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Abstract
In the 1990s there was a great deal of interest in the study of the role of endogenous market 
structure under oligopoly in the characterization of emission taxes. This interest was 
instrumental in providing policy guidance on the design of emission taxes based on market 
characteristics. However, the literature has been silent on offering policy recommendations 
on the design of emission taxes under endogenous market structure in the presence of 
new firm acquisitions. We build a model where new firms enter the market where some 
are acquired by an incumbent multi-plant firm, altering the initial market structure. In 
this framework, we characterize the second-best emission tax and examine the role of 
the resulting market structure, in particular the role of acquiring more/fewer of the new 
firms, in the optimal design of emission tax. We argue that, under certain conditions, the 
acquisition of new firms may lead to higher taxation consistent with the Pigouvian rule 
or even exceed marginal damages. Our contribution is at the intersection of emission tax 
design and M &A (new firm acquisition) literature.
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1  Introduction

In the 1990s there was a great deal of interest in the study of the role of endogenous market 
structure under oligopoly in the characterization of emission taxes. This interest was 
instrumental in providing policy guidance on the design of emission taxes based on market 
characteristics. The works by Katsoulacos and Xepapadeas (1995), Lee (1999), Requate 
(1997) and Carraro et al. (1996), to name a few, are examples of this line of research. One 
of the key policy insights from this line of research is that the second-best emission tax can 
exceed marginal damages when the number of firms is endogenous. The reason for this 
result is that a higher emission tax controls excess entry while addressing damages from 
pollution.

Since the derivation of this insight, the literature has been silent on offering policy 
recommendations on the design of emission taxes under endogenous market structure 
in the presence of new firm acquisitions. What’s the role of new firm acquisitions in the 
design of a second-best emission tax? Addressing this missing aspect from the literature 
is important for at least three reasons. First, new firm or startup acquisition is becoming 
a common strategy among firms regulated for environmental externalities. For instance, 
as sustainability continues to become a global priority, the renewable energy industry has 
experienced a significant number of startup acquisitions. Established power companies and 
investor owned utilities have acquired startups working on renewable energy technologies 
like solar, wind, or energy storage to expand their clean energy portfolios and meet 
environmental goals (e.g., multinational electric utility company, E.ON, acquired energy 
solutions startups such as Greenhouse and Lemonbeat). When incumbent firms acquire 
new firms for profit incentives, the market structure is altered which could in turn affect 
the second best emission tax. In this study, we examine the extent to which new firm 
acquisitions affect the design of emission taxes.

Second, an endogenous market structure in the presence of new firm acquisitions is 
important because managers no longer view firm acquisitions as a one-time combination 
of two or more otherwise independent firms (Kumar 2012). Rather they view such deals as 
part of their continuous restructuring strategy, where businesses come and go, in response 
to changing market, policy, and technical conditions. Market conditions change when new 
firms enter the market and compete with incumbent firms. Some new firms (e.g., start-
ups) may be acquired by big corporate firms (Garcia et  al. 2014) while others succeed 
to operate independently. With this in mind, we present a type of endogenous market 
structure that features entry of new firms (startups) followed by the acquisition of some/
all by an incumbent firm and then study how such endogenous market structures affect 
the formulation of environmental policies. This framework differentiates our study from 
previous studies that have, thus far, focused on the impact of entry/exit conditions on 
optimal policy-making.

Third, our analysis contributes to the limited literature that models the relationship 
between environmental policies and mergers and acquisitions (M &A) as firm strategies 
(Zheng et al. 2021). On one hand, the M &A literature examines the extent to which such 
transactions alter market structures, and consequently firm behaviour in resource allocation 
(e.g., production and investment decisions). This resource allocation could in turn have 
measurable impacts on the natural environment. For instance, Lu (2021) shows that M &As 
motivated for the acquisition of greener technologies could help improve sustainability 
outcomes in environmentally regulated industries. On the other hand, the environmental 
policy literature studies the design of policy to tackle environmental challenges, with 
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implications on the functioning of markets and firms’ strategies. Economic factors are one 
of the key considerations for the design of optimal environmental policies where policy 
makers seek to balance costs (e.g., compliance cost, impact on prices, creating entry 
barriers, etc.) and benefits (e.g., environmental quality) (Xiao et  al. 2021). We propose 
a framework for studying environmental policy design within an endogenous market 
structure where M &A parameters (i.e., the percent of new firms acquired) could influence 
optimal policy-making.

Several studies have characterized the design of emission taxes in oligopoly markets 
with a given firm strategy such as acquisitions when the number of firms is fixed (Fikru 
and Gautier 2017, 2020; Fikru and Lahiri 2013) or in the presence of free entry-exit absent 
firm acquisitions (e.g., Matsumura and Okumura 2014; Requate 2006). However, the 
literature has yet to examine the relationship between new firm acquisition strategies and 
the design of emission taxes in the presence of free entry-exit. Exploring such relationship 
is relevant because it offers policy guidance on the design of emission taxes based on 
industry characteristics, particularly where the acquisition of new firms is a key business 
strategy. Our model builds on the existing acquisition literature which uses Cournot 
markets (Salant et al. 1983; Farrell and Shapiro 1990; Blair and Haynes 2011; Nocke and 
Whinston 2013) and allows for free entry-exit (Werden and Froeb, 1998; Spector 2003; 
Cabral 2003; Davidson and Mukherjee 2007; Kao and Menezes 2010; Erkal and Piccinin 
2010), by explicitly modeling new firm acquisitions by a multi-plant incumbent firm in the 
presence of an emission tax. This type of endogenous structure is new to the literature.

Overall, we argue that the acquisition of new firms in a post-acquisition market impacts 
the characterization of the emission tax. To illustrate we consider the entry of m new firms 
(e.g., start-ups) into a pollution-intensive industry regulated by an emission tax (t) where a 
percentage k of the new firms could be acquired by an incumbent multi-plant firm.

