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Abstract: With the inroduction of endogenous sunk costs in the literature on industrial organisation by 

Shaked and Sutton (1983; 1982; 1987), Sutton (1991), we now know the importance of entry-exit 

dyanmics as one of the prime movers of the market structure. In the context of international trade 

Melitz (2003), by adapting Hopenhayn’s (1992) model of monopolistic competition,  has stressed the 

undeniable roles of entry and exit behaviours of heterogeneous firms, partly driven by endogenous 

sunk costs, for a better understanding of the time profile of inter-firm relocation in global markets. 

Ghironi and Meltiz (2005) has explore the macroeconomic consequences of sunk costs in entry when 

the product market is monopolistically competitive. We introduce an over-simplified Cournot 

framework with endogenous sunk costs to extend the traditional models of vertical markets (Jones, 

1996; 1989; Bernhofen, 1996; Spencer and Jones, 1992; 1991) in international trade. We do so by 

introducing market access costs as highlighted by Owen and Ulph (2002) in their pioneering work. In 

this paper we develop a baseline and benchmark model to examine the strategic role of access costs as 

endogenous sunk costs by incumbents for forestalling entry. In this simplified model we examine 

foreign entry in the downstream and domestic retail market under incomplete information. Incumbent 

firms are fully informed about the cost of production as well as their chosen market access costs while 

the foreign (potential) entrant does not possess the full information on costs. The incumbents select a 

pre-entry price while the potential entrant infers the cost conditions  from this price statistic. We 

establish that the incumbents can strategically deter foreign entry by an upward distortion of the final 

good‘s price by approrpiately choosing the market access costs. We show that the incumbents can 

effectively collude to deter entry if the integrated home firm is free to commit to an access price/cost 

before entry. We also note that the regulation of theaccess  cost/price can often control such anti-

competitive price distortion in vertical markets in international trade. 
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1. Introduction 
 
Modern economics often seeks to explain the enigma of market concentration in an ever-

changing world: as most markets steadily grow why some markets show remarkable stability 

in their levels of concentrated, while many others fragment. In an earlier work Sutton (1991) 

develops a theoretical framework based on Shaked and Sutton (1983; 1982; 1987) to 

discriminate among markets by exploring the interactions between exogenous and 

endogenous elements of sunk costs to determine the equilibrium market structure in an 

industry. If the endogenous sunk costs like advertisement, R&D and product quality are 

(relatively) more significant than the setup costs, the theory of endogenous sunk costs predicts 

that the market will be dominated by a few firms as the market size grows over time since 

large endogenous sunk costs can deter entry and limit competition.  The empirical work hence 

highlights how the market structure is sustained by increasing competitive investments in 

advertising, R&D, product quality, wage discrimination, network formation and geographic 

diversification etc. (see Ellickson, 2013; Berry and Waldfogel, 2010). In other words, the size 

of sunk costs and their endogeneity are important factors in forecasting the dynamics of 

market shares and concentration over time. In a parallel development in the international 

trade theory Melitz (2003), by adapting Hopenhayn’s (1992) model of monopolistic 

competition,  examines the dynamics of competition by exploring entry and exit behaviours 

of heterogeneous firms for understanding the time profile of inter-firm relocation within an 

industry.  Ghironi and Meltiz (2005) explore the macroeconomic consequences of sunk costs 

in entry when the product market is monopolistically competitive and conclude that only 

relatively more efficient firms access the international market. As a natural corollary, Bilbiie, 

Ghironi and Melitz (2012) consider endogenous entry in a market with a diversity of product 
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variety to develop a framework for modelling the macroeconomic consequences of 

endogenous entry and product quality with a special focus on business cycles.  

In our work we offer an alternative model of oligopoly, similar in spirits to Shaked 

and Sutton (1983), to consider entry, exit and endogenous sunk costs in determining the 

market structure by introducing market access costs as endogenous sunk costs as highlighted by 

Owen and Ulph (2002). We develop a baseline model of vertical markets to examine the 

strategic role of access costs, as endogenous sunk costs chosen by the incumbent and integrated 

firm in a home market, for forestalling future foreign entry into the downstream market. We 

establish that the incumbents can effectively collude to deter entry if the integrated home firm is 

free to commit to an access cost before foreign entry. We highlight that the regulation of the 

access cost can often control such anti-competitive price distortion in vertical markets in 

international trade, but not always. 

The plan of the paper is as follows: in Section 2 we provide a review of extant and 

related literature. In Section 3 we present the static model in which a given number of 

incumbents compete for shares in the downstream market. In Section 4 we examine the issues 

related to entry in the retail market. We analyse strategic entry-deterrence by upward price 

distortion by an upward escalation of access costs/price. In Section 5 we establish that the 

strategy of upward price distortion is an optimal collusive device to deter entry. We also 

establish that the control of the input price can effectively forestall such anti-competitive 

behaviour of the incumbents. We conclude in Section 6. 

 

2. Related Literature:  

The related literature has several important interfaces with the trade theory and theories of 

industrial organisation, which we examine under four different headings in what follows. 
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2.1 Sunk Costs & Barriers to Entry and Exit 

Barriers to entry are of fundamental importance in the determinant of market structure, and 

play a central role in industrial economics and trade theory.Both trade models and industrial 

economics have serious concerns about the  likely impact of trade and industrial policies on 

the market structure and market outcomes, mainly market prices, and the extent to which that 

impact would be conditioned on the potential entry of new firms. The possible exits of some 

of the existing firms from the relevant industry can also impact on the market structure and 

the consequent market outcomes and their desirability. Barriers to entry can originate from a 

variety of sources, but if entry into a market calls forth large sunk costs, the risks of entry into 

a market can be magnified as the ex ante and ex post post-entry profits will turn out to be 

particularly important for entry and exit decisions. Since the advent of the new millennium- 

with the revolution in modern technologies along with the increased pace of globalisation- the 

size and evolution of sunk costs have especially become critical for rapidly evolving 

industries and markets for new products in the rapidly expanding global markets. But there is 

little consensus as to the mechanisms through which sunk costs  affect entry and industry 

equilibrium. When the profession is far from being comfortable with sunk costs, it is a bit too 

much to expect the final word of endogenous sunk costs. In other words, the role of 

endogenous sunk costs in determining the market outcome is still in its infancy (see Owen 

and Ulph, 2002) and our current work will be a minor step towards incorporating endogenous 

sunk costs as a determinant of firm-level decisions that are now increasingly emphasies, not 

only for industrial economics, but also to be the causes and consequences of aggregate trade 

(see Bilbiie, Ghironi and Melitz, 2012; Melitz and Redding, 2012). 

