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Abstract

We study mergers in polluting industries where a public firm is present. We evaluate how
merger approvals are affected when the competition authority’s guidelines consider environmen-
tal criteria. As expected, we show that more mergers are approved, yielding less pollution, and
higher welfare. However, we find that firms only have incentives to submit a merger request
if the public firm is mostly privatized; otherwise, no merger requests are filed in equilibrium,
rendering changes in guidelines inconsequential. We, then, examine how merger approvals are
affected by the presence of the public firm and pollution. We also conduct robustness checks
allowing for the manager of the public firm to ignore emissions, the merger to yield cost-reducing

effects, and convex production costs.
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1 Introduction

Merger guidelines have been under intense scrutiny in recent years and competition authorities
(CAs) are facing more pressure to consider pollution and environmental criteria. The European
Commission (EC), for instance, revised its guidelines in June 2023, including a new section on
mergers that can yield sustainability benefits; see EC Communication (2023), section 9.3. Sub-
sequently, EU Merger Regulation stated that, in order to support the objectives of the Furopean
Green Deal, merger enforcement should take into account environmental benefits from mergers;
see EC Competition Merger Brief (2023)E| Initiatives in other countries include Japan, Australia,
Germany, Austria, the Netherlands, and Greeceﬂ

Similarly, the UK’s Competition and Markets Authority issued a green agreement guidance
in October 2023, describing “the circumstances in which an otherwise potentially anticompetition
agreement may be exempt from competition rules on the basis of the sustainability benefits it
brings,” see Luoma et al. (2023). The US Federal Trade Commission is still debating whether
to include environmental considerations in competition rules, but recommendations to change its
merger guidelines abound; see, for instance, Hearn et al. (2023) and Hanawalt et al. (2024).

In this paper, we analyze the above change in CA guidelines, first showing that it can yield more
merger approvals. As expected, mergers help reduce aggregate output and its associated emissions,
thus giving rise to welfare gains. When all firms are private, this new guideline can lead to more
incentives to file merger requests, as firms anticipate more likely approvals. When a public firm is
present, however, mergers become less profitable, thus reducing firm incentives to file a merger.

Our results imply that fewer merger requests should be observed when a publicly owned firm
is active than otherwise, leaving market structures unaffected. In this context, policy initiatives
to reform CA guidelines are likely inconsequential. Our finding is emphasized when pollution
becomes more severe and firms’ production is more efficient. In contrast, when the public firm
is mostly privatized, pollution is not severe, and firms are relatively inefficient, our results are
ameliorated, implying that changes in CA guidelines can trigger more merger requests, followed by
more approvals, and an overall welfare gain.

Our paper considers a polluting industry where a public firm and several private firms compete
a la Cournot (mixed oligopoly), which are common in energy and mining marketsﬂ To study how
merger approval decisions are affected by the presence of pollution and a public firm, we consider a
sequential-move game where, in the first stage, the merging entity submits a merger request to the

CA; in the second stage, the CA responds approving or blocking the merger; and, in the third stage,

'Recent examples of merger approvals citing environmental considerations include Norsk Hydro and Alumetal in
the aluminum industry, and Sika/MBCC in the chemical admixture industry used in cement and concrete, see EC
Competition Merger Brief (2023).

?For more details on each country, see Japan Fair Trade Commission (2023), OECD (2020), Bundeskartellamt
(2020), Kartellgesetz (2005), Autoriteit Consument and Markt (2021), and Hellenic Competition Commission (2020),
respectively. The OECD also explored the role of environmental protection in competition policy in several roundta-
bles; see, for instance, OECD (2010) and more recently in OECD (2020).

3Examples of public firms in the oil and gas market include Electricité de France (EDF) in France, Equinor in
Norway, Enel in Ttaly, ENAP in Chile, Aramco in Saudi Arabia, and Gazprom in Russia.



firms compete. For generality, we allow for the CA to evaluate mergers according to traditional
criteria (the consumer surplus and the welfare criterion, but ignoring environmental damages) and
according to new guidelines (welfare criterion considering environmental damages).

In the last stage, we identify the public firm’s best response function, first showing that it shifts
downwards, thus producing fewer units, when this firm is more nationalized or when pollution is
more severe. These are “good news” for its rivals, who benefit from higher prices and profits than
when all firms are private. However, we also find that the public firm’s best response function
becomes steeper. This implies that, when the aggregate output of the merging firms decreases due
to the merger, the public firm responds increasing its output more significantly than when all firms
are private, i.e., “bad news” for the merging entity.

Overall, the negative effect of the merger on profits, stemming from outsiders increasing their
output, is stronger when a public firm is present in the industry than otherwise, making the
merger less likely to be profitable. Technically, Salant et al. (1983) 80-percent rule becomes more
stringent in this context, with merging firms requiring larger market shares to find the merger
profitable. If this negative effect is sufficiently strong, which occurs when the government holds
a significant stake at the public firm and pollution is severe, the merging entity finds the merger
unprofitable regardless of its market share in the industry. In this case, the sheer presence of the
public firm prevents mergers from being filed in the first place. This lack of requests may facilitate
the CA’s task when the merger would have been welfare reducing. Nonetheless, it can also lead
to welfare-enhancing mergers not being filed in equilibrium, leading to unambiguous welfare losses,
just because of the public firm’s presence.

We study different CA guidelines, and how they are affected by the presence of a public ﬁrmﬁ
When the CA evaluates mergers according to the consumer-surplus criterion, all mergers are
blocked. A similar outcome emerges when considering the welfare criterion, with mergers still
being blocked if the CA ignores environmental damages. When the CA considers environmental
damages, however, it may approve the merger if it accounts for a small market share (small welfare
loss) or when pollution is severe (large welfare gain).

In this context, the presence of a public firm induces the CA to more likely block mergers
since this agency anticipates that the public firm will partially address market failures. Hence, the
reduction in pollution from approving the merger becomes less necessary when a public firm is active
than otherwise, yielding fewer mergers being approved and, ultimately, filed in equilibrium. The
opposite argument applies when emissions are more damaging, since the CA uses merger approvals
as a policy tool to reduce aggregate pollution.

Our results help measure the welfare gain from changing the CA’s guidelines to require the

consideration of environmental damages. This welfare gain is significant when the public firm

*In recent years, some mixed oligopolies have experienced mergers between private firms. Examples include FedEx
merging with Genco in 2015 and with TNT Express in 2016, where the public company USPS also operates; Lundin
Mining merging with Lumina Copper in Chile on March, 2023, where the government-owned Codelco keeps approxi-
mately 29 percent of the national copper production; and Czech brewery Radegast merging with Velke Popovice and
Plzensky Prazdroj in 2002, where Budweiser Budvar-Brewery is state-owned.



is largely privatized, pollution is severe, and production is relatively efficient. In this setting,
the CA becomes more likely to approve the merger according to the new guidelines, lowering
emissions, and yielding large welfare gains. Otherwise, the public firm corrects a larger portion
of the environmental externality, thus making the output reduction from a merger approval less
necessary. Nonetheless, this context may lead to no merger requests in equilibrium: when the
public firm is more nationalized, the merging entity has no incentives to merge, as discussed above,
making the CA’s guidelines inconsequential.

For robustness, we consider three alternative settings. First, we allow for the public firm to
ignore pollution in its welfare function, which can arise if regulations only consider consumer and
producer surplus. In this context, the public firm produces more output and emissions, inducing the
CA to more likely approve mergers than when the public firm considers environmental damages. We
show that this approval differential increases when the public firm is less privatized and pollution
becomes more severe. Second, we allow for the merger to generate cost-reducing effects for the
merging entity, showing that, as expected, mergers are more likely to become profitable. Cost-
reducing effects yield a larger output and, while they also generate more pollution, the merger is
more likely to become welfare improving than in the absence of cost-reducing effects, thus leading
to more merger approvals. Third, we consider cost convexities, showing that changes in the CA

guidelines are less likely to affect merger approvals in this context.

1.1 Related literature

Our paper contributes to the literature on mixed oligopolies, allowing for mergers in polluting
industries. This literature has been applied to different fields, such as R&D investments (Delbono
and Denicolo, 1993), banking competition (La Porta et al. 2002), and models of open economies
(Chang, 2005; Chao and Yu, 2006; Matsumura and Tomaru, 2012), among others. Some articles
in this literature consider polluting markets, as in our model (see, for instance, Barcena-Ruiz and
Garzon, 2006; Pal and Saha, 2015; and Lee and Park 2021), but do not allow for mergers, thus not
examining firms’ incentives to merger, or how different CA guidelines are affected by the presence
of a public firm.

In the field of environmental economics, several articles have also studied the welfare effects
of mergers. This literature seeks to identify under which conditions the merger, despite lowering
aggregate output, can become welfare improving because of reducing emissions. These include
studies assuming industries with two firms, Fikru and Gautier (2016, 2017); three firms, Lambertini
and Tampieri (2014); several firms, Fikru and Gautier (2020); or trade liberalization, Chaudhuri and
Benchekroun (2012). These articles, however, consider that all firms are privately owned, whereas
we study how the presence of a public firm alters firms’ incentives to merge and, subsequently, the
CA’s decision.

This paper is, then, closer to the literature studying mergers in mixed oligopolies without envi-
ronmental externalities, including Barcena-Ruiz and Garzén (2003), Nakamura and Inoue (2007),

Méndez-Naya (2008), and Kanjilal et al. (2022). We consider a polluting production process af-



fecting both the welfare function of the public firm’s manager (who may consider or ignore these
emissions) and that of the CA when evaluating merger approvals. For generality, we also allow for
mergers to not affect production costs, as in Barcena-Ruiz and Garzén (2003) and Méndez-Naya
(2008); or to generate cost-reducing effects, as in Nakamura and Inoue (2007) and Kanjilal et al.
(2022). Unlike the existing literature, our paper helps identify how the presence of a public firm in

polluting industries hinders firms’ incentives to merge, and the CA’s merger approval decision.

The paper is organized as follows. Section 2 presents the model and section 3 identifies equilib-
rium behavior in each stage. Section 4, then, analyzes how our findings are affected by changes in

modeling assumptions, and section 5 concludes.

2 Model

Consider an industry with n > 3 firms (one public and n — 1 private firms) competing & la Cournot,
facing inverse demand function p(Q) = 1 — @, where Q = g+ Z?:_ll q; denotes aggregate output, ¢
represents the public firm’s output, and ¢; is the output of private firm ¢ = 1,2,...,n — 1, and every
firm faces marginal cost ¢, where 1 > ¢ > 0.

Every private firm maximizes its profits
mi = p(Q)¢ — cgi (1)
while the public firm maximizes a combination of social welfare and profits
V=(01-a)r+aW (2)

where the public firm’s profit is 7 = p(Q)q — cg; and social welfare is given by W = C'S+ PS — Enwv.
In particular, C'S = %2 denotes consumer surplus, PS =7 + Z?;ll m; measures producer surplus,
and Env = dQ? represents the environmental damage, where every unit of output generates a
unit of emissions. This damage is increasing and convex in aggregate emissions, where d > 1/2 as
in Poyago-Theotoky (2007) and Lambertini et al. (2017) among others. Parameter « represents
the weight that the manager of the public firm assigns to welfare, while 1 — « is the weight she
assigns to profits; as in Matsumura (1998) and Fujiwara (2007), among othersﬂ For simplicity, we

assume that the severity of pollution is not excessive, d < as otherwise the public firm

1
2a(n—1)"
would remain inactive to curb pollution. Alternatively, this condition entails that the public firm’s

nationalization is not excessive, a < m =aq.

When evaluating a merger request, we allow for the CA to consider two merger guidelines: (i)
the consumer surplus criterion, where a merger is approved if it increases aggregate output; and

(ii) the welfare criterion, where merger are approved if they are welfare enhancing.

® Alternatively, parameter o can be interpreted as the government’s share in the public firm and 1 — o denotes the
degree of privatization. When a = 1, the firm is not privatized at all, while a = 0 implies that it is fully privatized.