We show that the second-best emission tax is affected not only by the excess entry of 
new firms (m) as in Katsoulacos and Xepapadeas (1995), but also by the incentives for 
new firm acquisitions by an incumbent firm (k). Our results are in line with Katsoulacos 
and Xepapadeas’ work because we show that the second-best emission tax may exceed 
marginal damages to control for excess entry. The additional insight gained from our model 
is that the acquisition of new firms may result in the emission tax exceeding marginal 
damages further because of the profits new firm acquisition generates. We show conditions 
under which the optimal emission tax in the given market structure (m new firms enter 
and k percent are acquired) is higher relative to the case where there is free entry but 
acquisitions are absent (i.e., as in Katsoulacos and Xepapadeas 1995). The driver for this 
result is the profits new firm acquisitions generate.

In Sect. 2 we present the model framework and present comparative statics results. In 
Sect. 3 we examine the role of new firm acquisitions on the characterization of the second-
best emission tax. Section 4 concludes with policy implications.

2 � The Model

We consider an industry where there is a fixed number of N + 1 plants owned by an 
incumbent multi-plant firm and M independent firms, where N ≥ 1 , M ≥ 2 . There is an 
endogenously determined number of new firms, m, which entry/exit the market (Davidson 
and Mukherjee 2007). A share k of these end up being bought by the incumbent multi-
plant firm whereas a share 1 − k remain independent, where ∀m ∈ ℕ , k ∈ (0, 1) s.t. km ∈ ℕ . 
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We allow for these m new firms to move across the incumbent versus independent firms 
group and thus the share k is endogenous. The incumbent firm, now a merged entity, owns 
N + 1 + km plants (referred to as insiders) and there is a total of M + (1 − k)m independent 
firms referred to as outsiders.

There are two product varieties, one produced by insiders and the other by outsiders. 
Output levels for each insider and outsider are given by q and qo , respectively. The inverse 
demand functions of the two product varieties produced by insiders and outsiders is given 
by P = � − �

∑

qj − �
∑

qo
i
 and Po = �o − �o

∑

qo
i
− �

∑

qj , respectively, where 𝛽 > 𝛾 , 
𝛽o > 𝛾 , i = 1, 2,… ,M + (1 − k)m and j = 1, 2,… ,N + 1 + km . � indicates the degree of 
product differentiation, where � = 0 ( � = � = �o ) means the two products are completely 
different (homogeneous). Disutility from pollution or the social damage function is 
captured by �(E) where E is total emissions. The damage function is increasing and convex 
in E (Requate 2006).

Each insider’s and outsider’s cost function is given by 
Cj(qj, ej) = (�jqj − ej)

2∕2 + cjqj + Fj and Co
i
(qo

i
, eo

i
) = (�o
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)2∕2 + co

i
qo
i
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respectively, where � and �o represent the pollution intensity of production and e and eo 
represent the emission level (after abatement) of each insider and outsider respectively. 
Abatement refers to the amount of gross pollution cleaned up or removed to arrive at 
the final emission or release to the natural environment; and the cost function assumes 
abatement technology to be end-of-the-pipe type. We assume identical and constant 
marginal cost of production ( c = co ) and pollution intensities ( � = �o ) across the two 
groups of firms. This assumption eliminates all production efficiency gains the merged 
entity may enjoy over the outsiders, which allows us to focus on the inflow-outflow of firms 
to and from the incumbent (k) when all plants owned by the merged entity are in operation. 
Each firm pays a per-unit tax t for each unit of emissions.

We consider a 4-stage game-theoretic model in a Cournot market as summarized in 
Fig.  1. In stage 1 a central regulator sets the emission tax via welfare maximization. In 
stage 2, m new firms enter the market where the free entry-exit of m new firms is charac-
terized by the zero-profit condition, �o = 0 (Davidson and Mukherjee 2007). In stage 3, a 
share k of these m new firms (e.g., start-ups) is acquired by the incumbent multi-plant firm 
and the rest 1 − k remain independent as part of the outsiders group. Specifically, a share k 

Fig. 1   Four stage game theocratic model
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of new firms are acquired by the incumbent as long as each insider earns a positive profit, 
𝜋j = 𝜋̂ > 0 (reservation profits are positive); otherwise, they are not acquired and so remain 
part of the outsiders group. This characterization for the acquisitions of k percent of the 
new firms, using 𝜋̂ , ensures that all plants owned by the merged entity remain in opera-
tion. Production decision takes place in the last stage, stage 4 where all firms compete in a 
Cournot–Nash fashion by choosing the level of emissions and output. The model is solved 
via backward induction where firms make production decisions in the post-acquisition 
market assuming preceding steps have occurred, followed by moving backwards through 
the stages until reaching the initial stage of the game, where the optimal emission tax is 
determined. The contribution of this model set-up to the extant literature that examines 
emission tax design in endogenous market structures is the addition of stage 3 which opens 
the door for the possibility of some/all of the new firm entrants to be acquired by an incum-
bent firm, hence altering the market structure which has bearings for the characterization of 
optimal policy.

In this setup 𝜋̂ is a constant. If 𝜋̂ = 0 , then k = 0 because each insider is not generating 
positive profits for the incumbent. The higher the positive level of profits, 𝜋̂ , the higher the 
share of new firms acquired by the incumbent. With 𝜋̂ > 0 the incumbent has incentives 
to acquire some but not all of the new firms. That is, we assume 𝜋̂ > 0 is not large 
enough to allow for k = 1 . Instead of explaining what leads up to the acquisition, which 
is addressed in previous studies (e.g., Qiu and Zhou 2006), we assume 𝜋̂ to be exogenous. 
The acquisition of new firms is assumed to be costless, which allows us to focus on the role 
of k on optimal taxation.

