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Abstract

The Coordinate Price Pressure Index (CPPI) measures the incentives of two competitors to engage in a
particular type of Parallel Accommodating Conduct (PAC). Specifically, it measures the incentives of a
leader firm to initiate a unilateral percentage price increase, with the expectation that a follower firm
will match it. Using a large set of simulated markets, we measure the accuracy of the index in terms of
predicting the impact of a merger on firms’ incentives to engage in PAC. Results suggest that the CPPI
only displays a fair performance when predicting an increase in firm’s incentives to engage in PAC,
and only in mergers in which the diversion ratio between the target and the acquiring firm is low.
However, the index displays a poor performance when predicting mergers with a significant

anticompetitive effect.
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1. Introduction

The aim of this paper is to evaluate the performance of the Coordinate Price Pressure Index (CPPI)
introduced by Moresi ef al. (2011) The index measures the incentives of two competitors to engage in
a specific type of tacit coordination strategy by which a leader firm increases its price by a certain
percentage, expecting that a follower firm will observe this change and will match it by exactly the
same percentage. This specific conduct is considered as a form of Parallel Accommodating Conduct
(PAC, herein).

As explained by Harrington (2013), a PAC could lead firms to reach a supra-competitive
outcome. Nevertheless, this conduct requires some kind of retaliation or deterrence mechanism in
order to be successfully implemented by firms. The game considered by Moresi ef al. (2011) is in line
with this argumentation. Indeed, the CPPI is derived from a simple model of repeated interaction
between two firms, which explicitly considers monitoring and retaliation. The game is built as follows:
(i) in a certain period t, a leading firm increases its price by a given percentage; (ii) in the subsequent
period t + 1 a follower firm observes the price increase and decides whether to match it or not; (iii) if
matching occurs, the price increase becomes permanent. However, if there is no matching, the leading
firm reverses its price to the initial level, with the promise of not initiating any further attempt to
engage in PAC.

We build a set of 50,000 simulated markets. The demand is derived from a logit discrete choice
model with random coefficients. The supply side is composed by a set of heterogeneous single-
product firms that offer differentiated products and compete in prices. The initial level of prices
(hereinafter, equilibrium prices) is obtained by computing the Nash equilibrium of the one-shot game.
In each simulated market, we consider the engagement in PAC by two firms (say A and B ), , and
compute both the percentage price increase initiated by Firm A and the percentage price increase
initiated by Firm B that would maximize the present value of each firm’s future expected profits
(assuming that this price increase will be matched by its competitor). We define the Actual Coordinate
Price Pressure (ACPP) as the minimum of these two percentage price increases. In this sense, this
measure can be seen as the lower bound of the supra-competitive prices that two firms could reach
through PAC.

The next step is to simulate a merger between one of these firms (A for instance), the acquiring
firm, and a third firm (say C ), the acquired or target firm. Under this new scenario, we re-compute the
ACPP, but considering the fact that the acquiring firm in willing to initiate and to follow a PAC by
increasing the price of its two products (i.e., its original product plus the product acquired after the

merger). The impact of the merger on firms’ actual incentives to engage in PAC is measured as the



variation of the ACPP induced by the acquisition, and this variation is used as the benchmark to
measure the performance of the CPPL

Note that we use a modified version of the CPPI. The baseline index proposed by Moresi et al.
(2011) considers the percentage price increase that leaves the leader firm indifferent between
increasing and not increasing its price (i.e., just-profitable variation). While the index used in this
paper considers the percentage price increase that maximizes the present value of firms' expected
profits (i.e.,, profit-maximizing variation). However, as already stated by Moresi et al. (2011), in
practice this difference is translated into a minor adjustment with respect to the baseline index. Indeed
the index built under the profit-maximization assumption is equal to one half of the index build under
the just-profitable variation assumption.!

The accuracy of the index is measured in two situations: (i) its ability to correctly predict the
sign of the change (ACPP > 0% or ACPP < 0%), and (ii), its ability to identify mergers that generate a
significant anticompetitive impact (ACPP > 5% or ACPP < 5%). We measure the percentage of cases in
which the index leads us to incur in Type I or Type II errors. As usual, a Type I error denotes a case in
which the index erroneously identifies a merger as anticompetitive, when is not. While a Type II error
refers to the case in which index fails to identify an anticompetitive merger.

