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1. Introduction 

 

The coordinated effects that could be induced by a merger are defined as the increase in the incentives for 

merging parties (insiders) and non-merging parties (outsiders) to explicitly or tacitly collude. Two types of 

effects can be identified in the literature. First, with fewer firms in the market, a merger could lessen the 

costs of coordinating and monitoring a cartel.1 Second, as the merged firm internalizes the pricing 

externalities among its brands, its pricing incentives are modified, which in turn affects firms' payoffs and 

induces a change in their incentives to collude.2 

So far, the competition authorities’ assessment of coordinated effects has mainly focused on the first 

type of effects. Notably, the 2004 European Horizontal Merger Guidelines (EHMG) establishes four 

conditions for the presence of coordinated effects, that is to say: 1) the ability to reach a common 

understanding of the terms of coordination; 2) the ability to monitor potential deviations; 3) the existence of 

deterrent mechanisms; and 4), the presence of external sustainability. To our understanding, all these steps 

refer to structural characteristics of markets and/or the nature of the interactions between competitors. 3,4 

While these elements are indeed crucial for an assessment of coordinated effects, none of them explicitly 

considers the impact of mergers on firms’ pricing behavior.5  

In this vein, our aim here is to characterize the risks of coordinated effects that are driven by the 

internalization of pricing externalities among the merging parties’ brands, taking as given the four 

preceding conditions. To do so, we use a simulation setting with a demand specified according to a random 

coefficient discrete choice model and a supply side composed by heterogeneous single-product firms that 

                                                             
1 Ivaldi, Jullien, Rey, Seabright and Tirole (2003), identify a list of relevant market characteristics that may affect the 

sustainability of collusion 
2 Davis (2006) evaluates the impact of a merger on firms’ collusion and defection payoffs. A simulation approach is 

used, considering a setting of price competition with differentiated products and linear demands. 
3 See Paragraph 41 of the European Horizontal Merger Guidelines (2004), which contains the conditions necessary for 

coordination to be sustainable. 
4 See Aigner et al. (2006) for a review of the evolution of coordinated effects assessment within the EU  
5 For a detailed analysis of European Commission decisions involving coordinated effects assessments, refer to the 
following papers. (i) Aigner et al. (2006), for the Sony/BMG and Impala  cases, show how the Commission used data on 

prices in order to search for evidence of coordination in the past. In addition, the qualitative analysis mainly focuses on 
product heterogeneity and market transparency. (ii) In Amelio et al. (2009), for the ABF/GBI Business case, it is explained 

that the Commission identified some structural changes in the market that would make (tacit) collusion easier to 

implement, monitor and sustain. Among the critical factors are: the decrease in the number of competitors, the 

enhancement of market transparency, more effective punishment of deviations, the reduction on incentives to deviate 
and the increase on competitors’ symmetry. (iii) Finally, Motta (2000), for the Airtours/First Choise case explains that the 

Commission applied the concept of joint dominance and argued that the merger would increase the risk of collusion on 

capacities. 
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compete in prices. Using a large set of simulated markets, we measure the impact of a merger on firms’ 

payoffs under three different competition scenarios: one period static Nash-equilibrium, perfect-collusion, 

and defection from collusion.  

Unlike case studies, a simulation approach has the major advantage of allowing for the 

characterization of risks of coordinated effects under heterogeneous demand and supply conditions. 

Furthermore, this approach provides a large set of simulated markets, which can be relied upon to identify 

the economic conditions driving the effects of a merger. In particular, each simulated market is built from 

the combination of four elements: 1) a set of 𝑁 consumers; 2) an indirect utility function with random 

coefficients; 3) a set of single-product firms with heterogeneous marginal costs, who compete in prices; and 

4), products with differentiated quality attributes. In each simulation, the number of consumers and firms is 

kept constant. However, for each market, consumer preferences, firm marginal costs and product 

characteristics are randomly drawn from a set of chosen distributions. 

The simplest setting of repeated interaction under the traditional grim-trigger strategies is used to 

model collusion.6 A given firm is willing to collude only when the present value of its collusion payoffs is 

higher than the present value of its most profitable defection strategy. The Critical Discount Factor 

(hereinafter CRDF) is then defined as the minimum discount factor that makes collusion profitable. The 

change in coordination incentives induced by a merger is measured by the variation in the value of the 

CRDF.  

A merger has two different effects on merging parties' incentives to collude. First, the asymmetry 

among merging parties in terms of their relative payoffs affects the post -merger CRDF. Specifically, the 

CRDF of the merged firm is relatively closer to the pre-merger CRDF of the larger merging party. The 

reason is that the payoffs of the larger merging party have more weight on the post -merger decision to 

collude. It is what we define as the Asymmetry in Payoffs (AP) effect. Second, since the merging parties 

internalize the negative externality among their brands that stems from the undercutting of prices, they 

charge higher equilibrium prices and become less aggressive when deviating from collusion prices.7 This 

effect —which we define as Change in Payoffs (CP) effect— increases the merged firm equilibrium payoffs, 

but decreases its deviation payoffs. In other words, on the one hand, the CP effect makes collusion less 

profitable, while, on the other hand, it increases firms’ incentives to collude. Thus, the direction and 

                                                             
6 A given firm sets the collusive price, if and only if, all the other firms set the collusive price in the previous periods. 

Any defection from collusion triggers retaliation by rival firms, which consists of playing the one-period static Nash 

equilibrium during all the subsequent periods. See Friedman (1971). 
7 This result is also supported by Brito et al. (2013). Performing a merger simulation analysis with data from the U.S. wet 

shaving industry, the authors find that merging parties’ defection prices are indeed increased after the merger.  
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magnitude of the CP effect depends on which of these forces dominates. Regarding the impact of the 

merger on outsider firms, the merger only increases their equilibrium payoffs. This makes the defection 

strategy more profitable for outsider firms, and therefore, decreases their incentives to collude.  

The simulation results suggest that the impact of the merger on the merging parties’ incentives to 

deviate is significantly stronger than its impact on equilibrium payoffs. Thus, a merger can be used as a 

commitment device to increase the incentives to coordinate among insiders. The results also suggest that, 

while the impact on the merged firm’s CRDF can be substantial after the merger, the impact on outsiders’ 

CRDFs is moderate. Moreover, through a set of sensitivity analyses, we draw some interesting conclusions 

regarding the impact of efficiency gains and higher product differentiation on firms’ CRDFs. For instance, 

the results suggest that the presence of efficiency gains tends to reinforce the impact of the merger on firms’ 

CRDFs (i.e., by increasing the incentives for insiders to collude and by lowering the incentives for outsiders 

to collude).8 

In addition, we offer a novel approach for assessing the change in the merged firm’s CRDF. On the 

one hand, in the case of a merger between two symmetric firms (in terms of payoffs), the magnitude of the 

change is mainly driven by the CP effect. Thus, for these types of mergers, the assessment should rely on 

screening tools able to capture the size of the pricing externality. On the other hand, in certain mergers 

involving two asymmetric firms (in terms of payoffs), the magnitude of the change is mainly driven by the 

AP effect.9 Consequently, in this scenario, the magnitude of the change is directly related to the degree of 

pre-merger asymmetry between the merging parties, in terms of their incentives to collude. 

This paper is related to a strand of economic literature that studies how mergers affect firms’ 

incentives to collude via the use of simulation techniques. For instance, Davis and Huse (2010) present the 

first empirical merger simulation model in a differentiated product market to study coordinated effects. 

They focus on the merger between Hewlett Packard and Compaq in the network server market. Their 

results show that the CRDF of insiders would decrease after a merger, while the CRDF of outsiders would 

increase. Similarly, Brito et al. (2013) simulate the coordinated effects of mergers and partial horizontal 

acquisitions in the wet shaving industry. The study finds that both partial and full acquisitions generate a 

decrease in the CRDF of acquiring firms while increasing the CRDFs of the remaining firms in the market. 

                                                             
8 Nevertheless, there is a non-negligible percentage of simulated cases where the efficiency gains actually offset the 

impact of the merger on non-merging parties. Thus, an interesting research venue would be to explore the direction of 

the effect for these specific cases. 
9 We define two types of mergers between asymmetric firms, namely, (i) when the larger firm has the higher incentives 

to collude and (ii), when the larger firm has the lower incentives to collude. This distinction is important as it is shown 

that only mergers from the former type have the potential to generate a significant impact on firms’ CRDFs.   
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Consistent with our results, both Davis and Huse (2010) and Brito et al. (2013) find that the effect on insiders 

is considerably stronger than on outsiders.10 

Note that our results are indeed consistent with the findings of previous empirical papers. 

However, we contribute to the literature in three additional ways. First, our simulation approach allows us 

to test the robustness of the results for a broad range of consumer and firm characteristics. Second, to the 

best of our knowledge, this is the first paper that incorporates the impact of efficiency gains and product 

differentiation with the coordinated effects of mergers. Third, we provide useful guidelines for the 

assessment of coordinated effects. In particular, it is shown that the magnitude of change in CRDF can be 

measured by existing screening tools.  

Finally, it is important to highlight that the results derived here are to be interpreted only 

qualitatively. An empirical verification of the main conclusions is certainly an interesting venue for future 

empirical research. 

The rest of the paper is organized as follows. Section 2 introduces the model of demand and supply, 

and the simple collusion scheme proposed to characterize the coordinated effects of a merger. Section 3 

summarizes the basic characteristics of the simulation setting. Section 4 contains the main simulation results 

and develops a set of sensitivity analyses. Section 5 describes how the assessment of coordinated effects can 

be related to the AP and CP effects. Lastly, Section 6 presents our main conclusions. 

 

2. The model 

 

2.1 Discrete choice model with random coefficients 

 

Closely following the methodology proposed by Berry (1994) and Berry, Levinsohn, and Pakes  (1995), we 

assume that consumer choices are expressed by means of a model of demand with random coefficients. The 

main advantage of this model is that it encompasses much more realistic patterns of own-price and cross-

price elasticities between different products and firms.11  

                                                             
10 Table C.1 in Appendix C summarizes the main results from these papers. 
11 As explained by Nevo (2000), in contrast to a simple Logit demand model where substitution between products is 

driven completely by market shares, a random coefficient model of demand yields cross-price elasticities that are larger 

for products that are closer substitutes in terms of their characteristics. Moreover, this methodology has been widely 

used in the field of empirical industrial organization and competition economics in order to measure the competitive 

effects of mergers.  
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Specifically, we consider a set of 𝑁 consumers, who buy at most one unit of a product 𝑗. Preferences 

are represented by a random utility model, where product 𝑗 provides the following level of (indirect) utility 

to consumer 𝑛: 

 

 𝑈𝑗,𝑛 = 𝛽1,𝑛 𝑥1,𝑗 +𝛽2,𝑛 𝑥2,𝑗 −𝛼𝑛𝑝𝑗 + 휀𝑗,𝑛, (1) 

 

where 𝑥1,𝑗 and 𝑥2,𝑗 represent product characteristics that determine the quality of product 𝑗, 𝑝𝑗  is the price of 

product j and 휀𝑗,𝑛 is an idiosyncratic term related to both: products and individuals.12 We assume that the 

characteristic 𝑥1,𝑗 is drawn from a continuous random variable with distribution 𝐹𝑥1, while the second 

characteristic 𝑥2,𝑗 is assumed to be discrete, taking values 0 or 1, according to the discrete distribution 𝐹𝑥2. 

Moreover, note that all the parameters are specific to each individual: 𝛽1.𝑛 = 𝛽1 +𝛽1,𝑛 , 𝛽2.𝑛 = 𝛽2 +𝛽2,𝑛 , and 

𝛼𝑛 = 𝛼 + �̃�𝑛, where 𝛽1,𝑛, 𝛽2,𝑛 and �̃�𝑛 are random variables that follow known distributions 𝐹�̃�1  , 𝐹�̃�2 and 𝐹�̃� , 

respectively. Having both continuous and discrete quality attributes renders the model more general, and 

allows us to capture a broader range of preferences.13  

In addition, consumers face an outside option, which provides them the level of utility: 

 

 𝑈0,𝑛 = 𝑥0 + 𝑥0,𝑛 + 휀0,𝑛, (2) 

 

where the term denoted by 𝑥0,𝑛   is drawn from a continuous random variable, with distribution 𝐹𝑥0. 