The role of sunk costs in shaping “entry barrier” is well articulated in economics since 
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an entry barrier is usually taken to imply any additional cost that an entrant must pay that an 

incumbent does not need to pay just after entry, which is  sufficient to allow the incumbent to 

raise price without inducing entry. Sunk costs an entry barrier can thus be defined in terms of 

its effects - it limits the number of profitable firms in the industry and increases price-cost 

margins. Large sunk costs are thus an entry barrier as they create scale economies. In other 

words, sunk costs cause an industry equilibrium with relatively few firms. This is always the 

case whether or not incumbent firms or potential entrants face any uncertainty with respect to 

future cash flows (see Cabral and Ross, 2008; Carlton, 2004 among many). From  Cabral and 

Ross (2008), Carlton (2004), McAfee et el. (2004), Murti (2004), Pindyck (2008),  

Schmalensee (2004), we now know how and to what extent different types of uncertainty 

with respect to cash flows can magnify the effects of sunk costs. Underlying risks of entry can 

magnify sunk costs of entry simply because the act of entry wipes out the potential benefit of 

waiting before entry for new information about the post-entry profits. This is so since firms 

exercise their options to enter a market they burn down the associated option value from 

waiting. This destruction of the option value is a form of endogenous sunk costs. However,  

The option value from waiting and not entering a market does not always arise. It arises only 

if a particular type of uncertainty leads to a possibility of an asymmetric distribution of post-

entry profits specifically against the interests of the potential entrants. In what follows we 

consider the endogenous sunk cost in the sense that the sunk cost is chosen by the incumbent , 

as opposed to the endogenous sunk costs due to uncertain changes in the post-entry profit 

distribution.   

 

 

 



 

5 
 

 
 

2.2 Endogenous Sunk Costs as a Choice Variable of the Incumbent to Influence the 

Sunk Costs of the Potential Entrants 

The work of Sutton (1991) offers a theoretical framework to highlight the role of sunk costs 

in explaining the structure of a market. In other words, the goal of endogenous sunk costs in 

industrial economics is to explain why some markets remain concentrated as they expand in 

size, while others fragment. The theory of endogenous sunk costs according to Sutton (1991) 

introduces a crucial distinction between exogenous sunk costs vis-a-vis endogenous sunk 

costs. The exogenous sunk costs are a part of the datum that do not evolve over time while 

the endogenous sunk costs change over time as a consequence of a rational decision-making 

by incumbents. The endogenous sunk costs are usually conceived as advertisement outlays 

and quality investments undertaken by incumbents and are fixed to the market shares of 

incumbent firms. They are endogenous in the sense that they are irreversibly chosen by 

incumbents and they change over time as the market size changes. Once such endogenous 

sunk costs assume a critical importance relative to the setup costs of incumbents, the structure 

of the market becomes and remains concentrated with rising endogenous sunk costs with the 

increasing size of the market. On the other hand, if the exogenous setup costs are more 

important, or significantly larger, than the endogenous sunk costs then the market should 

experience a declining concentration due to increased entry activities. It is important to note 

that Sutton’s work makes robust theoretical predictions about the relationship between market 

concentration and market size, while thee empirical confirmation of these predictions has not 

come thick and fast. In his work Sutton (1991) offers a cross-country analysis of various 

industries in trying to find empirical counterparts to the theory, however faced many of the 

measurement problems in the context of cross sections. Ellickson (2001) applies the Sutton 
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framework to the empirical study of U.S. supermarkets. His work is the first to test the 

tenability of the prediction of the theory on a large data set of markets within a single 

industry. Subsequently, Berry and Waldfogel (2003) examine the relationships between 

market size and product quality in the newspaper and restaurant industries, where the quality 

production processes are believed to differ from the prediction of Sutton (1991). 

 As opposed to the endogenous sunk cost theory of Sutton (1991) we propose that the 

incumbents can choose a set of strategic variables, like access price, that can influence the sunk 

costs of the potential entrants. It is endogenous in the sense that the sunk cost is strategically 

chosen by the incumbents. This is something new in the literature on entry and exists and it has 

a close resemblance with what is known as endogenous switching costs for network industries.   

Network industries differ in many respects from other industries. There are two important 

distinguishing features of network industries. First, producers must enter a network industry 

with potential switching costs. Secondly, consumer also face switching costs if they want to 

move from one network to another network products. The literature has adequatey addressed 

the switching costs of consumers:  if consumers decide not to purchase from their previous 

network any longer, but to switch to a different network instead, they are expected to incur 

some additional cost - even if the products across networks are functionally identical (see 

Klemperer,1987a). These so-called switching costs for consumers may be exogenous or 

endogenous. Exogenous switching costs are not deliberately created by the relevant networks 

and their members, but can be taken as a datum as some sorts of immobility factors between 

netwroks . A common example is the consumer’s cost of giving up a telephone number if 

there is no number portability. In contrast, endogenous switching costs strategically created 

by networks, for example, through contract termination fees or through customer loyalty 

schemes such as frequent flyer programmes, such that mobility from one network to another 
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is costly for consumers.  While exogenous switching costs have received considerable 

attention in the economics literature (see Klemperer, 1995, for a survey), there is less 

literature on the  strategic creation of endogenous switching costs. 

 In a paper, Mariñoso (2001) has examined the issue in the context of product systems 

and the strategic choice of product compatibility1. If the different product systems are 

compatible, then there is no swithcing cost while system incompatibility will create swithcing 

costs from one system/network to another. In this pioneering paper Mariñoso (2001)  

investigates whether “incompatibility can be used by firms as a strategic tool to lock-in 

consumers and thereby limit competition in networks. The controversial result is that, while 

the above is a possibility, networks have strong incentives to voluntarily make their platforms 

compatible if the sunk/fixed cost of achieving compatibility/non-exclusivity is sufficiently 

low. Furthermore, compatibility is efficient if the fixed costs of achieving and maintaining 

compatibility are not prohibitively high. If these costs are sufficiently high, there can be even 

excess compatibility. The driving force behind this theoretical result, which sharply contrasts 

with the stark reality of  exclusivity in network industries, is the intuition that compatibility 

improves inflows of consumers, if  access to their preferred complement without incurring 

switching costs, which in turn increases the willingness of consumers to pay a higher price 

and, thereby, the profits of  the producers in the specific network. However, the main 

weakness of this model is that little attention is given to the swithcing costs of producers if 

they want to enter a new network or exit from an old network, which can create significant 

sunk costs to influence the overall market outcome.  