Therefore, our model embodies previous studies as special cases: Matsumura (1998) when o =
d = 0 (all firms are private and no external effects arise); Kanjilal et al. (2022) when « > 0 and
d = 0 (public firm is present, but no external effects exist); or Denicolo (1999) and Strandholm et
al. (2018, 2023) when o = 0 and d > 0 (all firms are private, but external effect are allowed).

The time structure of the game is the following;:

1. In the first stage, the k private firms that seek to merge choose whether to submit, as an

entity, a merger approval request to the CA, where k satisfies n — 1 > k > 2.
2. In the second stage, the CA responds approving or blocking the merger.

3. In the third stage, firms observe the CA’s decision, and compete & la Cournot.

We solve this sequential-move game by backward induction, first finding output levels in the
third stage.

3 Equilibrium Analysis
3.1 Third stage - No merger

If a merger does not ensue, firms compete a la Cournot, with every private firm ¢ maximizing (1),

which yields best response function ¢; (q) = % — %q. This function is unaffected by externalities,

d, or by the public firm’s privatization level, aﬁ

The public firm instead maximizes (2), yielding best response function

n—1
1—c 1+ 2ad
i) = - ; 3
@) = 5 amd—) 2+a(2d—1);q“ 3)

where its vertical intercept decreases in ¢, a, and d. Intuitively, when the public firm is more
nationalized (higher o) and pollution becomes more severe (higher d), this firm decreases its pro-
duction.

Similarly, the slope of (3) is unambiguously decreasing in « and d, indicating that, as private
firms increase their output, the public firm responds reducing its own output to a larger extent to
curb pollutionﬂ When external effects are absent (d = 0 but o > 0), equation (3) simplifies to
q(q) = 21:2 — ﬁ Z?:_ll gi, thus coinciding with that in Kanjilal et al. (2022). In this context, a

more public firm (higher «) responds to the decrease in output from a merger by increasing its own

output more significantly, since the market failure from underproduction in oligopoly is strenghten.

SEvery private firm’s best response function, nonetheless, shifts downwards in the initial marginal cost ¢ and in
the number of private firms competing in the industry, n; and becomes flatter as n increases, thus indicating that
output competition is softened.

"The slope of the best response function in (3), s = —%, satisfies g—z = —% < 0, % =
_ 52 . . _ _ .
—% < 0, and a‘i—gd = % <0if a < 3-&-%(1’ where S-s-%d > @ because o < @ by definition,
8%s

implying that 577 < 0 for all admissible parameters.



When environmental effects are present as well (d > 0 and « > 0), best response function ¢ (g;)
shifts downwards and becomes steeper. To understand this result, note that, before the merger,
the public firm seeks to address two market failures, pollution and underproduction, lowering its
output when pollution is more severe. When a merger ensues, aggregate output from private firms
decreases, making underproduction a relatively more severe market failure than that stemming
from pollution. As a consequence, the merger helps alleviate the severity of environmental damages,
allowing the public firm to increase its output more intensively than before the merger. In addition,
this effect is emphasized when d increases, i.e., equation (3) becomes steeper in d. However, when
all firms are private, @ = 0, equation (3) becomes ¢ (¢;) = % —% ?:_11 ¢i, implying that the public
firm ignores both market failures.

The next lemma, identifies the equilibrium output levels.

Lemma 1. In the third stage, if the merger is does not ensue, the equilibrium output of the
(1—¢)[1—2ad(n—1)] (1—c)[1+a(2d—1)]

1+2ad+(1—a)n 1+2ad+(1—a)n ’
where qZNM > ¢"M > 0. Output ¢¥M is unambiguously decreasing in d, «, ¢, and n. Output qi-NM

public firm is ¢"M = , and that of every private firm i is ¢ M =

18 unambiguously increasing in d and o, but decreasing in ¢ and n.

When pollution becomes more severe (higher d), the public firm decreases its output to help curb
emissions, while every private firm responds increasing its production; a finding that is emphasized
when a larger share of the public firm is nationalized (higher «).

While private firms take advantage of more severe pollution by increasing their output, the next
lemma shows that the decrease in the public firm’s output dominates, yielding an overall decrease

in aggregate output, NM = qNM +(n—-1) QZNM-

QNM — (1—=9)[n(1-a)+a]

Lemma 2. Aggregate output under no merger, = Yf2adin(i-a) ’

18 unambiguously

decreasing in o, d and c, but increasing in n.

When the public firm is completely privatized, o = 0, aggregate output simplifies to QNVM =
"S;C), as in a standard Cournot model with n private firms. Since all firms ignore pollution,

aggregate output is unaffected by parameter d in this context. In contrast, when o > 0 aggregate

output decreases, which is emphasized by more severe pollution.

NM
The next corollary evaluates the “efficiency ratio” under no merger, ERNM = %SO , where
Q%0 = 2101%‘31 denotes the socially optimal outputﬂ Ratios closer to one indicate that aggregate

output is close to the social optimum, while ratios above (below) one suggest that aggregate output
is socially excessive (insufficient).

(2d+1)[n(1—a)+a]

1+2ad+(1-a)n > 1, which is

Corollary 1. The efficiency ratio under no merger is FERNM =

increasing in d and n, but decreasing in «.

Therefore, aggregate output is socially excessive (i.e., ERY™ > 1). This inefficiency is partially

corrected when the public firm becomes more nationalized (higher «). In contrast, more severe

8 This output arises from maximizing social welfare W = C'S + PS — Env, as defined in section 2.



pollution (higher d) or more firms (higher n) yields more output and emissions, increasing ERNM |

and worsening output inefficiencies.

3.2 Third stage - Merger

After the merger, n — k + 1 firms operate in the industry: (i) the merged entity, with & “insider”

firms; and (ii) the unmerged private firms, (n — 1) — k, “outsiders” along with the public firm.

Lemma 3. In the third stage, if the merger is approved, the equilibrium output of the merged

entity and every private outsider is

Mo (I=0o)l+a2d-1)]
9 =40 = 1+2ad+(1—a)(n—k+1)7

(4)

and that of the public firm is ¢™ = I_S;;E;Eg((g__:ﬂl)

in ¢ and n, and increasing in k; but the output of the public (private) firm is decreasing (increasing,

All output levels are positive, decreasing

respectively) in « and d.

If £ = 1, the results in Lemma 3 coincide with those under no mergers (Lemma 1). When
the number of merging firms, k, increases, every firm produces more units, but the public firm
responds more intensively to increases in k than every private firm does. As shown in equation (3),
the public firm seeks to partially compensate for the output reduction of the merger when o > 0,

by increasing its output more intensively than outsiders do. However, when all firms are private,

1—c
n—k+2

Overall, when the merger accounts for a larger market share (higher k), the public firm an-

« = 0, every firm produces after the merger, which is unaffected by pollution considerations.
ticipates a more concentrated market, and the distribution of output in equilibrium shifts from
private to the public firm. In contrast, when pollution is more severe (higher d) or the public firm
is less privatized (higher «), this company seeks to reduce emissions to a larger extent, shifting
the distribution of output towards private firms. The public firm’s output decrease dominates, as
under no mergers, which we confirm in the next lemma.

(I=0)[1+(1=a)(n=k)]
1+2ad+(1—a)(n—k+1)’

Lemma 4. Aggregate output under the merger, QM = is unambiguously

decreasing in c, o, d, k, but increasing in n.
As expected, QM coincides with QVM
QM < QNM for all k > 2. In addition, Q™ decreases in the severity of pollution, d, and the weight

on welfare, o. Evaluating QM at extreme values of o, we find that, when all firms are private

1—c)(n—k+1
(=)(n—k+1) n)—(k+2 ), thus

being unaffected by pollution. When the weight on welfare is positive, however, aggregate output

when k£ = 1; otherwise, it decreases in k, implying that

(a = 0), aggregate output coincides with that in standard merger models, Q™ =

decreases.

The next corollary evaluates the efficiency ratio under the merger, ERM = QM /Q5°.



Corollary 2. The efficiency ratio under the merger is ERM = ggitgfa(_loj)?z@gfl)%,

increasing in d and n, but decreasing in o and k, and satisfies ERNM > ERM > 1.

which 1s

Aggregate output is still socially excessive, ERM > 1, with this inefficiency worsening as pollu-
tion becomes more severe (higher d) or more firms compete in the industry (higher n). In contrast,
the inefficiency is ameliorated, lowering ERM, when more firms merge (higher k), and when the
public firm is more nationalized (higher «) since this firm lowers its output, helping @™ approach
the social optimum.

In addition, the efficiency ratio ERM coincides with ERY™ when k = 1, but otherwise ERM
decreases in the number of merged firms, k. Therefore, ERM is closer to one than ERYM for all
k > 2, implying that the merger is “efficiency enhancing.”lﬂ This result holds when all firms are
private, a = 0, since the merger helps reduce polluting emissions; and it is strengthened when a
public firm exists, @ > 0, because this firm helps further reduce aggregate output and pollution,

bringing ERM closer to one.

3.3 Second stage

The CA anticipates the aggregate equilibrium outputs QM and QM, and approves a merger
according to different criteria. First, if the CA only considers consumer surplus (CS-criterion), it
approves the merger if QM > QM. However, as shown in Lemma 4, aggregate output decreases in
the number of merging firms, k, entailing that Q™ < QM and the merger is blocked. Second, if
the CA uses welfare (W-criterion), it approves the merger if it is welfare improving, where welfare
is defined as W = CS 4+ PS — Envcoa, and Envoa = 8 X Env represents environmental damages
and 8 € [0,1]. This welfare function allows for different settings: the CA can ignore pollution when
evaluating mergers, 5 = 0; it can consider pollution but not fully, 0 < 8 < 1; or consider the same

welfare function as the manager of the public firm, g = IE

Lemma 5. When the CA considers the CS-criterion, it blocks the merger under all parameter
conditions. However, when the CA considers the W-criterion, it blocks the merger when 3 < 3
under all parameters; otherwise, it approves the merger if and only if k < min{n —1,k(3)}, where
cutoff k(B) is increasing in B and satisfies n — 1 > k(B) > 2 for all B<pB< B. Cutoffs k(B), B,

and B are presented, for compactness, in the appendiz.

Our results give rise to three regions, depicted in figure 1: (i) when the CA assigns a relatively
low weight to pollution, 5 < 3, it blocks the merger for all parameter conditions (see Region A);

(i) when the CA assigns a moderate weight to pollution, § < 3 < B, it blocks the merger if it

9 Alternatively, this implies that the merger is welfare enhancing, as defined for the public firm. As the next
section discusses, the CA can exhibit a different welfare function, entailing that mergers are not necessarily welfare
improving.

0The government may assign more weight on pollution than the CA because the former may seek re-election while
the term of CA officials typically exceeds the electoral cycle; see Prat et al. (2022). For completeness, we also explore
the opposite case, where governments, as captured by the public firm’s objective function, ignore pollution in one of
our extensions.



accounts for a large market share, k > k(f3), but approves it otherwise (shaded area in Region B);
and (iii) when the CA assigns a high weight on environmental damages, 3 > /3, it approves the
merger for all parameters (Region C)E

Region A includes 8 = 0 as a special case, where the CA ignores pollution in its welfare function,
and mergers are blocked regardless of their market share. This is a well-known result, where the
loss in consumer surplus dominates the increase in aggregate profits and, as a consequence, total
welfare decreases after the merger. When the CA considers environmental damages, in Region
B, it weighs two market failures: the market concentration from approving the merger (negative
welfare effect) against the reduced pollution that the merger brings (positive effect). When the
number of merging firms is relatively low, k¥ < k(83), the positive effect dominates, and the CA
responds approving the merger, as illustrated in the shaded area of this region. Intuitively, the CA
uses mergers as a tool to curb pollution. Finally, in Region C the CA assigns a high weight on
environmental damages, making the merger welfare improving regardless of its market share, i.e.,

for all values of k.

n-1 —so

Fig. 1. Merger approvals with the welfare criterion.

