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Abstract

This paper studies the dynamics of the market for corporate tax
avoidance products with tax accounting firms that may innovate new
tax-avoidance products and other firms that may imitate these prod-
ucts with some time lag. The government can regulate and implement
effective anti-avoidance regulation, also with some lag. A moderate
regulatory time lag may lead to a stationary equilibrium with innova-
tion and regulation in each period. An even larger regulatory time lag
may lead to an equilibrium with fluctuations. Periods with much tax
avoidance at low prices and no innovation interchange with periods
with a moderate level of tax avoidance, much innovation, high prof-
its in the accounting sector, and regulatory activity. The equilibrium
analysis highlights the existence of synergies between highly innova-
tive tax accounting firms and governmental tax regulation, with the
innovative tax-accounting firms benefitting from governmental regu-
lation.
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1 Introduction

This paper considers the nexus between the tax accounting industry, govern-
ments, and multinational corporate firms (MNEs). It studies the dynamics
of a market for tax-avoidance products with innovating and imitating tax-
accounting firms, and with anti-avoidance tax legislation/regulation. Expert
tax accounting firms offer tax optimization advice to MNEs. Some tax ac-
counting firms may search for and innovate new tax optimization products,
other firms may imitate such products, with some time delay. Governments
react, possibly with some time lag, and implement anti-tax-avoidance regu-
lation. Governments may be unable to detect and ban the newest tax avoid-
ance models, particularly if they have never been used and have never been
observed in operation. Governments may, however, choose to close the loop-
holes once they are innovated and used for some time. Anti-tax-avoidance
legislation reduces the variety of applicable tax avoidance products and may
reduce or prevent competition from accounting firms with lower innovative
ability. The study highlights the crucial role of the speed by which gov-
ernments can react to tax avoidance models that exist and are in use. If
governments can react instantaneously, a stationary equilibrium may emerge
that is characterized by full compliance. If the government needs some time
lag, then an equilibrium with permanent innovation and governmental reg-
ulation may emerge. If the time lag is even longer, periods with much tax
avoidance at low prices and no innovation may alternate with periods with
a moderate level of tax avoidance, much innovation, high profits in the ac-
counting sector, and high regulatory anti-tax-avoidance activity. The study
also reveals a possible congruence of the interests of highly innovative tax
accounting firms on the one side and of the governments on the other side.

The analysis makes a number of assumptions that have empirical coun-
terparts and have been discussed in the existing literature. We discuss these
briefly in what follows.

e Tax optimization by multinational firms (MNEs) is observed world-
wide. To describe the demand for tax planning models, Slemrod (2004)
coined the term “The economics of corporate tax selfishness” as a log-
ical implication of shareholder value maximization: the desire and the



obligation of company management to reduce the tax burden of the
corporation and its shareholders. The various empirical observations
suggest firm heterogeneity as regards their ability or willingness to, and
their cost of using a tax sheltering/avoidance tool.!

e The literature documents an intimate role of tax professionals in the
provision of tax optimization models to MNEs.? We take this as ev-
idence of a market relationship between professional tax experts as
sellers and corporate firms as customers in which tax-optimization so-
lutions are the market product.

e Bankman (1999, p. 1790) highlights the importance of economies of
scale which accounting firms may have: “Tax shelters are expensive
to develop; these promoters are able to sell development costs in a
way that in-house counsel cannot replicate.” We take this as evidence
of a market where the variable cost of making a given blueprint for
tax optimization available to an additional customer is very low, and
as the reason why MNEs do not innovate their tax avoidance models
themselves, but purchase the advice of expert tax accountants.

e Governments in OECD countries may identify tax-avoidance schemes
that are in use by MNEs and the tax loopholes they are based on.
This may occur with some time lag. Depending on the avoidance

IFor factors and firm characteristics that make it more or less likely for firms to use
a tax shelter see Lisowsky (2010). Dharmapala (2014) surveys the empirical evidence on
tax-optimizing behavior.