                                                 
1 Product systems consist of various components or interrelated services that can only be used together - though 
they may be bought separately. An example is video game systems such as Nintendo’s GameCube, Sony’s Play 
Station or Microsoft’s Xbox consisting of a console and system-specific games. Similarly, for mobile 
telecommunications services one needs a mobile handset/equipment and various complementing services. Since 
consumers often purchase them sequentially in these markets, intra-brand incompatibility generates consumer 
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The goal of our paper is to set up the simplest possible model in terms of linear 

demand and cost functions in a duopolistic framework with an emerging triopoly with entry 

to establish how access costs of mobility into a network, or out of a network, can create 

endogenous sunk costs with a significant consequence on entry, exit and competition within a 

network. It is important to stress that the endogenous sunk cost in our model is a strategic 

choice of incumbents.     

 
2.3 Vertical Markets of International Trade 

It has been widely held that globalisation delivers a positive (net) welfare effect if it is 

accompanied with an increased market integration that usually calls forth a reduction in variable 

costs of trade like tariffs etc. (see Venables, 1990a,b).  In an important contribution Owen and 

Ulph (2002) introduced a dichotomy between sunk costs and fixed costs to establish that the net 

welfare effect of economic integration can turn out to be negative due to the reduction of 

incumbency rents of existing producers.  Their primary intuition is founded on the early work of 

Smith and Venables (1991) that assumes the existence of access costs that are independent of 

the volume of trade but necessary to get access to markets. Owen and Ulph (2002) highlighted 

the possibility that the market access costs have a sunk component that cannot be recouped if a 

firm decides to exit the market, which in turn engenders the hysteresis effect such that the 

characteristics of the post integration equilibrium are critically predicated upon the pre 

integration equilibrium. In the current paper we develop an important baseline model by making 

two modifications to Owen and Ulph (2022): first, we assume away the sunk costs. Secondly, 

we introduce a case in which the market access cost is not only a component of the variable cost 

but gets strategically chosen by one of the incumbent firms.   

                                                                                                                                                                     
switching costs. 
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. Vertical markets have assumed significance in the modern theory of international trade. 

The research, in this context, has focussed on two related issues: first, a large number of papers 

explore the incentive of the integrated firm to foreclose the downstream market to limit actual 

competition (e.g. Jones, 1996; Bernhofen, 1996; Spencer and Jones, 1991 and 1992). Vertical 

foreclosure therefore involves some kind of a market conflict in which a powerful player, in 

order to increase its market share, forces out its rivals from a market. The vertical arrangement 

in such markets is hardly a level-playing field.  One typically wonders how to control the 

vertical foreclosure. Secondly, several papers also examine the discriminating tariff policy that 

can prevent such anti-competitive behaviour (e.g, Spencer and Jones, 1991 and 1992; Chang 

and Kim, 1991, Chang and Chen, 1994). In their paper Ishikawa and Lee (1997) introduce 

entry/exit of foreign firms and demonstrate that the discriminatory tariffs may turn out to be 

counter-productive since they may have adverse effects on the profits of the domestic firms. 

However, relatively little attention has been paid to the collusive behaviour among the 

incumbent firms in vertical markets, which can seriously warp competition and may cause 

significant deadweight losses. Our primary objective is to analyse the collusive behaviour in 

vertical world markets in the presence of variable access costs as introduced by Smith and 

Venables (1991) and Owen and Ulph (2002).  .  

 An important issue in this context is potential competition which is driven by the entry 

of new firms in the downstream market in the presence of access costs. A gap in the existing 

literature is the neglect of the impact of non-integrated foreign firm's entry into the retail market 

on potential competition and the role of access costs as a strategic variable chosen by an 

incumbent and integrated firm. Our purpose is to fill this gap. We fill the gap in the existing 

literature by analysing the possible entry of a non-integrated foreign firm in the domestic 
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downstream market2. The focus of Ishikawa and Lee (1997) in their recent paper is the impact 

of tariffs on the entry/exit decision of a foreign firm which is shown to lead to adverse effects of 

tariff on domestic firms. On the contrary, our focus is on the impact of collusive activities of the 

incumbents on the entry decision of the non-integrated foreign firm under sketchy information. 

We, hence, examine the dynamic analysis of the vertical market in international trade in the 

context of strategically chosen access costs. We posit the global/international market as a 

formation whose privileges are constantly threatened by entry. We follow Bain (1956), Sylos-

Labini (1956), Milgrom and Roberts (1982), Harrington (1986, 1987), Bagwell and Ramey 

(1991) among others to adopt the theory of limit pricing to examine the dynamics of entry and 

extend the analysis to vertical markets in international trade. 

 

2.4 Information Linkage of the Industrial Organisation Literature  

In order to model the access cost we consider a stylised market where an integrated home firm 

has monopolistic control over the supply of a key input in the upstream market and competes 

with non-integrated foreign firms in the downstream market. The downstream retail market is 

characterised by Cournot competition while the integrated home firm enjoys monopolistic 

power in the upstream input market. In our model the price of input determines the variable 

access costs. The key question for the incumbents, both home and foreign firms, is how to ward 

off entry in order to maintain the status-quo. This is a time-honoured problem in the theory of 

oligopoly (see Bagwell and Ramey, 1991): Bain (1956), Modigliani (1958) and Sylos-Labini 

(1969) advanced the notion of limit pricing which involves incumbents choosing a low price to 

                                                 
    2There is only one paper that has examined the impact of entry/exit in vertical markets: Ishikawa and 
Lee (1997) examined the impact of entry/exit of an integrated foreign firm while we analyse the entry of 
a non-integrated foreign firm. Our focus is also different as we solely concentrate on the collusive 
behaviour in such markets. 
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convince a potential entrant that entry will be unprofitable. The limit price signals a lower post-

entry profit to the entrant. Thus, the main intuition of limit pricing is that the current price may 

signal the probable nature of the incumbent's policy if entry occurs. The incumbent firm 

indicates its commitment/threat to maintain output consistent with low limit price. If the threat is 

credible then the potential foreign entrant is deterred by a low price and high output3. 

 The seminal paper of Milgrom and Roberts (1982) highlighted the likelihood that 

incumbent firms may control the entry decision, through prices, by influencing a potential 

entrant's “perceptions of the profitability” when prices convey critical information about the 

exogenous determinants of post-entry profitability. The fundamental notion turns on an 

informational asymmetry between incumbents and potential entrants: the incumbents have a 

relevant piece of information which potential entrants do not possess. Matthews and Mirman 

(1983) examined the case where a potential entrant does not have critical information about the 

demand conditions. Milgrom and Roberts (1982), Salop (1979) developed signalling models 

where prices convey information about the cost conditions. These works demonstrate the 

rationale behind an incumbent's decision to set prices below the short-run profit-maximising 

level in order to forestall entry.  