First, regarding the direction of change, results suggest that the CPPI only displays a fair
performance, and only for mergers involving firms with low diversion ratios between their products.
Second, the results suggest that the CPPI displays a poor performance forpredicting mergers that
generate a significant increase of firms’ incentives to engage in PAC. While the percentage of cases
with a Type I error is almost zero, the percentage of cases where the index incurs in a Type II error is
considerably high. The reason is that the index consistently underestimates the magnitudes of the
actual ACPP variations. We believe that the cause of this problem is that the index omits important
information regarding the strategic interactions between the products sold by the merging parties.
Indeed, the index does not consider any of the diversion rations between the acquiring and the target
firms. Indeed, when the acquiring firm decides to increase its prices, a part of the diverted sales from
one product is captured by its other product, and vice versa. Thus, the higher the diversion ratios
between the products of the acquiring and target firms, the lower the cost of initiating a PAC.
Therefore, not considering this information is likely to lead to an underestimation of the impact of a
merger.

This paper is related to the economic literature that uses simulation methods to measure the

performance of screening tools designed to predict the potential anticompetitive effects of mergers. In

1 See Section II.C.3 of Moresi ef al. (2011).



this vein, Foncel, Ivaldi and Khimich (2014) assess the accuracy of the Herfindahl-Hirschman Index
(HHI) and the Upward Price Pressure (UPP) index in terms of predicting anticompetitive unilateral
effects of mergers. Note that we borrow the simulation setting designed by Foncel et al. (2014).
Similarly, Miller, Remer, Ryan and Sheu (2017) use Monte Carlo experiments to measure the accuracy
of the UPP index to predict price effects of mergers. However, the literature on the evaluation of
screening tools designed to gauge anticompetitive coordinated effects is still limited. Ivaldi and Lagos
(2017) use simulated markets to characterize the risk of coordinated effects (defined as the incentives
of firms to collude on the vector of prices that maximizes industry profits), and identify cases in which
diversion ratios or cross-price elasticities can be used to screen anticompetitive mergers. However, the
accuracy of these tools is not measured. Thus, to the best of our knowledge there are no papers
measuring the accuracy of screening tools designed to measure the impact of coordinated effects. The
CPPI has been the first index proposed for this purpose.

The rest of the paper is organized as follows. Section 2 briefly reviews the index proposed by
Moresi et al. (2011). Section 3 explains the simulation approach. Section 4 displays the main results.

Finally, Section 5 presents our conclusions.

2. The CPPI index

2.1 Pre-merger case

The PAC strategy consists on a game in which two (or more) competitors engage in a coordinated
price increase without the need of explicit communication between them. In particular, a leader firm
increases its price by a certain percentage with the expectation that at least one of its competitors will
accommodate and follow a similar strategy. The game is defined as follows. First, in period t Firm A
raises its price by a percentage equal to S, for at least two periods. Second, in period t + 1 Firm B
decides whether to match the price increase or not, and if it finally decides to increase, it would do it
by increasing its price by the exact same percentage. Third, in period t+ 2,there are two possible
results: If Firm B has decided in t+1 to match the price increase, then the change becomes permanent
for both firms; if Firm B has decided not to match the price increase, then Firm A returns to its initial
price level and commits to not initiating further attempts to engage in a PAC.

Moresi et al. (2011) propose an index that captures firm’s incentives to participate in the
pricing strategy described in the preceding paragraph. This index is based on the maximum
percentage price increase that a firm is willing to initiate (i.e., just-profitable variation). However, we

choose to study a variation of this original index. Namely, we use the percentage price increase that



maximizes the firm’s expected profits from initiating a PAC (i.e., profit-maximizing variation). In
practice, this latter percentage is just equal to one half of the percentage considered by the original

index.2 The percentage price increase that Firm A is willing to initiate is given by;

1 _ SFga—6a A my
Sa = 1-6Fgn 2 (1)
with Fgy = DRBAIBE ond @ a=1-— —L_ Sales volumes of products sold by Firms A and B are given b
qaea maea p y g y

qa and qg, respectively. The term m, is the initial percentage margin charged by Firm A, and e, and
eg are the own-price elasticities of Firms A and B, respectively. The parameter § is the inter-temporal
discount rate, which is assumed to be equal for every firm in the market. The term DRg, is the
diversion ratio from Firm B to Firm A.

