: a positive effect because TPM
encourages first-period entry and a negative
effect because TPM facilitates first-period col-
lusion and blocks future entry. Examples in
which TPM improves social welfare will be
presented.

Entry

To see the impact of TPM on entry, the
authors first examine conditions for entry in
the absence of TPM. For simplicity, let s1 ¼
s2 ¼ s be the entry cost incurred by each firm.
Recall that firm 3 always enters (which im-
poses condition on s3 in the welfare analysis)
in the second period. If only one firm enters in

14. In limit pricing, the incumbent(s) will set a lower
price to deter future entry. This strategic behavior changes
in the presence of government entry regulation. With the
TPM, the first period price is higher (output is lower) than
otherwise to deter future entry.
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the first period, the entrant’s expected profit is
equal to

1

4
þ d
1� d

ð2
1

a2

9
da� s ¼ 1

4
þ 7d
27ð1� dÞ � s:

Similarly, if two firms enter in the first period,
each entrant’s expect profit is equal to 1/9 þ
7d/48(1 � d) � s. Hence, there is single entry
if and only if

1

9
þ 7d
48ð1� dÞ � s < z3 [

1

4
þ 7d
27ð1� dÞ;

and there is double entry if and only if
s < z6 [ 1/9 þ 7d/48(1 � d).

Now consider the impact of the TPM. Sup-
pose v � 1/2. In the case of single entry, the
entrant just produces the monopoly output
in the first period and successfully block firm
3’s entry. Its expected profit is

1

4
þ d
1� d

ð2
1

a2

4
da� s ¼ 1

4
þ 7d
12ð1� dÞ � s:

In the case of two-firm entry, Propositions 1
and 2 show that the output level at which
the two firms collude depends on d. The
authors first derive entry condition with high
discount factor d � 9/17. The firms collude at
the monopoly output level in the first period
and successfully block future entry. Each
firm’s expected profit is equal to 1/8 þ 7d/
24(1 � d) � s. As a result, there is no entry
if s � z1 [ 1/4 þ 7d/12(1 � d); there is single
entry if z4 [ 1/8 þ 7d/24(1 � d) � s < z1; and
there is two-firm entry if s < z4.

Suppose v < 1/2. For single entry, the en-
trant compares its expected profit from setting
monopoly output in the first period while
allowing future entry, and the expected profit
from setting lower first-period output at v
while blocking future entry. For d � 9/17, it
always choose the latter and its expected profit
as v(1 � v) þ 7d/12(1 � d) � s. For two-firm
entry, if v � v0, they collude to block future
entry and each firm’s expected profit is v(1 �
v)/2 þ 7d/24(1 � d) � s; if v < v0, they do not
collude, allowing future entry, and each’s
expected profit is 1/9 þ 7d/48(1 � d) � s.
Hence, there is no entry if s � z2 [ v(1 � v) þ
7d/12(1 � d); there is single entry if v � v0 and
z5 [ v(1 � v)/2 þ 7d/24(1 � d) � s < z2, or if
v< v0 and z6� s< z2; there is two-firm entry if
v � v0 and s < z5, or if v < v0 and s < z6.

Comparing related critical levels yields z1>
z2> z3 and z4> z5> z6. The results about first-
period entry are summarized in Figure 1. In
the figure, for each scenario there are three
regions: two-firm entry when s is small, single
entry when s is at medium levels, and no entry
when s is large. These three regions corre-
sponding to the case of no TPM are shown
by dotted lines/arrows, and those correspond-
ing to the case of TPM are shown in solid lines/
arrows. With the TPM, there are also three
scenarios representing different levels of v.
For example, in the scenario of v � 1/2, the
two critical levels which define the correspond-
ing three regions are z4 and z1: two-firm entry
when s < z4, single entry when s 2 [z4, z1), and
no entry when s � z1. The figure shows that
relaxing the TPM in the sense of raising v
encourages first period entry. Moreover, this
entry is more likely under TPM than under
no TPM.15