Thus, for a given vector of prices 𝑝, and assuming independence between consumer idiosyncrasies 

for product characteristics and the error term, the market share of product 𝑗 is given by the following 

expression: 

 

 𝑠𝑗(𝑝) = ∫ 𝑑𝐹(𝛽1 ,𝛽2 , �̃�,𝑥0 , 휀) = ∫ 𝑑𝐹(𝛽1)𝐴𝑗𝐴𝑗
𝑑𝐹(𝛽2)𝑑𝐹(�̃�)𝑑𝐹(𝑥0)𝑑𝐹(휀), (3) 

                                                             
12 Note that this indirect utility function can be derived from a quasi-linear utility function. It does not contain income 

explicitly, because when consumers compare between different products (𝑈𝑗,𝑛 ⋚  𝑈𝑘,𝑛), the income variable vanishes. As 

explained by Nevo (2000), the quasi-linear assumption is only reasonable for some products. For instance, it would not 

be an adequate assumption for the car market, where wealth effects can play a role in consumers’ decisions.  
13 In particular, Grigolon and Verboven (2014) highlight the importance of accounting for discrete sources of market 

segmentation not captured by continuous product characteristics. For instance, in the car market it is crucial to account 

for consumer heterogeneity regarding the domestic or foreign origin of products. Because it is more general, this 

specification allows for more reliable estimates of market definition. 
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with 𝐴𝑗 = {(𝛽1 ,𝛽2 , �̃�, 𝑥0 ,휀) | 𝑈𝑗,𝑛 ≥ 𝑈𝑙,𝑛}, for all 𝑙 ≠ 𝑗, denoting the set of consumers that choose product 𝑗. 

Finally, we assume that the error term 휀 is distributed according to a Type I extreme-value distribution.14 

 

2.2 The supply side 

 

We consider 𝑀 single-product firms. The profit function takes the simple following form:  

 

 Π𝑖 = (𝑝𝑖 − 𝑐𝑖)𝑠𝑖(𝑝)𝑁, (4) 

 

where 𝑝𝑖, 𝑐𝑖 and 𝑠𝑖 are the price, the constant marginal cost and the market share of product 𝑖, respectively. 

The variable 𝑝 is the vector of prices of all the brands in the market, and 𝑁 is the number of potential 

consumers. Firms have complete information regarding the parameters 𝛽1, 𝛽2 and 𝛼, and the distributions 

of the random parameters are assumed to be common knowledge. 

Firms’ marginal costs are assumed to have the following form: 

 

 𝑐𝑗 = exp(𝛾1𝑥1,𝑗 + 𝛾2𝑥2,𝑗 +𝜔𝑗), (5) 

 

where 𝛾1 > 0 and  𝛾2 > 0 ensure that products with higher quality are more costly to produce. In addition, 

there is a firm-specific cost component 𝜔𝑗, which introduces heterogeneity across firms. 

 

2.3 A simple collusion scheme 

 

The baseline model considers an infinitely repeated price competition game among heterogeneous single-

product firms, where collusion sustainability is evaluated under the traditional grim-trigger strategies. The 

present value of the current and future flow of collusion profits has to be higher than the current defection 

profits plus the present value of the future flow of Nash equilibrium payoffs. Thus, collusion is sustainable 

at period 𝑡0 only if the following condition is satisfied for every 𝑖: 

 

                                                             
14 Hence, integrating-out the error term gives rise to the well-known Logit probabilities (or market shares). For further 

details see Nevo (2000). 
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 ∑ 𝛿𝑖
𝑡−𝑡0Π𝑖,𝑡

𝐶∞
𝑡=𝑡0

≥ Π𝑖,𝑡
𝐷 +∑ 𝛿𝑖

𝑡−𝑡0Π𝑖,𝑡
𝑁  ∞

𝑡=𝑡0+1
. (6) 

 

The variables Π𝑖,𝑡
𝐶 , Π𝑖,𝑡

𝐷  and Π𝑖,𝑡
𝑁   are the collusion payoffs, the deviation payoffs and the Nash (or equilibrium 

payoffs) of the static one period game, respectively. The variable 𝛿𝑖 is the discount factor. Under what we 

call perfect-collusion, the collusion profits are obtained by finding the vector of prices that maximizes the 

expected joint-profits of all the firms in the market.15 The deviation profit is obtained by maximizing the 

expected profit of a given firm, taking prices of rivals as given and set at the collusion level. Finally, the 

equilibrium payoffs are obtained by computing the one-shot Nash equilibrium in prices. 

It is assumed that consumer preferences, product characteristics and firm marginal costs do not 

change over time, which ensures that the stage-game played by firms is identical in every period. Therefore, 

for a given vector of prices, the expected payoffs are time independent. Then the previous equation can be 

simplified to: 

 

 Π𝑖
𝐶

(1−𝛿𝑖)
≥ Π𝑖

𝐷 +
𝛿𝑖Π𝑖

𝑁

(1−𝛿𝑖)
. (7) 

 

Rearranging terms we obtain the minimum value of the discount factor 𝛿𝑖
∗ that satisfies this condition. 

 

Definition: The Critical Discount Factor (CRDF) of firm 𝑖 is the lowest discount factor for which firm 𝑖 has an 

incentive to collude. It is given by: 

 𝛿𝑖
∗ =

Π𝑖
𝐷−Π𝑖

𝐶

Π𝑖
𝐷−Π𝑖

𝑁. (8) 

 

Under this setting, every firm in the market faces a different CRDF, which is determined by the 

specific characteristics of each firm and its interactions with consumers and competitors (i.e., demand 

elasticities, marginal costs and product characteristics ). A lower CRDF implies a larger set of discount 

factors for which collusion is profitable. Therefore, a decrease (resp., an increase) in the CRDF is interpreted 

as an increase (resp., a decrease) in incentives to collude.   

It is important to stress that many collusive equilibria exist. Indeed, for a given combination of 

discount factors, there are multiple combinations of supra-competitive prices that can be sustained under 

                                                             
15 The joint-profit maximization vector of prices is obtained by solving: Π𝐽𝑃𝑀 = 𝑚𝑎𝑥𝑝1,…,𝑝𝑀∑ Π𝑖(𝑝1, … , 𝑝𝑀)

𝑀
𝑖=1 , where, as 

before, the term 𝑀 corresponds to the total number of firms in the market, and “𝐽𝑃𝑀” stands for joint-profit 

maximization. 
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grim-trigger strategies. In this paper, we focus on the collusive vector of prices  that maximizes the joint-

profits of firms mainly for two reasons. First, this approach has so far been adopted by the empirical 

industrial organization literature; and second, since it focuses on a particular equilibrium, it renders 

tractable a rather complex problem. Consequently, it seems natural to select a model that would allow us to 

verify the empirical results from the literature. 

An alternative approach to studying coordinated effects is followed by Sabbatini (2015) who 

considers an equilibrium where firms share collusion gains fairly. In this situation, all firms have the same 

CRDF, and the assessment of coordinated effects is made by studying the impact of a merger on the set of 

collusion profits that can be achieved through a regime of fair distribution of gains.16 In other words, the 

assessment focuses on the tension between maximization of joint-profits and their fair distribution. One of 

Sabbatini’s motivations to focus on the distributive issues of cartels rather than on joint -profit maximization 

is that the perfect-collusion scheme may become unfeasible under the presence of important asymmetries 

among firms.  

 

2.4 The impact of a merger on firms’ prices and payoffs 

 

Intuitively, when two firms merge, they internalize the externalities that their pricing decisions have on one 

another’s profits. This fact has two implications for the merged firm’s payoffs: (i) the merger generates an 

increase in prices and payoffs under the one-shot Nash equilibrium, and (ii) the internalization of the 

pricing externality makes the merged firm less aggressive when (potentially) undercutting collusion prices, 

which in turn induces a negative change in deviation payoffs compared to collusion payoffs.17 

We express these ideas through a set of propositions. First, Proposition 1 shows that the post-

merger equilibrium prices of merging parties are higher after the merger. Moreover, the corollaries of 

Proposition 1 suggest that the payoffs of merging parties and non-merging parties are also increased (or at 

least unchanged). Next, Proposition 2 states that deviation prices are always lower than or equal to 

collusion prices. Finally, Proposition 3 derives the conditions under which the post -merger deviation prices 

are higher, and its corollary suggests that merging parties’ deviation payoffs are lowered. 

                                                             
16 The assessment relies on the concept of Balance Temptation Equilibrium introduced by Friedman (1971). 
17

Note that perfect-collusion prices and payoffs are independent of the ownership of the firms in the market. For this 

reason, in the rest of the paper, we omit the superscripts “post” and “pre” when referring to collusion prices and 

payoffs. (For further details concerning the computation of prices and payoffs, see Appendix A) 
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Proposition 1: Consider a merger between Firms 𝑖 and 𝑗. The post-merger equilibrium prices 𝑝𝑖
𝑁,𝑝𝑜𝑠𝑡 and 𝑝𝑗

𝑁,𝑝𝑜𝑠𝑡 are 

higher than or equal to the pre-merger equilibrium prices 𝑝𝑖
𝑁,𝑝𝑟𝑒and 𝑝𝑗

𝑁,𝑝𝑟𝑒, respectively. 

See proof in Appendix A. 

Corollary 1: The post-merger equilibrium payoffs of the merged firm are higher than or equal to the aggregate pre-

merger equilibrium payoffs of Firms 𝑖 and 𝑗. 

Corollary 2: The post-merger equilibrium payoffs of non-merging parties are higher than or equal to their pre-merger 

equilibrium payoffs. 

 

Proposition 1 illustrates the idea that the internalization of pricing externalities results in higher 

post-merger equilibrium prices for the merging parties. In particular, an increase in the price of one 

merging party generates divested sales that are partially captured by the other merging party. This latter 

effect incentivizes merging parties to raise prices.  

Corollary 1 relies on the fact that the merged firm has the option to set the pre-merger equilibrium 

prices of Firms 𝑖 and 𝑗. It is only profitable to modify these prices when they result in higher post-merger 

equilibrium payoffs. Corollary 2 is based on the fact that if the merged firm raises its equilibrium prices, a 

fraction of divested sales is captured by non-merging parties, which increases their post-merger payoffs. In 

addition, as prices are strategic complements, outsiders may also find it profitable to modify their own 

prices, thereby further increasing their post-merger equilibrium payoffs.  

 

Proposition 2: For every Firm 𝑘, its pre-merger and post-merger deviation prices 𝑝𝑘
𝐷,𝑝𝑟𝑒 and 𝑝𝑘

𝐷,𝑝𝑜𝑠𝑡  are lower than 

or equal to its perfect-collusion price 𝑝𝑘
𝐶.  

See proof in Appendix A. 

 

Proposition 3: Consider a merger between Firms 𝑖 and 𝑗. If the post-merger deviation price of Firm 𝑗 belongs to the 

interval [𝑝𝑗
𝐷,𝑝𝑟𝑒, 𝑝𝑗

𝐶], and the pricing externality that Firm 𝑗 exerts on Firm i is stronger than the marginal effect of 𝑝𝑖 

on Π𝑖(𝑝𝑖
𝐷,𝑝𝑟𝑒 ,𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡, 𝑝−𝑖,𝑗
𝐶 ), then the post-merger deviation price of Firm 𝑖 is higher than its pre-merger deviation 

price.  

See proof in Appendix A. 

Corollary: If 𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡 > 𝑝𝑖

𝐷,𝑝𝑟𝑒, then the post-merger deviation payoff of Firm 𝑖, i.e., 𝛱𝑖(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡,𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡,𝑝−𝑖,𝑗
𝐶 ), is lower 

than its pre-merger deviation payoff, i.e., 𝛱𝑖(𝑝𝑖
𝐷,𝑝𝑟𝑒, 𝑝−𝑖

𝐶 ).  
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Proposition 3 formalizes the idea that, after a merger, the merging parties are less aggressive when 

potentially undercutting collusion prices. Specifically, the pricing externality that merging parties exert on 

one another prevents them from setting deviation prices that are too low. Moreover, the corollary stems 

from the fact that the price 𝑝𝑖 that maximizes Π𝑖(𝑝𝑖, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡, 𝑝−𝑖,𝑗

𝐶 ) is lower than 𝑝𝑖
𝐷,𝑝𝑟𝑒. (For further details, see 

the proof of Proposition 3 in Appendix A.) This implies that the aggregate post-merger deviation payoffs of 

Firms 𝑖 and 𝑗 are lower compared to their aggregate collusion payoffs. (i.e., 

 𝛱𝑖(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡,𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡,𝑝−𝑖,𝑗
𝐶 )+ 𝛱𝑗(𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡,𝑝−𝑖,𝑗

𝐶 )

Π𝑖
𝐶+Π𝑗

𝐶 ≤
𝛱𝑖(𝑝𝑖

𝐷,𝑝𝑟𝑒,𝑝−𝑖
𝐶 )+𝛱𝑗(𝑝𝑗

𝐷,𝑝𝑟𝑒,𝑝−𝑗,
𝐶 )

Π𝑖
𝐶+Π𝑗

𝐶 ). 