2.1 � Equilibrium

We first characterize the equilibrium production decision (stage 4). Post-acquisition 
the incumbent firm maximizes joint profits which is the sum of insider profits given by 
Π =

∑

�j =
∑

Pjqj −
∑

Cj − t
∑

ej where j = 1, 2,… ,N + 1 + km . The first-order 
conditions of the profit maximization problem under symmetry are given by

where q1 = q2 … , qN+1+km = q , e1 = e2 … , eN+1+km = e , and P1 = P2 = … = P.
Each outsider maximizes individual profits �o

i
= Po

i
qo
i
− Co

i
− teo

i
 where 

i = 1, 2,… ,M + (1 − k)m . Under symmetry, first-order conditions for the profit 
maximization problem of each outsider are:

where qo
1
= qo

2
… , qo

M+(1−k)m
= qo , eo

1
= eo

2
… , eo

M+(1−k)m
= eo , and Po

1
= Po

2
= ⋯ = Po.

Under symmetry the inverse demand functions are 
P = � − �q(N + 1 + km) − �qo(M + (1 − k)m) and 
Po = � − �oqo(M + (1 − k)m) − �q(N + 1 + km) . When the market clears we have 
Do = qo(M + (1 − k)m) and D = q(N + 1 + km) where Do and D represent aggregate 
output sold from the outsiders’ and insiders’ brand respectively.

(1)P − c − �q(N + 1 + km) − �(�q − e) = 0

(2)�q − e − t = 0

(3)Po − c − �oqo − �o(�oqo − eo) = 0

(4)�oqo − eo − t = 0
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In stage 3, profit of insiders changes with k until 𝜋 = 𝜋̂ is achieved at equilibrium where 
as in stage 2 the profit of outsiders goes to zero to determine the equilibrium level of firm 
firm entry at equilibrium. Thus, the equilibrium vector q, e, qo , eo , k, m, is determined by 
(1)–(4), 𝜋 = 𝜋̂ , �o = 0 and the two inverse demand functions. First, from Eqs. (1)–(4) we 
obtain qo(k,m, t) , q(k, m, t) as the fourth stage solution. Second, from equation 𝜋 = 𝜋̂ and 
using qo(k,m, t) , q(k, m, t), we characterize k(m, t) as the third stage solution. Third, from 
equation �o = 0 along with qo(k,m, t) , q(k, m, t), k(m, t) we characterize m(t) as the second 
stage solution. Finally, substituting m(t) back into k(m, t) yields k(t); and substituting m(t) 
and k(t) into qo(k,m, t),q(k,  m,  t) characterizes the equilibrium level of output of each 
insider and outsider firm.

Closed-form solutions are complex and non-linear and so we rely on comparative statics 
to discuss how an exogenous change in the emission tax affects the equilibrium values 
of output, emissions, number of new firm entry, and percent of new firms acquired. This 
intermediate step in the analysis helps reduce model complexities, compare results to 
existing literature, and draw policy implications. We assume interior solutions throughout.

2.2 � Comparative Statics

In this sub-section, we use comparative statics to examine the impact of the tax in affecting 
equilibrium values of production ( q, qo ), entry-exit of new firms (m), and percent of new 
firms acquired (k). We present the complete comparative statics exercise in Appendix A. 
Differentiation of (1)–(4), 𝜋 = 𝜋̂ , �o = 0 , the two inverse demand functions and the market 
clearing conditions gives four equations in four unknowns, dDo , dD, dm, dk. Consistent 
with the literature (e.g., Requate 2006), we consider the case where output and emissions 
fall with an increase in the emission tax and the presence of k does not qualitatively affect 
the impact of t on D and Do , where 𝜕D∕𝜕t < 0 , 𝜕Do∕𝜕t < 0 . It is noteworthy that the end-
of-pipe abatement cost structure does not play a pivotal role in the comparative statics 
results on output. The qualitative results from the comparative statics do not change in 
the presence of a more general cost function (see Appendix A). Consistent with Requate 
(2006) and Lee (1999) we find that, if abatement effects are negligible, 𝜕m∕𝜕t < 0 holds. 
This in turn generates economic rent for each firm (insiders and outsiders) due to fewer 
new firms joining the industry.

The reason why 𝜕m∕𝜕t < 0 holds with small abatement effects is that as emission 
tax increases, the cost of production also increases and this additional cost discourages 
new firms from considering entry into the market. For example, higher compliance costs 
can create a barrier to entry. Moreover, this effect could be magnified in an oligopolistic 
market, where the tax burden is better absorbed by established firms potentially limiting 
the competitive advantage for new entrants. However, if abatement effects were high, the 
tax induces all firms to invest more in abatement to reduce their emissions and minimize 
their tax burden. This could create opportunities for new firms as they may be able to enter 
the market with a competitive advantage thus leading to 𝜕m∕𝜕t > 0 . Large abatement 
effects imply that tax-savings are significant and thus firms can strategically use abatement 
to increase their profits by avoiding tax payments. In this study, we assume that abatement 
effects are of a smaller magnitude so as to focus on the former (tax burden) effect which is 
consistent with most real world experiences. In addition, this assumption is in line with the 
existing literature and allows us to compare our results to previous findings (Requate 2006; 
Lee 1999). A small abatement effect allows us to focus on the case where output falls with 
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emission tax. We refer readers to Appendix C for a general case where abatement effects 
are not small.

Assumption 2.1  Abatement effects from the emission tax are small.