The cost/benefit trade-off faced by Firm A when initiating a price increase S} at period t is
captured by the term Fg,. The numerator represents the size of diverted sales from Firm B that Firm A
would capture if Firm B decides to match the price increase (from period t + 1 onwards), while the
denominator provides the size of diverted sales from Firm A generated by the price increase (from
period t onwards). In addition, the term 8, measures potential deviations of Firm A with respect to
equilibrium prices. Indeed, in equilibrium, it has to be the case that mpe, = 1 and 6, = 0. Therefore,
when Firm A is already pricing above the equilibrium, its incentives to initiate a price increase are
reduced (0 < 8, < 1).

The percentage price increase that Firm B (i.e., defined as S}) is willing to initiate is obtained
by an identical procedure and it mirrors Equation (1).

Finally, the pre-merger CPPl is given by;

CPPI;p = min{S}, Sg }. 2)

Note that, as explained by Moresi et al. (2011), the percentage price increase that a firm is
willing to follow is always higher that the percentage price increase that a firm is willing to initiate.
Thus, the CPPI,p captures the lower bound of the range of percentage price increases that two Firms A

and B could sustain through PAC.

2 The mathematical derivations of both indexes are presented in the Technical Appendix of Moresi et al. (2011).



2.2 Post-merger variation

The purpose is to measure the change in Firms A and Bincentives to engage in PAC, after the
acquisition of a third Firm C. Thus, assuming that Firm A (the acquiring firm) merges with Firm C (the
acquired or target firm), we re-build the post-merger index considering the exact same set of
assumptions used by Moresi et al. (2011). Specifically, these are:

1. The term AS] is measured with respect to the pre-merger price level.
The index abstracts from any unilateral effects.?

The merged firm (or Firm AC) raises the prices of all its products by the same percentage;

L

The post-merger sales volume of Firm AC is equal to the sum of the pre-merger sales of the
merging parties;
5. The diversion ratio from Firm B to Firm AC is equal to the sum of the pre-merger diversion
ratios DRga and DRgg;
The diversion ratio from Firm AC to Firm B is equal to the diverted sales from Firm AC that
are captured by Firm B after a uniform price increase of both products sold by the merged
firm.4
6. The product sold by Firm C has the same price and margin than the product sold by Firm
A. Thus, after the acquisition, Firm AC faces the same elasticity, price and margin for both
products.
Under these assumptions, the post-merger percentage price increase that Firm AC is willing to initiate
is given by:
_ SFpac—6a  mp _ (DRpa+DRpc)qBes

1 A 3 —
Sac = 1-8Fpac X 2 with Fpac (aa+gqclea ®)

3 As Moresi et al. (2011) point it out, the purpose of the CPPI index is to gauge the effect of a merger on firms'

incentives to engage in PAC, and not to capture the overall upward pricing pressure caused by all causes.
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using pre-merger prices and market shares. Note that, as a simplification assumption, the denominator in DRy¢ 5
does not consider the cross-price derivatives between products of the merging parties, which represents the

fraction of diverted sales that would be re-captured by the merged firm. Indeed, a modified version of this
2ag  ag
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we use DRy p instead of DRy g, and show that results are robust to this change. Note that all derivatives in these
formulas are expressed in absolute values.

4 We approximate this diversion ratio by the following expression: DR ¢ g . All derivatives are computed

diversion ratio that considers this latter effect is given by: DRyc 5 = . As a robustness check, later



while the post-merger percentage price increase that Firm B is willing to initiate is given by:

DRacg(datdc)ea

X — with F =
ACB dB€B

4)

Note that Equations (3) and (4) are derived from our own interpretation of Moresi ef al. (2011),
since the authors do not present an explicit equation for the post-merger CPPI in the paper.>
Finally, the impact of a merger between Firms A and C on the incentives of Firms A and B to

engage in PAC is given by:

ACPPIpc g = min{S}¢, Sk} — CPPIp. (5)

3. Simulations of the Actual Coordinated Price Pressure

We simulate 50,000 markets, with 10,000 consumers and 5 single-brand firms in each of them. It is
assumed that consumer preferences behave according to a model of discrete choice demand with
random coefficients. In addition, we assume that firms offer products with differentiated
characteristics or attributes, including a continuous one and a discrete one. Firms have heterogeneous
and constant marginal costs of production and compete in prices. Under the absence of collusion or
PAC, prices are determined in each period by the one-shot Nash equilibrium. Using this approach, it
is ensured that the simulated markets exhibit a much more realistic pattern of own and cross-price
elasticities. (See Nevo, 2000.) In addition, having both continuous and discrete quality attributes
renders the model more general, and allows us to capture a wider range of preferences. (See Grigolon
and Verboven, 2014.) For further details regarding the simulation setting see Appendix A.