The authors next show that the entry-
inducing results also hold for small discount
factors. Recall that in the analysis, the critical
points z2, z4, z5, and z6 are derived under the
assumption of a large discount factor. Now
the authors will see how these critical value
in Figure 1 will change when d switches from
above 9/17 to below this critical level. First, if v
is sufficiently small, a single-entry firm will
choose to produce the monopoly profit (rather
than v) in the first period and let entry occurs
in the second period. In this case, z2 ¼ z3.
Otherwise, z2 > z3 still holds. Second, accord-
ing to Proposition 2, two incumbents still col-
lude at monopoly output in the first period
even under low discount factor (d < 9/17) so
long as v > 2/3, or v 2 [1/2, 2/3) but d � d1.
Thus, under these conditions, the same z4 is
still the critical value for two-firm entry. Fi-
nally, applying the same analysis as for d �
9/17 andmaking use of Proposition 2, it is easy
to obtain corresponding critical levels of z5
and z6 under d < 9/17, of course with different
magnitudes but the same ranking. Therefore,
a figure similar to Figure 1 also applies to low
discount factor and the result about TPM and
first-period entry is still valid.

Welfare

This subsection shows that even though the
TPM facilitates the incumbents’ collusion, it

15. If d> 27/34, then z3 < z4. The result becomes even
stronger.

QIU, CHENG, & FUNG: TRIGGER-POINT MECHANISM 165



may nevertheless improve social welfare under
certain conditions. Welfare is defined as the
sum of discounted consumer surplus and the
firms’ discounted profits less entry costs.

When TPM induces entry, the first-period
welfare generally increases. However, TPM
facilitates collusion, which deters future entry
and so reduces future competition. This has
a negative impact on welfare. Thus, inducing
entry is a necessary condition for TPM to in-
crease welfare. It is not difficult to give a full
welfare analysis, but it is quite tedious to do
so because there are many cases to consider,
depending on the magnitudes of s, d, v, and
other parameters. The purpose is to identify
some cases where welfare is higher with
TPM than without TPM and provide reasons
behind them.

The authors first look at the case where
s 2 [z3, z1). In this case, there is no first-period
entry in the absence of TPM and so the
expected (present value of) welfare is

WNO ¼ d
1� d

ð2
1

a2

4
þ 1

2
a� a

2

� �a
2

� �
da� ds3

¼ 7d
8ð1� dÞ � ds3:

With TPM, there is single entry for all d and
v � 1/2. The resulting welfare is

WTPM ¼ 1

4
þ 7d
12ð1� dÞ þ

1

2
1� 1

2

� �
1

2

þ d
1� d

ð2
1

1

2
a� a

2

� �a
2
da� s

¼ 3

8
þ 7d
8ð1� dÞ � s:

Thus,WTPM>WNO if and only if s� ds3< 3/8.
A sufficient condition for this to hold, for all
s 2 [z3, z1) and s3 � 0, is d < 3/17. Thus, when
the discount factor is sufficiently small, TPM
yields higher welfare than no TPM. Three fac-
tors together explain this welfare-improving
result. First, s is large and so without TPM’s
protection in future periods, there will be no
first-period entry. Second, d is small so first pe-
riod welfare is important. Third, v is large so
TPM is effective in blocking future entry and
inducing first period entry.

Next, the authors examine a case where
TPM induces two-firm entry and facilitates
collusion by considering a more general case
where s1 > s2. Suppose s2 2 [z6, z4) and s1 > z3,
but s1 < 2s2. It is easy to verify the existence of

FIGURE 1
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a range of s1 and of a range of s2 satisfying
these conditions. Under these conditions and
referring to Figure 1, there is no first-period
entry in the absence of TPM so the welfare
is WNO. However, with TPM and v � 1/2,
there is two-firm entry in the first period and
collusion blocks firm 3’s entry under the fol-
lowing conditions: (i) v � 2/3, or (ii) v 2 [1/2,
2/3) and d � d1. The resulting welfare is
equal to