With this in mind, the change in k due to the tax is given by 
�mdk = [(2��o − ��)(kq − (1 − k)qo) + t�k]dt , where abatement effects, represented by 
the second term ( t�k ), are assumed to be small from Assumption 2.1. 𝜌 = 2𝛽𝛽o − 𝛾2 > 0 
and 𝜂k > 0 is a complex expression which captures the abatement effect of the tax 
(see Appendix  A). Thus the net effect is that a tax increase reduces k if and only if 
kq − (1 − k)qo < 0 ⇔ k < qo∕(q + qo) . That is, if the market share of each outsider’s 
output is sufficiently large, then the incentive to remain as an outsider is high which leads 
to a reduction in k. More generally, there will be fewer (more) new firm acquisitions with 
a tax increase, if the output share of outsiders is higher (lower), i.e., if k < (>)qo∕(q + qo) 
then 𝜕k∕𝜕t < (>)0 . This means there is a threshold output share, k̄ , which characterizes the 
extent to which more new firms are acquired when the tax increases.

The M &A literature shows that due to oligopoly interaction, outsiders will respond 
to a given acquisition by increasing production levels making the merger less profitable 
(Gelves 2014; Fikru and Gautier 2020). In this context, we argue that if the market share of 
outsiders is relatively high, this discourages acquisitions with an increase in the emission 
tax because when outsiders have a high enough production share, their strategic response to 
the acquisition (increase output) is amplified rendering the acquisition less profitable. That 
is, with large enough production share, outsiders are able to respond to the acquisition, 
thereby making the deal less attractive for the incumbent firm. On the contrary, when the 
market share of outsiders is relatively small, their strategic response to the acquisition (by 
increasing output) is small thus inducing more new firms to be bought off. In this case the 
response of the outsiders is not strong enough to make the acquisition less attractive. This 
result is summarized as follows which serves as an intermediate tool to fully characterize 
the impact of acquisitions on optimal policy making.

Lemma 2.2  There is a threshold share of output of outsiders, k̄ = q0∕(q + q0) , which satis-
fies (i) �k∕�t = 0 at k = k̄ and (ii) 𝜕k∕𝜕t > (<)0 , if and only if k > (<)k̄.

While a higher tax controls for the entry of new firms ( 𝜕m∕𝜕t < 0 ), at the same time 
it could lead to a larger or smaller share of new firms being acquired ( 𝜕k∕𝜕t > 0 or 
𝜕k∕𝜕t < 0 ) depending on the size of the output share of each outsider. That is, an increase 
in the emission tax can either increase or decrease the incentive to acquire new firms and 
facilitates, for example, the ‘from start-up to bought up’ strategy, even when entry of new 
firms into the market is restricted by the tax.

Lemma  2.2 suggests that an emission tax could affect the extent to which new firms 
end up being part of a multi-plant incumbent (i.e., acquired) or remain independent. 
This is generally consistent with theoretical and empirical studies which show that firm 
acquisitions may be driven by the presence of environmental policy (Creti and Sanin 
2017; PricewaterhouseCoopers 2012; Gomes and Marsat 2018; Kwon et  al. 2018). For 
example, Creti and Sanin (2017) argue that acquisition deals in the energy industry could 
be triggered by uncertainty about tightening environmental regulation. Another empirical 
study by Jacqz (2020) shows that firms improve their environmental performance (reduce 
toxic chemical releases) after engaging in M &A deals. While these studies are specific 
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to M &A deals between two or more incumbent firms, our findings are specific to the 
acquisition of new firms by incumbent firms.

Overall, the comparative static results suggest that in certain industries a higher tax rate 
could discourage start-ups leading to only fewer firms entering the market (compared to the 
case where tax is lower). At the same time the higher tax could affect the (now fewer) start-
ups’ ownership as being the incumbent firm versus remain independent. While previous 
studies have examined the effect of emission tax on market structure, this particular 
channel (i.e. �k∕�t ) is new to the literature.

3 � Welfare Maximization and Optimal Emission Tax

The central regulator sets the emission tax by maximizing social welfare in stage 1 (Yu 
2020). The emission tax deals with the negative externality caused by pollution, the 
oligopolistic market structure, entry of new firms, and the increase in the incumbent’s 
market power when new firms are acquired. The last effect makes the role of the tax unique 
from previous studies.

Welfare is defined as the sum of consumer surplus, profit of insiders, tax revenue 
collected by the government, and total damages from emissions in the industry where 
∑

ej +
∑

eo
i
= E . The damage function fulfils the properties 𝜑′ > 0 and 𝜑′′ > 0 . Outsider 

profits do not show on the welfare function because free entry-exit is captured by the zero-
profit condition:

Maximization of Eq. (5) with respect to the tax, t, gives �W∕�t = 0 and hence

where 𝜕E∕𝜕t < 0 (see Appendix  A). The first term in Eq.  (6) denotes damage from 
emissions and the second term output distortion effects. The third term captures reductions 
in the tax to offset anti-competitive effects from the acquisitions by raising insiders output. 
The fourth term reduces the tax to attract more new firms into the market, which for given 
k raises the market power of the incumbent, thereby raising profits.

The fifth effect says the optimal emission tax should be (1) increased if 𝜕k∕𝜕t > 0 
because this encourages more new firms to be acquired by the incumbent thereby raising 
profits, or (2) decreased if 𝜕k∕𝜕t < 0 because this discourages acquisitions. While Requate 
(1997, 2006), Katsoulacos and Xepapadeas (1995) and Lee (1999) examine the effect of 
free entry/exit on optimal taxation, we capture the additional role of new firm acquisitions 
(k).
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3.1 � Impact of Acquisitions on the Second‑Best Emission Tax

To analyze the role of k in the characterization of the second-best emission tax we 
evaluate �W∕�t = 0 at 𝜋̂ . This is because the extent of the acquisition of new firms, k, 
depends crucially on 𝜋̂ . Figure 2 illustrates the results. We consider the Pigouvian rule, 
tp , as a reference point, followed by the case of emission tax under oligopoly with free 
entry-exit, to , and in the presence of a multi-plant incumbent, tm . These reference points 
are initially considered absent any acquisition of new firms where 𝜋̂ = 0 so that k = 0 , 
and the incentive to acquire new firms vanishes.