Figure 2a shows how our above results are affected by changes in a. When the public firm is
more nationalized (higher o), cutoff k(/3) shifts downwards, shrinking the shaded region in which
mergers are approved. Intuitively, the CA anticipates that the public firm will be addressing
market failures to a larger extent (from underproduction in oligopoly and from pollution), making
the merger less necessary. Figure 2b, in contrast, shows that cutoff k(3) shifts upwards when
pollution is more severe (higher d), expanding the shaded region in which mergers are approved.

Since the environmental damage function Envcoa increases in S or d, the merger becomes more

UFigure 1 considers a = 0.12, d il/Q, and n = 6, since o must satisfy o < @ by definition, where @ = 1/5 in this
setting. In addition, cutoffs 8 and g are defined in the proof of Lemma 5 which, in the context of figure 1, become
8=0.20 and 3 = 0.34.

10



necessary, since it can help decrease aggregate pollution.

k

04 05 [j 04 05 ﬁ

Fig. 2a. Merger approvals - Changes in «. Fig. 2b. Merger approvals - Changes in d.

3.4 First stage

In the first stage, the merging entity anticipates the CA’s decision, approving the merger following

M

Lemma 5, and submits a request if its profits satisfy =;" > k:ﬂfv M " as we next show.

Proposition 1. The merging entity finds the merger profitable when n < m and its market

k .
=, satisfies

share,
3+2n+ad(d—1)—add—1)—2n(2 —a)|—0

= 2n(1 — a)? 5)

k
n

3=

where 0 = [(1 — a)?[5+ a(8d — 1) + 4n(1 — )]]Y/? and 7@ = S+2aldd=3+a[l22d(U=d)} " 1, coptrgst,

- (1-?
when n > 7, the merger is unprofitable for all values of k. Cutoff % 1s increasing in « and d, and

K(B) >k if and only if 5> B, where B = gy i in taa@ ids i s

_ 1/2 .
= %, as in Salant et al.

When all firms are private, a = 0, cutoff % simplifies to %
(1983), indicating that the merger must account for more than 80 percent of the market share to
be profitable. When a public firm exists, our results show that cutoff % increases, implying that
the merger requires an even larger market share to be profitable, which may not arise under any
parameter values (i.e., n > n).

A similar argument applies to more severe pollution. As shown in section 3.1, an increase in
a or d makes the public firm’s best response function steeper, entailing that the output reduction
of the merging entity is now responded with a larger increase in output by the public firm. This
emphasizes the negative effect of the merger on profits, ultimately making the merger less attractive

when a public firm is present than otherwise.

11



Figure 3 superimposes cutoff k on figure 1. This cutoff is not a function of parameter S and,
as shown in Proposition 1, % lies above k(B) for all 3 < B, but below otherwise; giving rise to
four regions, each yielding different equilibrium behavior. First, in region (PM, B), the merger is
profitable for the merging entity, denoted as PM, since k > E, but merger requests are blocked by
the CA, represented by B, since k > k(). In this context, the merging entity anticipates the CA’s
rejection, and does not submit a merger request in equilibrium. In region (PM, A) the merger is
still profitable, PM, but approved, A, because k < k(3). Anticipating an approval, the merging
entity submits a request. This is the only region where merger requests should be observed in
equilibrium. In region (UPM, B), the merger now becomes unprofitable, UPM, since k < /k\:, and
blocked because it reduces welfare, B, given that k& > k(/3), implying that no merger filings should
be observed.

A similar argument applies in region (UPM, A) where the merger is approved by the CA, A,
but it is unprofitable for the merging entity since k < k. In this context, it would be welfare
improving to subsidize firms to merge because, intuitively, pollution receives a high weight on the

CA’s decision and the merger does not account for a large market share.

- (PM.B) (PM, A) \
454 ;\-

'l UPM, B)/ (UPM, A)

0

Fig. 3. Equilibrium results.

Figure 3 considers that n < m, meaning that, graphically, cutoff % lies below the upper bound
of the vertical axis, n — 1, thus giving rise to the four regions identified above. If, instead, n > 7,
cutoff & lies above n — 1, implying that only regions (UPM, B) and (UPM, A) can be sustained
in equilibrium, with mergers being unprofitable for all (k, 3)-pairs, and thus no firms submitting
requests to the CA. Intuitively, when the merger accounts for a small market share, n > 7, it
becomes unprofitable regardless of pollution considerations (d and () and independently on whether
a public firm exists or not («).

In contrast, when the merger accounts for a large market share, n < 7, all four regions can be

supported in equilibrium, and are affected by these parameters. In particular, a more privatized
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public firm (lower o) produces an upward shift in cutoff k(3), as shown in Lemma 5, but a downward
shift in k, as identified in Proposition 1. This expands region (PM, A), shrinks (UPM, B), but
yields an ambiguous effect in regions (PM, B) and (UPM, A). Table I evaluates the areas of the
four regions at a baseline setting & = 0, d = 1/2 and n = 6, and then allows for changes in each
parameter at a time. The table shows that the downward shift in cutoff k dominates, producing an
overall increase in region (PM, B) while shrinking (UPM, A). The expansion of region (PM, A),
the only context where a merger is filed, highlights a novel role of privatizations, namely, providing
firms with stronger incentives to submit merger requests that are not only profitable but welfare
improving. In other words, privatizations facilitate welfare-enhancing mergers, which become more
likely to arise in equilibrium.

However, more severe pollution (higher d) produces an upward shift in both k(3) and E, shrink-
ing both (PM, B) and (UPM, A), but giving rise to ambiguous effects in regions (PM, A) and
(UPM, B). As shown in Table I, the upward shift in k(3) dominates, yielding an overall increase
in region (PM, A) while shrinking (UPM, B).

‘ Regions
(PM,B) | (UPM,B) | (PM,A) | (UPM, A)
Baseline 0.058 1.001 3.318 3.807
Higher o | o = 0.05 ||  0.034 1.067 3.227 3.826
a=008 | o017 1.111 3.166 3.838
a=0.10 0.004 1.142 3.123 3.846
Higher d d=0.6 0.049 0.834 3.586 3.974
d=0.7 0.042 0.715 3.780 4.093
d=0.8 0.037 0.625 3.927 4.183

Table I. Areas of regions.

3.5 Welfare comparisons

No public firm. Table II illustrates our results in previous sections. For presentation purposes, we
first consider a setting where all firms are private, « = 0. The top row (baseline scenario) assumes
¢c=p=d=1/2, and n = 6, and subsequent rows change one parameter at a timeF_Z] The first
three columns evaluate aggregate output, environmental damages, and welfare under no merger,
N M; and the second set of columns measure these outcomes if a merger occurs, M. The next three
columns examine the changes in these outcomes due to the merger: (i) the increase in aggregate
output, AQ = QM — QNM. (ii) the decrease in environmental damage, AEnv = EnvNM — EnoM,
and (iii) the increase in overall welfare, AW = WM — WM The last three columns report the

cutoff for which the merger is: (i) profitable, k > /15, as identified in Proposition 1; (ii) welfare

2 Cutoff k is, in this context, 4.807, indicating that only sufficiently large mergers are profitable, in line with the
80-percent rule. Otherwise, the equilibrium in Proposition 1 cannot be sustained. Hence, we consider k£ = 5 firms in
the baseline scenario.
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enhancing, k < k(f), as found in Lemma 5; and (iii) can be sustained in equilibrium, 3 > B, as

defined in Proposition 1.

No merger Merger ‘ Changes Cutoffs

|
’ QNM ‘ EnoVM ‘ WANM M ‘Em}M | WM AQ ‘AEnv ‘ AW k ‘E(,@) ‘ B
] Baseline H 0.429 \ 0.046 \ 0.077 H 0.333 \ 0.028 \ 0.083 H -0.095 \ 0.018 \ 0.007 \H 4.807 \ 6.091 \ 0.295

d=0.6 || 0.429 0.055 0.067 || 0.333 | 0.033 | 0.078 || -0.095 | 0.022 | 0.010 ||| 4.807 | 6.353 | 0.246

d=0.7 || 0.429 0.064 0.058 || 0.333 | 0.039 | 0.072 || -0.095 | 0.025 | 0.014 ||| 4.807 | 6.531 | 0.211

d=0.8 | 0.429 0.073 0.049 || 0.333 | 0.044 | 0.067 || -0.095 | 0.029 | 0.018 ||| 4.807 | 6.659 | 0.185

B8 =0.7 | 0.429 0.064 0.058 || 0.333 | 0.039 | 0.072 || -0.095 | 0.025 | 0.014 ||| 4.807 | 6.531 | 0.295

B8 =0.8 | 0.429 0.073 0.049 | 0.333 | 0.044 | 0.067 || -0.095 | 0.029 | 0.018 || 4.807 | 6.659 | 0.295

B=1 0.429 0.092 0.031 || 0.333 | 0.056 | 0.056 || -0.095 | 0.036 | 0.025 ||| 4.807 | 6.833 | 0.295

c=04 || 0514 0.066 0.110 || 0.400 | 0.040 | 0.012 || -0.114 | 0.026 | 0.010 ||| 4.807 | 6.091 | 0.295

c=0.3 | 0.600 0.090 0.150 || 0.467 | 0.054 | 0.163 || -0.133 | 0.036 | 0.013 ||| 4.807 | 6.091 | 0.295

c=0.2 | 0.686 0.118 0.196 || 0.533 | 0.071 | 0.213 || -0.152 | 0.046 | 0.017 ||| 4.807 | 6.091 | 0.295

Table II. Equilibrium outcomes when a = 0.

While the merger entails the same change in output (AQ is unaffected by parameters d and
B), it gives rise to larger reductions in environmental damage when either of these parameters
increases, AFEnv, ultimately enhancing its welfare gain AWH Therefore, when pollution becomes
more severe or the CA guidelines assign a larger weight on environmental damages, profitable
mergers are more likely to be approved.

Alternatively, AW measures the welfare gain of changing the CA’s guidelines, from one in which
it only considers consumer surplus or welfare, but ignoring pollution, to another in which the CA
takes the environmental effects of mergers into account. In the former guidelines, no merger is
approved under all parameter values (see column AQ), as shown in Lemma 5, giving rise to welfare
WANM - 1n the latter guideline, however, mergers can be approved, yielding welfare W™ and a
welfare gain AW [H]

Public firm is present. Table III examines how our results are affected by the presence of a
public firm. For comparison purposes, we consider the same parameters as in Table II and a@ = 0.1,
which is compatible with initial condition o < @ = 1/5. Cutoff k lies below 5 firms while k(B) > 6,
for most parameter values, supporting the equilibrium where mergers are profitable and approved.
However, when pollution becomes more severe (higher d), cutoff k> 5, implying that no merger

is profitable (see region (UPM, A) in figure 3). Intuitively, the presence of the public firm in a

'3 This is confirmed by cutoff k() being increasing in d and §, making the CA more likely to approve mergers
according to the W-criterion.

"When firms become more efficient (lower ¢), the merger entails a larger change in aggregate output, producing
more substantial environmental benefits, and ultimately yielding larger welfare gains from the merger.
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context of severe pollution leads this firm to respond by significantly increasing its output after the
merger, thus ameliorating its profitability.

Overall, the welfare gain from changing the CA’s guidelines are the largest when the public firm
is mostly privatized (low «) and firms are efficient (low ¢). Otherwise, the public firm corrects a
larger portion of the environmental externality, implying that the output reduction from approving
the merger becomes less necessary. In contrast, when firms are more efficient, this output reduction

is more critical to curb pollution, making the merger welfare improving under larger conditions.