 These models firmly establish an interdependence between pre-entry price and the 

                                                 
    3These early works highlighted a commitment linkage whereby the incumbents are able to pre-
commit to a higher output if entry occurs (see Bagwell and Ramey, 1991). However, such a threat by the 
incumbents may not be credible since the incumbents may have an incentive to deviate from the 
committed output once entry occurs. Friedman (1979) forcefully argued that such a commitment cannot 
be sustained in a perfect Nash equilibrium. However, most of the earlier studies ignored the credibility 
problem (see Kamien and Schwartz, 1971, 1975; Gaskins, 1971, Pyatt, 1971). Subsequently, the 
commitment to maintain low price is justified in terms of irreversible decision such as plant investment, 
advertising (see Flaherty, 1980; Friedman, 1979, 1983 Salop, 1979). Dixit (1980), Fudenberg and Tirole 
(1983) introduced strategic capacity choices to ensure credibility of commitment. Gilbert and Vives 
(1986) examined output commitment in multiple-incumbent model. Bonanno (1987) theorised the entry-
deterring power of product differentiation. Another plausible way out is to introduce imperfect 
information to beat the chain store paradox which has initiated a fresh lease of research (see Milgrom 
and Roberts, 1982). 
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expected post-entry profit of the potential entrant and also spell out the rationale behind 

downward distortion of price to prevent entry. The only exception is the pioneering and 

“ provocative”  works of Harrington (1986 and 1987) who postulates positively correlated cost 

functions of the incumbent and of the entrant in order to reverse the limit pricing result. In his 

works the incumbent firm prices above the simple monopoly price, or Nash-Cournot price, to 

signal high-cost and, hence, low post-entry profitability. Our basic premise is similar to that of 

Harrington (1986, 1987) since the foreign entrant relies on the price signals to learn about the 

cost conditions.  

 We extend the IO literature by applying the model of informational linkage to vertical 

international markets with multiple incumbents. We adopt a particular form of information 

asymmetry in this context: we assume that a foreign entrant does not know the local cost of 

production and access costs and expects the cost to be positively correlated with the cost of 

production of the incumbents. The potential foreign entrant observes the price statistic to infer 

about the cost of production. As a result, the incumbents have an incentive to distort price 

upward in the retail market to signal high cost and, hence, low post-entry profit to the potential 

foreign entrant4. We develop a model to examine the effects of this informational asymmetry in 

vertical markets in international trade. We establish that an equilibrium exists in which the 

incumbents can strategically deter entry by conveying to the potential foreign entrant that this 

industry is a high cost one with limited/zero post-entry profit. 

 Our primary contribution to the IO literature is two-fold: first, we extend the 

                                                 
    4Harrington (1987) writes, “By virtue of having been a supplier in past periods an incumbent firm 
generally possesses some advantages over a potential entrant. One obvious source of advantage is that 
an incumbent firm has first hand experience with the production process; while a potential entrant does 
not....it is then reasonable to assume that an incumbent firm will hold private information on cost 
function. (p. 211)”. 
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information-based model of limit pricing to the important case of vertically related markets in 

international trade. Assuming a particular type of informational asymmetry we establish that the 

access cost/input price plays a critical role in deterring entry into vertical markets. A pre-

commitment to an input price and hence access costs by the integrated firm acts as a 

commitment linkage in such markets that can effectively deter entry and, thereby, limit potential 

competition. We are thus able to identify the bounds on access costs/input price for which an 

upward price distortion will act as a collusive device to deter entry and would, thereby, limit 

potential competition. Secondly, we show that the control of access costs by regulating the input 

price can sometimes, not always, thwart collusion among the incumbents and, hence, will 

promote potential competition in such markets.  

 

3. Static Model of Vertical Markets  

3.1. An Outline 

To keep the model tractable we postulate an industry that supplies a single final product. Each 

unit of it is produced by combining a necessary input from the upstream industry with labour 

and other inputs from the competitive markets. The upstream home firm is an integrated firm 

which has a monopolistic control over the supply of a key input and competes with the 

downstream foreign firm in the market for the final product5. In other words, the upstream firm 

has the gate keeping power and can charge and access price for entrants into the network that 

serves the downstream market. The relevance of a key input in our model is to allow for the 

                                                 
    5 In order to simplify the analysis we assume that there is a single non-integrated foreign firm in the 
downstream market and, hence, this market is postulated to be a duopoly. The conclusions will extend to 
the case with a finite number of firms. We also assume that the non-integrated firm is a foreign firm. It is 
perfectly possible that this firm is a home firm. We maintain this assumption for stylistic reasons. What 
is crucial is that the potential entrant is from foreign market and, hence, confronts an asymmetric 
information about the local conditions that determine the cost of production. 
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endogenous determination of the access costs, which is strategically chosen by the integrated 

domestic firm and borne by any foreign entrants/firms. The precise market structure in the 

downstream sector entails a simple duopoly. We thus postulate Cournot type of quantity 

competition in the downstream market while the integrated home firm has naturally 

monopolistic power in the upstream market.  

As in his pioneering paper Mariñoso (2001)  investigates whether “incompatibility can 

be used by firms as a strategic tool to lock-in consumers and thereby limit competition in 

networks, we investigate if the domestic firm can use the access price to lock in competitors 

to the advantage of the domestic firm to retain the market concentration. Our goal is to learn 

if networks have strong incentives to voluntarily choose partners by setting the access price as 

sunk costs to make their networks more difficult to access for outsiders. In this paper, we only 

look at the possible role of access price as an entry deterrrence and in another paper we will 

examine how the netry price can be used to choose the composition of a network to block 

further and undesired entry.  

  The downstream foreign firm is competitive in the input market as it takes the access 

cost/price as a datum. The implicit assumption is that there are infinitely many foreign firms 

who buy the inputs from the integrated domestic firm but not all compete with this domestic 

monopolist in the same downstream market. Only a few foreign firms engage in quantity 

competition in the downstream market. Thus, one may assume that there is also a third market 

as in Brander and Spencer (1985). Alternatively, there is a unified world market for the final 

goods and at least part of the market is in the domestic economy (see Brander and Spencer, 

1988; pp. 228-29).  We thus make the assumption that a foreign firm takes the access cost, or 

input price, as given.  Production takes place in two discrete stages: in the first stage the key 

input is produced and priced by the integrated home firm by using natural monopoly 
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technology. The second stage is potentially competitive as the integrated firm engages in 

Cournot type quantity competition with the vertically separated foreign firms. Hence, all the 

foreign firms rely on the integrated home firm for the supply of the essential input.  