 

2.5 Asymmetry in Payoffs and Change in Payoffs effects 

 

We focus on the difference between the CRDF of the merged firm and the CRDF of the merging party with 

lower incentives to collude, which we define as the Overall Effect of the merger. 

 

Definition: Let 𝛿𝑖,𝑗
∗,𝑝𝑜𝑠𝑡 be the CRDF of the merged firm, i.e., 

 

 
𝛿𝑖,𝑗
∗,𝑝𝑜𝑠𝑡 =

(𝛱
𝑖
𝐷,𝑝𝑜𝑠𝑡+𝛱

𝑗
𝐷,𝑝𝑜𝑠𝑡)−(𝛱𝑖

𝐶+𝛱𝑗
𝐶)

(𝛱𝑖
𝐷,𝑝𝑜𝑠𝑡+𝛱𝑗

𝐷,𝑝𝑜𝑠𝑡)−(𝛱𝑖
𝑁,𝑝𝑜𝑠𝑡+𝛱𝑗

𝑁,𝑝𝑜𝑠𝑡)
, (9) 

 

and let 𝛿𝑖
∗,𝑝𝑟𝑒 and 𝛿𝑗

∗,𝑝𝑟𝑒  be the pre-merger CRDFs of the merging parties, which are given by: 

 

 
𝛿𝑖
∗,𝑝𝑟𝑒 =

𝛱𝑖
𝐷,𝑝𝑟𝑒−𝛱𝑖

𝐶

𝛱𝑖
𝐷,𝑝𝑟𝑒

−𝛱𝑖
𝑁,𝑝𝑟𝑒           𝑎𝑛𝑑          𝛿𝑗

∗,𝑝𝑟𝑒 =
𝛱𝑗
𝐷,𝑝𝑟𝑒−𝛱𝑗

𝐶

𝛱𝑗
𝐷,𝑝𝑟𝑒

−𝛱𝑗
𝑁,𝑝𝑟𝑒 . (10) 

 

Then, the Overall Effect of a merger between Firms 𝑖 and 𝑗 is defined as follows: 

 

 𝑂𝐸𝑖,𝑗 = 𝛿𝑖,𝑗
∗,𝑝𝑜𝑠𝑡−𝑚𝑎𝑥{𝛿𝑖

∗,𝑝𝑟𝑒 ,𝛿𝑗
∗,𝑝𝑟𝑒}. (11) 

 

The superscripts “post” and “pre” stand for the post-merger and pre-merger periods, respectively. 

Equation (9) shows how the CRDF of the merged firm is influenced by the payoffs of both merging parties. 

The purpose of the Overall Effect is to measure how the incentives to collude of the merger firm compare 

with the incentives to collude of the merging party with lower pre-merger incentives to collude. Thus, a 
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negative value of the Overall Effect can be interpreted as an increase of the merged firm’s incentives to 

collude with respect to the merging party with a higher CRDF (i.e., the highest CRDF in Equation 10). 

We study now the role played by two different effects: the asymmetry in firms’ pre-merger payoffs 

and the internalization of the pricing externality. Separating these effects should help reach a better 

understanding of the magnitudes of coordinated effects. Let us name them. 

 

The Asymmetry in Payoffs (AP) effect describes situations in which the brand with relatively larger 

payoffs weights more heavily on the resulting CRDF of the merged firm, thus having a higher influence on 

its incentives to collude. For instance, if a large multinational firm acquires a small local competitor, then 

we would expect the resulting merged firm’s CRDF to be relatively closer to the one of the larger firm.  

The sign and magnitude of the Change in Payoffs (CP) effect is the result of two opposite forces 

triggered by a merger. As explained in Section 2.4, on the one hand, higher equilibrium payoffs increase the 

merged firm’s CRDF while, on the other hand, lower deviation payoffs decrease the merged firm CRDF.  

 

In order to measure the magnitude of the AP and CP effects, we define the following variable: 

 

 
𝛿𝑖,𝑗
𝐴𝑃 =

(Π𝑖
𝐷,𝑝𝑟𝑒+Π𝑗

𝐷,𝑝𝑟𝑒)−(Π𝑖
𝐶+Π𝑗

𝐶)

(Π𝑖
𝐷,𝑝𝑟𝑒+Π𝑗

𝐷,𝑝𝑟𝑒)−(Π𝑖
𝑁,𝑝𝑟𝑒+Π𝑗

𝑁,𝑝𝑟𝑒)
. (12) 

 

Note that 𝛿𝑖,𝑗
𝐴𝑃  is just the CRDF of the merging firm, but without incorporating any change in 

payoffs due to the merger. Adding and subtracting  𝛿𝑖,𝑗
𝐴𝑃  from Equation (11) yields the following 

decomposition of the Overall Effect into the CP and AP effects: 

 

 𝑂𝐸𝑖,𝑗 = (𝛿𝑖,𝑗
∗,𝑝𝑜𝑠𝑡− 𝛿𝑖,𝑗

𝐴𝑃)⏟        
𝐶𝑃 𝑒𝑓𝑓𝑒𝑐𝑡

+  (𝛿𝑖,𝑗
𝐴𝑃 −𝑚𝑎𝑥{𝛿𝑖

∗,𝑝𝑟𝑒 ,𝛿𝑗
∗,𝑝𝑟𝑒})⏟                

𝐴𝑃 𝑒𝑓𝑓𝑒𝑐𝑡

. 
(13) 

 

This formula shows that, in the extreme case where a merger does not modify the merging parties’ payoffs, 

the Overall Effect is exactly equivalent to the AP effect. By contrast, in the case of a merger between two 

perfectly symmetric firms (i.e., identical CRDFs), the Overall Effect is completely driven by the CP effect.18 

 

                                                             
18 By replacing each of the CRDFs in Equation (13) by their definitions in Equations (9), (10) and (12), it is 

straightforward to show that, in this case, the second term on the right hand side of Equation (13) vanishes.  
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2.6 Non-merging parties 

 

As suggested by the Corollary 2 of Proposition 1, the only change induced by the merger for non-merging 

parties is the increase in their equilibrium payoffs. It should be always the case that Π𝑖
𝑁,𝑝𝑜𝑠𝑡 ≥ Π𝑖

𝑁,𝑝𝑟𝑒 for 

every 𝑖 belonging to the group of non-merging parties. 

Thus, for non-merging parties, the variation in their CRDFs is always higher than (or equal to) zero, 

that is, δi
∗,post =

Πi
D−Πi

C

Πi
D−Πi

N,post ≥ 
Πi
D−Πi

C

Πi
D−Πi

N,pre = δi
∗,pre. Note that in this case, we also omit the superscripts “post” 

and “pre” from deviation payoffs. 

 

3. Simulations 

 

The simulation setting. We simulate 3,000 markets with 10,000 consumers each, using 12 different 

calibrations of the demand model. In all, we have 36,000 simulated markets.19 The different calibrations 

vary in terms of three different dimensions: the underlying distributions of continuous characteristics of 

products, the underlying distribution of consumers’ mean valuations for these continuous characteristics, 

and the underlying distribution of consumers’ mean sensitivities to prices. 20 

The underlying structural parameters and the distributions of random coefficients are chosen in a 

way that the resulting distributions of pre-merger own-price and cross-price elasticities are “realistic,” in 

the sense that their values are similar to real elasticity estimates from previous studies. Knittel and 

Metaxoglou (2014) made a selection of empirical articles using BLP-type models for the estimation of 

random coefficient Logit demands.21 We identify relevant reference values or intervals for own-price and 

cross-price elasticities.22 As Table B.1 in Appendix B exhibits, own-price elasticities are in general lower than 

5. However, there is an important degree of variation across industries or even across brands within the 

                                                             
19 A high number of consumers is necessary in order to get smooth market share functions. For instance, in the extreme 

case of having only one representative consumer, he/she would choose his/her preferred product, and the resulting 

market shares would be 100% for this product, and 0% for all the other products in the market. In addition, the 

representative consumer’s preferred choice could be constant for a wide range of prices, making the market shares 

unresponsive to price changes. It could also be possible to find a combination of prices for which the representative 

consumer modifies his/her preferred choice, thus drastically changing the market share of his/her previous choice from 

100% to 0% (and the market share of his/her new choice from 0% to 100%). Therefore, the existence of a high number of 

consumers ensures the absence of these types of discontinuities. 
20 The details can be found in Appendix B. 
21 These articles have been published in leading general interest journals and the top industrial organization journals.  
22 Considering only the subset of papers that provide explicit values for own-price and/or cross-price elasticities. 
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same industry.23 There are also empirical papers reporting higher values for own-price elasticities.24 The 

same high degree of dispersion can be found on cross-price elasticities estimates, but their values are 

consistently lower than 0.4. 

The supply side. We construct the supply side, assuming competition between five single-product 

firms, with heterogeneous but constant marginal costs for each firm and market. This number of firms 

seemed appropriate, considering that, in general, the cases raising coordinated effects concerns involve a 

low number of competitors, as documented by Petit (2010).25  

In the case of firms offering heterogeneous products and competing in prices, the vector of prices 

that maximizes the joint-profits of firms (perfect-collusion) could potentially generate a situation where a 

firm faces a lower payoff as opposed to the non-collusive outcome. For instance, in a perfect-collusion 

scheme, it might be optimal to allocate a high market share to the firm with the lowest marginal cost, at the 

expense of high-cost firms. Consequently, since we are not allowing for side payments across competitors—

therefore “winners” cannot compensate “losers”—the perfect-collusion scheme may become unfeasible, as 

it may not satisfy the basic participation constraint of every firm in the market.26  

The game. Without loss of generality, we simulated the impact of a merger between firms 1 and 2, 

on the values of the CRDFs for every firm in the market. The timing of the game can be summarized as 

follows: 

1) Nature draws the underlying consumer preference parameters and firms’ cost  components. 

2) Nature draws the product characteristics. 

3) Conditional on prices, firms can compute expected market shares. 

4) The one-shot Nash equilibrium on prices is solved. 

5) Consumers observe prices and product characteristics and eventually make their choice. 

6) In the case of collusion, steps 4) and 5) are repeated, but solving for the vector of prices that 

maximizes the joint-profits of firms. 

7) In the case of deviation by firm 𝑖, steps 4) and 5) are repeated, the price that maximizes the expected 

profit of firm 𝑖 is computed by taking other competitors’ prices (set at the collusion level) as given.  

                                                             
23 For instance, Armantier and Richard (2008) identify a mean own-price elasticity of 2.22 among airline groups in the 

U.S. market. The difference among groups can be significant, ranging from 1.540 to 2.785. 
24 For instance, Bonnet and Dubois (2010) report an average own-price elasticity of 9.97 within the bottled water market 

in France (simple average across retailers and brands listed on the Table 6 of their article). 
25 The author lists all the European Commission cases involving remedies for coordinated effects concerns and shows 

that in all of them the number of firms is lower than five.  
26 This is indeed the main criticism made by Sabbatini (2015) to the joint-profit maximization approach. See the last 

paragraph of Section 2.3 above. 
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The simulated sample. As stated before, the main advantage of a simulation approach is that it 

allows us to study the impact of a merger in different markets, with heterogeneous consumer preferences, 

firms’ marginal costs and product characteristics. Most of the simulated price elasticities in this paper 

coincide with those found in the literature. For example, a high fraction of own-price elasticities are lower 

(in absolute value) than -5 and a high fraction of cross-price elasticities are lower than 0.4. However, higher 

and more extreme values of both variables are also covered by the simulated sample.27  

Note that for different reasons, slightly less than 16,000 observations are not considered. First, 

11.96% of the sample is dropped because while computing equilibrium prices, the fixed-point algorithm 

used to solve the system of first-order conditions does not converge to a solution.28 Second, 13.48% of the 

sample is excluded because at least one of the pre-merger market shares is equal to zero.29 Third, an 

additional 9.66% of the sample is excluded because at least one of the own-price and/or cross-price 

elasticities has unrealistic extreme value.30 Fourth, 7.86% of the sample is not considered because the 

perfect-collusion scheme is unfeasible prior to the merger.31 Finally, 0.62% of the sample is dropped because 

of other reasons.32 

 

4. Coordinated effects’ characterization 

 

By definition, collusion is sustainable only if, for every firm 𝑖, the condition 𝛿𝑖 ≥ 𝛿𝑖
∗ is satisfied. For this 

reason we study the impact of a merger on the values of post-merger CRDFs, for every firm in the market. 