‘ No merger ‘ Merger ‘ Changes ‘ Cutoffs
QM | En™M | wNM [ QM | Eno™ | WM | AQ |AEm [ AW | k | &®B) | B

Baseline || 0.423 | 0.045 | 0.077 [ 0328 | 0.027 | 0.083 | -0.005 | 0.018 | 0.006 ||| 4.989 | 6.056 | 0331 |
a=007][ 0425 | 0045 | 0.077 [[ 0329 [ 0.027 [ 0.083 | -0.005 [ 0.018 [ 0.006 [ 4.930 [ 6.068 [ 0.319
a =004 0426 | 0046 | 0077 || 0331 | 0.027 | 0.083 | -0.005 | 0.018 | 0.007 || 4.875 | 6.079 | 0.309

a=0 | 0420 | 0046 | 0077 | 0333 ] 0.028 | 0.083 | -0.095 | 0.018 | 0.007 || 4.807 || 6.091 | 0.295
d=06 | 0422 | 0053 | 0069 | 0.325 | 0.032 | 0.078 || -0.096 | 0.022 [ 0.009 || 5.006 || 6.335 || 0.283
d=0.7 | 0420 | 0062 | 0060 | 0323 | 0.037 | 0.073 || -0.097 | 0.025 | 0.013 || 5.025 || 6.528 || 0.248
d=08 | 0419 | 0070 | 0051 | 0.321 | 0.041 | 0.068 || -0.098 | 0.020 | 0.016 || 5.043 || 6.669 || 0.222
3=07 ] 0423 | 0063 | 0.059 || 0328 ] 0038 [ 0.073 [ -0.095 | 0.025 [ 0.013 [| 4.989 [ 6.563 [ 0.331
3=08 || 0423 | 0072 | 0.050 || 0.328 | 0.043 | 0.067 | -0.095 | 0.020 | 0.017 ||| 4.980 | 6.711 | 0.331

B=1 | 0423 | 0089 | 0.033 || 0.328 | 0.054 | 0.056 | -0.095 | 0.036 | 0.024 || 4.989 | 6.909 | 0.331
c=04 | 0508 | 0064 | 0.111 || 0393 ] 0.034 | 0.120 | -0.115 | 0.026 | 0.009 [[ 4.989 [ 6.056 || 0.331
c=03 | 0592 | 0088 | 0151 || 0459 | 0.053 | 0.163 || -0.134 | 0.035 | 0.012 || 4.989 | 6.056 || 0.331
c=02 | 0677 | 0115 | 0.198 || 0.524 | 0.069 | 0.213 | -0.153 | 0.046 | 0.015 || 4.989 | 6.056 | 0.331

Table III. Equilibrium outcomes when « > 0.

4 Extensions

4.1 The public firm ignores pollution

In this section, we examine how our results are affected when the manager of the public firm ignores

pollution. In particular, she still maximizes a combination of social welfare and profits
V=>01-a)r+alW

but social welfare is now given by W = C'S 4+ PSS, thus ignoring environmental damages. This can
be due to legal or administrative mandates that prohibit public firms from considering pollution
when making their output decisions, or just to personal preferences of the manager running this

company at the time. In this context, when the CA also ignores pollution, S = 0, the objective
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functions of CA and the public firm become more aligned, but when the CA considers pollution,
B > 0, their objective functions are misaligned.

In this context, the public firm’s best response function becomes

n—1
a(a) =S - L ¥y (6)
=1

2—a 2—a4

which is flatter than when this firm considers environmental damages (equation 3). Intuitively,
a given decrease in the private firms’ aggregate output after the merger is now responded less
intensively by the public firm when it ignores pollution, increasing its output less significantly.

We solve the sequential-move game by backward induction, presenting the technical details in
(1—¢)[n(1—a)+q]
1+n(l—a)

with the merger, both being increasing in «. In this context,

Appendix 1. In the third stage, aggregate output is QVM =
(1—c)[14+(1—a)(n—k)]
1+(1—a)(n—k+1)
when the public firm becomes more nationalized (higher «), it seeks to produce more output, since

without the merger and

decreases to QM =

it ignores pollution, shifting output from private to public firms, but producing an overall increase
in aggregate output.

In the second stage, the CA exhibits a similar decision rule as that in Lemma 5, blocking mergers
when using the CS-criterion. Similarly, when the CA uses the W-criterion, it blocks mergers when
it assigns a low weight to pollution, but approves them otherwise if, in addition, their market share
is relatively low, i.e., k < EIP(@’), where superscript I P denotes that the manager of the public

firm ignores pollution,

1P

5 (B) = (1-a)3—a+2n(l—a)]—2dB[1l — ala —2) +4n(1 — a) + 2n2(1 — a)?]

(1-a)l—-—a—-2dB(1+a+2n(l—a))]

(7)

. —IP, .\ . . . .
and, as in Lemma 5, cutoff £~ () is unambiguously increasing in £.
In the first stage, the merging entity anticipates the CA’s merger approval decision, and submits

a request if it accounts for a sufficiently large market share, that is,

>

u )

E:3—a+2n(l—a)—(1—o¢)1/2ﬁy
n o 2n(1 — «) ’

where, for compactness, v = [5 — a + 4n(1 — @)]'/2 > 0. As in Proposition 1, cutoff EITP simplifies
to % = W when o = 0, as in Salant et al. (1983); but when « > 0 this cutoff shifts
upwards, indicating that the merger must represent a larger market share to be profitable. As
in the main model, the public firm is “bad news” for the merging entity, since its presence shifts
output from private to the public firm after the merger, making it less profitable. However, as
shown in equation (6), this output shift is smaller when the public firm ignores pollution, implying
that mergers become more profitable than when this firm considered environmental damages.

Comparing cutoffs EIP(B) and %IP, we find that EIP(B) > kIP for all 8 > BIP, where BIP =
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1

2d (472
(1—o¢)1/2
a merger and the CA responds approving it, but otherwise no mergers are requested. In addition,

. Recall that when EIP (B) > kP , an equilibrium can be sustained where firms file for

cutoff BIP is unambiguously decreasing in «, d, and n. Hence, the presence of a public firm makes
the merger more likely to be unprofitable. A similar argument applies when pollution is more severe
and the industry is more competitive (higher d and n, respectively).

Finally, we compare cutoff B against its counterpart, B identified from Proposition 1, finding

the “approval differential” that can be attributed to the public firm ignoring pollution:

AD EB—B[P.

When AD > 0, the CA is more likely to approve mergers when the manager of the public firm
ignores pollution than otherwise since B > E . Graphically, the region above cutoff BIP is larger
than that above B, thus triggering more merger approvals. In contrast, when AD < 0, the CA is
less likely to approve mergers. Figure 4a depicts AD as a function of n, considering d = 1/2 and
allowing for different values of a.

When n is low, AD is positive, reflecting that the CA approves more mergers when the public
firm ignores pollution. Intuitively, the CA seeks to compensate the large output that the public
firm produces by approving more mergers, as they help reduce output and pollution. When n
increases, however, this approval differential shrinks, making the CA’s decision more similar when

the public firm considers or ignores pollution.

AD AD
0.08_

T~ a=0.12 0075
0.06 T
— 0.070

0.04 0.065)

a=0.05 0.060

0.02 4
0.055

a=0

0.050

35 4.0 45 50 55 50 17 35 40 45 50 55 60 17

Fig. 4a. AD, changes in «. Fig. 4b. AD, changes in d.

When all firms are private, « = 0, AD collapses to zero, implying that there is no approval
differential, which holds for all parameters. When « increases, AD shifts upwards. This occurs
because, in this context, a more nationalized public firm produces a larger output, which the CA
seeks to compensate by approving mergers under larger conditions. A similar argument applies
when pollution becomes more severe (higher d), as depicted in figure 4b. The large output levels of

the public firm are now more damaging for the environment, leading the CA to more likely approve
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mergers, i.e., the AD curve shifts upwards.

4.2 Allowing for cost-reducing mergers

This extension analyzes how our results are affected when the merger lowers the merging entity’s
production cost, from ¢ to ¢ — x, where x > 0 denotes the cost-reducing effect of the merger, or
“synergies,” as in Williamson (1968) and Perry and Porter (1985). When = = 0, our equilibrium
results coincide with those in section 3; but when = > 0, the merging entity benefits from a cost
advantage relative to outsiders and the public firm, thus providing firms with more incentives to
submit a merger request.

Appendix 2 presents technical details, while here we highlight how equilibrium results are af-
fected by cost-reducing parameter z. When a merger does not ensue, equilibrium output coincides
with that in Lemma 1, since no firm benefits from cost reductions. When a merger occurs, however,
equilibrium output levels are

v Q=0+ a2d-1]+[1—-a)(n—k)+2ad+ 1]z

@ = 14+2ad+ (1—a)(n—k+1) ’

v_ (A—ofl+a@d-1)]—-z(1-a) and v _ (1=l —2ad(n — k)] — (1 + 20d)
0 1+2ad+(1-a)(n—Fk+1) ° e 1+2ad+(1-a)n—k+1)

where the merging entity’s output, q}v" , is unambiguously positive and increasing in the merger’s
cost-reducing effect, x; whereas that of every outsider and the public firm’s, qg and ¢M, are
decreasing in their cost disadvantage, x, and remain positive as long as the merger does not provide
. . _ (1—¢)[1—2ad(n—kK)]
an excessive cost-reducing benefit, r < zp = TT2ad
that x < zp, as otherwise the public firm, the outsiders, or both, would stay inactive after the

merger

In this context, aggregate output after the merger becomes QM =

. For simplicity, we hereafter assume

(1—0)[1+(1-a)(n=k)|+(1—a)x
1+(1—a)(n—k+1)+2ad

which coincides with that in Lemma 4 when cost-reducing effects are absent, x = 0, but otherwise

unambiguously increases in . Aggregate output, then, increases after the merger, QM > QNM if
cost-reducing effects are sufficiently strong, z > zoa = uﬂfﬂ;;?iﬁ:{f_(id)_l)}
roa < xp, implying that output-enhancing mergers are feasible. When all firms are private, a = 0,
(1—c)(k—1)
n+1
nationalized, «, and pollution is more severe, d. Intuitively, the public firm produces less output

. Cutoff z¢ 4 satisfies

this cutoff collapses to zoa = , but otherwise increases when the public firm is more
when its welfare consideration increases, either because it is less privatized or environmental damage
is more significant. Therefore, the CA requires a more significant cost-reducing effect to approve

the mergerm In this setting, the merger is profitable if and only if x > z, (where cutoff z, is

15In addition, cutoff zp simplifies to zp = 1 — ¢ when all firms are private, o = 0, and is decreasing in « and d,
implying that condition z < xzp becomes more demanding when the public firm is more nationalized (higher «) or
pollution is more severe (higher d). In both cases, the public firm seeks to reduce its output more significantly to
curb pollution, thus becoming inactive under larger parameter conditions.

16This result can also be shown by considering the differential zp — zca, where the equilibrium with merger
approvals can be sustained. This differential is decresing in « since cutoff zca (xp) increases (decreases) in a,
making the equilibrium less likely to arise. A similar argument applies to increases in d.
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defined, for compactness, in Appendix 2), with cutoffs satisfying =, < zc4 < zp for all admissible
parameters. Hence, all mergers that are approved when the CA uses the CS-criterion, x > z¢4,
are also profitable, x > x.

When the CA uses, instead, the W-criterion, it approves a merger request if and only if WM >
WM where WM (WNM) denotes the welfare with (without) the merger. These welfare levels yield
large, highly nonlinear expressions, and we provide numerical simulations in Table IV considering,

for consistency, the same parameter values as in the baseline of Table IIIE]

‘ No merger ‘ Merger ‘ Changes

QNM ‘ EnvVM ‘ WM ‘ QM ‘ Env™ | WM AQ ‘ AFEnv | AW ‘
Baseline | =0 0.423 0.045 0.077 |/ 0.328 | 0.027 | 0.083 || -0.095 | 0.018 | 0.006
Higher x | = 0.1 || 0.423 0.045 0.077 || 0.359 | 0.032 | 0.107 || -0.064 | 0.013 | 0.030
x=20.2| 0423 0.045 0.077 |/ 0.389 | 0.038 | 0.143 || -0.033 | 0.007 | 0.066
z=0.3 | 0423 0.045 0.077 0.421 | 0.044 | 0.191 || -0.002 | 0.001 | 0.114
x=0.4 | 0.423 0.045 0.077 0.452 | 0.051 | 0.252 || 0.029 | -0.006 | 0.175

Table IV. Equilibrium outcomes with cost-reducing effects.