WTPM
2 ¼ 2

1

8
þ 7d
24ð1� dÞ

� �
þ 1

8

þ d
1� d

ð2
1

1

2
a� a

2

� �a
2
da� 2s2

¼ 3

8
þ 7d
8ð1� dÞ � 2s2:

The authors have WTPM
2 > WNO if and only if

2s2 � ds3 < 3/8. A sufficient condition for
this to hold, for all s2 2 [z6, z4) and s3 � 0,
is d < 6/13. Thus, although TPM facilitates
the two incumbents’ collusion, which blocks
firm 3’s entry, it induces first-period entry.
Welfare is higher with TPM than without
TPM because present welfare carries a large
weight relative to future welfare (d < 6/13).

V. DISCUSSION AND CONCLUDING REMARKS

This article has shown that in the case of
insufficient entry, the regulator’s conditional
commitment may outperform both a full
commitment to blocking future entry and
no commitment to entry restraint. However,
a conditional commitment mechanism such
as TPM may facilitate the incumbent firms’
collusion. The results obtained are based on
a number of assumptions. The authors briefly
discuss their implications next.

Note that this article has focused on a large
enough capacity constraint so that firms’ out-
put will not be effectively constrained. If the
constraint is binding, how will it affect the
results? It is known that in general the impact
of a capacity constraint on collusion is ambig-
uous (see Tirole 1988, pp. 242–43). In the ab-
sence of potential entry, a binding capacity
constraint affects collusion in two ways. On
one hand, it reduces the one-time gain of de-
fection because the defector’s output would be
lower than that without capacity constraint.
That facilitates collusion. On the other hand,

the constraint may limit the degree of punish-
ment for the defector because the nondefect-
ing parties could not produce above capacity.
This increases collusion incentives.

The focus is whether TPM facilitates collu-
sion with or without capacity constraints, not
whether collusion is more likely with or with-
out capacity constraints. Because in both cases
the incumbents always have the incentive to
keep the first-period output low to avoid trig-
gering the TPM, it follows that even with a ca-
pacity constraint the TPM serves to facilitate
collusion in the sense that the first-period col-
lusive output would be lower than that with-
out TPM and potential entry.

This article makes two important supple-
mentary assumptions about which equilib-
rium will be played in the dynamic game of
the model. The first one is about how punish-
ment will be carried out after defection from
collusion is detected. In particular, the authors
assume that the incumbent firms use grim
strategy to support collusion and they collude
at the lowest output level which is sustainable.
The grim strategy, which is most commonly
assumed in the literature, is associated with
very severe punishment and therefore sup-
ports high levels of collusion. In comparison,
other strategies with more (less) severe punish-
ment will support higher (lower) levels of col-
lusion. Though different punishment schemes
support different levels of collusion, the main
results obtained here based on grim strategy
will not change. It is clear that (under the
second supplementary assumption to be dis-
cussed later) regardless of the punishment
scheme, in the absence of TPM, future entry
by firm 3 always destroys the incumbents’ col-
lusion in the first period. TPM helps restore
collusion because it allows the incumbents
to block future entry. As a result, the dynamic
game will be similar to that assumed herein be-
cause the qualitative effects of TPM do not de-
pend on how severe the punishment scheme is,
which affects only the critical levels of v for
various degrees of collusion.

The second supplementary assumption is
about the colluding firms’ response to new
entry. The authors assume that entry is not
accommodated. This yields more severe pun-
ishment for defection than if entry is accom-
modated, that is, the incumbents collude
with the entrant. As a result, in the case of en-
try accommodation, for a given level of collu-
sion output, the one-time gain of defection
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from the collusion between the two incum-
bents in the first period is the same as that
analyzed in the present model, but the future
loss is smaller. Therefore, the first-period out-
come is less collusive with entry accommoda-
tion than without. However, so long as entry
occurs, the incumbents will get less profit.
Hence, even with entry accommodation, the
incumbents still have an incentive to lower
the first-period output to deter future entry.
That is, the TPM can still facilitate collusion
in this case, even though at different levels.