                                                             
27 Figure B.1 in Appendix B displays the simulated empirical distributions of own-price and cross-price elasticities for 

the different calibrations of the demand model. 
28 As documented by Knittel and Metaxoglou (2014), BLP-type models are highly non-linear, which can raise the issue 

of non-convergence. Thus, the rate of convergence can be sensitive to the selection of specific parameters of the 

simulation design. For instance, in our setting, by increasing the maximum number of iterations to 2000 (instead of 200), 

the fixed-pint algorithm reaches convergence on an extra 1.15% of the cases. However, this comes at the expense of 

considerably longer computation time.  
29 A priori this is not a problem; however, given that our purpose is to compare results across different markets, the 

number of competitors should be fixed. In addition, it does not make sense to estimate the impact of a merger when one 

(or both) of the merging parties has a market share equal to zero (recall that regardless of the market, we simulate a 

merger between firms 1 and 2). 
30 The aim is to keep realistic values for own-price and cross-price elasticities. The own-price elasticity threshold is 

defined as follows: 휂̅ = 𝑚𝑎𝑥{휂̅𝑖𝑖} . Where 휂̅𝑖𝑖 stands for the 99th percentile value of the own-price elasticity of firm 𝑖 (in 
absolute value). While the threshold for cross-price elasticities is defined as:: 휁̅ = 𝑚𝑎𝑥{휁�̅�𝑗}. Where 휁�̅�𝑗 stands for the 99th 

percentile value of the cross-price elasticity between firms 𝑖 and 𝑗 (with 𝑖 ≠ 𝑗). 
31 At least one of the brands’ perfect-collusion profits was lower than its pre-merger Nash profits. However, in all these 

cases, the joint-collusion profit is higher than the joint-equilibrium profits. 
32 The details of the dropped observations can be found in Table B.4 in Appendix B. 
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We consider a decrease (an increase, resp.) in the value of a given firm post-merger CRDF, as an increase (a 

decrease, resp.) in its incentives to collude. In this section, we focus on the impact of the merger on firms’ 

payoffs and on the Overall Effect as defined in Section 2.5.   

 

4.1 The impact of the merger on firms’ payoffs 

 

Table 1 displays the resulting price and payoff changes induced by the merger on merging (insiders) and 

non-merging parties (outsiders). For every scenario (Nash and deviation), the table exhibits the percentage 

of cases from the sample with a strictly positive or negative change in payoffs. In addition, it displays a 

comparison between the absolute variations in deviation payoffs with respect to Nash payoffs. The purpose 

is to verify whether the results are consistent with the propositions in Section 2.4, and to obtain an idea of 

which effect is predominant on the post-merger CRDF of the merged firm.  

As stated in Propositions 1 and 3, the merged firm should have an incentive to raise prices after the 

merger. Indeed, the simulation results confirm this prediction as both equilibrium and deviation prices are 

raised after the merger. (See rows 1 and 3 in Table 1.) It means that the merged firm gets higher profits 

under the Nash scenario but lower per-product deviation profits. (See rows 2 and 4 in Table 1.)33 This latter 

result is also consistent with the corollaries of Propositions 1 and 3. 

However, the most interesting result is that the negative variation in deviation payoffs is in 

absolute terms higher than the positive variation in Nash payoffs. (See row 5 in Table 1.) Intuitively, the 

reason is that, while firms' profits increase dramatically when they deviate from the collusion prices, the 

post-merger change in Nash payoffs is moderate. Therefore, a similar change in prices would have an 

asymmetric impact on payoffs.  

Finally, as expected from Corollary 2 of Proposition 1, the merger has a positive impact on 

outsiders’ equilibrium payoffs. (See row 2 in Table 1.) 

 

 

 

 

                                                             
33 These results are in line with what has been found by Brito et al. (2013). Indeed, the results of their counterfactuals 

merger simulations applied to the wet-shaving industry in the U.S. suggest that both post-merger Nash and deviation 

prices are higher after the merger. 



17 

 

Table 1 - Impact of the merger on firms’ prices and payoffs  

Scenario  Variable Insiders Outsiders 

Nash (1) % of cases ∆PN > 0 99.99% 90.79% 

 (2) % of cases ∆ΠN > 0 100% 99.93% 

  Interpretation Anti-collusive Anti-collusive 

Deviation (3) % of cases ∆PD > 0 99.99% No effect 

 (4) % of cases ∆ΠD < 0 100% No effect 

  Interpretation Pro-collusive No effect 

Comparison (5) % of cases |∆ΠD| > ∆ΠN 99.98% N/A 

  Prediction Pro-collusive Anti-collusive 

 Observations 40,378 60,567 

 

4.2 Post-merger discount factor variation 

 

Figure 1 displays histograms of the CRDF variations of the merged firm (Overall Effect) and of outsiders. 

The first interesting result is that, in 99.81% of the cases, the Overall Effect for the merged firm is negative.34  

In other words, the coordination incentives of the merged firm are strengthened. In addition, as expected, 

the CRDF of non-merging parties increases in 99.79% of the cases.35 Nevertheless, the magnitude of this 

change is substantially lower than the impact of the merger on the merged firm. Indeed, the absolute 

change in the merged firm CRDF is higher than the change in outsiders’ CRDFs in 97.41% of the sample.36 

 

 

 

 

 

 

                                                             
34 There are 38 cases with a positive change in the CRDF. However, in 11 of these cases the variation is positive because 

post-merger collusion became unfeasible for the merged firm. This also explains the outlier value of 0.54. From the 

remaining cases, in 75% of them the positive change is lower than 0.012 and in 95% of them the change is lower than 

0.056. 
35 There are 43 cases with a negative change in the CRDF. However, in all these cases the change is lower than 0.0002 in 

absolute value. 
36 Without considering the 0.19% of cases where the merged firm CRDF has a positive change and the 0.21% of cases 

where at least one of the outsiders CRDF had a negative change. 
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Figure 1 – Impact of the merger on firms’ CRDFs 

 

 

4.3 Sensitivity analysis 

 

In this section, we conduct a set of sensitivity analyses based on the key exogenous parameters of our 

simulation setting. In particular, we evaluate how the results from section 4.2 are modified according to: (i) 

the introduction of efficiency gains (i.e., an exogenous shock on 𝑐𝑗), (ii) a higher degree of product 

differentiation (i.e., an exogenous shock on 𝑥1,𝑗) and, (iii) a higher consumers’ mean sensitivity to price (i.e. 

an exogenous shock on 𝛼). 

 

4.3.1 Introducing efficiency gains 

 

A merger that generates efficiency gains—which in turn reduce marginal costs of production—allows the 

merging parties to price their products more aggressively. This effect increases the payoffs that the merged 

firm receives under every possible scenario (i.e., Nash, collusion and deviation).37 Again, the impact on the 

merged firm CRDF is ambiguous. On the one hand, higher collusion payoffs make coordination more 

attractive, which in turn induces a negative variation on its CRDF. On the other hand, higher deviation and 

                                                             
37

 Note that with different marginal costs, the vector of prices that maximizes the joint-profits also changes. We adopt 

the assumption that, after the realization of efficiency gains, the vector of collusive prices adjusts accordingly. This 

modifies the payoffs of merging parties and non-merging parties under both the collusion and deviation scenarios. 

(*)For the sake of exposition, the graph only displays changes lower than 1 

Overall Effect Change in outsiders’ CRDFs 

Panel a) Merged firm Panel b) Outsiders 
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Nash payoffs make collusion more difficult to sustain, inducing a positive change in the post-merger CRDF. 

Regarding the non-merging parties, efficiency gains generate exactly the opposite effects on payoffs than 

those of merging parties.38 Therefore, the direction of the resulting impact of efficiency gains, on both 

insiders and outsiders, depends on which of these effects dominates.  

The simulations are repeated using the same set of calibrations, this time assuming that the merger 

generates efficiency gains that reduce the marginal costs of the merging parties. Two levels of efficiency 

gains are computed: (i) the exact amount necessary to mitigate the unilateral effects of the merger (low 

efficiency gains in Figure 2);39 (ii) twice this amount (high efficiency gains in Figure 2).40 Figure 2 displays 

histograms with the additional variation on firms' post-merger CRDFs induced by efficiency gains. 

In general, the results suggest that, under the presence of efficiency gains, both the negative 

variation in the merged firm CRDF and the positive variation in outsiders' CRDFs tend to be reinforced 

with respect to the results shown in Section 4.2. Indeed, in the case of the merged firm, the efficiency gains 

induce an additional negative variation in the CRDF in 97.72% of the sample (for both levels of efficiency 

gains).41 Regarding the case of outsiders, the additional variation is positive on 90.7% and 91.56% of the 

cases with low and high efficiency gains, respectively.  

Note, however, that the percentage of cases in which the efficiency gains induce a negative 

variation in outsiders’ CRDFs is not negligible, although the magnitudes are small.42 This result is due to 

the fact that the decrease in deviation payoffs sometimes dominates the decrease in collusion payoffs. For 

further details, see Table C.2 in Appendix C. 

 

 

 

 

                                                             
38 Outsiders have lower payoffs under every possible scenario. Lower collusion profits make coordination less attractive 

for outsiders, while lower deviation and lower Nash payoffs make coordination more attractive for them. The resulting 

impact depends on which of these effects dominates. 
39

 The level of efficiency gains that ensures that the vector of Nash equilibrium prices is the same before and after the 

merger. 
40

 We apply a similar list of criteria to the ones used in Section 3 to drop observations from the samples with efficiency 

gains. Thus, when merging the three databases (the original one and the ones with efficiency gains), 1,177 additional 

observations are lost. The main reason is that, when simulating efficiency gains, there is a higher number of markets in 

which the algorithm solving for equilibrium prices does not converge (after 200 iterations).  
41 This result is due to the fact that, for almost every market, the increase in collusion payoffs (pro-collusive effect) 

dominates over the increase in Nash payoffs (anti-collusive effect). For further details, see row Table C.2 in Appendix C.  
42 In particular, in 95% of the cases with a negative change in CRDF, the magnitude is in absolute value lower than 

0.015. 
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Figure 2 – Impact of efficiency gains on firms’ CRDFs (*) 

 

 

4.3.2 Product differentiation 

 

As it has been hinted in the literature, the impact of the degree of product differentiation is ambiguous.43 In 

particular, higher product differentiation reduces the profits that firms obtain from undercutting collusion 

prices (pro-collusive effect). Yet, this differentiation also limits the intensity of competition under the 

punishment phase (anti-collusive effect). In addition, the degree of product differentiation also has an 

impact on the vector of perfect-collusion prices, which in turn modifies firms’ optimal deviation strategies. 

Thus, all these factors simultaneously influence the direction of the final impact . 

In this section, we focus on the degree of product differentiation in the product sold by the merging 

party 𝑗. Specifically, we look at the difference between 𝑥1,𝑗 (i.e., the continuous characteristic of the product 

sold by the merging party 𝑗), and the average continuous characteristic of the rest of products in the market 

(i.e., 
1

4
∑ 𝑥1,𝑖𝑖≠𝑗 ). 44 Then, in order to measure the impact of product differentiation on post-merger CRDFs, 

we simulate an exogenous 10% increase in 𝑥1,𝑗.45  

                                                             
43 For further details see Ivaldi et al. (2003). 
44 For the purpose of the sensitivity analysis, we choose Firm 1 as the merging party 𝑗. 
45 When merging both databases (the original one and the one with higher values of 𝑥1,𝑗), 726 observations are lost. The 

reason is that, after applying the criteria to clean both datasets (specified in Table B.4 in Appendix B), the observations 

dropped in each of them do not perfectly match. 

(*) For the sake of exposition, the graphs only display changes within the interval [-0.5, 0.5]. 

Additional CRDF change Additional CRDF change 

Panel a) Merged firm Panel b) Outsiders 
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Figure 3 contains two box-graphs that display the resulting relationship between the pre-merger 

degree of product differentiation of the merging party 𝑗, and the additional change in post-merger CRDF 

induced by the exogenous increase in 𝑥1,𝑗. First, in the scenario where 𝑥1,𝑗 is higher than the average 

continuous characteristic of other brands in the market (i.e., a value higher than 0 in the x-axis), higher 

product differentiation is mostly associated with a decrease in the merged firm CRDF (in 96.35% of the 

sample), and with an increase of outsiders’ CRDFs (in 85.2% of the sample). Second, in the scenario where   

𝑥1,𝑗 is lower than the average continuous characteristic of other brands in the market (i.e., a value lower 

than 0 in the x-axis), the effect of lower product differentiation is ambiguous and the magnitudes are 

considerably lower than in the previous scenario..46 

Thus, at least for the case of a merging party with a high continuous attribute, the impact of higher 

product differentiation is similar to the impact of efficiency gains. (See Tables C.2 and C.3 in Appendix C.) 

 

Figure 3 – Impact of product differentiation on firms’ CRDFs (*) 

 

 

 

 

 

                                                             
46 In this scenario we refer to lower product differentiation because the exogenous increase of the continuous 

characteristic of product 𝑗 makes it more similar to the average product in the market. 