When cost-reducing effects are absent, x = 0, our baseline yields the same results as in the
baseline of Table III (see top row). However, when cost-reducing effects are present, z > 0,
aggregate output QM increases while QY™ remains unaffected, allowing for the merger to increase
aggregate output, AQ > 0, if its cost-reducing effect is sufficiently large, + > xca = 0.308.
In this setting, an equilibrium arises where a merger is requested and approved. When the CA
considers total welfare, mergers with nil or low cost-reducing effects are approved, since they improve
environmental conditions, increasing welfare (AW > 0); but also mergers with strong cost-reducing
effects, x = 0.4. In this case, while environmental damage increases, AEnv < 0, the benefit for

consumers dominates, yielding an increase in overall welfare, AW = 0.175.

4.3 Allowing for non-linear costs

In this extension, we allow every firm’s cost function to be T'C' = cq; + %(qi)Q, with associated
marginal cost MC; = ¢+ hg;, where ¢ € [0,1] and h > 0. When h = 0, marginal costs are
constant in output, as in the main model; but otherwise, marginal costs are increasing, giving rise
to diseconomies of scale, potentially making mergers more profitable.

For compactness, Appendix 3 identifies equilibrium output and profits, while here we focus on

how convexities (as captured by parameter h) affect our equilibrium results in previous sections. In

"In particular, ¢ = d = 8 = 1/2, « = 1/10, n = 6, and k = 5. In this context, the above cutoffs become
zr = —0.001, zca = 0.308, and zp = 0.409, implying that mergers are profitable for all values of . In addition,
these results entail that, when the CA uses the CS-criterion, an equilibrium where mergers are profitable and approved
arises for all z € [0.308,0.409]. Similar results apply under different parameter combinations, as shown in Table A.1
in Appendix 2.
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the third stage, we find that, as production costs are more convex (higher h), output competition
is softened (i.e., flatter best response functions). In addition, when the merger does not ensue, the

equilibrium output of every firm ¢ under no merger is

NM o _ (I =0¢)[1+h—2ad(n—1)]
e 1+ 2adh+ 1) +h(n+h+ 1)+ (1—a)(n+h)’
M (1—c¢)14+h+a(2d—-1)]

14+2adh+1)+h(n+h+1)+(1—-a)(n+h)

: 1—¢)[n(1—a+h . . o
and aggregate output is QVM = T3 d(hil)i)}%(l +h(f1)zif¥}_a) iRy all being unambiguously positive.

When costs are linear, h = 0, the above expressions simplify to those in Lemma 1 and 2.

When the merger occurs, equilibrium output become

M = (I =0¢)[1 4+ h—2ad(n— k)]
(1+h)n—k+h+2)—an—k+h+1-2d(1+h)]

i (1= o)1+ h+a(2d—1)
O T O n—k+h+2) —an—k+th+l—2d1+h)]

and aggregate output is QM = T +h)(751_7€2%1:2h)t$$ E;i)h(zﬁ%] DL which are also unambiguously

positive. When costs are linear, h = 0, the above equilibrium output coincide with those in Lemma
3 and 4.

In the second stage, if the CA uses the CS-criterion, it blocks the merger since QM < QVM for all
k > 2. If, instead, the CA uses the W-criterion, it approves the merger if and only if WM > WNM |
which holds if k < k(3, h). Cutoff k(f3, h) is highly nonlinear and figure 5 depicts it at different values
of h, considering the same parameter values as in figure 1 for comparison purposes. When h = 0,
this cutoff coincides with that in figure 1, but otherwise it shifts downwards. This suggests that,
as costs become more convex, the CA anticipates less aggregate output and emissions, requiring a

higher weight on pollution (higher ) to approve the merger. In other words, mergers become a
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less necessary tool to reduce total emissions when production costs are convex than otherwise.

-
0.0 0.2 0.4 06 0.8 1.0 ﬁ

Fig 5. Cutoff k(83, h) evaluated at different values of h.

k(h)

In the first stage, the merging entity finds the merger profitable if and only if % > ==, where

cutoff B jg presented, for compactness, in Appendix 3. When all firms are private, o = 0, cutoff

R o

that cost convexities provide firms with less incentives to merge@ Intuitively, cost convexities

. . % - /2 . . . . . .
simplifies to @ = 3+2(n+h) [25Tj4(n+h)}l , which unambiguously increases in h, thus implying

reduce production costs for the merging entity, giving them more incentives to merge; but also
attenuate the positive effect of the merger on profits (the output reduction becomes smaller, leading
to a smaller price increase). Overall, the latter effect dominates, making mergers less likely to be
profitable. ~

When « > 0, the comparative statics of cutoff @ are intractable, but numerical simulations
show that it is still increasing in h, thus exhibiting the same comparative statics as when all firms
are private. Therefore, the only region where mergers are profitable and welfare improving in
equilibrium, (PM, A), unambiguously shrinks when production costs become more convex; while

region (UPM, B) unambiguously expandSH

5 Discussion

Presence of public firm. When all firms are private, a change in merger guidelines, requiring the
CA to consider environmental effects, makes mergers more likely to be approved; a result that

is emphasized when pollution becomes more severe and firms are more efficient. When a public

2] M 1/2
5 ) = [igizgf:]h)]l/;l > 0 since n > 3. When h = 0, this cutoff simplifies to that in Salant et

1810 particular,

al. (1983).
9We also find that, numerically, region (PM, B) expands whereas (UPM, A) shrinks, entailing that welfare im-
proving mergers that firms find unprofitable are less likely to arise when production costs become more convex.
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firm is present, it seeks to curb pollution, changing output competition. In particular, this firm
responds more significantly to a given decrease in its rivals’ output than a private firm would, thus
ameliorating the profitability of a merger. This strengthens Salant et al.’s (1983) 80-percent rule,
making mergers more likely to be unprofitable when a public firm exists than otherwise. Then,
fewer merger requests should be filed in polluting industries where a public firm is present, especially
when pollution is severe and costs are low.

Changing CA guidelines? The CA is less willing to approve mergers when a public firm is
present than otherwise, since this firm already addresses part of the environmental externality.
In this context, the reduction in pollution that the merger approval entails is ameliorated by the
public firm, decreasing the potential welfare gain of the merger. This result entails that changing
the CA’s guidelines, considering pollution in its merger assessments, may be important in industries
where all firms are private. In this context, the CA would use merger approvals as a new, although
imperfect, tool to curb pollution. However, in industries with a public firm, the CA’s decision does
not significantly change when considering or ignoring emissions in its guidelines, suggesting that
these changesare not impactful in markets such as oil, gas, and mining.

Unprofitable mergers. Our results also underscore how the presence of the public firm makes
mergers less profitable. When the CA ignores pollution, firms anticipate the merger request will be
denied and do not submit a request regardless of its profitability. When the CA considers pollution,
however, mergers are more likely to be approved, but are also more likely unprofitable, especially
when pollution is severe, entailing that mergers are not filed in equilibrium. Owur findings, then,
suggest that changes in CA guidelines would not lead to different merger requests or approvals,
especially when pollution is severe or the public firm is present, making the new guidelines inconse-
quential. In contrast, when pollution is not severe and the public firm is mostly privatized, guideline
changes would lead to more merger requests being submitted and approved in equilibrium, yielding
welfare gains.

Robustness checks. Our findings are robust to changes in modeling assumptions. First, we
consider a setting where the public firm ignores pollution in its welfare function, which can arise
when this firm’s regulations consider consumer and producer surplus alone. In this context, we
show that the public firm produces more output than when accounting for environmental damages.
Anticipating this larger output, the CA is more likely to approve mergers, since this “approval
differential” helps reduce aggregate pollution —a differential that grows as the public firm is less
privatized and pollution becomes more severe. Second, we allow for the merger to yield cost-
reducing effects, showing that mergers are more likely to become profitable, since the merging
entity benefits from a cost advantage in this setting. When pollution is not severe, mergers are also
more likely to be welfare improving, because cost-reducing effects yield a larger aggregate output;
but when pollution is severe, mergers are more probably blocked. Third, cost convexity makes the
merger less likely to be welfare enhancing, thus requiring large weights on pollution for the CA to
approve the merger.

Further research. We consider that firms are cost symmetric before the merger, while the
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merging entity may benefit from cost-reducing effects. Alternatively, one could allow for firms to
be cost asymmetric before the merger, with the public firm exhibiting different marginal costs than
private firms. Similarly, we study mergers between private firms, but one could allow for mergers
between the public firm and & private firms. Finally, an extension could consider that the CA does

not accurately observe pollution damages in an incomplete information environment.

6 Appendix

6.1 Appendix 1 - Public firm ignoring pollution

Third stage, No merger. Every private firm ¢ still exhibits the same best response function as

in the main model, ¢; (¢) = % — %q. However, that of the public firm becomes

1-c 1 A
q<Qi)_2—a_2—a;qi

Simultaneously solving for ¢ and ¢; in best response functions ¢ (¢;) and ¢;(q), we obtain

1-—- 1—¢c)(1—
o _lme g _(1-d(-a)
hich both iti d satisf 9gNM n(l—c) 0 d oqNM e 0
which are both positive, and satisty 57— = gra=ap > 0 and =4~ = ~ TP <0,

thus indicating that, as the public firm is more nationalized, its output increases while that of

every private firm decreases. Aggregate output under no merger is QVM = %, which

NM —
increasing in « because 8%a = ?1(22(11)900]02)

ERNM — %, which satisfies ERNM < 1 since o < 1, thus showing underproduction relative

to social optimal.

> 0. In this context, the efficiency ratio becomes

Third stage, Merger. Using Lemma 3, equilibrium output in this scenario is

N e w_ (1-o(-a)

— d M =¢Y¥ =
T T —a)m—k+ry MU T T I I m—k+ 1)

(1—c)(n—k+1) ~ 0 and 8quM . 1—c

. e i ogM
which are both positive, and satisfy “4— = T () (h P b = ") (R <
0, thus entailing an output shift towards the public firm. Aggregate output, then, becomes
QM = (111)([111(3& Oi)g:)k I which coincides with QMM when k = 1, and decreases in k since
QM (1-o)(1-a)?

5 < 0, implying that QM < QMM for all k > 2. Aggregate output
NM

_ l1—c
T 1+(1-a)(n—k+1)

which satisfies ERM < 1, also indicating underproduction. Comparing

0k —  —at(l-a)(n—k)]
Y o . 8Q

Q™" is increasing in « since =5
M _  1+(1-a)(n—k)

ERY = 1+(1—a)(n—k+1)’

ERM and ERN | we obtain that ERM — ERVM = — o (- DOC o < 0, implying that

7> 0. In this setting, the efficiency ratio is

output efficiency worsens after the merger.
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Second stage. First, when the CA uses consumer surplus to evaluate the merger request, it
blocks the merger since QM < QNM for all k > 2 for all parameters. Second, when the CA uses
welfare to evaluate mergers but ignores environmental damages, W = CS + PS, welfare without

the merger is
—c)?n—an—1D]2—-a+n(l—a)

_a
Wap = 2[1 +n(1 — ))?

and that after the merger is

(1—c)?[1+(n—k)(1—-a)]B3—-2a+n—k)(1—a)

Wi = 22 —a+ (n—k)(1—a)?

where W]]\‘fp coincides with W]]\\,f j’g\/l when k£ = 1. The merger improves welfare if and only if W]]\\,/[P —
W]]\\f }])” > 0, where

- -0’ k-1 —a+(2n—k)(1—a)
e [ s e ey s

holds for all admissible parameters, implying that the CA blocks the merger. Third, when the CA
considers environmental damage in its welfare function, W = CS + PS — Envca, welfare before

the merger is

(1—c)?n—am—-1)]2+n—an+1)+2d3(a(n — 1) —n)]

WM = 2[1 +n(1 — o)

while that after the merger is

(L= e[+ (n = k)1 —a)]3—2a+ (n— k)L —a) - 2dB(1 + (0~ k)(1 — )]

W = 22 —a+(n—k)(1-a)?