One potential direction for further research
would be to check the robustness of these
results about collusive behavior under alterna-
tive assumptions. Another direction would be
to design an optimal TPM.

APPENDIX

Proof of Lemma 1

To economize space, let UCO stand for the uncon-
strained cheating output and CCO stand for the con-
strained cheating output.

First, note that in CaseA, if the defector choosesUCO,
the total output X1ðxc1Þ < 2xn1: The defector gets the first
period profit Pd. Thus, in Case A, choosing UCO is the
optimal strategy.

Let us now turn to the most interesting case, that is,
Case B. Denoting Dpðxc1Þ [ Pun �Pcon; then

@Dpðxc1Þ
@xc1

¼ 1

8
ð2� vþ xc1Þ > 0;

@2Dpðxc1Þ
@xc21

¼ 1

8
> 0:

The monotonicity comes from the fact that as xc1 increases,
while both Pun and Pcon decrease, the constraint becomes
more restrictive, reducing Pcon much more.

Given any v, one only has to consider collusive output
xc1 � v because if xc1 > v; entry always occurs and collusion
can never be sustained. In other words, if xc1 > v; it is op-
timal for the defector to choose UCO. The authors exam-
ine two types of v. First, v is relatively large such that
v 2 ð5=8; 2xn1Þ: In this case, choosing UCO will induce en-
try if xc1 2 ð2ð2v� 1Þ; v�; but not if xc1 2 ð1=2; 2ð2v� 1Þ�:
Second, v is relatively small such that v 2 ðxm1 ; 5=8�: In this
case, choosing UCO always induces entry.

In the case of a relatively large v, because Dp(2(2v �
1)) < 0 and Dp strictly increases in xc1; we can define z0 2
(2(2v � 1), v] as the solution to Dp(z) ¼ 0 if Dp(v) � 0 but
z0 ¼ v if Dp(v) < 0. Hence, for all xc1 2 ð2ð2v� 1Þ; z0],
Dp(xc1) < 0 and the defector chooses CCO, but for all
xc1 2 ½z0; v�; Dp(xc1) � 0 and the defector chooses UCO.
Because choosing UCO does not induce entry if
xc1 2 ðxm1 ; 2ð2v� 1Þ�; the defector chooses UCO. How-
ever, if a and d are sufficiently large, the following con-
dition will hold:

DpðvÞ ¼ ð2� 3vÞ2

16
� d
1� d

7a2

144
< 0;

implying that choosing CCO is the preferred strategy.

In the case of relatively small v, supposing Dp(xm1 ) � 0,
one can define z1 2 ½xm1 ; v� as the solution to Dp(z1) ¼ 0 if
Dp(v) � 0 but z1 ¼ v if Dp(v) < 0. Hence, for all
xc1 2 ½xm1 ; z1Þ; Dp(xc1) < 0 and the defector chooses CCO.
For all xc1 2 ½z1; v�, Dp(xc1) � 0 and the defector chooses
UCO. If a and d are sufficiently large, the following con-
dition will hold:

Dpðxm1 Þ ¼
9

64
� ð1� vÞð4v� 1Þ

4
� d
1� d

7a2

144
< 0;

implying that choosing CCO is preferred. If in contrast,
Dp(xm1 ) > 0, then Dp(xc1) > 0 for all xc1 and choosing
UCO dominates choosing UCO. In this case the authors
define z1 ¼ xm1 :

Finally we turn to Case C where v < xm1 : The authors
show that the incumbent firms may collude at an output
below xm1 :However, if they collude only within the normal
range [xm1 ; 2x

n
1Þ; it is obvious that the defector always

chooses UCO to get a large first-period profit because
entry always occurs when v is small. h

Proof of Proposition 2

The authors analyze collusion in the three cases first,
and then summarize them to get the three results stated in
the proposition. Denote the first period’s collusion output
as xT1 (T stands for TPM).