(*) For the sake of exposition, the graphs only display changes within the interval [-0.4, 0.4]. 

(**) The term “𝑥1,1 difference” stands for the pre-merger difference between 𝑥1,1 and the average continuous characteristic 

from the rest of the products in the market. 

(***) The thresholds displayed in the x-axis are delimited by the 10 th, 25th, 50th, 75th and 90th percentile values. 

 

𝑥1,1 difference 𝑥1,1 difference 

Panel a) Merged firm (**) (***) Panel b) Outsiders (**) (***) 
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4.3.3 Consumers’ mean price sensitivity 

 

The impact of a higher 𝛼 should be threefold. First, a higher 𝛼 should make competition fiercer, thus 

increasing firms’ incentives  to engage in collusion. Second, it should make deviations more profitable, 

because consumers become more responsive to price cuts. Third, since consumers are more sensitive to 

price, firms’ collusion profits should be reduced. Therefore, the direction of the resulting impact should be 

ambiguous.47 

We introduce a 10% exogenous shock on 𝛼 in every simulated market.48 Its impact on firms’ CRDFs 

is negative in 56.42% and 60.65% of cases, for the merged firm and outsiders, respectively. (See Figure C.1 

in Appendix C.)49 Consequently, it is not possible to draw precise conclusions regarding the impact of 𝛼 on 

post-merger CRDFs.50 

 

5. Understanding the magnitude of coordinated effects 

 

In this section we provide a general guide for understanding the interaction of the Asymmetry in Payoffs 

(AP) and Change in Payoffs (CP) effects, which is important for assessing the magnitude of change in the 

merged firm CRDF. On the one hand, in the case of a merger between two symmetric firms in terms of pre-

merger payoffs, the internalization of the pricing externality is what mainly drives the Overall Effect. On 

the other hand, in the case of a merger between asymmetric firms in terms of pre-merger payoffs, what 

matters for assessment purposes is the magnitude of the AP effect.  

 

 

 

 

 

                                                             
47 In parallel, we conduct a sensitivity analysis regarding consumers’ mean valuation for the continuous characteristic 

(i.e., the parameter 𝛽1 ), which can be also interpreted as a change in 𝛼. Indeed, a lower 𝛽1  should make price 

competition fiercer (equivalent to an increase in 𝛼). The reason is that now consumers care relatively less about quality 

(in relation to price). Therefore, the impact of 𝛽1  on firms’ incentives to collude should also be ambiguous. 
48 When merging both databases (the original one and the one with higher values of 𝛼), 1,075 observations are lost. The 

main reason is that, in the modified dataset, there is a higher number of markets where at least one of the market shares 

is equal to zero. 
49 In addition, note that the directions of the impact on insiders and outsiders are not correlated.  
50 As anticipated in Footnote 47, the exogenous increase in 𝛽1  has an ambiguous impact on firms’ incentives to collude. 

In particular, its impact on firms’ CRDFs is negative for the merged firm and outsiders, in 41.46% and 31.59% of the 

cases in the sample, respectively. 
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5.1 The merged firm 

 

5.1.1 A merger between two symmetric firms 

 

In this section, we consider symmetric merging parties in terms of their pre-merger equilibrium payoffs. 

For these types of mergers, the magnitude of the Overall Effect should be mostly explained by the CP effect. 

In this situation, a natural indicator to capture the size of the pricing externality between two brands that 

are imperfect substitutes is given by the diversion ratio, i.e., the proportion of sales that are divested from 

one brand to another as a result of a raise in prices. Practitioners typically use this tool for several purposes, 

including the assessment of unilateral effects, the measurement of the degree of substitutability between 

two brands, and the definition of relevant markets.51 52 In addition, some recent literature suggests that 

diversion ratios can be used to establish indices that quantify firms’ incentives to coordinate prices. 53 

In the simulated sample, merging parties are identified as symmetric when the pre-merger ratio 

between the equilibrium payoffs of the larger and smaller merging parties is close to one. Note that in the 

rest of the paper, every time we distinguish between larger and smaller merging parties, we refer to their 

relative sizes in terms of pre-merger equilibrium payoffs, unless we explicitly state something different. 

Panel a) of Figure 4a displays the histogram of the Overall Effect for these symmetric firms, distinguishing 

mergers with low and high values of the pre-merger diversion ratios. Observe that, as expected, mergers 

with higher diversion ratios have on average a stronger impact on the change in CRDF.  

In addition, Panel b) contains a bar-graph that displays the fraction of the Overall Effect that is 

explained by both AP (i.e., the dark gray fraction of each bar in the graph) and CP (i.e., the light -gray 

fraction of each bar in the graph) effects, for each simulated market (displayed in ascending order with 

respect to the magnitude of the Overall Effect). As anticipated, in these types of mergers, most of the change 

is due to the CP effect. Furthermore, note that when the degree of payoff asymmetry is higher, the 

                                                             
51 According to the 2004 European Horizontal Merger Guidelines, the unilateral effects (or non-coordinated effects) of a 
merger are defined as follows: “A merger may significantly impede effective competition in a market by removing important 

competitive constraints on one or more sellers, who consequently have increased market power.” (See Paragraph 24.) 
52 See for instance the report “Diversion ratios: why does it matter where customers go if a shop is closed?” published 

by Oxera. Available at: http://www.oxera.com/getmedia/12fcf7e5-4496-4e7f-bc79-a36457c92f1f/Diversion-ratios-

(updated)_1.pdf.aspx?ext=.pdf 
53 See Moresi et al. (2011 and 2015). The CPPI and cGUPPI indexes measure the incentives of two firms to engage in a 

specific kind of parallel accommodating conduct. 
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magnitude of the Overall Effect that is due to the CP effect still can be deduced by the pre-merger diversion 

ratios between the merged firm’s products. (See Panel a) of Figure C.2 in Appendix C.) 

 

Figure 4a – The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) – Very symmetric equilibrium payoffs (*) 

 

 

Finally, it is interesting to evaluate how the magnitudes of the Overall Effect are related to pre-

merger own-price elasticities. Traditionally, the competition assessment of the effects of a merger involves 

the definition of a relevant market, which is closely related to the study of firms’ own-price elasticities.54 In 

particular, high own-price elasticities would reflect the presence of intense competition from rival firms 

and/or the possibility to define a broad relevant market. Under these conditions, a merger would raise less 

anticompetitive concerns.  

Figure 4b contains histograms that display the Overall Effect of the merger, distinguishing mergers 

with low and high own-price elasticities of the merging parties’ products. The results clearly suggest that 

the magnitude of the Overall Effect is not related to the pre-merger own-price elasticities. The reason is that 

this variable is not a good predictor of the impact of the merger on firms’ payoffs. For instance, Figure C.3 

in Appendix C displays histograms of the change in firms’ equilibrium and deviation payoffs,  

                                                             
54 For instance, the merger guidelines published in 2006 by the International Competition Network, institution that 

gathers many competition authorities from around the world; suggest market definition as the first step of a merger 

assessment. Document available in the following link: 

http://www.internationalcompetitionnetwork.org/uploads/library/doc321.pdf 

(*) The ratio of pre-merger equilibrium payoffs is lower than the 25th percentile value (very symmetric firms).  

(**) Where “High diversion ratios” (“Low  diversion ratios”) stand for markets in which the pre-merger diversion ratios 

between merging parties’ products are both higher (lower) than their 50 th percentile value. 

 

Overall Effect Market 𝑖 

Panel a) Post-merger Overall Effect and pre-

merger diversion ratios (**)  

Panel b) Post-merger AP and CP effects 
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distinguishing merging parties with high and low own-price elasticities, and merging parties with high and 

low diversion rations between their products. Results suggest that diversion ratios display a significantly 

better performance when predicting the post-merger change in payoffs. 55 

 

Result 1: For mergers between symmetric firms, the construction of a screening tool that aims to 

predict the impact of the merger on the merged firm CRDF should be based on the pre -merger 

diversion ratios between the brands produced by the merged firm.  

 

Figure 4b – The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) – Very symmetric equilibrium payoffs (*) 

 

 

5.1.2 A merger between two asymmetric firms 

 

In this section, we consider asymmetric merging parties in terms of their pre-merger equilibrium payoffs. 

For these types of mergers, the payoffs of the smaller firm have a low influence on the post-merger payoffs 

of the merged firm. Thus, the resulting CRDF is close to the pre-merger one of the larger firm. For this 

                                                             
55 These results are in line with recent articles that suggest the degree of direct product substitutability among merging 

firms as a better screening tool for an assessment of the competitive effects of a merger. See for instance, Farrell and 

Shapiro (2010), who propose the use of margins and the extent of direct substitution between the merged firm’s 

products, in order to assess the unilateral effects of mergers. 

(*) The ratio of pre-merger equilibrium payoffs is lower than the 25th percentile value (very symmetric firms).  

(**) Where “High diversion ratios” (“Low diversion ratios”) stand for markets in which the pre-merger diversion ratios 

between merging parties’ products are both higher (lower) than their 50 th percentile value. 

 (***) Where “Low own-price elasticities” (“High own-price elasticities”) stand for merging firms’ with pre-merger own-

price elasticities lower (higher) than the 25 th (75th) percentile value (in absolute value). 

 

Overall Effect Overall Effect 

Panel a) Low pre-merger diversion ratios (**) 

(***)  
Panel b) High pre-merger diversion ratios 

(**) (***) 



26 

 

reason, it is necessary to distinguish two cases when the larger firm has, between the two merging parties: 

(a) the lowest pre-merger CRDF and, (b) the highest pre-merger CRDF. This distinction is important 

because, as it is shown, only mergers of the first type have the potential to generate a significant Overall 

Effect. In the simulated sample, merging parties are identified as asymmetric when the ratio between the 

pre-merger equilibrium payoffs of the larger and smaller merging parties is significantly higher than one. 

 

Case (a) The larger firm has the lower pre-merger CRDF  

 

This is the more intuitive scenario. For instance, it corresponds to the case of a larger firm acquiring a small 

maverick firm (i.e., a firm with a very high CRDF). Basically, the larger firm “absorbs” the smaller one and 

the Overall Effect is almost equal to the pre-merger difference on CRDFs (i.e., 𝑚𝑎𝑥{𝛿𝑖
∗,𝑝𝑟𝑒 ,𝛿𝑗

∗,𝑝𝑟𝑒}−

𝑚𝑖𝑛{𝛿𝑖
∗,𝑝𝑟𝑒, 𝛿𝑗

∗,𝑝𝑟𝑒}). Panel a) in Figure 5a displays a scatter-graph between the pre-merger CRDF difference 

and the magnitude of the Overall Effect. Note that there is an almost perfect correlation between both 

variables. Additionally, Panel b) contains a bar-graph that displays the fraction of the Overall Effect that is 

explained by both AP (i.e., the dark-gray fraction of each bar in the graph) and CP (i.e., the light-gray 

fraction of each bar in the graph) effects, for each simulated market (displayed in ascending order with 

respect to the magnitude of the Overall Effect). As anticipated, most of the change is due to the AP effect.56  

When the degree of payoff asymmetry is lower and the CP effect starts playing a more important 

role in explaining the Overall Effect, the fraction that is due to the AP effect still can be deduced by the pre-

merger CRDFs’ asymmetry. However, the magnitude of this effect becomes weaker as the firms are more 

symmetric. (See Panel b) of Figure C.2 in Appendix C.)57 

 

 

 

 

 

                                                             
56 In addition, as shown in the previous section, the fraction of the Overall Effect that is due to the CP effect can be 

approximated by the magnitudes of the diversion ratios. See Panel a) of Figure C.2 in Appendix C. 
57 Panel b) of Figure C.2 contains scatter-graphs that display the resulting relationship between the pre-merger CRDF 

difference and the magnitude of the AP effect, for different degrees of asymmetry between the merging parties in terms 

of their pre-merger equilibrium payoffs. The results show that the magnitude of the AP effect is always correlated with 

the pre-merger CRDF difference, independently of the degree of payoff asymmetry. However, the magnitudes of the 

AP effect are significantly stronger for mergers between asymmetric firms. 
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Figure 5a– The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) – Very asymmetric equilibrium payoffs (*) 

Case (a) The larger firm has the lower pre-merger CRDF 

 

 

Certainly, the most natural candidates to predict the degree of pre-merger asymmetry between 

firms in terms of their incentives to collude are market shares and cross-price elasticities.58 Specifically, 

larger firms and firms with lower cross-price elasticities (i.e., with higher degree of product differentiation) 

should be less tempted to deviate from collusion.59 The reason is that they would capture only a small 

fraction of consumers from rival firms (pro-collusive effect). However, a higher degree of product 

differentiation should make competition under the Nash equilibrium less intense, weakening the incentives  

to collude.  