Defining the welfare gain from the merger as AW = WM — WNM ' we obtain that AW =0 at
k = k(B), where cutoff Elp(ﬁ) is

. (1—a)[3—a+2n(l —a)] —2dB[1 — ala —2) +4n(l — a) + 2n2(1 — a)?]
(8) (1-ao)l—-—a—-2dB(1+a+2n(l—a))] '

Analyzing cutoff EIP(B), we first find that, when evaluated at S = 0, this cutoff collapses to
EIP(O) = W, which lies above n, EIP(()) > n, since n — EIP(O) = —w < 0 for all

admissible parameters. Then, this cutoff unambiguously increases in 8 since
ok'" (B) 4d[1 + n(1 — a))?

B (—al—a-2a8(l+aton(i—a)p "

11—«

and reaches a vertical asymptote at 5 = B = sdiFarzn(i=a)"

Further increases in 8 then entail
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that cutoff Elp(ﬁ) crosses the horizontal axis, EIP(B) =0, at

(1-a)[3—a+2n(l—a)
2d[1+ (2 — a) +4n(l — a) + 2n%(1 — «)?]

B

and keeps increasing in /3, so it solves EIP(B) =n-—1at

(1-a)22—a)+n(l —a)]
2d[2 + 5n + a [2(1 — ) — n(8 — 3a)]]

B

where 8 > 0 since o < 1, and cutoffs 5 and 3 satisfy B8 > B since cutoff Elp(ﬂ) is unambiguously
increasing in .
First stage. Using the above outputs under no merger, we find the equilibrium profits for

2
NM (%) . The equilibrium profit for merging firms (insiders) is

M_ [ (1-90-a) )2
T = <1+(1—a)(n—k+1)) :

Hence, firms merge if and only if

(rvtiaowrn) =+ (500

Solving for k, and dividing both sides by n, yields

each private firm, w

3—a+2n(l —a)—(1—a)/?y

= 2n(1 — «)

k
n

3=

SRS

where v = [5 — a + 4n(1 — a)]'/? > 0 since @ < 1. When a = 0, cutoff

W, as in Salant et al. (1983); but when « > 0 this cutoff satisfies

SRS

simplifies to

2(}) 1-w-0-a
da n(l — «a)5/2y =0

since (1 —a)/?>(1—-a)and a < 1.
For the merger to be profitable and approved, we need that Elp(ﬁ ) k> 0, where cutoff B (8)
was found in the second stage above. When o = 8 = 0, this difference is w > 0. When

B =0, the difference becomes

3—a+2n(l—a)+ (1 —-a)/?y

k —k=

©) 2(1 - «)
which is positive for all admissible values. Finally, when «,8 > 0, the difference E]P(BA) —
%k > 0 for all 8 > B, where B =1 _  Cutoff B decreases in d and satisfies g—g =

Y —
(1-a)
1 B _ (1—a)3/?
iy 7p-2i-ayp < 0 and gn = —gp sy < 0
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6.2 Appendix 2 - Mergers with cost-reducing effects

Third stage. When no merger ensues, equilibrium output coincides with that in Lemma 1,

1—c)[1—2ad(n—1 1)l —a(1-2d
¥ = St g g — Uogleloaa)

1—c)n(l—a)+ao
Lemma 2, QNM = (1+23)£d—(|—n(1)—a)} :

When a merger occurs, however, the merging entity benefits from a lower cost, ¢ — z, so it solves

n—1—k
I = [1—<q +aq+ > qu>]qy—(c—$)Q§”

M>q i—1

while aggregate output coincides with that in

which yields best response function

M/ M M _1—<C—33> qM+(n—k—1)Qé\)/[
(" a0) 5 5

qr »do

Every unmerged private firm still faces marginal cost ¢, solving

n—1—k
max 7y = [1 (qM+er”+ > q&)] a0 — cqpy

M>0 P
which yields best response function

vy oy L—c M +qf
QO (q ’QI)_n_k_ n_k

The public firm also faces marginal cost ¢, solving

max VM =aWM 4 (1 - a)n
qM>0

M
where WM = fOQ (1—y)dy —cQM —d (QM)Q, M = (1 — QM) M —cgM, and QM = ¢M + ¢M +
(n —k —1)g}. Differentiating and solving for ¢™, we obtain best response function

e (200 (g £ X 0]
" (4" 08) = 24+a2d—1) 2+a(2d—1)

(14+20d) [Sp " g —a}']

Letting sp denote the slope of the above best response function, it satisfies %%f = —

20(1-0) [ L1 g8 ~a} ]
(2a(2d—1)2

(2a(2d—1)2

01fandonly1fzn 1 a > q}f and 95 = —

(Z] .
Solving simultaneously for ¢, q}\/‘[ , and qgf in the above best response functions yields

< 0ifand only if Y71 q >

M_ (1—¢)[1 —2ad(n — k)] — z(1 + 2ad) Mo (1-c¢)l4+a2d—-1)] —z(1 —a)
1 1+20d+(1-—a)n—k+1) %7 11 2d+(1-—a)n—k+1)
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I-c¢l4+ad-1)]+[(1—-a)(n—k)+2ad+ 1]z
14+2ad+(1—a)(n—k+1)

and ¢M =

where q}w is unambiguously positive; ¢™ > 0 if and only if z < zp = (1—c)[1—2ad(n—k)]7 which holds

14+2ad
by definition; and qé\)/[ > 0 if and only if z < zp = %. Cutoffs zp and xp satisfy
o —xTp = 2O‘d(1_c)[Q(J{i"a_)fgélcljrci%+a(2d_1)] > 0, implying that zo > zp, which entails that the initial

condition x < zp implies that all firms are active after the merger.

Both cutoffs zp and xo simplify to (1 — ¢) when evaluated at a = 0. In addition, cutoff zp

: 0] _ 2d(1—c)(n—k+1) 0 _ 2a(l—c)(n—k+1)
satisfies %57 = — = read? < 0 and G2 = — e

x < xp becomes more demanding when the public firm is more nationalized (higher «) or pollution

< 0, implying that condition

is more severe (higher d).

Comparative statics. The public firm’s output, ¢™, satisfies 85% = —7 +(1iz)2& dggf; T7ad

M __ (n=k+1)[(1—c)[2d(n—k+1)—1]4z+42dx] <0 M __2(n=k+1)(a(l=c)[1+(n—k)(1—a)]+(1—a)azx)
*od T [[+2d+(1—a)(n—k+1)?

o~ [1+2d+(1—a)(n—k+1)]2
9 (t2ad)(1-c)(ad-D)-1]_c(l=0) _ ( jf anq only if © < xp, which holds given that
M

and - = T+2d+(1—a)(n—k+1)]2

x < xp by definition and cutoff xp satisfies zp > zp. Every outsider’s output, qg[ , satisfies 6;2 =
1+a(2d—1) 0 oq¥  (1—c)[2d(n—k+1)—1]+z+2dx 0 o 20(1—c)[1+(n—k)(1—a)|+2(1—a) oz

T a)n ki) 2ad <Y Ba T [redtl—a)nktDZ  — Y ad [112d+(1—a)(n—ki1)2

¢ (1—a)[(1—c)(a(2d—1)—1]+z(1—a)
0, and 52 = ( [%[J(erg((lf(a)(n)kail))](?

<0,

<0,

< 0 if and only if z < zp, which holds since z < zp

M
by assumption. Finally, the merged entity’s output, q}\/[ , satisfies agé = —3 +(1_1;S?7§ii;11)) Toad <
¢ (1-o)[2d(n—k+1)—1]+z+2dx ogM  2a(1—0)[14+(n—k)(1—a)]+2(1—a)az ogM
0, Ba = THrdtt—a) ke > Y Br = [42d+(1—a)(n—ki1)J2 > 0, and o =

o=l el DISG=2)T < 0 if and only if # < 20, which holds because z < zp by definition.

The aggregate output after the merger becomes

QY = ¢M+(n—k-1)g8 +qf
l—cl+1-a)n—FkK)]+(1-a)z
1+(1-a)(n—k+1)+2ad

QM _ (n—k)(1—a)+1 .
o _1+(1io¢)(n—kil)+2ad < 0

< Osinced > } by definition; 29 — _2al-0)lL(n—t)(1a)l+(1_a)s

which is unambiguously positive. In addition, Q™ satisfies g
QM  (1—c)[1—2d(n—k+1)]—x(1+2d)

<

da. E&;{-Qad—l—(l—a)(n—k—&—l)}z [1+2ad+(1—a)(n—k+1)]?
0; and 29 = —(=a0edBraBbl (o)l _  if and only if © < wo = U=LEACED] which

holds given that 2 < zp by definition, so QM is decreasing in k for all admissible parameters.
M _ (1—a)[(1—o)[1+a(2d—1)]—z(1-a)]
on [1+2ad+(1—a)(n—k+1)]?

x < 2o, which is satisfied for all admissible parameters.

Similarly, @ is increasing in n because > 0 if and only if

Second stage. When the CA uses consumer surplus to evaluate mergers, @™ > Q™M holds if

(1—¢)(k—1)[1+a(2d—1)] (1—c)[1—2ad(n—1)][2+(n—k) (1—a)+a(2d—1)]
1+2ad+n(l1—a) (1+2ad)[1+2ad+n(l—a)]

0, entailing that zp > x4 for all admissible parameter values. In addition, cutoff zca collapses

andonlyifz > xca = , Where xtp—xc4 = >

to zoa = % when all firms are private, a = 0, and satisfies 8%%“ = (11102)0[611:2((2161—7;))] > 0,
Orca — _(1=0k-D(1-)A+a2d-1)] o dzga _ _ (k=D[+a(2d-D] _ g dzca _ (1=0(k=1)Q@dn—-1)
on [1+2ad+n(1—a)]? > de T 1+2ad+n(1—a) > da T [1+2ad+n(l-a)]?

ox 2a(1—c)(k—1)[n(l—a)+«
0, and Z5g4 = ([1+)2(ad+7)l[(1(fa)]2) L> 0.

First stage. Using outputs from Lemma 1, we find the equilibrium profits for each private
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2
firm, 7rlN M — <%) . The equilibrium profits for merging firms (insiders) is
vw _ (L 0@d— D] —¢) +[1+20d + (1 - a)(n— k)| 2
L= 1+2ad+(1—a)(n—k+1)

Hence, firms find the merger profitable if and only if

<[1+a(2d1)](1c)+[1+2ad+(1a)(nk)]:c)2 - <(1c)[1+a(2d1)])2
1+2ad+(1—a)(n—k+1) - 14+ 2ad+n(l —a)

Applying square roots on both sides of the above inequality, yields

(1—¢)[14a(2d—1)] 1+20d+(1—a)(n—k) = S k(l—c) 1+ a(2d—1)]
1+2ad+(1—-a)(n—k+1) 142ad+(1—-a)(n—k+1)1—c— 14+ 2ad+n(1 —«)

and solving for x, we find that

(1—¢)[1+a(2d—1)] [f[l—l—%zd—l—(l—oa)(n—k—i—l)]

—1| =z,
T 142ad+ (1 —a)(n—k) 1+ 2ad+n(l —a) v

where cutoff x, collapses to z, = (1 — ¢) (n—\ﬁ - n711€+2

) when all firms are private, a = 0, and

satisfies

(1—c)1+a2d—1)](VE—-1D)VE2+ (n—k)(1—a)+a(2d—1)]
14+ 2ad+ (n—k)(1—a)][l+2ad+n(l - )

Tr —TCA = —

which is unambiguously negative since vk > 1 because k > 2. Therefore, the ranking of cutoffs is
Tr < xoa < xp for all admissible parameters.