Figure  2 is divided into two broad areas, namely, above (below) tm where k puts 
an upward (downward) pressure on the emission tax. If the outsider’s output share is 
relatively large, then 𝜕k∕𝜕t < 0 which consequently puts a downward pressure on the tax. 
In this case lower taxation induces acquisition of a higher share of new firms thereby 
raising profits, while addressing anti-competitive effects from the acquisition and output 
distortion effects. But if outsider’s output share is relatively small, then the emission 
tax is pushed upwards as long as the increase in new firm acquisitions and resulting 
increase in profits is large enough. This result raises the possibility of obtaining the 
Pigouvian rule or even exceed it as long as the gains from the profits generated through 
the acquisitions of new firms by the incumbent are large enough. We also point to the 
shaded area in Fig.  2 where �k∕�t = 0 , meaning that the tax is decreased in order to 
address anti-competitive effects from the acquisition and output distortion effects, while 
raising profits of insiders. In this case the share of outsider’s output is such that the tax 
does not impact welfare via the share of new firms acquired.

Proposition 3.1  The optimal emission tax exceeds marginal damages, if the incentives to 
increase the acquisition of new firms by the incumbent are sufficiently large.

We explore the implications of Proposition  3.1 by looking at cases where taxation 
can increase the acquisition of new firms. In particular, if t∗ > 𝜑� , then Eq. (6) gives

Fig. 2   Second-best emission tax and new firm acquisition, k
t
≡ �k∕�t



	 L. Gautier, M. G. Fikru 

1 3

From Eq.  (7) we point to two possible cases where higher taxation can induce the 
acquisition of new firms; that is, the left-hand-side of the inequality is larger. First, 
when prices are sensitive to the emission tax (that is, �P∕�t and/or �Po∕�t are large), a 
tax increase leads to a large increase in prices and, as a result, the tax is more effective 
( 𝜕k∕𝜕t > 0 and large) to induce the acquisition for welfare enhancement. This is because 
with sensitive prices to tax, economic rents increase via a tax increase. Second, when the 
emission tax deters entry to a large extent ( �m∕�t is more negative) there are fewer firms 
in the market and, therefore, the regulator can use the tax to induce the acquisition of new 
firms by the incumbent for welfare enhancement. This is because of the economic rents 
generated via entry restrictions.

Proposition 3.2  Let t∗ > 𝜑� . Then, if (i) prices are highly sensitive to tax or (ii) the emis-
sion tax deters entry of new firms to a large extent, then the emission tax can induce new 
firm acquisitions for welfare enhancement.

3.2 � Discussion and Comparison with Previous Studies

We now explore comparisons with the existing literature. To do this, we assume linear 
damages so that marginal damages equal one. In Fig. 3, the dashed lines replicate the result 
in Katsoulacos and Xepapadeas (1995), where they show the existence of a tax, t̄ , which 
equates the second-best optimal number of firms (characterized by Wm(m, t) = 0 ) and the 
equilibrium free-entry number of firms (characterized by �o(m, t) = 0 ). They argue that the 
second-best emission tax lies between marginal damages and t̄ to control for excess entry. 
The reason for controlling for excess entry is because the oligopolistic market structure 

(7)𝜕k∕𝜕t >
D

𝜕P

𝜕t
+ Do 𝜕Po

𝜕t
− E − 𝜋k

𝜕m

𝜕t
− (N + 1 + km)

𝜕𝜋

𝜕t

𝜋m

Fig. 3   Second-best emission tax and number of new firms
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generates potential rents, which translates into an excessive number of firms entering the 
market (Requate 2006, p. 160). This issue of excess entry is well-established in the litera-
ture. In Fig. 3 we derive an analogous set of curves (shown with solid lines) in the pres-
ence of acquisitions. See Appendix B for a derivation. The functions W �

m
(m, t, k) = 0 and 

�o� (m, t, k) = 0 (resp., Wm(m, t) = 0 and �o(m, t) = 0 ) characterize the second-best optimal 
number of firms and the free-entry equilibrium number of firms in the presence of (resp., 
absence) acquisition of new firms.

We point to the case where the presence of acquisitions induces entry of new firms. That 
is, because acquisitions generate enough additional profits there are incentives for new firms 
to enter the market. In the context of Fig. 3, this implies that for any tax the number of firms 
associated with W �

m
= 0 ( �o� = 0 ) is higher than the number of firms associated with Wm = 0 

( �o = 0 ). This in turn means that the tax that equates the second-best optimal number of 
firms to the equilibrium free-entry one, t̂ , is higher in the presence of acquisitions i.e., t̂ > t̄ . 
Intuitively, although the tax controls entry, it also induces the acquisitions of new firms. But at 
the same time the acquisition of new firms generates higher industry profits and thus the entry 
of new firms. However, it is not clear whether the number of firms produced by the emission 
tax in the presence/absence of acquisitions is relatively larger/smaller.

Further, the second-best emission tax in the presence of acquisitions, t∗ , defined in 
Proposition 3.2 may lie anywhere between marginal damages (equal to one in the context 
of Fig. 3) and t̂ depending on the incentive for acquisitions created by the tax. Intuitively, 
the incentive for acquisitions, �k∕�t , has to be large enough so that taxation exceeds 
marginal damages, but at the same time the incentives for acquisitions can’t be too high. As 
a result, the incentive for acquisitions, �k∕�t , is bounded. This is because if the incentive 
for new firm acquisitions is not bounded, then there is no tax, t̂ , which equates the second-
best optimal number of firms to the free-entry equilibrium number of firms.