 

3.2. The Static Framework 

We assume a highly stylised framework which is the bedrock of the modern analysis of the 

vertical markets and latent in pioneering models of Jones (1996) and Spencer and Jones (1992; 

1991). The integrated home firm faces a duopolist in the downstream (final product) market 

while it wields naturally monopolistic power in the upstream (input) market. During the first 

stage, or Stage I, the integrated home firm sells the essential input, or access, to the non-

integrated foreign firm. During Stage II both integrated home and non-integrated foreign firms 

will compete as Cournot type duopolists in the downstream market to sell the final product. If 

the information is complete in the static market, in the relevant rational expectations equilibrium 

both the firms correctly predict the Cournot-Nash equilibrium of the second stage, or Stage II, 

competition and both the firms will seek to maximise their profits in Stage II given the input 

price of Stage I. We need the following preliminary to characterise the market equilibrium: 

 

DEFINITION 1: The profit accruing to the integrated home firm (Π
m) is given as: 

   Π
m = (A-w)qn+(P(Q)-c-w)qm     (1) 

where Q(=qm+qn) is the market output of the final product, qm is the output of the integrated 

firm and qn is the output of the non-integrated firm, A is the access/input price, w is the cost of 

producing the essential input (access), c is the cost of producing the final good for both firms, 

P(Q) is the inverse market demand. Note that we assume there is neither fixed cost nor sunk 
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cost for the integrated and non-integrated firms.  

DEFINITION 2: The profit accruing to the non-integrated foreign firm from the downstream 

market:  Π
n = (P(Q)-c-A)qn       (2) 

 

ASSUMPTION 1: We assume the inverse demand function to be linear: 

   P(Q) = a-bQ       (3) 

Based on the above we derive the Cournot-Nash equilibrium of the duopoly at Stage II. 

 

3.3. Cournot-Nash Equilibrium of the Duopoly in the Static Market 

In Stage II the integrated home firm earns Π
m1 from the sales of final product: 

   Π
m1 = (P(Q)-c-w)qm      (1a) 

Substituting (3) in (1a) and simplification would yield: 

   Π
m1 = (a-c-w)qm-bqnqm-bqm

2     (1b) 

Similarly, the profit function of the non-integrated foreign firm reduces to: 

   Π
n = (a-c-A)qn-bqmqn-bqn

2     (2a) 

Maximising the profit function (1b) yields the reaction function of the integrated home firm 

which is essentially the first-order condition to maximise (1b) with respect to qm taking qn as 

datum. This would yield, 

   qm = [(a-c-w)/(2b)-(qn/2)]     (4a) 

Similarly from the maximisation of (2a) with respect to qm we obtain the reaction function of 

the non-integrated foreign firm as: 

   qn = [(a-c-A)/(2b)-(qm/2)]     (4b) 

The Cournot-Nash equilibrium of the downstream duopoly is determined by the solution to the 

simultaneous equation system (4a) and (4b). Table 1 presents the Cournot-Nash equilibrium: 
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 Table 1 
───────────────────────────────────────────────── 
 The Cournot-Nash Equilibrium of the Downstream Market (without entry) 
───────────────────────────────────────────────── 
   qn* = [(a-c-2A+w)/(3b)]     (5a) 
   qm* = [(a-c+A-2w)/(3b)]     (5b) 
   Q* = [(2(a-c)-(A+w)]/(3b)]     (5c) 
   P* = [(a+2c+A+w)/(3)]     (5d) 
───────────────────────────────────────────────── 

(5a) and (5b) are derived from the solution to the simultaneous equation system (4a) and (4b). 

And qi* labels the Cournot-Nash equilibrium output of firm i and we derive equation (5c) by 

adding (5a) and (5b). By substituting (5c) into equation (3) we obtain the Cournot-Nash price of 

the final product as given by equation (5d). 

 We substitute equations (5a) through (5d) into equation (1) to yield the maximised profit 

of the integrated home firm as the following: 

   ]...(6a)
3b

w)+c-w(a
-A

3b

2
-

3b

3w)+c-(a
A+

9b

)A+2w-c-(a
[=** 2

2
mΠ  

The profit accruing to the non-integrated foreign firm, Πn*, from the downstream duopoly is: 

   Π
n* = (P*-c-A)qn*      (6b) 

Substituting qn* by (5a) and P* by (5d) into (6b) yields: 

   Π
n* = 

9b

)2A-w+c-(a 2

     (6c) 

Equations (6a) and (6c) represent the profits of the incumbent firms in a static market 

characterised by fixed number of competitors, stable demand and cost conditions. The excess 

profits of these incumbents attract new firms from overseas into the retail market which opens 

up the dynamic issues that we now turn to in Section 3. 
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4. THE THREAT OF FOREIGN ENTRY AND STRATEGIC ENTRY 

DETERRENCE 

 

4.1. Post-Entry Competition in the Downstream Market 

 

We considered a stylised market in which there are two incumbent firms who engage in quantity 

competition in the retail market. Suppose there is a single potential foreign entrant who decides 

whether to enter this retail market, or not. We assume that the market is characterised by 

information asymmetry: the incumbent firms have full information about the cost and demand 

conditions while the potential foreign entrant has sketchy information about the access cost and 

the cost of production. The potential foreign entrant infers about the costs from the price 

statistic. The game unwinds in a market in which the demand and cost conditions remain 

invariant through time. Suppose the potential foreign entrant decides to enter the retail market: 

then there are three competitors in the downstream retail market who engage in quantity 

competition that leads to the following post-entry market configuration. 

 

PROPOSITION 1: The post-entry Cournot-Nash outputs and price are given by: 

   qm** = (a-c+2A-3w)/(4b)     (7a) 

   qn** = (a-c-2A+w)/(4b)     (7b) 

   qe** = (a-c-2A+w)/4b)      (7c) 

   P**  = (a+3c+2A+w)/4     (7d) 

   Q**  = (3a-3c-2A-w)/(4b)     (7e) 

where qe is the output of the foreign entrant.  

Proof: The derivation is exactly similar to that of Section 3.3. Instead of having two firms and 

two reaction functions, we now have three firms and three reaction functions which form the 
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simultaneous equation system. The solution to the system gives the optimal outputs of the firms 

as represented by (7a), (7b) and (7c). The price follows from the demand function. Q.E.D. 