Table A.1 considers the same parameter values as Table III in the main text, allowing for
x = 0.10, and changes one parameter at a time, to test how equilibrium results and welfare are

affected by each parameter.
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‘ No merger ‘ Merger ‘ Changes Cutoffs
QNM ‘ EnoNM ‘ WM ‘ QM ‘ EnoM | WM AQ ‘ AEnv | AW T ‘ ToA ‘ Tp
Bascline || 0423 | 0.045 | 0077 || 0.328 [ 0.027 | 0.083 | -0.005 | 0.018 | 0.006 | -0.001 | 0.308 | 0.409 |
a=007] 0425 | 0045 | 0.077 || 0361 | 0.326 | 0.106 || -0.063 | 0.012 | 0.029 || -0.007 | 0.301 | 0.434
=004 0426 | 0046 | 0.077 || 0.363 | 0.033 | 0.106 || -0.063 | 0.012 | 0.029 || -0.013 | 0.204 | 0.461
a=0 | 0420 | 0046 | 0.077 [ 0.366 | 0.034 | 0.106 || -0.062 | 0.012 | 0.029 || -0.021 | 0.286 | 0.500
d=06 | 0422 | 0053 | 0.069 | 0.356 | 0.038 | 0.101 | -0.066 | 0.015 | 0.032 | 0.001 | 0.313 | 0.303
d=0.7 | 0420 | 0062 | 0.060 | 0.354 | 0.044 | 0.095 | -0.067 | 0.018 | 0.035 | 0.003 | 0.318 | 0.377
d=08 | 0419 | 0070 | 0051 | 0351 ] 0.049 | 0.089 | -0.068 | 0.021 | 0.038 | 0.005 | 0.323 | 0.363
8=07 1 0423 | 0063 | 0.059 || 0.359 | 0.045 | 0.094 || -0.064 | 0.018 | 0.035 || -0.001 | 0.308 | 0.409
8=08 || 0423 | 0072 | 0.050 || 0.359 | 0.051 | 0.088 || -0.064 | 0.020 | 0.037 || -0.001 | 0.308 | 0.409
B=1 | 0423 | 0089 | 0.033 [ 0358 | 0.064 | 0.075 || -0.064 | 0.025 | 0.042 || -0.001 | 0.308 | 0.409
c=04 | 0508 | 0064 | 0111 [| 0424 | 0.045 | 0.147 [ -0.084 | 0.019 | 0.036 || -0.001 | 0.369 | 0.491
c=03 | 0592 | 0088 | 0151 || 0.490 | 0.060 | 0.194 || -0.103 | 0.028 | 0.042 || -0.001 | 0.431 | 0.572
c=02 | 0677 | 0115 | 0198 || 0555 | 0.077 | 0.247 || -0.122 | 0.038 | 0.050 || -0.001 | 0.492 | 0.655
k=4 | 0423 | 0045 | 0077 || 0.392 | 0.038 | 0.102 [ -0.031 | 0.006 | 0.024 | 0.058 | 0.231 | 0.364
k=3 | 0423 | 0045 | 0077 || 0413 | 0.043 | 0.097 || -0.010 | 0.002 | 0.020 | 0.066 | 0.154 | 0.318
k=2 | 0423 | 0045 | 0077 || 0427 | 0.046 | 0.094 || 0.004 | -0.001 | 0.017 || 0.046 | 0.077 | 0.273

Table A.1. Equilibrium outcomes with cost-reducing effects - Robustness checks.

6.3 Appendix 3 - Allowing for non-linear costs

Third stage, No merger. Each private firm ¢ solves

n—2
h
NM NM | NM NM NM NM\ NM
max m; " = | 1—=1¢"" +g +ZQj 4 —<C+i >q2‘

=0 i#i 2
yielding best response function
qiNM (qNM) _ l—c 1 qNM'
n+h mn+h
The intercept term of this function, éjr,cl, is decreasing in h; while its slope, —ﬁ, is increasing

in h. Therefore, as production costs are more convex (higher h), every firm produces fewer units,

but output competition is softened (i.e., flatter best response functions). When costs are linear,

NM) = 1=¢ _ 1,NM

- =q , coinciding with that

h = 0, this best response function simplifies to qlN M (q
in the main body of the paper.
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The public firm solves

max VM = WM 4 (1 — a)nVM
qN]VIZO

where 7NM — [1 — (qNM + >0 12 qlNMﬂ gvM — (c+ thM) g™ and WM ig defined as in the
main body of the paper. This yields best response function

n—1

1—c 14 2ad
NM ( NM
(@) = 2+ad—1)+h 2+a(2d-1) +hzq

l1—c o 14+2ad
’ 24+h—a(2d-1)° 2+h+a(2d—-1)°

ing in h, thus exhibiting similar comparative statics as the best response function of every private

The vertical intercept is decreasing in h; while its slope, is increas-

firm. When costs are linear, h = 0, this best response function simplifies to

-1
1—c¢ 1+ 2ad
NM NM Z

q (Qz ) 2+a(2df1) 24+ a(2d —1)

which coincides with equation (3) in the main body of the paper. Simultaneously solving for "M

and ¢V we obtain equilibrium output levels

AN (I=0¢)[1+h—2ad(n—1)] and
14+2adh+1)+h(n+h+1)+ (1 —a)(n+h)
M (I1—¢)14+h+a(2d—-1)]

14+2adh+1)+h(n+h+1)+(1—a)(n+h)

Output qN M g unambiguously positive, while ¢V is positive iff a < ﬁfn which is true

by assumption since cutoff m satisfies

(1—¢)[n(1—a+h)+a]
T 2ad(h+1) +h(nth+1)+(1—a)(n+h)

above expressions simplify to

ﬁfl) > @. Aggregate output is given by QNVM =

which is unambiguously positive. When costs are linear, h = 0, the

oM = (1 =)l —2ad(n —1)] vy (L=l +a(2d —1)] ONM — (1-c)[n(l—a)+a]

T 1+ 2d+(1-an G T T 2ad+ (1—a)n 1+ 2ad + n(1 — )
coinciding with those in Lemma 1 and 2. Aggregate output satisfies

oQNM _ (1-2¢) [(n —Dal2(1+h)+a2d—1)] — (1 + h)zn]

oh [ t20dht ) +hnth+ D+ 0 -a)mthE

if and only if d < - (n . ((1+h)[n(1+h)—2a(n—l)]+a2(n—l)), where (1+h)[n(1+h)—2a(n—1)]+a?(n—1) > 1

o «

for all admissible parameters. Since d < by definition, @Y™ unambiguously decreases in h.

1
2a(n—1)
Third stage, Merger. When there is a merger, the best response function of the public firm

is
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L (1+2ad) [} + 0t gt
0 90) = 5 ama 1) 2+ h+a(2d—1)

that of the merging entity (insiders) is

oM (M, q¥) = 1—(c—=) M+ (n—k—1)g¥
! O 2+h 2+h
and that of every outsider private firm is
M l—c ™+ q!

M M\ _ B
w0 (40 = T T e

For the above best response functions, all vertical intercept terms are decreasing in h and slopes

are increasing in h. When costs are linear, h = 0, these best response function simplify to

n—k—1 M
My 1o ~ (1+2ad) g + 2]
LR 2+ a(2d —1) 2+ a(2d — 1) ’
1—(c—= M4+ (n—k—-1)gM
a' (") = (2 ) ( 5 96 4ng
l—c M 4+g”
M M M 1

Simultaneously solving, we find that equilibrium quantities are

M_ (1 =01+ h—2ad(n — k)] and
T T O+ m—k+h+2) —an—k+h+1—2d1+h)
qg—q}w— (I—¢)[1+h+a(2d—1)]

C (I+h)(n—k+h+2)—an—k+h+1-2d(1+h)]

Output qg and q}w are unambiguously positive while ¢™ is positive if a < ﬁfk) which
is true by assumption since cutoff ﬁfk) satisfies

QM (1—¢)[1+h+(1+h—a)(n—k)]
= 0+h)(n—k+h+2)—a[n—k+h+1—2d(1+h)]’

satisfies

ﬁfk) > «. Finally, aggregate output is

which is also unambiguously positive. Aggregate output

QM  (1—o)[1+(n—k)[1—al2l+ad)—a)+h*(n—k+1)+2h(1+ (n—k)(1 - )]

on (n - D(n—k+2+h) —a(n—k+1+h—2d(1+h)) <0

«

if and only if d < i (M» where w > 1 for all admissible values of «, implying that

i < % (#) Since d < m by assumption, condition d < i (%) holds, and

QM is unambiguously decreasing in h.

When costs are linear, h = 0, the above equilibrium output simplify to

e (1—-0¢)[1 —2ad(n — k)]
S 14+20d+(1—a)(n—k+1)

(1 =01+ a(2d—1)]
1+2ad+(1—a)(n—k+1)

q and ¢f = ¢ =
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(1—0)[1+(1—a)(n—k)]
1+2ad+(1—a)(n—k+1)°

coinciding with those in Lemma 3; while aggregate output becomes, QM =
also coinciding with that in Lemma 4.
: _ M _ HNM. M o1 QM _ (I1—c)(1—ath)(1+h)[1+a(2d—1)+h]
Finally, when k = 1, @™ = Q™"; and Q™ satisfies =5 = — TR =k 12 h) —a(+h—2d(1Eh) Tn—FZ <
0, implying that QM < Q™M for all k > 2. Therefore, when the CA uses the CS-criterion, the

merger is blocked for all admissible parameter values.

In the first stage, the merging entity finds the merger profitable if and only if % > k(—h, where

n

E(h)  [B42(n+h)](1+ h)2+ o2[1+2(n+h) —4d(1 + h)] — 4a(1l + h)[n + (1 — d)(1 + h)] — 6(h)
n 2n(1 — a+ h)?

and 0(h) = [(1 —a+h)3[(1+h)(5+4(n+h)) — a(l +4(n+ h) — 8d(1 + h)]] /2 When costs are
linear, h = 0, this cutoff simplifies to £ = 3+2"+a[4(d_1;;(a1(f‘521)_2"(2_0“)}_9, as identified in Propo-

sition 1.

6.4 Proof of Lemma 1

Simultaneously solving for ¢ and ¢; in best response functions ¢ (¢;) and ¢;(q), we obtain

v (1= ¢)[1 - 2ad(n — 1)

= d
e 14+ 2ad+ (1 —a)n an
vy (=)l +a2d-1)]
% 1+2ad+ (1—a)n
where ¢VM is positive if and only if o < m = @, and satisfies 8‘1521\4 = QQ[(;J:f)_[ZEZ:;LiZ]n < 0;
O¢NM _ n(l—c)(1—2dn) <0:
Oa T [n+l1—a(2d+n)]? )
9g"M (1 —¢)(1 —2ad)[1 + a(2d — 1)] “0
on [1+ 2ad + (1 — a)n)?
if and only if a < Q—Id, which holds since a < @; and 85’;; - 1355%:2)71 > 0 for all admissible
parameters.
NM NM
Similarly, q{v M is positive since d > %, and satisfies 8q§d = 2[()1‘227:;31;(?(_@5}12)] > 0; 8%a =
(1—c)(14-2dn) L 9gMM (1—a)(1—¢)[1+a(2d—1)] L oMM a(2d-1)+1
[1+2ad+n(1—a)]2 > 0’ on [1+2ad+n(1—a)]2 < 0’ oc  —  142ad+n(l-a) <0.

6.5 Proof of Lemma 2

Using Lemma 1, we obtain that aggregate output under no merger is

QMM = "™+ (n—-1)g"
(1—c)[n(l—a)+q
1+ 2ad+n(l —a)
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oQNM _  (1-¢)(2dn-1) oQNM 2a(1—c)[n(l—a)+a] oQNM (1—a)(1—c)[14+a(2d—1)]

which satisfies =5 M 2adtn(1—a)? <0 =55 = [+ 2ad+n(1—a)] <0 75— = [1+2ad+n(1—a))? =
NM _
0 since d > = by definition; and Q = —3 +’;fjd+cf3(+1°ia) <0.

6.6 Proof of Corollary 1

Dividing QNVM = %W over Q59 = 11+2 >, and rearranging, yields ERNM = %}W,
which satisfies ERM > 1 because (2d+1) [n(1 — a) + a] > 1+2ad+n(1 —a) simplifies to d > 5-,

which holds since d > % 5 by definition and n > 3.