In each market we simulate a PAC strategy between Firms A and B.6 The actual percentage
price increases, that firms involved in the PAC strategy are willing to initiate, are computed by
maximizing the sum of firms present and future stream of expected payoffs, assuming that the

competitor matches the price increase. This actual percentage price increase is denoted by S/,

5 Moresi et al. (2011) mention that the post-merger index can be computed using the pre-merger formulas, but
considering the following adjustments: (i) larger sales volume for the merged firm, (ii) a higher diversion ratio
from Firm B to the merged firm, and (iii) a revised diversion ratio from the merged firm to Firm B. In our
interpretation of these adjustments, and considering the set of assumptions listed above, we modify the pre-
merger formulas by considering: (i) a sales volume for the merged firm equal to g4 + qc, (ii) a diversion ratio from
Firm B to the merged firm equal to D 4¢ = D 4 + Dp ¢, and (iii) the revised diversion ratio from the merged firm
to Firm B presented in Assumption (6) above.

6 The discount factor § is assumed to be equal to 0.9.



Therefore, we observe two percentage price increases, i.e., those that Firm A (i.e., Sv***) and Firm B
(i.e., SEA™). would be willing to initiate. The derivation of §;"4“* is presented in Appendix B.

In this setting, the Actual Coordinate Price Pressure (i.e., ACPPP™¢7™¢79¢") is defined as the
minimum of these two values, i.e, ACPPIy® ™9 = min{S§A™a SEACMAY 1 other words, the
ACPpPTeTmerger represents the actual lower bound of supra-competitive prices that Firms A and B
could reach through a PAC strategy. It is opposed to the predicted threshold provided by the CPPI)

In the next step, we simulate the impact of a merger between Firm A (acquiring firm) and Firm
C (target firm) on firms’ incentives to engage in PAC. Specifically, we re-compute the percentage price
increase that Firm A is willing to initiate after acquiring Firm C, the merged entity being called Firm

AC), assuming that it would apply the same percentage increase for both products. This value is

LActual
denoted as Syz "

. At the same time, we re-compute the percentage price increase that Firm B is
willing to initiate, assuming that it will be followed by the two products of the merged firm. This
percentage is denoted by SrA“*  The derivations of S/ and S;*°™“@ are presented in Appendix
B.

The post-merger ACPP (i.e., ACPPPOSt=™m€79¢T) js then defined as the minimum of these two
adjusted percentage price increases, i.e., ACPPL s 9" = min{S;e™™?, §54°“*'}. The impact of the
merger is measured as the change in the ACPP (i.e., AACPP = ACPPPOSt=merger _ gCpppre-merger)
Thus, a positive change in ACPP, i.e., AACPP, represents an increase of the lower bound of prices that
two firms can reach through PAC, and it can be considered as an anticompetitive effect generated by a
merger.

However, an additional adjustment is made to the simulated price increase initiated by the
acquiring firm post-merger. Since we are evaluating the impact of the merger with respect to the pre-
merger level of prices, we need to adjust for the potential presence of unilateral effects. In order to do
so, we compute the percentage price increase (which is denoted as Si;;). that the merged firm is willing
to unilaterally initiate, even if there are no competitors willing to match it. Thus, the post-merger price

increase initiated by the acquiring firm and motivated exclusively by PAC is obtained as follows:

Percentage price Percentage price increase Percentage price increase
increase exclusively _ initiated by the merged firm that the merger firm
motivated by PAC - and followed by a third - would unilaterally initiate
(Sk“édjusmd) competitor (Sk‘écmal) (SE)

In other words:



PAC effect = Overall Effect - Unilateral Effects

Note that it is assumed that competitors that are not involved in the PAC strategy do not react
and keep their prices at the pre-merger Nash equilibrium level. In addition, we are restricting the
unilateral effects to be a percentage price increase equally applied to all the products offered by the
merged firm. However, the post-merger level of Nash equilibrium prices does not necessarily satisfy
this condition. For more details regarding the maximization problem necessary to obtain the pre-
merger and post-merger values of the ACCP, please refer to the Appendix B.