In Case A, because v is sufficiently large such that entry
never occurs, the situation analyzed in the text prior to the
proposition is the same as this case. Thus, xT1 ¼ x1*: The
collusion is restored as in the case of no entry.

In Case B, it is easily seen that if they can collude at a
lower output level, the firms never collude at xc1 2 ðv; 2xn1Þ
because collusion in this range always leads to entry. So
the authors focus on xc1 2 ½xm1 ; v�:

Recall from Lemma 2 that x1* ¼ xm1 for d1 � d < 9/17.
Here one can apply the same argument used in the analysis
of Proposition 1 that compared to the case without entry,
defection either leads to lower one-time gain or higher
future loss, so collusion at xm1 is also sustainable with
potential entry regulated by TPM. Thus, xT1 ¼ x1*:

Suppose d < d1 and recall from Lemma 2 that
x1* ¼ xo1 2 ðxm1 ; 2xn1Þ: The authors first examine the case
xo1 � v: They want to show that xT1 � xo1 and the strict in-
equality holds in some cases. First, using the same argu-
ment, collusion at xo1 is sustainable. Second, they examine
whether collusion at an output level xc1 strictly lower than
xo1 is sustainable. The authors are going to make extensive
use of results in Lemma 1. First, suppose v 2 ð5=8; 2xn1Þ:
Examine collusion at xo1: The authors know from Lemma
1(i) that the only case when the defector choosing UCO
does not induce entry is when xo1 2 ðxm1 ; 2ð2v� 1ÞÞ: In
this case, collusion at output lower than xo1 is not sustain-
able because (a) the one-time gain from defection and fu-
ture loss are the same as those when there is no entry
and (b) xo1 is already the lowest sustainable level. Com-
bining the two conditions v 2 ð5=8; 2xn1Þ and x1* 2
ðxm1 ; 2ð2v� 1ÞÞ with d < d1 produces the conditions as
stated in Proposition 2(i)(c). In other cases, either the
one-time gain from defection is strictly lower (choosing
CCO) than that without entry or the future loss is larger
(choosingUCO) than that without entry. Hence, collusion
at an output level strictly lower than strategy II but arbi-
trarily close to xo1 is sustainable. Second, suppose
v 2 ðxm1 ; 5=8Þ: From Lemma 1(ii) the authors know that
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there is no chance that the defector can choose UCOwith-
out inducing entry. Hence, as analyzed, collusion at an
output level strictly lower than but arbitrary close to xo1
is sustainable.

Suppose now v < xo1 and consider xc1 � v: Because in
Case B one need only to consider collusion within
[xm1 ; 2x

n
1Þ; the authors define xTO1 [ maxfxm1 ; xe1g: Let

DIeLðxc1Þ denote the DI corresponding to the case where
any first period defection leads to entry. Since
DIeLðxc1Þ � DILðxc1Þ ¼ �7a2d=144ð1� dÞ < 0; the authors
know that xe1 < xo1: Note also if collusion at output level
strictly below v is sustainable, then collusion at v is also
sustainable. Therefore, the analysis shows that if
v < xTO1 ; there will be no collusion in the first period,
but if v � xTO1 ; then collusion at an output level strictly
lower than xo1 is sustainable (say, at v).

Finally, the authors turn to Case C. Because v < xm1 ;
the incumbent never colludes at xc1 < v: The authors just
need to see if collusion at v is beneficial and sustainable.
Following the analysis in the last paragraph, they note
that collusion at v is sustainable if and only if v � xe1: Col-
lusion at v is beneficial if and only if ðP̃c �PnÞ > 0; or

1

18
ð9v� 9v2 � 2Þ þ d

1� d
po � a2

16

� �
> 0:

The analysis shows the first-period outcomes under
various circumstances. The authors just need to sum-
marize them to get the proposition. This completes the
proof. h
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