In order to measure the degree of pre-merger asymmetry between merging parties in terms of 

cross-price elasticities, we look at the ratio of their weighted cross-price elasticities, i.e., 
𝑤𝑐𝑝𝑒𝑠𝑝

𝑤𝑐𝑝𝑒𝑙𝑝
, where 𝑠𝑝 (𝑙𝑝) 

stands for the merging party with the smaller (larger) pre-merger equilibrium payoffs. The variable 𝑤𝑝𝑐𝑒𝑖 is 

defined as follows: 

 

                                                             
58

 Ivaldi et al. (2003) suggest that, among other factors, firms’ market shares and the degree of product differentiation 

can influence their incentives to engage in collusion. 
59 Note that market shares and price elasticities are endogenous. Indeed, the presence of asymmetries in terms of these 

variables is probably the result of asymmetries in terms of other market characteristics, such as marginal costs, product 

attributes, firms’ pricing decisions, and consumer preferences, among others. However, since these variables are more 

easily observed by policy makers, it is convenient to derive qualitative conclusions as a function of them. 

(*) The ratio of pre-merger equilibrium payoffs is higher than the 75th percentile value (very asymmetric firms). 

 

Pre-merger CRDF difference Market 𝑖 

Panel a) Post-merger Overall Effect and pre-

merger CRDF difference 

Panel b) Post-merger AP and CP effects 
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 𝑤𝑐𝑝𝑒𝑖 = ∑
𝑠𝑗

∑ 𝑠𝑗𝑗≠𝑖
𝑗≠𝑖 ∙

𝜕𝑠𝑖

𝜕𝑝𝑗
∙
𝑝𝑗

𝑠𝑖
, (14) 

 

where 𝑠𝑖 and 𝑝𝑖 are the pre-merger market share and price of Firm 𝑖, respectively. 

First, Panel a) of Figure 5b displays histograms of the Overall Effect, distinguishing mergers with 

high and low ratios of pre-merger weighted cross-price elasticities (CPEs in Figure 5b). Results suggest that, 

merging parties that are more asymmetric in terms of this variable generate on average a stronger impact. 

Second, Panel b) of Figure 5b displays histograms of the Overall Effect, distinguishing mergers with high 

and low ratios of pre-merger market shares.60 Results show that, this variable is not a good predictor of the 

Overall Impact.  

 

Figure 5b – The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) – Very asymmetric equilibrium payoffs (*) 

Case (a) The larger firm has the lower pre-merger CRDF 

 

 

Result 2: For mergers between asymmetric firms where the larger firm has the lower pre-merger 

CRDF, the construction of a screening tool that aims to predict the impact of the merger on the 

                                                             
60 It is defined as the ratio between the market shares of the larger and smaller firms.  

(*) The ratio of pre-merger equilibrium payoffs is higher than the 75th percentile value (very asymmetric firms).  

(**) Where “High cross-price elasticity (CPE) ratio” (“Low cross-price elasticity (CPE) ratio”) stands for firms with a pre-

merger cross-price elasticity ratio higher (lower) than the 50 th percentile value. 

(***) Where “High market share ratio” (“Low market share ratio”) stands for firms with a pre-merger market share ratio 

higher (lower) than the 50th percentile value (in absolute value). 

 

Overall Effect Overall Effect 

Panel a) Ratio of pre-merger cross-price 

elasticities (**) 
Panel b) Ratio of pre-merger market shares 

(***) 
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merged firm CRDF should be based on the degree of pre-merger asymmetry between the merging 

parties in terms of their cross-price elasticities. 

 

Case (b) The larger firm has the higher pre-merger CRDF  

 

This is the less intuitive case. For instance, it corresponds to a scenario in which a large established firm 

with low incentives to collude acquires a smaller competitor with high incentives to collude. For these types 

of mergers, the CRDF of the merged firm is mostly influenced by the payoffs of the merging party with low 

incentives to collude (i.e., the larger firm), which in turn implies a weak magnitude for the AP effect. In 

addition, provided that the degree of asymmetry between the merging parties is high, the smaller firm only 

exerts a weak externality on the pricing behavior of the larger firm, and thus, the CP effect should also be 

weak.  

To verify this prediction, Panel a) of Figure 6 displays the histogram of the Overall Effect for 

asymmetric firms, distinguishing mergers that qualify as Case (a) or Case (b).  The results clearly confirm 

that the Overall Effect is substantially lower for Case (b).61 

 

Result 3: For mergers between asymmetric firms where the larger firm has the higher pre-

merger CRDF, the risk of coordinated effects is certainly low 

 

How to distinguish between Cases (a) and (b) 

 

Panel b) of Figure 6 contains box-graphs that display the relationship between the pre-merger ratio of 

merging-parties’ CRDFs (i.e., 
𝐶𝑅𝐷𝐹𝑠𝑝

𝐶𝑅𝐷𝐹𝑙𝑝
) and the ratio of their pre-merger weighted cross-price elasticities. 62  

The interpretation of the graph axes is the following: (i) on the y-axis, if the CRDF ratio is higher (lower) 

than one, it means that the smaller (larger) firm has the higher pre-merger CRDF; (ii) on the x-axis, if the 

cross-price elasticity ratio is higher (lower) than one, it means that the smaller (larger) firm has the higher 

                                                             
61 As the firms become more symmetric, the Overall Effect is driven by the size of the pricing externality, and the 

distinction between Cases (a) and (b) becomes less relevant. Figure C.4 in Appendix C displays histograms of the 

Overall Effect, distinguishing mergers in Cases (a) and (b), for different degrees of asymmetry between the merging 

parties in terms of their pre-merger equilibrium payoffs. The results show that, only for mergers between asymmetric 

firms, the magnitude of the Overall Effect is significantly different between Cases (a) and (b).  
62

As before, 𝑠𝑝 (𝑙𝑝) stands for the merging party with the smaller (larger) pre-merger equilibrium payoffs. 
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cross-price elasticity. Results suggest that; (i) when the cross-price elasticity ratio is significantly higher than 

one, then the CRDF of the smaller firm is in general higher (i.e., previously defined as Case a)), (ii) when the 

cross-price elasticity ratio is significantly lower than one, then the CRDF of the larger firm is in general 

higher (i.e., previously defined as Case b)), and (iii), when the cross-price elasticity is close to one, then the 

identity of the firm with the higher CRDF is more ambiguous. Note that these results, as the rest of the 

results from this paper, are to be interpreted only qualitatively.  

 

Figure 6 – The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) – Very asymmetric equilibrium payoffs (*) 

Cases (a) and (b)  

 

 

5.2 Outsiders 

 

The magnitude of the impact on outsiders ’ CRDFs should be explained by the impact of the merger on their 

pricing decisions. Recall that the only change faced by non-merging parties is the increase in their Nash-

equilibrium payoffs. Thus, the stronger the CP effect, and the higher the fraction of divested sales that goes 

from the merged firm to non-merging parties, then the stronger the impact of the merger on outsiders 

should be.  

Figure C.5 in Appendix C displays histograms of the change in a particular outsider CRDF, 

distinguishing mergers with low and high pre-merger diversion ratios —from products sold by the merged 

(*) The ratio of pre-merger equilibrium payoffs is higher than the 75th percentile value (very asymmetric firms). 

(**) For the sake of exposition, the graph only displays CRDF ratios lower than 4.97 (90th per. value). 

(***) The thresholds displayed in the x-axis are delimited by the 10 th, 25th, 50th, 75th and 90th percentile values. 

 

Overall Effect Cross-price elasticity ratio 

Panel a) Post-merger Overall Effect, 

comparison between Cases (a) and (b) 
Panel b) Pre-merger CRDF ratio and pre-

merger cross-price elasticity ratio (**) (***) 
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firm to the product sold by this particular outsider firm— and mergers with weak and strong CP impact on 

the merged firm CRDF. The results show that the impact is on average higher for mergers with a strong CP 

effect, whereas the pre-merger diversion ratios do not seem to be good predictors of the impact of the 

merger on the outsider CRDF. 

 

Result 4: For the case of outsiders, the magnitude of the CRDF change is significantly stronger 

for mergers with a strong CP effect. However, the diversion ratios —from products sold by the 

merged firm to the product sold by a particular outsider firm— are not good predictors of the 

magnitude of the change. 

 

6. Conclusions 

 

The simulation results suggest that a merger can strengthen the coordination incentives of insiders . 

However, the merger also makes outsiders less willing to collude since deviation becomes more attractive 

for them. The magnitudes of the results suggest that, while the impact of a merger on the merged firm 

CRDF can be substantial, its impact on outsiders ’ CRDFs is moderate. These results are robust to a wide 

variety of parameters of the demand and supply model, and coincide with what has been found in previous 

empirical papers.  

We provide a novel approach for the assessment of coordinated effects, separating the impact of the 

merger on the merged firm CRDF into two different effects: namely, the AP and CP effects. In the case of a 

large firm acquiring a small maverick firm, the impact of the merger is mainly explained by the degree of 

pre-merger asymmetry between the merging parties in terms of their incentives to collude. In the case of a 

merger between two symmetric firms, the impact of the merger is mainly driven by the size of the pricing 

externality. In particular, in the former case, the assessment should be based on the pre-merger cross-price 

elasticities of the merging parties, while in the latter case the assessment should be built on diversion ratios. 

Finally, for the case of outsiders, results suggest that only mergers that generate a strong CP effect have the 

potential to generate a significant impact on their CRDFs. 

 

Appendix A 

 

Properties of the profit function 

We consider a market with 𝑀 single-product firms that compete in prices. The profit function of Firm 𝑖 has the simple following form:  
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 Π𝑖 = (𝑝𝑖 − 𝑐𝑖)𝑠𝑖(𝑝)𝑁, (A.1) 

 

where 𝑠𝑖(𝑝) is the market share of Firm 𝑖, such that 
𝜕𝑠𝑖(𝑝)

𝜕𝑝𝑖
≤ 0 and  

𝜕𝑠𝑘(𝑝)

𝜕𝑝𝑖
≥ 0 for all 𝑘 ≠ 𝑖. We assume that the profit function Π𝑖 (𝑝𝑖 , 𝑝−𝑖) 

is strictly concave in 𝑝𝑖 , which implies that 
𝜕2Π𝑖(𝑝𝑖,𝑝−𝑖)

𝜕𝑝𝑖
2 < 0 for all 𝑝𝑖  and 𝑝−𝑖. In addition, we assume that prices 𝑝𝑖  and 𝑝𝑘  are strategic 

complements, i.e., 
𝜕2Π𝑖(𝑝𝑖,,𝑝−𝑖)

𝜕𝑝𝑖𝜕𝑝𝑘
≥ 0 for all 𝑖 and 𝑘, with 𝑘 ≠ 𝑖. 

 

Nash payoffs 

The pure strategy Nash equilibrium in prices satisfies the following system of first -order conditions: 

 
Λ𝑖(𝑝

𝑁,𝑝𝑟𝑒) = 𝑠𝑖(𝑝
𝑁,𝑝𝑟𝑒) + (𝑝𝑖

𝑁,𝑝𝑟𝑒
− 𝑐𝑖)

𝜕𝑠𝑖(𝑝
𝑁,𝑝𝑟𝑒)

𝜕𝑝𝑖
= 0, ∀𝑖, (A.2) 

where 𝑝𝑁,𝑝𝑟𝑒 is the vector of pre-merger equilibrium prices. The strict concavity of the profit function guarantees that the first -order 

conditions are sufficient for a Nash equilibrium. (See Tirole 1988.) 

Let us define 𝑅𝑖(𝑝−𝑖) as the pre-merger best response function of Firm 𝑖 given prices 𝑝−𝑖. This function satisfies 

Λ𝑖 (𝑅𝑖(𝑝−𝑖), 𝑝−𝑖) = 0, where Λ𝑖 =
𝜕Π𝑖

𝜕𝑝𝑖
. From the strict concavity assumption, it follows that there is a unique 𝑝𝑖  such that 𝑝𝑖 = 𝑅𝑖 (𝑝−𝑖). In 

addition, considering the assumption of strategic complementarity of prices, then 
𝜕R𝑖

𝜕𝑝𝑘
≥ 0 for all 𝑘 ≠ 𝑖. 