Table 3 summarizes the main descriptive statistics of the set of simulated markets. There are
already two interesting results that can be deduced from this table. First, on average, the CPPI
significantly underestimates the actual impact of the merger on firms’ incentives to engage in PAC.
Second, as predicted by Moresi et al. (2011), the merger can actually reduce firms’ incentives to engage

in PAC (i.e. a negative change in ACPP). Indeed, the ACPP change is negative in 13.57% of the sample.

Table 3 - Summary statistics of the simulated markets

Variable Mean Std. Dev. Min. Max.
Own-price elasticity Firm A -3.482956 1.171715 -24.35604 -0.4310398
Own-price elasticity Firm B -3.482887 1.169006 -25.7864 -0.2349229
Diversion Ratio (Firm C to Firm A) 0.1683257 0.1246738 0.000008 0.7511157
Diversion Ratio (Firm C to Firm B) 0.1720856 0.1252642 0.000011 0.737363
HHI pre-merger 2769.439 702.6352 2000.255 9441.809
Predicted HHI variation 710.6348 581.8557 0.1590207 4890.431
ACPP pre-merger 0.0456778 0.1350181 -0.000457 21.44375
ACPP variation 0.0402753 0.153141 -2.213478 10.89305
CPPI pre-merger 0.0213234 0.0369831 -0.4044157 0.5667104
CPPI variation (*) 0.0068188 0.0549253 -2.449458 0.3343301
Number of observations (**) 46,093

Note: (*) It only considers observations with a CPPI variation higher than -2.5

(**) We do not consider 3,907 observations in which the fixed-point algorithm used to compute Nash equilibrium
prices does not converge to a solution after 200 iterations, or observations in which the equilibrium market share of at
least one of the firms is equal to zero.

4. Performance of the CPPI

Figure 4.1 contains a set of scatter-graphs displaying the relationship between the value predicted by
the index (ACPPlcg) and the actual variation of firms’ incentives to engage in PAC (AACPP,¢ ). The
sample is classified in four groups, according to the actual value of the diversion ratio from the target

firm (Firm C) to the acquiring firm (Firm A). For instance, the upper left panel displays the scatter plot



of the observations under the 25th percentile value of DR,. It is clear to conclude, from a visual
examination of the graphs in Figure 4.1, that the index has a better predictive power for those
acquisitions with lower values of this diversion ratio.

One explanation for the existence of this asymmetry is that the index omits the information
provided by the diversion ratios between the products offered by the merged firm. Indeed, when Firm
A is evaluating to initiate a post-merger PAC with Firm B, it has to consider the cost of unilaterally
initiating a price increase (i.e., the value of total diverted sales), which will be reduced if a larger
fraction of its diverted sales are captured by Firm A. Thus, the higher the diversion ratios between the
merging parties” products, the lower the cost of initiating a PAC, and thus the higher the impact of the
merger on the acquiring firm'’s incentives to initiate such a conduct. Therefore, for higher values of the
merging parties’ diversion ratios, the index is likely to underestimate the real impact of the merger

and becomes less accurate.

Figure 4.1 - Predicted (ACPPI) and actual (AACPP) variation of firms’
incentives to engage in PAC, by different values of DR, (*)

p0 - p25 p25 - p50

AACPP

ACPPI

(*) Each pX-pY pair represents the range of values in between percentiles X and

Y of the diversion ratio DR ,

Figure 4.2 displays the empirical distribution of the ratio between the predicted variation of
the percentage price increase that the acquiring firm is willing to initiate (i.e,, ASy = Sic — S}), and its
actual variation (i.e., AS;*™M? = gkActual _ ghActualy ‘1 other words, it shows the percentage of the
actual variation that is explained by the CPPI. As shown in the graphs of Figure 4.2, for higher values

of the diversion ratio from the acquired firm (Firm C) to the acquiring firm (Firm A), the distribution is

centered around 0 (zero). This fact has two implications. First, the index consistently underestimates
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the actual price variation (if the prediction was accurate, the distribution would be centered around 1).
Second, for higher values of the diversion ratio, the index predicts the wrong direction (or sign) of the
change on a high percentage of the cases in the sample (if the prediction was accurate, the value of the

ratio would be always positive).

Result 1

For high values of the diversion ratio between the products offered by the target and acquiring firmgq
(i.e., DRcy), the CPPI tends to consistently underestimate the actual impact of the merger on the
merged firm incentives to engage in PAC and to be significantly less accurate when predicting the

direction of this change.