Proposition 3.3  In the presence of new firm acquisition the emission tax that equates the 
second-best optimal number of firms to the free-entry equilibrium number of firms, t̂ , 
exceeds that absent new firm acquisitions, t̄.

Proposition 3.4  The second-best emission tax in the presence of acquisitions, t∗ , lies 
between marginal damages and t̂ , if the incentive for new firm acquisition arising from the 
tax is bounded.

Proof  See Appendix B. 	�  ◻

4 � Conclusion and Policy Implications

We examine the inter-play between emission tax designs and firm strategy with respect to 
acquiring new firms. We study the extent an emission tax induces the acquisition of new firms 
by the incumbent and find that an increase in the emission tax may facilitate the acquisition 
of a higher/lower share of new firms depending on the size of the output share of outsiders. 
Consequently, the presence of new firm acquisitions may lead to higher taxation which can 
exceed marginal damages and taxation absent new firm acquisitions strategy.

Our results have two main policy implications in industries regulated for their 
emissions. First, the literature has already established that environmental policies such as 
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an emission tax ought to be designed by taking into consideration specific market structure 
characteristics. For example, Katsoulacos and Xepapadeas (1995) point to two important 
market characteristics to consider in environmental policy design: the type of oligopoly 
competition among firms and entry of new firms. Our results indicate that in addition to 
these market structure characteristics, environmental policy-makers ought to consider firm 
strategies with respect to acquisition decisions. In particular, we argue that in industries 
where new firm acquisitions are common, unregulated and profitable (e.g., technology 
industry, food processing industry) the second-best emission tax rate (e.g. dollar per unit 
of emissions) is likely to be higher compared to the tax rate in industries where new firm 
acquisitions are less common or more regulated by anti-trust policies. Thus, the design of 
optimal emission taxation ought to consider not just potential entry or new firms or lack of, 
but also what happens to the ownership status of those firms that enter a market.

Further, Katsoulacos and Xepapadeas (1995) show that in oligopoly markets with free entry 
and exit the characterization of the second-best emission tax depends not just on the extent 
of marginal pollution damages, but also considers output distortions and restricting entry 
from what is socially optimal. Our model offers additional insight for this characterization, 
particularly in the presence incentives of the incumbent firms to acquire a share of new firms 
that enter the market. Identifying these incentives is important because it allows to design a 
second-best emission tax to restrict entry close enough to the second-best optimum.

Second, our model illustrates how environmental policy and the emission tax rate 
could directly affect the decision of incumbent firms to acquire new firms. This implies 
that prospective buyers in markets where pollution is regulated could benefit from 
comprehensively understanding the potential impact of changes in environmental policy 
on their acquisition decisions. In turn, policy-makers ought to be aware of how firms plan 
to respond to anticipated policy changes and whether such strategic responses could reduce 
environmental damages.

The modeling approach is not without limitations. While several studies have examined 
why acquisitions take place endogenously (e.g., Fikru and Gautier 2016), we focus on the 
case where the acquisition is assumed to occur exogenously.

As it stands, an incumbent firm acquires a startup if “reservation profits” are positive, 
where reservation profits are exogenous. The profitability of acquisitions, however, is in 
the real-world an endogenous outcome, which could potentially be shaped by emission 
taxes. This has not been captured by the model presented in this study. Future studies can 
extend the given model by comparing profits pre- and post-merger and deriving conditions 
underlying a profitable number of startups are acquired.

Appendices

Appendix A: Comparative Statics

We first characterize the equilibrium via backward induction. First, from Eqs. (1)–(4) we 
obtain qo(k,m, t) , q(k, m, t). Second, from equation 𝜋 = 𝜋̂ and using qo(k,m, t) , q(k, m, t), 
we characterize k(m,  t). Third, from equation �o = 0 along with qo(k,m, t) , q(k,  m,  t), 
k(m, t) we characterize m(t). Finally, substituting m(t) back into k(m, t) yields k(t); and 
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substituting m(t) and k(t) into qo(k,m, t) , q(k, m,  t) characterizes the equilibrium level 
of number of new firms, share of new firm acquisition and output of each insider and 
outsider.

With this equilibrium in mind, differentiation of (1)–(4), 𝜋 = 𝜋̂ , �o = 0 , the two inverse 
demand functions under symmetry ( P = � − �q(N + 1 + km) − �qo(M + m(1 − k)) and 
Po = � − �qo(M + m(1 − k)) − �q(N + 1 + km) ) and using the market clearing conditions, 
D = q(N + 1 + km) and Do = qo(M + (m(1 − k)) , gives four equations in four unknowns, 
dDo , dD, dm, dk:

where � = M + (1 − k)m represents the total number of outsiders.
Next, we offer a detailed derivation of (A.1)–(A.4). But first, consider 

D = q(N + 1 + km) and Do = qo(M + (m(1 − k)) . Hence,

Hence,

Next, to derive (A.1) combine (1) and (2), and impose D = q(N + 1 + km) and 
Do = qo(M + (m(1 − k)) . This gives � − �qo − �Do − �D − �ot = 0 . Differentiation gives

where substituting (A.7) into (A.9) and collecting terms gives Eq. (A.1).
Next, to derive (A.2) combine (3) and (4), and impose D = q(N + 1 + km) and 

Do = qo(M + (m(1 − k)) . This gives � − 2�D − �Do − �t = 0 . Differentiation gives

This is (A.2).
Next, to derive (A.4) consider 𝜋̂ = 𝜋 , where �j = � , ∀j . Impose D = q(N + 1 + km) 

and Do = qo(M + (m(1 − k)) into profits � . Simplifying profits gives 
𝜋̂ = (𝛼 − 𝛽D − 𝛾Do − 𝜎t)q + t2∕2 − F . Differentiation gives

where (i) imposing first-order-condition �q(N + 1 + km) = � − �D − �Do − �t , where 
�q(N + 1 + km) = �D ; (ii) simplifying −�dt + tdt using e = �q − t ; and (iii) substituting 
(A.8) gives