After a merger between Firms 𝑖 and 𝑗, the pure strategy Nash equilibrium in prices satisfies the following system of first -

order conditions: 

 
Λ̅𝑖(𝑝

𝑁,𝑝𝑜𝑠𝑡) = Λ𝑖(𝑝
𝑁,𝑝𝑜𝑠𝑡) + (𝑝𝑗

𝑁,𝑝𝑜𝑠𝑡
− 𝑐𝑗)

𝜕𝑠𝑗(𝑝
𝑁,𝑝𝑜𝑠𝑡)

𝜕𝑝𝑖
= 0 (A.3) 

 
Λ̅𝑗 (𝑝

𝑁,𝑝𝑜𝑠𝑡) = Λ𝑗 (𝑝
𝑁,𝑝𝑜𝑠𝑡 ) + (𝑝𝑖

𝑁,𝑝𝑜𝑠𝑡
− 𝑐𝑖)

𝜕𝑠𝑖(𝑝
𝑁,𝑝𝑜𝑠𝑡 )

𝜕𝑝𝑗
= 0 (A.4) 

 Λ̅𝑘(𝑝
𝑝𝑜𝑠𝑡) = 0, ∀𝑘 ≠ {𝑖, 𝑗}, (A.5) 

where 𝑝𝑁,𝑝𝑜𝑠𝑡  denotes the vector of post-merger equilibrium prices. The post-merger best response functions of the merging parties 

𝑅𝑖(𝑝−𝑖) and 𝑅𝑖(𝑝−𝑖) satisfy Λ̅𝑖 (𝑅𝑖(𝑝−𝑖), 𝑝−𝑖) = 0 and  Λ̅𝑗 (𝑅𝑗(𝑝−𝑗), 𝑝−𝑗) = 0, and the post-merger best response function of Firm 𝑘 for all 

𝑘 ≠ {𝑖, 𝑗} satisfies Λ̅𝑘(𝑅𝑘(𝑝−𝑘), 𝑝−𝑘) = 0.  

 

Proposition 1: Consider a merger between Firms 𝑖 and 𝑗. The post-merger equilibrium prices 𝑝𝑖
𝑁,𝑝𝑜𝑠𝑡

 and 𝑝𝑗
𝑁,𝑝𝑜𝑠𝑡

 are higher than or equal to the 

pre-merger equilibrium prices 𝑝𝑖
𝑁,𝑝𝑟𝑒

and 𝑝𝑗
𝑁,𝑝𝑟𝑒

, respectively. 

Proof: First, considering that (𝑝𝑗 − 𝑐𝑗)
𝜕𝑠𝑗(𝑝)

𝜕𝑝𝑖
≥ 0 and (𝑝𝑖 − 𝑐𝑖)

𝜕𝑠𝑖(𝑝)

𝜕𝑝𝑗
≥0 for relevant values of 𝑝𝑖  and 𝑝𝑗 , then the post-merger best 

response functions of Firms 𝑖 and 𝑗 satisfy  �̅�ℎ = 𝑅ℎ(𝑝−ℎ) ≥ 𝑝ℎ = 𝑅ℎ(𝑝−ℎ) for ℎ = {𝑖. 𝑗} and all 𝑝−ℎ. In addition, the post-merger best 

response function of Firm 𝑘 for all 𝑘 ≠ {𝑖, 𝑗}, satisfies 𝑅𝑘(𝑝−𝑘) = 𝑅𝑘(𝑝−𝑘) for all 𝑝−𝑘. Thus, 𝑅𝑙(𝑝−𝑙) ≥ 𝑅𝑙(𝑝−𝑙) for all 𝑙.  

Second, assuming that prices are strategic complements, i.e., 
𝜕2Π𝑙

𝜕𝑝𝑙𝜕𝑝𝑟
≥ 0, implies that 

𝜕𝑅𝑙

𝜕𝑝𝑟
≥ 0 for all 𝑙 and 𝑟 ≠ 𝑙, and ensures that  

𝜕�̅�𝑘

𝜕𝑝𝑟
≥ 0 

for 𝑘 ≠ {𝑖, 𝑗} and all 𝑟 ≠ 𝑘.  Moreover, assuming that 
𝜕2𝑠𝑗

𝜕𝑝𝑖𝜕𝑝𝑘
≥ 0 and 

𝜕2𝑠𝑖

𝜕𝑝𝑗𝜕𝑝𝑘
≥ 0 for 𝑘 ≠ {𝑖, 𝑗}, ensures that 

𝜕�̅�ℎ

𝜕𝑝𝑘
≥ 0 for ℎ = {𝑖. 𝑗} and all 

𝑘 ≠ {𝑖, 𝑗}. 

Finally, assuming that 
𝜕2𝑠𝑗

𝜕𝑝𝑖𝜕𝑝𝑖
≤ 0 and 

𝜕2𝑠𝑖

𝜕𝑝𝑗𝜕𝑝𝑗
≤ 0 guarantees strict concavity of the merged firm profit function. Thus, by Theorem 4 of 

Milgrom and Roberts (1994), the post-merger Nash equilibrium in prices satisfies 𝑝𝑙
𝑁,𝑝𝑜𝑠𝑡

≥ 𝑝𝑙
𝑁,𝑝𝑟𝑒

 for all 𝑙. 
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Collusion payoffs 

The joint-profit maximization (or perfect-collusion) vector of prices 𝑝𝑐 is obtained by solving: Π𝐽𝑃𝑀 = 𝑚𝑎𝑥𝑝1,…,𝑝𝑀
∑ Π𝑖(𝑝1 ,… , 𝑝𝑀 )
𝑀
𝑖=1 . 

We only consider cases in which the perfect-collusion payoffs of every firm in the market are higher than the one-period 

Nash equilibrium payoffs, i.e., Π𝑖(𝑝1
𝐶 , … , 𝑝𝑀

𝐶 ) ≥ Π𝑖(𝑝1
𝑁,𝑝𝑟𝑒

,… , 𝑝𝑀
𝑁,𝑝𝑟𝑒

) for all 𝑖. Finally, note that the vector of collusion prices is 

independent of the ownership of the different products in the market. In other words, a merger does not have any impact on 𝑝𝐶. 

 

Pre-merger deviation payoffs 

The pre-merger deviation payoffs of Firm 𝑖 are given by: 

 Π𝑖
𝐷,𝑝𝑟𝑒

= Π𝑖(𝑝𝑖
𝐷,𝑝𝑟𝑒

,𝑝−𝑖
𝐶 ) = (𝑝𝑖

𝐷,𝑝𝑟𝑒
− 𝑐𝑖)𝑠𝑖(𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝−𝑖
𝐶 )𝑁, (A.6) 

where 𝑝𝑖
𝐷,𝑝𝑟𝑒

 is the pre-merger deviation price of Firm 𝑖 and 𝑝−𝑖
𝐶  is the vector of collusion prices for the rest of the firms in the market. 

The price 𝑝𝑖
𝐷,𝑝𝑟𝑒

 satisfies:  

 
Λ𝑖 (𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝−𝑖
𝐶 ) = 𝑠𝑖(𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝−𝑖
𝐶 ) + (𝑝𝑖

𝐷,𝑝𝑟𝑒
− 𝑐𝑖)

𝜕𝑠𝑖(𝑝𝑖
𝐷,𝑝𝑟𝑒

,𝑝−𝑖
𝐶 )

𝜕𝑝
𝑖
𝐷,𝑝𝑟𝑒 = 0. (A.7) 

 

Post-merger deviation payoffs 

The post-merger deviation payoffs of the merged firm are given by: 

 Π𝑖 ,𝑗
𝐷,𝑝𝑜𝑠𝑡

= Π𝑖(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) + Π𝑗(𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) = (𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
− 𝑐𝑖)𝑠𝑖(𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 )𝑁 + (𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡
−

𝑐𝑗)𝑠𝑗(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 )𝑁, 

(A.8) 

where 𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

 and 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

 are the post-merger deviation prices of Firms 𝑖 and 𝑗,  and 𝑝−𝑖,𝑗
𝐶  is the vector of collusion prices of the rest of 

the firms in the market. The pair of prices 𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

 and 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

 satisfy: 

 
𝑠𝑖(𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 ) + (𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
− 𝑐𝑖)

𝜕𝑠𝑖(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 )

𝜕𝑝𝑖
+ (𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡
− 𝑐𝑗)

𝜕𝑠𝑗(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 )

𝜕𝑝𝑖
= 0, (A.9) 

and, 

 
𝑠𝑗(𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
, 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) + (𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡
− 𝑐𝑗)

𝜕𝑠𝑗(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 )

𝜕𝑝𝑗
+ (𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
− 𝑐𝑖)

𝜕𝑠𝑖(𝑝𝑖
𝐷,𝑝𝑜𝑠𝑡

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 )

𝜕𝑝𝑗
= 0. (A.10) 

 

Proposition 2: For every Firm 𝑘, its pre-merger and post-merger deviation prices 𝑝𝑘
𝐷,𝑝𝑟𝑒

 and 𝑝𝑘
𝐷,𝑝𝑜𝑠𝑡

  are lower than or equal to its perfect-collusion 

price 𝑝𝑘
𝐶.  

Proof: Considering that 
𝜕𝑠ℎ

𝜕𝑝𝑘
>0 for all ℎ and 𝑘, with ℎ ≠ 𝑘, then a deviation price higher than 𝑝𝑘

𝐶 would jointly increase the profits of 

Firm 𝑘 and every Firm ℎ, for ℎ ≠ 𝑘, which is not consistent with the fact that the vector of collusion prices 𝑝𝐶 is the one that maximizes 

the joint-profits of all the firms in the market. Hence, the price that maximizes Firm 𝑘’s deviation payoffs is lower than 𝑝𝑘
𝐶.  

 

Proposition 3: Consider a merger between Firms 𝑖 and 𝑗. If the post-merger deviation price of Firm 𝑗 belongs to the interval [𝑝𝑗
𝐷,𝑝𝑟𝑒

,𝑝𝑗
𝐶] , and the 

pricing externality that Firm 𝑗 exerts on Firm i is stronger than the marginal effect of 𝑝𝑖  on Π𝑖 (𝑝𝑖
𝐷,𝑝𝑟𝑒

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ), then the post-merger deviation 

price of Firm 𝑖 is higher than its pre-merger deviation price.  

Proof: Considering that prices 𝑝𝑖  and 𝑝𝑗  are strategic complements, then the price 𝑝𝑖  that maximizes Π𝑖(𝑝𝑖 , 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) for 𝑝𝑗

𝐷,𝑝𝑜𝑠𝑡
∈

 [𝑝𝑗
𝐷,𝑝𝑟𝑒

,𝑝𝑗
𝐶 ], is lower than 𝑝𝑖

𝐷,𝑝𝑟𝑒
, which in turn implies that Λ𝑖 (𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) < 0. Thus, considering post-merger deviation prices 

𝑝𝑖
𝐷,𝑝𝑟𝑒

 and 𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

∈  [𝑝𝑗
𝐷,𝑝𝑟𝑒

,𝑝𝑗
𝐶], and considering that the pricing externality that Firm 𝑗 exerts on Firm 𝑖, i.e., 

(𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

− 𝑐𝑗)
𝜕𝑠𝑗(𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

,𝑝−𝑖,𝑗
𝐶 )

𝜕𝑝𝑖
, is higher than the marginal effect of 𝑝𝑖  on Π𝑖(𝑝𝑖

𝐷,𝑝𝑟𝑒
,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 ) in absolute value, i.e., 
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|Λ𝑖 (𝑝𝑖
𝐷,𝑝𝑟𝑒

,𝑝𝑗
𝐷,𝑝𝑜𝑠𝑡

, 𝑝−𝑖,𝑗
𝐶 )|, and assuming that 

𝜕2𝑠𝑗

𝜕𝑝𝑖𝜕𝑝𝑖
≤ 0 for relevant values of 𝑝𝑖  and 𝑝𝑗 , then the price 𝑝𝑖

𝐷,𝑝𝑜𝑠𝑡
 that satisfies Equation (A.9) 

is higher than 𝑝𝑗
𝐷,𝑝𝑟𝑒

. 

 

Appendix B  

 

Table B.1 – List of papers extracted from Knittel and Metaxoglou (2014) 

Journal Authors Industry Observations  

Rand Journal of Economics Armantier and Richard (2008) Airlines  

 Mean Std. Dev Min. Max. 

Own-price elast. -2.22 0.50 -2.79 -1.54 

Cross-price elast. 0.21 0.09 0.09 0.35 

Rand Journal of Economics Bonnet and Dubois (2010) Bottled Water 

(Retail) 

Averages computed among brands and retailers 

 Mean Std. Dev Min. Max. 

Own-price elast. -9.97 1.87 -12.96 -4.97 

Cross-price elast. 0.06 0.03 0.02 0.11 

Rand Journal of Economics Copeland (2011) Automobile The cross-price elasticities are computed 

between vintages of the same model  

 Mean Std. Dev Min. Max. 

Own-price elast. -2.61 0.49 -3.60 -1.50 

Cross-price elast. 0.02 0.02 0.00 0.17 

Rand Journal of Economics Iizuka (2007) Prescription Drugs Only the average own-price elasticity is 

provided 

 Mean Std. Dev Min. Max. 