I
Figure 4.2 — Distribution of ASA/ASLACmal , by different values of DR,
A
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(*) Each pX-pY pair represents the range of values in between percentiles X and
Y of the diversion ratio DR 4

4.1 Predicting an increase in firms incentives to engage in PAC

To study the performance of the CPPI when predicting the direction of change, the sample is classified
in two groups: cases with AACPP > 0% (anticompetitive merger) and cases with AACPP < 0% (absence
of anticompetitive effects). Then we measure the percentage of cases in which the index leads us to

incur a Type I error or a Type II error. A Type I error refers to cases in which the index erroneously

11



classifies a merger as potentially anticompetitive (i.e., ACPPI > 0%) when it is not (i.e., AACPP < 0%.);
a Type II error corresponds to cases in which the index fails to detect an anticompetitive merger (i.e.,
ACPPI < 0%, and AACPP > 0%). Table 4.1 summarizes the results. It can be seen that, in terms of cases
displaying a Type II error, the CPPI displays a fair performance for mergers with a low value of the
diversion ratio DR¢,; however, the number of cases with a Type I error is still significant.

Table C.1 in Appendix C replicates the results displayed in Table 4.1, but using DRacp

(instead of DR, 5) to compute S§ in Equation (4). Results are robust to this change.

Table 4.1 — Accuracy of the CPPI: predicting the sign of the change

Diversion Ratio (DR¢y) AACPP < 0% AACPP > 0%
Percentile Freq. Type-I error Freq. Type-II error
25% 2,483 24.77% 9,040 12.88%
50% 2,255 11.84% 9,268 15.47%
75% 1,176 8.67% 10,347 29.11%
100% 343 21.87% 11,181 38.85%
Total 6,257 16.93% 39,836 24.99%
Result 2

In term of predicting a positive ACPP change (i.e., an anticompetitive effect), the CPPI displays a fair
performance only in mergers with low values of the diversion ratio between the products offered by the
target and the acquiring firm (i.e., a low DR¢,). However, even in these cases, the probability of

incurring in a Type 1 error is still significant.

4.2 Identifying mergers that generate a significant increase in firms incentives to

engage in PAC

To study the performance of the CPPI in terms of identifying mergers that generate a significant
increase in firms incentives to engage in PAC, the sample is classified in two groups: cases with
AACPP > 5% and cases with AACPP < 5%. As before, we measure the percentage of cases in which the
index leads us to incur in a Type I error (i.e., ACPPI > 5%, and AACPP < 5%), and in a Type II error
(i.e., ACPPI < 5%, and AACPP > 5%). Table 4.2 summarizes these results. The occurrence of cases with
a Type I error is substantially low (0.41% of the total number of cases) and stable across the sample.

Nevertheless, the accuracy of the index in terms of detecting anticompetitive cases is quite poor.

12



Indeed, the index displays a Type II error in 75.08% of the markets, and in almost 100% of the markets
with mergers involving products with high values of the diversion ratio (from Firm C to Firm A).

Table C.2 in Appendix C replicates the results displayed in Table 4.2, but using DRacp
(instead of DR, ) to compute Sg in Equation (4). Results are almost identical to the ones presented in

this section.

Table 4.2 — Accuracy of the CPPI: predicting a significant variation of the ACPP
Diversion Ratio (Firm C / Firm

A) AACPP < 5% AACPP > 5%
Percentiles Freq. Type-I error Freq. Type-II error
25% 8,453 0.70% 3,070 56.09%
50% 9,420 0.73% 2,103 71.56%
75% 9,832 0.17% 1,691 86.16%
100% 8,990 0.07% 2,534 97.32%
Total 36,695 0.41% 9,398 76.08%

Result 3
The CPPI displays a poor performance when detecting mergers that generate a significant

anticompetitive impact (i.e., AACPP > 5%) on firms’ incentives to engage in PAC.

5 Conclusions

We test the accuracy of the CPPI within a simulated environment, considering a system of non-linear
demands and a supply side composed by heterogeneous firms that compete in prices. The results
suggest that the index displays a poor performance for predicting significant changes on firm'’s
incentives to engage in PAC. There are two potential explanations for this result. First, the CPPI is
derived from a model with linear demands. Thus, it is expected that its accuracy is reduced in a model
based on non-linear demands. Second, the CPPI does not consider the strategic interactions between
the merged firm’s products. Indeed, the cost of initiating a PAC may be reduced because a fraction of
diverted sales from one product are captured by the other products offered by the merged firm.
Therefore, not considering this positive externality may lead us to inaccurate predictions.