(A.1)−�o(� + 1)dDo − ��dD + �oqo(1 − k)dm − �oqomdk = ��odt

(A.2)−�dDo − 2�dD = �dt

(A.3)�oqo(1 − �)dDo − qo��dD − �o(qo)2(1 − k)dm + �o(qo)2mdk = eo�dt

(A.4)−𝛾qdDo − 𝛽q2kdm − 𝛽q2mdk = edt + d𝜋̂

(A.5)dDo = �dqo + qo(1 − k)dm − qomdk

(A.6)dD = qkdm + qmdk + (N + 1 + km)dq

(A.7)�dqo = dDo − qo(1 − k)dm + qomdk

(A.8)(N + 1 + km)dq = −qkdm − qmdk + (N + 1 + km)dD

(A.9)−�dqo − �dDo − �dD − �odt = 0

(A.10)−2�dD − �dDo − �dt = 0

(A.11)d𝜋̂ = (−𝛽dD − 𝛾dDo − 𝜎dt)q + (𝛼 − 𝛽D − 𝛾Do − 𝜎t)dq + tdt
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This is Eq. (A.4).
Next, to derive (A.3) consider �o = 0 . Impose D = q(N + 1 + km) 

and Do = qo(M + (m(1 − k)) into profits �o . Simplifying profits gives 
�o = (Po − c − �ot)qo + t2∕2 − F . Differentiation and imposing first-order condition �oqo 
gives

where substituting (A.7) and simplifying gives (A.3).
We assume d𝜋̂ is zero; that is, each insider’s reservation profit is small relative to the 

market and thus 𝜋̂ constant. Using (A.1)–(A.4) yields 𝜌dDo = [t𝛽∕qo − (2𝛽𝜎o − 𝛾𝜎)]dt < 0 , 
𝜌dD = [t𝛾∕2qo − (𝛽o𝜎 − 𝛾𝜎o)]dt < 0 . In addition, 
�dm =

[(

−2(�o�−��o)

q
−

(2��o−��)

qo

)

+ t�m

]

dt , �mdk =
[

(2��o − ��)(qk − (1 − k)qo) + t�k
]

dt 
where 𝜌 = 2𝛽𝛽o − 𝛾2 > 0 , 𝜂m > 0 and 𝜂k > 0 are complicated expressions, which denote 
the abatement effect; for example, 
�k = 2��o

(

2�oqo
2

(1 − k) − (� + 1)�q2k
)

− �2
(

2�oqo
2

(1 − k) − �q2k
)

.
The effect of the tax on total emissions is given by 

𝜕E

𝜕t
= 𝜎

𝜕D

𝜕t
+ 𝜎o 𝜕Do

𝜕t
− (N + 1 + km) − (M + (1 − k)m) − t

𝜕m

𝜕t
< 0 by Assumption  2.1 (i.e., 

the last term is small).
We now turn to the comparative statics exercise for the case where the cost function 

is general. Consider a cost function C(q,  e), which satisfies (subscripts denote partial 
derivatives) Cq > 0 , Cqq > 0 , −Ce > 0 , Cee > 0 , −Ceq = −Cqe > 0 , CqqCee − CqeCeq ≥ 0 . 
These are standard properties of the cost function with abatement (see Requate 2006, p. 
126). Similar to the comparative statics exercise explained earlier (but now with a more 
general cost function) we obtain the following system of equations:

where � = (CeeCqq − CeqCqe)∕Cee , � = −Ceq∕Cee , �o = (Co
eoeo

Co
qoqo

− Co
eoqo

Co
qoeo

)∕Co
eoeo

 , 
�o = −Co

eoqo
∕Co

eoeo
 . It is noteworthy that (i) in the case of end-of-pipe � = 0 in which case 

we obtain Eqs. (A.1) and (A.2), and (ii) the last two equations in the system are identical to 
(A.3) and (A.4) so the presence of a general cost function does not play any role. To illus-
trate the role of the general cost function in the comparative statics we show the expression 
for dDo:

(A.12)d𝜋̂ = −𝛾qdDo − 𝛽q2kdm − 𝛽q2mdk − edt

(A.13)(−�odDo − �dD)qo + (�oqo)dqo − eodt = 0

−(𝛽o(𝜇 + 1) + 𝜆)dDo − 𝛾𝜇dD + qo(1 − k)(𝛽o + 𝜆)dm − qom(𝛽o + 𝜆)dk = 𝜇𝜎odt

−𝛾dDo −
(

2𝛽 +
𝜆

N + 1 + km

)

dD + qk
𝜆

N + 1 + km
dm + qm

𝜆

N + 1 + km
dk = 𝜎dt

𝛽oqo(1 − 𝜇)dDo − qo𝛾𝜇dD − 𝛽o(qo)2(1 − k)dm + 𝛽o(qo)2mdk = eo𝜇dt

−𝛾qdDo − 𝛽q2kdm − 𝛽q2mdk = edt + d𝜋̂
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where H > 0 is the determinant of the coefficient matrix and � = M + (1 − k)m is defined 
as before. The first line in (A.14) is the same as in the case of an end-of-pipe cost function, 
which we consider to be negative to capture the standard case where the tax lowers output 
i.e., small abatement effect, t�∕qo . And the second and third lines capture the role of the 
general cost function, where the second and third lines are negative. The second and third 
lines vanish in the case of an end-of-pipe cost function since � = 0 , �o = 0 . As a result, the 
presence of a general cost function does not change the qualitative results of dDo∕dt . An 
analogous expression is obtained for dD/dt.