NAE OERNM _ 2(1—a)(n+1)[n(1-0)+a] OERNM _ (1+2d)(1—2dn)
In addition, FR satisfies 57— = W 20dtn(l_a) >0; &5, — = [t 2adsn(l—a) <0
. . . NM @ o .
if d > ﬁ, which holds since d > § by definition; and aEgn = U= [1112231)7[11& ((12)? Ul > 0 since

d> % by assumption.

6.7 Proof of Lemma 3

After the merger is approved, the merging entity’s solves

n—1—k
M M
max ! = [1—<q +a' ) qm)]fzz — cqp

=1

which yields best response function

a' (6" 00) = —— - 5

Every unmerged private firm solves

n—1—k
o Ty = [1— (qMJrq}”Jr > Q?)@)] 9 — gl

i=1

which yields best response function

MM My 1—¢ qM+Q}M

The public firm solves

max VM = oW 4 (1 - a)nM
¢M20

2
where WM = @ + (W?/[—I—WJ\O/[—FWM) — d(QM)2, M = (1—QM) ¢ — g™, and QM =

oM + q}” +(n—Fk— 1)qg1 . Differentiating and solving for ¢™, we obtain best response function

- (1+ 20d) [} + 7" 0}
24+a(2d—1) 2+ a(2d — 1)

™ (¢, ¢ =

 (20d) [0 0l —a)]
(2a(2d—1)2

Letting sp denote the slope of the above best response function, it satisfies asP =
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n— k 1 M 26“(1_@){2” " lqg_qf] n—k—1 M
0if and only if ) 77"~ 40, > qI and 2 5= (Ba(2d=1)2 < Oifand onlyif ) 77} d90, >

qI .
Solving simultaneously for ¢, q}‘/f , and qg[ in the above three best response functions yields

output levels

M _ (1 —-¢)[1 —2ad(n — k)]
14+2ad+(1—a)(n—k+1

(1-o[l +a(2d-1)]
1+2ad+(1—a)(in—k+1)

q ] and ¢}' = g5 =

where q}w and qé‘)” are unambiguously positive, and ¢™ > 0 if and only if o < m However, the
1 1 1
2am=k) Pecause sgo—y < 535

since k > 2, implying that ¢™ > 0 holds for all admissible parameters, ie,a<a.

initial assumption a < m = @« is more demanding that a <

Comparative statics. The public Srm’s output, ¢M, satisfies 2 80 = —1];20421??%&")(752,{ 1 < 0
. . — 1 0] _ (n=k+1D)(AQ—0)[2d(n—k+1)—1] lé) _ 20(1—=c¢)(n—k+D)[1+(n—k)(1—a)]
WhldﬂzhOldS since & < & = 575,77y, P = [T20d+(1=a)(n—k 1) 0, % =~ [12adt (I_a)(nktD2 <
M _ (1—o)(14+2ad)[a(2d—1)+1] g™ _ (1—c)(1+2ad)[a(2d—1)+1]
0, B = —TiTsadt(i—a) o <0, and q = M2adt(—a)n—ftp > 0-
ogd 1+a(2d—1) o  (1—o)[2d(n—k+1)—1]
F;;fery outsider’s output, qO , satlsﬁzs 9o = — T 2adt(I—a)(n—FFT) < 0, 3¢ = T3 2adt (A—a)(n—F 12 >
995 _ 2a(l—c)[1+(n—k)(1—a)] 9q5 _  (1—a)(1—c)[a(1—2d)—1] oqM _ (1—a)(1—¢)[a(2d—1)+1]
0, 3¢ = [r2adr-a)m—kiDZ = O B0 = Eradoa i) < O ad 5t = Aisadtia) (it ))E >
0. Finally, the merged entity’s output, q}w , exhibits the same comparative statics as qg .
6.8 Proof of Lemma 4
The aggregate output is
QY = M+ (n—k-1Dgy +a'
(1=l +(1—-a)(n—k)]
14+2ad+(1—a)(n—k+1)
which is unambiguously positive. In addition, QM satisfies 6%231 = —3 +2;;J(rqz;fi()l(;ﬁ ) < 0;
QM _  (1-¢)[1-2d(n—k+1)] : 1 e 8QM  20(1—d)[1+(n—k)(1—a)] )
e = TMisadt(—a)mkr < 0 since d > 5 by definition; 5 = — g g daymerrnz < 0
QM _  (1—a)(1—¢)[1+a(2d—1)] . QM (1—a)(1—c)[1+o(2d—1)]
o = "I 2adr(—a)n—kin2 < 0; and = N2adt(—a)m-ktn) > 0
6.9 Proof of Corollary 2
Dividing Q™ from Lemma 4 over Q°° = 11+2 -, and rearranging, yields
ERM — (I+2d)[1+(1—a)(n—k)]
S 14+20d+(1—a)(n—k+1)
which satisfies ERM > 1 if and only if d > Q(TM Since d > % by definition and n > 3, condition
d> m holds for all admissible parameters, implying that ERM > 1.
M OERNM _ 2(1—a)(n—k+2)[1+(1—c)(n—k)] ERNM (1+2d)[2d(n—k+1)—1]
In addition, ER™ satisfies ==57— = F= 1+ 200+ (1~a) (k1)) >0 e = T oIt 2adt (—a) (n—k D2 <
0 since d > 5 by definition and n > k > 2; 8Egn = (1&)[1& +)(21022+d()1[1;;o)é((721(i7c}2]1)]2 > 0; and
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OERNM (1—a)(1+2d)[1+a(2d—1)]

0k T T [1+2ad+(1—-a)(n—k+1)]2

< 0.

6.10 Proof of Lemma 5

No environmental damages. As shown in Lemma 4, aggregate output satisfies Q™ < QVM under

all parameter values. When the CA ignores environmental damages, welfare without the merger is

(1—¢c)?n—am—1)]2+ad—1) +n(l - a)]
2[1 + 2ad + n(1 — «)]?

NM __
Wip =

and that after the merger is

(1—=c)?[1+(n—k)(1-a)]B3+(n—Fk)(1-a)+2a(2d—1)]
22+ a2d—1)+ (n—k)(1—a)]?

M _
Wip =

where WJJ\‘,/[P coincides with W]J\y IJDVI when k& = 1. The merger improves welfare if and only if W]]\\,/[P —
W]]\\,[ 1]3\4 > 0, where

(1—a)(1—c)?1+a2d-12k-1)[34+2n—k)(1 —a)+a(4d —1)]

22+ (n— )1 —a) +a(2d— D21 + 2ad + n(l — a)2 <0

M NM _
WNp = Wiyp = —

holds for all admissible parameters.
Environmental damages. When the CA considers environmental damage in its welfare function,

welfare before the merger is

(1—¢)?[n—a(n—1)]2-n(2dB - 1)+ a2d(2+ (n —1)3) — (n +1))]
2[1+2ad +n(1 — a)]?

WM _

while that after the merger is

1—c)?1+(n—k)(1—-a)[3+ (n—Ek)(1—-a)+2a2d—1)—2d3(1+ (n—k)(1— Oz))]‘

_
wM = 22+ (n—k)(1— )+ a2d—1)2

Defining the welfare gain from the merger as AW = WM — WNM e obtain that AW = 0 at
k = k(B), where cutoff k(53) is

14+ a2d—-1)]3+a(dd—1)+2n(1 — o)) —2dB[1 + a(2(1 + d) + a(2d — 1))
+4n(1 — a(l —d(1 — a))) + 2n%(1 — a)?]
(1—a)l4+ a2d—1) —2dB(1 + a+ 2ad + 2n(1 — «))]

k(B) =

Analyzing cutoff k(3), we first find that, when evaluated at 3 = 0, this cutoff collapses to
k(0) = 3tatd=Dr2n(=0) "wpich Jies above n, k(0) > n, since n— k(0) = —3Fetid-DEnl=0) _ ¢ ¢,

11—« 11—«

all admissible parameters. Then, this cutoff unambiguously increases in 3 since

ok(B) 4d[1 + a(2d — 1)][1 + 2ad + n(1 — a)]? 0
98  (O-—a)ltad—1) —2dB(l+at2ad+2n(l—a)]®
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1+a(2d—1)
- 1+a(2d+1)+2n(1—a)]
entail that cutoff k() crosses the horizontal axis, k() = 2, since k > 2 by assumption, at

and reaches a vertical asymptote at § = B = o Further increases in S8 then

14+ a2d—1)][1+ a(4d+1) +2n(1 — o]
dla(2+ a—2d(1 —3a)) — 1+ 4an(l —a)(1+d) + 2n%(1 — a)?]

B=3

and keeps increasing in f3, so it solves k() =n — 1 at

14+ a2d—1)][4+ 2a(2d — 1) + n(1 — «)]
4d[1 + a(2d + 1 — a)] + 2dn(1 — @)[5 + a(2d — 3)]

B

where cutoffs 8 and 3 satisfy B> 3 since cutoff k() is unambiguously increasing in f3.

Therefore, for all 8 < 3, AW > 0 for all k > k(B). However, since cutoff k(/3) lies unambiguously
above n, condition k > k() does not hold, and the merger is blocked under all parameters. In
contrast, for all 5 > B, AW > 0 for all k < k(B). In this setting, k(/3) crosses the horizontal axis
at 3, increases in 3, and crosses n at B, implying that for 5 > E the merger is approved if and only
if & < min{n, k(B)}.

6.11 Proof of Proposition 1

NM _

i =

2 2
) . The equilibrium profits for merging firms (insiders) is ﬂﬁ” = <1+(21a_d642 [(it‘;()%i:?llﬂ

Using outputs from Lemma 1, we find the equilibrium profits for each private firm, =«

< (1—c)[1+a(2d—1)]
1+2ad+n(1—a)

Hence, firms merge if and only if

(1—0o)[1+a(2d—1)] 2 (1—¢)[14a(2d—1)]\?
<1+2ad+(1—a)(n—k+1)> 2k< 14+ 2ad+n(l - «) )

Applying square roots on both sides of the above inequality, and dividing both sides by (1 —
c)[1 + a(2d — 1)], yields

1 1
>Vk
1+2ad+(1—a)(n—k+1) = 14+2ad+n(l —«)

Solving for k, and dividing both sides by n, yields

3+2n+ad(d—1)—a(dd—1)—2n(2—a)] -0

>
- 2n(1 — «)?

L
n

3|7

SIED)
SIED)
|

where 0 = [(1 — @)?[5 + a(8d — 1) + 4n(1 — a)]]'/2. When a = 0, cutoff £ simplifies to
2

W, as in Salant et al. (1983), but when « > 0 this cutoff satisfies

(3)  (+20fa@—0) 110 .
oa n(l— )6 ”
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since 6 > 1 for all admissible parameters; and

8% 92q [1=02
(‘gd):_ [1(19—04) ]>0

— 2 . JR—
because % < 1since § >1 and a < @.

In addition, cutoff k satisfies k < n—1, thus being binding, if and only if n < 7 = 5+2a[4d7?1+_°‘0[3; 2d(1=d)]]

giving rise to two regions: (i) when n < 7, a merger is profitable if, furthermore, k& > E; other-

wise, a merger is not profitable for any value of k. Cutoff m is increasing in both a and d since
on _ 2[2(14+2d)+a(4d?—1)] on _ 4a[2+a(2d—-1)]
a%— (1_(;1)3 >0and8—2—%>0

For the merger to be profitable and approved, we need that k(3) — k > 0, where cutoff k(3)
was found in Lemma 5. When o = 8 = 0, this difference is w > 0. When 8 = 0, the

difference becomes

3+2n+ad(d—1)—a(dd—1) —2n(2 —a)] + 6
2(1 — «a)?

k(0) -k =
which is positive for all admissible values of a and d. Finally, when «,3 > 0, the difference
k(B) — k> 0 for all 8> B, where

1+ a(2d—1)][2 - 2a(2 - d+a(d—1)) + 0]
2d(1 — a)[1 +4n + (2 — a(3 + 4d? — 4n) — 8n)]’

e
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