Recently, Moresi et al. (2015) propose a new index (called cGUPPI) that considers all the cross-
price effects of firms involved in a PAC strategy; hence, it should outperform the CPPI index in terms
of identifying mergers with a signficant anticompetitive impact on firms incentives to engage in PAC.
However, the construction of this index requires a larger set of information. . An alternative approach

is given by merger simulation models, which requires a similar information set as input, and may

13



result in more accurate predictions (see for instance, Bjornerstedt and Verboven, 2016, for the case of

unilateral effects, Brito et al., 2013, and Ivaldi and Lagos, 2017, for the case of coordinated effects).

Appendix A - Simulation setting

Discrete choice demand with random coefficients
We consider a set of N consumers, whom buy at most one unit of a product. Preferences are
represented by a random utility model, in which product j provides the following level of (indirect)

utility to consumer n:”

Uj,n = .Bl,n X1,j + .Bz,n X2,j — AnDj + Eins (Al)

where x; ; and x, ; represent product characteristics that determine the quality of product j, p; is the
price of product j and ¢;, is an idiosyncratic term related to both products and individuals. We
assume that x, ; is a characteristic drawn from a continuous space, with distribution F, (continuous).
While the second characteristic is assumed to be a discrete one, with values 0 or 1, according to the
distribution F,(discrete). Moreover, note that all the parameters are specific to each individual, that is
tosay: f1, =P + 51,11 , Ban = P2+ ﬁz_n ,and a, = a + &,, where ﬁl,n/ ﬁz_n and &, are random variables
that follows the known distributions Fg , Fp, and F; , respectively. In addition, consumers face an

outside option which gives them the following level of utility:

Upn = Xo + Xon + €ons (A2)

where the random term %, follows a known distribution as well, denoted by Fg,.

The supply side
We consider F firms and the set of products B, where each firm produces the subset of products (or

brands) B;. Thus the profits of firms are the following:

Iy = Yjep,mj = Zjer(Pj —¢;) si(PIN, (A.3)

7 Note that this indirect utility function can be derived from a quasi-linear utility function. It does not contain income variable
implicitly, because when consumers compare between different products (U; ,, S Uyn), the income variable vanishes. According
to Nevo (2000), the quasi-linear assumption is only reasonable for some products. For instance, it would not be a good
assumption for the car market, in which income effects should be taken into account.
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where p; , ¢; and s; are the price, constant marginal cost and market share of product j 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 f;, f, and a and the
distributions of the random parameters are assumed to be common knowledge.

Firms’ marginal costs are assumed to have the following form:
¢j = exp(y1x1j +V2xz; + wj), (A4)

There is a firm-specific cost component given by w;. In addition, y; and y, are common to all the firms

in a given industry.

Market Shares

For a given vector of prices p and assuming independence of consumer idiosyncrasies for product

characteristics and the error term, the market share of product j is given by the following expression:
S](p) = fA] dF(Bl! EZ! &; fOl S) = fA] dF(El) dF(EZ)dF(d)dF(fO)dF(S)I (AS)

with 4; = {(ﬁl, Ba, @, %o, s) | Upn = Ul_n}, for all [, denoting the set of consumers that choose product j.
We assume that ¢ is distributed according to a Type I extreme-value distribution, so the error term can

be integrated out giving rise to the well-known Logit probabilities.

Timing of the game
The timing of the game can be summarized as follows:

1) Nature draws the underlying consumers’ preferences parameters (a, 51, 2, X,) and firms’
common costs components (y1, V).

2) Nature draws products characteristics (x; j,%, j) and each firm specific cost component (w).

3) Firms observe consumers’ preferences in 1), but they do not know consumers’ idiosyncratic
tastes (&, ﬁm/ B, &njs Xno, €no)- Thus, conditionally on prices and provided that firms do
know the distributions of idiosyncratic tastes, they can compute expected market shares.

4) The Bertrand-Nash equilibrium in prices is solved.

5) Nature draws consumers’ idiosyncratic tastes (&, Bin Bans &nj, %nos €no)- Then consumers

observe prices and product characteristics and eventually make their choice.
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Baseline simulations setting

We replicated the baseline simulations setting used by Ivaldi and Lagos (2017), but only using their

calibration number (12) in Table B.3 of Appendix B of this article.