 

PROPOSITION 2: The post-entry profits of the three Cournot competitors are as follows: 

   Π
m**=n 1 + n2A + n3A

2     (8a) 

where   
4b

3
-=n,..

4b

5w)+3c-(3a
=n],..

4b

w)+c-3w(a
-

16b

)w+2A-c-(a
[=n 32

2

1  

   Π
n** = s1 + s2A + s3A

2      (8b) 

where   
4b

1
=s,..

4b

w+c-a
-=s,..

16b

)w+2A-c-(a
=s 32

2

1  

   
16b

)w+2A-c-(a
=**

2
eΠ      (8c) 

Proof: We get (8a) by substituting (7a) (7b) and (7c) and (7d) into (1). We get (8b) by 

substituting (7b) and (7d) into (6b). (8c) is arrived at in the same fashion as (8b). Q.E.D. 

 

4.2 Entry Prevention by Upward Price Distortion 

If entry occurs then the post-entry outcome is a three-firm-Cournot-Nash equilibrium and under 

complete information Propositions 1 and 2 hold. We assume that all information before entry is 

a common knowledge except the cost of production in the retail market, which remains private 

information to the incumbent firms6. Since the incumbents have asymmetric information on the 

cost of production, their pre-entry outputs and the resultant market price contain information 

about the cost parameters. As a result, the entry decision is critically hinged on the pre-entry 

price which derives from the Cournot type competition between the incumbents (see Milgrom 

and Roberts, 1982). Thus, the post-entry profit of the potential foreign entrant is decreasing in 

                                                 
    6Note that while considering the entry-issues we call the integrated (home) incumbent firm and the 
non-integrated (foreign) incumbent firm as the integrated home incumbent and the non-integrated 
foreign incumbent respectively. 
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the pre-entry price of the retail market. The rationale is that a high pre-entry price brings a signal 

to the potential foreign entrant that this is a high cost industry that will, in turn, signal low post-

entry profit. The fallout is that the incumbent firms may have an incentive to strategically distort 

the price upward in the retail market to signal high costs and low post-entry profits (see 

Harrington, 1986, 1987). The rest of the section is devoted to the analysis of the rationale and 

feasibility of such price distortion in vertical markets. 

 

THEOREM 1: The distorted price signal, PD, that conveys a message of high cost and low, or, 

zero profitability to the potential foreign entrant which will, thereby, forestall entry is given by: 

   PD =
b

w+A-a
       (9a) 

Proof: Since the potential foreign entrant does not know the unit cost of production c, hence the 

incumbents set a price P such that the profit accruing to the entrant, Πe, is reduced to zero and, 

hence, the foreign entrant will stay away from the market. Thus, the foreign entrant does not 

enter if: 

   Π
e = 0        (9b) 

We substitute (8c) into (9b) to yield: 

   
16b

)*c-w+2A-(a 2

 = 0      (9c) 

where c* is the distorted cost that will signal zero profitability in the concerned market. From 

(9c) we derive: 

   c* = a-2A+w       (9d) 

Substituting (9d) into (7d) yields the distorted price signal PD: 

   PD = (a-A+w)/b      (9a) 
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The distorted price signal PD is determined by equation (9a) that signals a high cost c*, given by 

equation (9d), that will convey low (zero) post-entry profits to the potential foreign entrant. 

Hence the foreign entrant will be deterred by this price statistic PD. Q.E.D.  

 

5. IS THE UPWARD PRICE DISTORTION AN OPTIMAL STRATEGY? 

 

5.1. Integrated Home Incumbent and Upward Price Distortion 

In this section we turn to the important question of whether the incumbent firms have an 

incentive to adopt the strategy of upward price distortion as laid out in Theorem 1. In order to 

find that we need to compare their profits from such distortion with their profits from the no-

distortion market equilibrium. The strategy of upward price distortion is optimal only when it 

yields higher profits to the incumbents vis-a-vis their profits from the no-distortion equilibrium. 

We set the stage with the following:  

 

THEOREM 2: The profit, Πm***, accruing to the integrated home incumbent from the strategy 

of upward price distortion is given by the following: 

   Π
m*** = m 1 + m2 A + m3 A

2     (10a) 

where    
b2

1)w)-(b-bc-w)(a-a-(ab
=m 31      (10b) 

   
b2

1)w)-(b-bc-(a+1)-w)(b+a-(ab
=m 32    (10c) 

   m3 =(b-1)/(2b3)      (10d) 

Proof: At price PD the quantity demanded, QD, in the retail market is: 

   QD = (a-PD)/b = (ab-a+A-w)/b2    (11a) 

Assuming the incumbents have tacit agreement about market shares, we simplify the analysis by 
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an equal output share. Hence their outputs and profit of the integrated home incumbent from the 

retail market respectively are: 

   Qm***=Q n***= (ab-a+A-w)/b2    (11a′) 

   Π
m***= ]

b

bc-w)-b(A+w)-(A-a
][

b2

w)-A+a-(ab
[

2
 (11b) 

(11b) is expanded to yield (10a). Q.E.D. 

DEFINITION 3: We define GM as the gains, or increase, in profit from the price distortion 

strategy to the integrated home incumbent which is given by: 

   GM = Πm***- Πm**      (11c) 

where Πm*** is the profit accruing to the integrated home incumbent from price distortion 

strategy while Πm** is his profit from no-distortion strategy which allows entry. 

 

OBSERVATION 1: The gains from price distortion, GM, can be reduced to the following: 

   GM = h1 + h2A + h3 A
2      (11d) 

where h1 = (m1-n1), h2 = (m2-n2), h3 = (m3-n3). 

We define AC: 

   AC = (n2-m2)/[2(m3-n3)]     (11e) 

and for A>AC GM is an increasing function of A and for A<AC GM is decreasing in A. 

 We substitute equation (8a) and (11b) into (11c) to yield (11d) and find: 

   0>
A
GM

δ
δ

1       (12a) 

If  

   2 h3A + h2 > 0       (12b) 
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or,  A > AC = (n2-m2)/[2(m3-n3)]      (12c)7 

 

THEOREM 3: The integrated home incumbent will adopt an upward distortion of the price of 

the final good if the access cost/input price A is such that: 

   A < A1*       (13a) 

or,    A > A2*       (13b) 

where    A1* = 
h2

hh4-h-h-
=

3

31
2
22      (13c) 

and    A2* = 
h2

hh4-h+h-

3

31
2
22      (13d) 

Proof: We set GM equal to zero and from the resultant quadratic equation we derive two roots 

A1* and A2*. For any A, such that A1*<A<A 2*, GM<0 and hence the integrated home 

incumbent has no incentive to distort price since the no-distortion equilibrium yields larger 

profits than what the upward price distortion does. On the other hand, if the input price lies 

outside this range the integrated home incumbent gains from an upward distortion of the price 

of the final good. Q.E.D. 