Own-price elast. -2.3 - - - 

Cross-price elast. - - - - 

Rand Journal of Economics Nevo (2000) Ready-to-Eat 

Cereals 

We only report the cross-price elast. between 

Kellogg and General Mills. Brands 

 Mean Std. Dev Min. Max. 

Own-price elast. -2.18 0.76 -3.70 -1.32 

Cross-price elast. 0.05 0.04 0.00 0.13 

Rand Journal of Economics Villas-Boas (2009) Coffee (Retail) We report the mean elasticities across 

manufacturers 

 Mean Std. Dev Min. Max. 

Own-price elast. -7.63 0.66 -8.47 -6.80 

Cross-price elast. 0.04 0.02 0.01 0.07 

Econometrica Goeree (2008) Personal 

Computer 

 

 Mean Std. Dev Min. Max. 

Own-price elast. -6.65 3.25 -12.86 -3.26 

Cross-price elast. 0.03 0.01 0.01 0.09 

Econometrica Nevo (2001) Ready-to-Eat 

Cereal 

We only report the cross-price elast. between 

Kellogg and General Mills. Brands 

 Mean Std. Dev Min. Max. 

Own-price elast. -3.02 0.64 -4.25 -2.28 

Cross-price elast. 0.09 0.06 0.01 0.24 

Review of Economic Studies Nakamura and Zerom (2010) Coffee The median price elasticity from the Logit with 

random coefficients estimation  

 Mean Std. Dev Min. Max. 

Own-price elast. -3.46 - - - 

Cross-price elast. - - - - 

Review of Economic Studies Villas-Boas (2007) Supermarkets   

 Mean Std. Dev Min. Max. 

Own-price elast. -5.71 0.64 -6.74 -4.67 

Cross-price elast. 0.03 0.01 0.01 0.04 



35 

 

Table B.2 Baseline simulations setting 

Parameter Baseline Setting 

𝑀 
Number of firms is fixed to 5 for all the markets. 

Each firm produces only one product. 

𝑁 Number of consumers is set to 10,000 for all the markets. 

𝑁𝑆 Number of simulations for computing the expected market shares is fixed to 10,000 for all the markets. 

𝛼 (*) It is constant within each market, but it varies across markets with uniform distribution 𝑈[0,𝛼]. 

𝛼𝑛  

For a given market varies among consumers with exponential distribution 𝐸1
𝜎𝛼⁄

. 

The parameter 𝜎𝛼  is distributed uniformly 𝑈[0,7] across markets. 

𝛽1 (*) It is constant within each market, but it varies across markets with uniform distribution 𝑈[0,�̅�1]. 

𝛽2  It is constant within each market, but it varies across markets with uniform distribution 𝑈[0,3]. 

𝛽1,𝑛 , 𝛽2,𝑛 
For a given market both vary among consumers with normal distributions 𝑁[0,𝜎𝛽1]

 and 𝑁[0,𝜎𝛽2]
. The 

parameters 𝜎𝛽1  and 𝜎𝛽2  are distributed uniformly 𝑈[0,5] across markets. 

휀�̃�,𝑗, 휀�̃�,0 They are both drawn from an extreme value distribution 𝐹[𝜆] , where the scale parameter 𝜆 is equal to 0.5. 

𝑥1,𝑗 (*) For each market 𝑥1,𝑗 = exp (𝜏 ∙ 𝜉𝑗 ) where 𝜏 = 0.3 and 𝜉𝑗 are distributed normally with 𝑁[2,𝜎𝑥1]
. 

𝑥2,𝑗 For each market 𝑥2,𝑗 = I(휂𝑗 > 0) where 휂𝑗 are distributed normally with 𝑁[0,1]. 

𝑥0 For each market 𝑥0 is drawn from a normal distribution 𝑁[0,4]. 

𝑥𝑛,0 
For a given market varies among consumers with normal distribution 𝑁[0,𝜎𝑥]. The parameter 𝜎𝑥 is 

distributed uniformly 𝑈[0,3] across markets. 

𝜔𝑗  For each market 𝜔𝑗  is drawn from a normal distribution 𝑁[0,0.05] . 

𝛾1, 𝛾2 Both are fixed for each market, but they vary across markets with the same uniform distribution 𝑈[0,1]. 

𝛾 

It is fixed on each market and common for all firms. It is either equal to zero (when marginal costs are 

assumed to be constant), or vary across markets with uniform distribution 𝑈[0,0.0002]  (when marginal 

costs are increasing). 

(*) Parameters that are modified in each calibration. See Table B.3 below  

 

Table B.3 Calibrations 

Calibration 
Parameters 

α̅ β̅1 σx1 

(1) 15 1.1 5 

(2) 8 1.1 5 

(3) 3 1.1 5 

(4) 15 4 5 

(5) 8 4 5 

(6) 3 4 5 

(7) 15 1.1 2 

(8) 8 1.1 2 

(9) 3 1.1 2 

(10) 15 4 2 

(11) 8 4 2 

(12) 3 4 2 
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Table B.4 Data cleaning 

Calibration           Total 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  

1 367 1,020 4 443  1 6 1 11 223 2,076 

2 411 365 7 243   13 1 9 393 1,442 

3 440 96 17 22  1 19 8 3 399 1,005 

4 547 911 3 584   12  5 254 2,316 

5 682 285 4 383   24 2 7 413 1,800 

6 687 77 6 54 1  29 7 2 504 1,367 

7 121 883 6 531   10 1 4 82 1,638 

8 140 264 5 202  1 9  3 130 754 

9 159 63 9 6 1  16 1 3 99 357 

10 207 691 4 717   15 1 1 93 1,729 

11 265 166 1 281   15 1 7 133 869 

12 278 33 3 12  1 14 6 3 108 458 

Total 4,304 4,854 69 3,478 2 4 182 29 58 2,831 15,811 

Percentage 11.96% 13.48% 0.19% 9.66% 0.01% 0.01% 0.51% 0.08% 0.16% 7.86% 43.92% 

(1) The solution of the fixed-point algorithm that computes equilibrium prices does not converge (after a maximum of 200 iterations). 

(2) At least one of the brands’ pre-merger market shares is equal to zero. 

(3) At least one of the brands’ pre-merger own-price elasticities is higher than -1. 

(4) Observations with extreme elasticity values. (Own-price elast. lower than -19.16266 and/or cross-price elast. higher than 4.061562.) 

(5) It was possible to find a profitable deviation from the pre-merger Nash equilibrium (for Firm 1). With a margin of error of +/- 1%. 

(6) It was possible to find a profitable deviation from the post-merger Nash equilibrium (Firms 1 and 2). With a margin of error of +/- 1%. 

(7) The pre-merger (perfect) collusion prices founded by two different algorithms do not coincide. With a margin of error of +/- 1%. 

(8) The deviation prices found by using two different sets of starting values do not coincide. With a margin of error of +/- 1%. 

(9) The merger is not feasible (the total profits of the merged firm are lower than sum of the pre-merger profits of the merging parties). 

(10) Perfect-collusion is not feasible (At least one of the collusion profits is lower than the Nash equilibrium profits). 
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Figure B.1 Empirical distributions 

 

 

Appendix C 

 

Table C.1 – CRDF estimates extracted from Davis and Huse (2010) and Brito et al. (2013) 

   Estimated CRDF  

Paper Market Firm (*) Pre-merger Post-merger % Var. 

Davis and Huse 

(2010) 

Network server industry Compaq 0.303 
0.246 -61.1% 

EU, 4-10 price segment HP 0.632 

(Merger: Compaq-HP) Unisys 0.724 0.782 8.0% 

Network server industry Compaq 0.528 
0.482 -19.3% 

Japan, 4-10 price segment HP 0.597 

(Merger: Compaq-HP) Hitachi 0.632 0.642 1.5% 

Network server industry Compaq 0.549 
0.530 -23.9% 

US, 4-10 price segment HP 0.697 

(Merger: Compaq-HP) Data Gen 0.817 0.832 1.8% 

Brito et al. (2013) 

Wet Shaving Industry Wilkinson Sword 0.815 
0.260 -68.1% 

(Merger WS-Gillette) Gillette 0.262 

 A Safety Razor 0.888 0.894 0.68% 

Wet Shaving Industry Wilkinson Sword 0.815 
0.788 -3.31% 

(Merger WS-WL) Warner-Lambert 0.790 

 A Safety Razor 0.888 0.890 0.23% 

(*) Only selected firms: merging parties and the outsider with the highest CRD 

 

 

 

 

 

 

Own-price elasticity (Firm 1) Cross-price elasticity (Firm 1 / Firm 2) 

Panel a) Own-price elasticity by calibration setting Panel b) Cross-price elasticity by calibration setting 
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Table C.2 – The impact of efficiency gains on post-merger payoffs 

Scenario 
 

Variable 
Change in payoffs 

 Insiders Outsiders 

Nash (1) % of cases ∆ΠN > 0 99.99% 0.01% 

 
 

Interpretation Anti-collusive 
It cancels out the 

previous effect (*)  

Deviation (2) % of cases ∆ΠD > 0 99.94% 0.35% 

 
 

Interpretation 
It weakens the 

previous effect (*) 
Pro-collusive 

Collusion (3) % of cases ∆ΠC > 0 99.97% 0.14% 

  Interpretation Pro-collusive Anti-collusive 

Comparison (4) % of cases |∆ΠC | > |∆ΠN| 98.33% - 

 (5) % of cases |∆ΠC | > |∆ΠD | - 83.82% 

  Prediction Pro-collusive Ambiguous 

 Observations 38,024 57,036 

(*) Where “previous effect” refers to the impact of the merger before efficiency gains 

 

Table C.3 – The impact of higher product differentiation on post-merger payoffs 

Only cases where: 𝒙𝟏,𝟏 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 > 𝟎 (**) 

Scenario 
 

Variable 
Change in payoffs 

 Insiders Outsiders 

Nash (1) % of cases ∆ΠN > 0 98.69% 5.33% 

 
 

Interpretation Anti-collusive 
It weakens the 

previous effect (*) 

Deviation (2) % of cases ∆ΠD > 0 98.65% 2.65% 

 
 

Interpretation 
It weakens the 

previous effect (*) 
Pro-collusive 

Collusion (3) % of cases ∆ΠC > 0 98.69% 3.56% 

  Interpretation Pro-collusive Anti-collusive 

Comparison (4) % of cases |∆ΠC | > |∆ΠN| 98.38% - 

 (5) % of cases |∆ΠC | > |∆ΠD | - 66.73% 

  Prediction Pro-collusive Ambiguous 

 Observations 17,924 26,886 

(*) Where “previous effect” refers to the impact of the merger before efficiency gains  

(**) The term “𝑥1,1 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒” stands for the pre-merger difference between the continuous characteristic of the product sold by Firm 

1 and the average continuous characteristic from the rest of products in the market 
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Figure C.1 – Impact of higher consumers’ mean price sensitivity (𝜶) (*) 

 

 

Figure C.2 – The magnitude of the CP and AP effects (Merged firm)  

 

 

 

 

 

 

 

 

 

 

 

 

(*) For the sake of exposition, the graphs only display changes within the interval [-0.1, 0.1]. 

Additional CRDF change Additional CRDF change 

Panel a) Merged firm Panel b) Outsiders 

CP effect Pre-merger CRDF difference 

Panel a) CP effect (by equilibrium payoffs’ ratio) (*) Panel b) AP effect (by equilibrium payoffs´ ratio) (**) 

 (*) For the sake of exposition, it only considers cases where the CP effect is lower than 0.1 

(**) It only considers mergers from Case (a) (as defined in Section 5.1.2) 
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Figure C.3 – Post-merger changes in equilibrium and deviation payoffs 

 

 

Figure C.4 – The magnitude of ∆𝑪𝑹𝑫𝑭 (Merged firm) (*) 

Comparison between Cases a) and b) (by equilibrium payoffs’ ratio) 

 

 

(*) For the sake of exposition, it only considers equilibrium payoff’s changes lower than the 99th percentile value 

Change in equilibrium payoffs Change in equilibrium payoffs 

Panel a) Post-merger equilibrium payoffs’ 

change and pre-merger diversion ratios (*) 

Panel b) Post-merger equilibrium payoffs’ 

change and pre-merger own-price elasticities (*) 
 

Panel c) Post-merger deviation payoffs’ 

change and pre-merger diversion ratios  
Panel d) Post-merger deviation payoffs’ 

change and pre-merger own-price elasticities 

Change in deviation payoffs Change in deviation payoffs 

Overall Effect 

(*) For the sake of exposition, it only considers cases where the Overall Effect is lower than 0.1 
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Figure C.5 – The magnitude of the CRDF change (Outsiders) (*) 
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