Parameter Baseline Setting
F 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 1,000.
a It is constant within each market, but it varies across markets with uniform distribution
Ulo,31-
B For a given market varies among consumers with exponential distribution E1 Joy:
n The parameter g, is distributed uniformly Uy 7] across markets.
It is constant within each market, but it varies across markets with uniform distribution
B Vo1
P It is constant within each market, but it varies across markets with uniform distribution
2 Ugo,3]-
For a given market both vary among consumers with normal distributions Njo , 5] and
Bins Bon Nioog, 1 respectively. The parameters g, and ap, are distributed uniformly Ujqs) across
markets.
: oz They are both drawn from an extreme value distribution Fp;;, where the scale parameter A
o is equal to 0.5.
X1, For each market x; ; = exp(7 - §;) where 7 = 0.3 and ¢; are distributed normally with
N2z
Xa,j For each market x, ; = I(; > 0) where n; are distributed normally with Ny ).
Xo For each market x, is drawn from a normal distribution Nyg 4.
_ For a given market varies among consumers with normal distribution Ny 4 . The
%Xn,0 e .
parameter oy is distributed uniformly Uy, 5) across markets.
w; For each market w; is drawn from a normal distribution Ny ¢.05]-
Both are fixed for each market, but they vary across markets with the same uniform
N 12 distribution Upg q).
Appendix B

Computation of the actual percentage price increases motivated by PAC and computation

of the ACPP

The actual pre-merger price increase motivated by PAC and initiated by Firm i, denoted by

I, Actual
Si

7

fori = A, B, is computed as follows:
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S
st = max {my(pl (1 +9),p%) + mi(pY (1 + ), pE AL+ ),0% 5) 755} (B.1)

where the superscript N stands for Nash equilibrium price.
While the actual post-merger percentage price increases initiated by the merged firm AC and

Firm B, denoted by S;2°“% and §L4°™"®, respectively, are obtained as:

Sj’é‘cmal = mstlzx {ﬂA(Pﬁv(l + 51,00 (1 + 51), PyA,—c) + 7TC(P,14V(1 +51), 00 (1 +51), pI—VA,—C)
+ (P (1 +5),p¥ (1 + 5), P (1 + 51), PV )L
nA 1), D¢ 1), DB 1 P=a-c-8) T3 (B2)
o)
@Y+ 5,1+ 50,8 A+ 50,0M 0 T
N N N 1
— max ma(PA (1 + ), pE (1 + 52), 9% -c) 75

1
+ (PN (1 +55), 0N (1 + 55),pY4¢) m},
and,
— &
S = max {my (PY (1 +5),p%) + mp(PY (1 + ), XA+ ) pE L+ 9), 9% c) 1) (BD)

Note that, in Equation (B.2), s; represents the percentage price increase that Firm AC would
initiate, assuming that it will be matched by Firm C, while s, is the percentage price increase that Firm
AC would unilaterally initiate. In addition, in Equations (B.1), (B.2) and (B.3) is assumed that firms
non-involved in PAC keep their prices at the Nash equilibrium level.

The pre-merger ACPP is given by:
ACPP,g = min{skAcual, S]Ig,Actual } (B.4)

The post-merger ACPP is given by:

ACPPAC,B — min{skl-éctual’gé,Actual}. (B.5)
Finally, the impact of the merger on firms’ actual incentives to engage in PAC is given by:

AACPPy 5 = ACPPy¢c 5 — ACPPyp. (B.6)

Appendix C — Tables
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Table C.1 - Accuracy of the CPPI: predicting the sign of the change
(Using D¢ to compute Sf; in Equation 4)

Diversion Ratio (DR¢4) AACPP < 0% AACPP > 0%
Percentile Freq. Type-I error Freq. Type-II error
25% 2,483 24.93% 9,040 12.99%
50% 2,255 12.11% 9,268 15.66%
75% 1,176 8.76% 10,347 29.71%
100% 343 23.91% 11,181 41.99%
Total 6,257 17.21% 39,836 26.09%

Table C.2 — Accuracy of the CPPI: predicting a significant variation of the ACPP
(Using D¢ to compute S}, in Equation 4)
Diversion Ratio (Firm C / Firm

A) AACPP < 5% AACPP = 5%
Percentiles Freq. Type-I error Freq. Type-II error
25% 8,453 0.89% 3,070 54.07%
50% 9,420 0.93% 2,103 68.19%
75% 9,832 0.49% 1,691 83.68%
100% 8,990 0.37% 2,534 96.80%
Total 36,695 0.66% 9,398 74.08%
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