 Thus we establish that the integrated home incumbent will adopt an upward distortion of 

price as an optimal strategy to deter entry if the proposed conditions (13a) and/or (13b) are 

satisfied and if the non-integrated foreign incumbent also adopts the price distortion strategy. 

We now turn to the question of whether the non-integrated foreign incumbent has an incentive 

to distort the price upward. 

 

                                                 
    7 See that the denominator of (12c) is always positive if b>1 and we assume n2>m2 to get a positive 
critical value of A, AC. Also note that the second derivative of GM with respect to A is positive for b>1. 
These restrictions give us a bell-shaped function for GM as depicted in Diagram 1. 
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5.2. The Non-Integrated Foreign Incumbent and Upward Price Distortion 

The non-integrated foreign incumbent sells QD/2 at a price of PD if it colludes to distort the price 

upward. From the quantity sold and the price we are to determine its profit Πn*** from the 

strategy of price distortion. 

PROPOSITION 3: The non-integrated foreign incumbent sells QD/2 at a price of PD and, 

hence, its profit, Πn***, from the price distortion strategy is given by:  

   Π
n*** = t 1 + t2A + t3A

2     (14a) 

where   t1 = 
b2

w)-a-w)(ab+bc-(a
3

     (14b) 

   t2 = 
b2

1)-w(b+1)+a(b+1)ab+(b-w+bc-a
3

   (14c) 

   t3 = -1/(2b2)       (14d) 

Proof: We know that the profit accruing to the non-integrated foreign incumbent from price 

distortion is: 

   Π
n*** = (P D-c-A)QD/2      (14e) 

Substituting PD by equation (9a) and QD by equation (11a) we arrive at (14a). 

Q.E.D. 

 

DEFINITION 4: The gains from the price distortion strategy to the non-integrated foreign 

incumbent, GN, are defined as: 

   GN = Πn***- Πn**      (15a) 

 

OBSERVATION 2: Substituting Πn*** by (14a) and Πn** by (8b) yields the following: 

   GN = H1 + H2A + H3A
2     (15b) 
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where H1=(t1-s1), H2=(t2-s2), H3=(t3-s3).  

 

THEOREM 4: The non-integrated foreign incumbent will adopt an upward distortion of the 

retail price to forestall entry if the following conditions are satisfied: 

   A > A1**       (16a) 

or,   A < A2**       (16b) 

where   A1** = 
H4

HH4-H-H-

3

31
2
22      (16c) 

and   A2** = 
H4

HH4-H+H-

3

21
2
22      (16d) 

Proof: The non-integrated foreign incumbent is indifferent between price distortion and non-

price distortion strategy if GN is zero. That is: 

   H1 + H2A +H3A
2 = 0      (16e) 

Thus, there are two roots of the quadratic equation (16e) for which the non-integrated foreign 

incumbent is indifferent between two alternative strategies. The roots are given by (16c) and 

(16d). Since H3<0 and H2 >0, hence GN>0 for (16a) and (16b) since the first derivative of GN is 

positive until a critical value of A, ACC, such that ACC = [-H2/(H3)]. Q.E.D. 

 We combine GN and GM in the above diagram to consider the possibility whether both 

the incumbents will collude to deter entry by strategic distortion of the price of the final good. 

From the above it is evident that the crucial determinant of such collusion is the value of the 

input price. If the access cost/input price lies {A2**, A 1*} and/or {A2*, A1**}, then the upward 

distortion of price yields larger profit for each incumbent than its profit from no-distortion 

strategy. Thus, we come to the following: 
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STATEMENT 1: The upward price distortion strategy is chosen by the colluding incumbents 

to deter foreign entry and the potential foreign entrant decides not to enter the retail market if 

one of the following conditions holds: 

   A1*-A 2**>0       (17a) 

   A1**-A 2*>0       (17b) 

and the actual access cost/input price lies within the bounds {A2**, A 1*}, or {A 2*, A1**}. 

STATEMENT 2: The collusion to strategically deter entry fails if one of the condition holds: 

   A1*-A 2** < 0       (17c) 

   A1**-A 2* < 0       (17d) 

STATEMENT 3: It is important to note that the upward price strategy inflicts a cost on the 

consumers as they pay a high price for the final product. They not only pay a high price due to 

limited actual competition but also due to upward price distortion which does not conform with 

the cost of production. 

STATEMENT 4: Can the regulatory authority control the anti-competitive behaviour to limit 

potential competition?8 From the finding one can see that the regulatory authority can break 

such collusion by simple price capping. If the maximum input price is set below A2**, then the 

collusion collapses since the non-integrated foreign firm has no incentive to adopt the price 

distortion strategy. Thus, by strictly regulating the input price the regulatory authority can 

forestall such entry-deterring and anti-competitive price distortion. 

 

 

                                                 
    8We shelve the question of why the regulatory (domestic) authority will intend to enhance domestic 
competition by allowing foreign firms. Instead we suppose that the regulatory authority seeks to foster 
competition. If so, our question is what should they do to control such anti-competitive activities of the 
incumbents. 
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5.3 Trigger Strategy Equilibrium 

From sub-section 5.2 we have learned that incumbents have an incentive to collude by adopting 

the upward price distortion strategy to deter foreign entry. Under a set of conditions such a 

collusive strategy is also shown to be successful in deterring entry. However, collusion gives 

rise to the familiar problem that each incumbent has an incentive to defect, when its rival abides 

by the collusive agreement. As is usual in supergame theory, we assume that incumbents deter 

defection from the collusive agreement by employing the trigger strategy to punish defection: 

incumbents abide by the collusive agreement unless one firm cheats. If an incumbent cheats, 

they revert to the non-cooperative Cournot-Nash equilibrium for once. We now explore the 

possibility that an infinite repetition of a profile of PD, qm***, q n*** which makes the 

incumbents better off than defection in terms of their respective profit functions, can be 

sustained as a subgame perfect equilibrium by means of a trigger strategy with one-shot Nash 

reversion (see Tirole, 1988).  