Appendix B: Derivation of Fig. 3

We first argue the condition under which 𝜕m∕𝜕k > 0 . This is the case we consider in Fig. 3 i.e., 
acquisitions generate profits so that more firms enter the market. This happens if 𝜋o�

k
+ 𝜋k > 0 . 

In other words, acquisitions of firms by the incumbent offsets any profits loss of the outsiders 
which induces more firms into the market. Formally, differentiation of �(m, k) + �o� (m, k) = 0 
gives dm∕dk = −(𝜋o�

k
+ 𝜋k)∕(𝜋

o�

m
+ 𝜋m) > 0 , where the denominator is negative.

Part (i)—Intersection point of solid lines at t̂ in Fig. 3 requires �k∕�t to be bounded. That 
is, the effect of the tax on the acquisition of new firms can’t be too large. This is because 
with too large an effect the emission tax at the intersection point in the figure would not be 
possible since the number of firms determined via the zero-profit condition would be too 
large (too many firms would be attracted by �k∕�t ) relative to the second-best optimal one. 
First, we show that 𝜕k∕𝜕t < 𝜂1 , where �1 is defined below. (a) Consider �o� (m, t, k) , whence 
−dm∕dt = (�o�

t
∕�o�

m
) + (�o�

k
∕�o�

m
)kt , where kt = �k∕�t . (b) Consider W �

m
(m, t,m(k)) , whence 

−dm∕dt = (W �
mt
∕W �

mm
) + (mk)kt . Then, intersection point in Fig. 3 requires the absolute value 

of dm/dt from (a) to exceed that from (b). That is,

Part (ii)—The welfare-maximizing tax in the presence of acquisitions, t∗ , lies between 
one (i.e., marginal damages, which is equal to one in the case of Fig. 3) and the tax that 
equates the welfare-maximizing number of firms and the free-entry number of firms, t̂ . The 
condition which ensures t∗ > 1 is given by (7) where �� = 1 and we label the RHS as �2 . 
Hence, 1 < t∗ < t̂ , if 𝜂2 < 𝜕k∕𝜕t < 𝜂1 ; that is, �k∕�t is large but not too large i.e., �k∕�t is 
bounded.

(A.14)

H

�2�o�qo
2
q2m

dDo

dt
= −(2��o − ��) + �t∕qo

+
1

2�o

(

− �o(2��o − �� + 2�t∕qo)

+ �(−2��o + t�o∕qo) − eo��o∕qo
)

−
e���o

2�o�qoq

(B.1)𝜕k∕𝜕t <
(𝜋o�

t
∕𝜋o�

m
) − (W �

mt
∕W �

mm
)

mk − (𝜋o�

k
∕𝜋o�

m
)

= 𝜂1
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Appendix C: Illustration of the Condition in Lemma 2.2 and the Case 
Where Abatement Effects are Large

Consider parameter values i.e., � = 1 , c = 0 , � = �o = � = 1 , M = 4 , N = 1 , 𝜋̂ = 1∕12 , 
F = 1∕1000 . We use Mathematica to solve the model via backward induction (as 
explained at the beginning of Appendix A) and illustrate the condition in Lemma 2.2. For 
given range of the emission tax, m is a decreasing function of the emission tax (which 
is the case we focus on the paper, where abatement effects are small), while k can be 
an increasing or decreasing function of the emission tax for this same range. Using the 
solution of the model we derive the share qo∕(q + qo) as a function of the emission tax, 
which we find to be approximately 30% . This is our threshold output share referred to 
in the paper. With these in mind and using the condition k > qo∕(q + qo) in Lemma 2.2, 
our results indicate that for given range of the emission tax, k increases with the emis-
sion tax and so k > qo∕(q + qo) = 30 %. But k decreases with the emission tax and so 
k < qo∕(q + qo) = 30 %. See the Figure below.

Figure 4 shows that for t ∈ (.01, 0.2) , 𝜕m∕𝜕t < 0 i.e., abatement effect is small. For this 
very same range of t, �k∕�t can be either positive of negative as discussed in the main body 
of the article.

Now, for t ∈ (0.2, 0.4) , abatement effects are large enough and so 𝜕m∕𝜕t > 0 , 𝜕k∕𝜕t > 0 . 
A large enough abatement effect implies that additional firms enter the market via an 
increase in the emission tax and, also, an increase in the share of new firm acquisitions. The 
reason for this is that higher profits (via the large abatement effect) prompts firms to enter 

Fig. 4   Number of new firms, 
m, share of new firm acquisi-
tions, k and the emission tax, t: 
t ∈ (.01, 0.2)
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the market and the incumbent firm to acquire a larger share of the now more profitable 
firms.

Next, we describe the solution to the model we used to derive the above figures and 
share qo∕(q + qo) = 30% . First, we combine first-order conditions (1) and (2) into one 
equation; we also substitute the demand function, P, into this newly derived equation. 
Second, we do the same with Eqs.  (3) and (4), where we substitute Po . From these two 
equations we solve simultaneously for q(m,  k,  t), qo(m, k, t) . Second, we substitute the 
expressions for q(m,  k,  t), qo(m, k, t) obtained in the previous step into equation 𝜋̂ = 𝜋 
(where �j = � , ∀j ). This yields k(m, t). Third, we simplify the zero-profit condition, �o = 0 , 
using Eqs. (3) and (4); then, we substitute qo(m, k, t) and k(m, t), which yields m(t). Fourth, 
substituting m(t) back into k(m, t) gives k(t). Subsequently, we substitute m(t) and k(t) back 
into q(m, k, t), qo(m, k, t) , which gives q(t) and qo(t) . We then use q(t) and qo(t) to calculate 
the share qo∕(qo + q) for range t ∈ (.01, 0.3) . This share is approximately at 30%.
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