 As long as both incumbents stay in equilibrium, profits are Πm***, Πn***. The 

integrated home incumbent chooses to stay on the equilibrium path if and only if the following 

incentive compatibility no-defection constraint is satisfied: 

   Π
m (DF) - Πm*** < GM

u

u=1

δ∑
∞

     (18a) 

where Πm (DF) is the one-shot profit of the integrated home incumbent from defection if the 

non-integrated foreign incumbent sticks to the collusive arrangement. δ is the common discount 

rate of the incumbents while GM labels the gains from price distortion to the integrated home 

incumbent and given by equation (11d). Similarly, we define the incentive compatibility no-

defection constraint for the non-integrated foreign incumbent as: 
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   Π
n (DF) - Πn*** < GN

u

u=1

δ∑
∞

     (18b) 

where Πn (DF) is the one-shot profit of the non-integrated firm from defection if the other 

incumbent sticks to the collusive agreement. The following lemma delineates the trigger 

strategy equilibrium. 

 

LEMMA 1: The repetition of the profile PD, Qm***, Q n*** is sustainable by means of trigger 

strategies with one-shot Nash reversion if  

   δ> maximum { δm*, δn*} 

where 

δ
m*= 

Ah+Ah+h
b2

w)-A+a-ab
w)(-(A+

b4

w-A+a-ab
-

2b

w-c-a
c)(-

2b

w-A+a-ab
-

4b

w-A+a-ab
+

2

w-c-a
-(a

2
321

22

 

Ah+Ah+h

)
b

bc-w)-b(A+w)-(A-a
)(

b2

w-A+a-ab
(

-
2

321

2

      (18c) 

δ
n* = 

AH+H+H

]
b4

w-A+a-2Ab-2bc-ab
A][-c-

2b

w-A+a-ab
-

4b

w-A+a-2Ab-2bc-ab
-[(a

2
321

2

 

AH+AH+H

At+At+t-
2

321

2321          (18d) 

Proof is given in Appendix A.1. 

   

6. Concluding Comments 

As in his pioneering paper Mariñoso (2001)  investigates whether “incompatibility can be 

used by firms as a strategic tool to lock-in consumers and thereby limit competition in 
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networks, we investigate if an integrated domestic firm can strategically use the access price 

to lock in foreign competitors to the advantage of the domestic firm to perpetuate the market 

concentration by discouraging future entry. Our goal is to learn if networks have strong 

incentives to voluntarily choose partners by setting the access price as endogenous sunk costs 

to make their networks more difficult to access for outside firms. In this paper, we only 

looked at the possible role of access price as a collusive device for entry deterrrence and in 

the subsequent paper we will examine how the entry price can also be used to choose the 

composition of a network to block further, future and undesired entry. In other words, by 

using the access price appropriately, incumbents can create a market structure in which the 

integrated firm does not need to limit current compeition by vertically foreclosing the 

downstream market to other incumbents but can use the access price to prevent 

potential/future competition in the downstream market.    

 To achieve the above task we have examined an extension of the information-based 

approach to entry deterrence to the important case of vertical markets in international trade with 

endogenous access costs. We considered a market in which two incumbent firms face the 

danger of entry by a foreign firm. One of the incumbents can choose the cost of accessing the 

market by potential entrants and the other incumbent. Being a foreign firm the potential entrant 

has sketchy information about the local cost condition. This sketchy information unravels the 

possibility of collusion between incumbents to block the foreign firm by suitably choosing the 

access price. Assuming an information asymmetry about the cost of production, we find that the 

incumbents, namely the integrated home and non-integrated foreign firms, can effectively deter 

entry in the retail market by an upward distortion of the price of the final good. We note, under a 

set of conditions, that an effective collusion among the incumbents is feasible if the integrated 

home firm can freely commit to an access cost/input price before foreign entry takes place. We 



 

30 
 

 
thus establish a new commitment linkage whereby the integrated home firm is able to pre-

commit to an access cost/price, which enables incumbents to effectively block entry in the 

downstream retail market. We also find that the regulation of the access cost/price can 

sometimes, not always, thwart such anti-competitive price distortions and, hence, would 

promote potential competition in vertical markets in international trade. In our future research 

we will introduce sunk and fixed costs to enhance our collective understanding of the role of 

access costs in shaping the actual composition of networks relevant for vertical markets.  
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APPENDIX A.1 PROOF OF LEMMA 1 

 

The no-defection incentive compatibility constraints states that defection will be unprofitable if 

and only if the one period gain from defection is less than the present value of collusive profits 

foregone due to one-shot Nash reversion. The left-hand sides of (18a) and (18b) respectively 

represent the one-shot gain from cheating for the integrated and non-integrated incumbents. In 

contrast, the right-hand sides label the net-present value of collusive profits sacrificed by 

ditching the price distortion strategy. The constraints thus summarise the opportunity cost of 

defecting from the collusive agreement. In equation (18a), the only unknown is Πm (DF) while 

Π
m***, G M are respectively given by equations (11b) and (11d). Similarly, in equation (18b) the 

only unknown is Πn (DF) while Πn *** and GN are captured by equations (14e) and (15b). Also 

note that (18a) is satisfied so long as: 

  δ > [Πm (DF) - Πm***]/G M      (18e) 

Inequality (18b) is satisfied so long as 

  δ > [Πn (DF) - Πn****]/G N      (18f) 

We define δm* and δn* as the following: 

  δ
m* = [Πm (DF) - Πm***]/G M      (19a) 

  δ
n* = [Πn (DF) - Πn***]/G N      (19b) 

It is important to note that (18a) and (18b) will hold so long as δ>δm* and δ >δn*. We complete 

the proof by deriving Πm (DF) and Πn (DF) and substituting the relevant values in (19a) and 

(19b). 

 

DERIVATION OF Πm (DF): 

 The non-integrated incumbent sticks to the collusive agreement and produces output 
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given by equation (11a′). Substituting (11a′) in the reaction function of integrated incumbent, 

(4a), we get the optimal defection output of the integrated firm, Qm (DF),  

  Qm (DF) = (a-c-w)/(2b) - (ab-a+A-w)/(4b2)    (19c) 

The resultant price, Pm (DF), when the integrated firm defects is 

  Pm (DF) = )
2b

w-A+a-ab
+

4b

w-A+a-ab
-

2

w-c-a
(-a   (19d)  

   

We substitute (11a′), (19c) and (19d) into equation (1) to get Π
m (DF) as: 

  Π
m (DF) = [ a- (a-c-w)/2+(ab-a+A-w)/(4b)+(ab-a+A-w)/(2b) -c-A][(a-c-w)/(2b) -

  (ab-a+A-w)/(4b2)       (20a) 

Substituting (20a) into (19a) yields (18c). Following similar steps we derive (18d). Q.E.D. 
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