20ne of the first writers highlighting the role of tax professionals for tax avoidance
is Bankman (1999). Slemrod and Venkatesh (2002) describe the type and size of firms’
expenditure for the use of tax professionals. They also report that a majority of the
respondent firms were either approached by tax professionals that advertised tax shelters or
approached tax professionals on this matter. Slemrod (2004) concludes that “undoubtedly,
nearly all large corporations have been solicited by tax shelter promoters, and nearly all
have considered pursuing them.” Graham et al. (2014) can be interpreted along similar
lines. In their paper they report survey-based evidence: “5.2 percent of our respondents
answered that tax planning strategies are ‘always’ pitched as a way to increase earnings,
26.8 percent said it was ‘often’ the case, 50.7 percent responded that this was ‘sometimes’
the marketing strategy, and 17.4 percent said that this ‘never’ was part of the pitch.”



scheme, they may change their national legislation, their international
tax treaties or persuade other countries to change their legislation to
eliminate existing avoidance schemes. Bankman (1999) discusses pos-
sible anti-avoidance actions, including some that address the role of
accounting firms. Hines (2004) and Slemrod (2004) allude to how
the market for tax-avoidance tools may react to governmental policy
that bans existing tax-avoidance models: the innovation of replacement
products for the ones that are put out-of-business by the governments.

e A tax rule thicket exists that is caused by the large number of countries,
their complex national tax regulation, the variety of financial and own-
ership structures of MNEs, and the bilateral taxation rules that apply
between different countries. Possible tax-avoidance vehicles for MNEs
often draw on the national legislation of more than one country and
on the bilateral agreements between the countries. The much quoted
"double Irish with a Dutch sandwich" may illustrate this.® It is hard
to imagine that this model is the design outcome of purposeful and
intelligent collaboration between the tax administrations of a whole set
of countries.*

e The thicket of international taxation is likely to provide a very large
number of tax-optimization models. Professional expert firms can pro-
vide existing expertise and can also generate new expertise by investing
in exploration and innovation. New tax-avoidance products must be
discovered before they can be used. Leading accounting firms may
have the skills and technological know-how to explore and find such
new products, whereas many other, often smaller firms, may copy the
models innovated by leading firms and cannot generate new innova-

3See, e.g., Kleinbard (2011). This tax optimization model typically has a mother
company in a high-tax country, two companies in Ireland, one company in the Netherlands,
and one offshore company located in a country with low or zero taxation. A specific
ownership structure and different legal forms of incorporation are used to reduce make the
sandwich an effective tax-avoidance model.

4One cannot rule out that some existing schemes are the outcome of a purposeful design
and are appropriately described as the outcomes of tax competition between countries.
Such tax-haven activity is not the focus of the analysis here.



tions. Imitation needs time. This protects the innovating firm from
immediate competition and allows for some innovation rents.

These elements point at a dynamic model of innovation and imitation
of tax avoidance products by expert tax accountants, competition between
these experts, and tax regulation by governments that fight these products.
Several writers discuss this relationship. Hines (2004), for instance, mentions
the interdependence between the innovation of tax-avoidance tools and reg-
ular governments’ legislative anti-tax-avoidance efforts. He speculates about
possible drawbacks of anti-tax-avoidance efforts. Curry et al. (2014) consider
taxpayers’ incentives to invest in tax-planning opportunities if the govern-
ment can close uncovered loopholes. Their analysis confirms the potentially
welfare deteriorating interdependence between investments in tax planning
opportunities and the government’s choice. They also look at the search for
tax planning opportunities as an innovation contest, and the role of patents
for tax avoidance products. Slemrod (2004, p. 889) suggests that “adapting
theoretical models of patent races to the case of tax shelters suggest caution
regarding the success of a strategy of reforming tax laws and regulations to
reduce the effectiveness of elaborate tax-avoidance techniques as soon as they
are identified.”

This paper takes up Slemrod’s sugestion and considers a formal, fully
dynamic innovation model. Distinguishing features of the model are the cen-
tral role of the tax accounting firms as suppliers of tax avoidance products,
the distinction between innovating and imitating tax accounting firms, and
the multi-period structure with an infinite horizon. This structure allows
us to highlight the role of a time lag needed to imitate newly innovated
tax-avoidance products, and the role of the size of a time lag by which the
government is able to react and implement anti-tax-avoidance regulation. It
shows that the anti-avoidance regulation may, but need not, provide incen-
tives for innovative activities of the accounting industry. It highlights the key
role of the government’s speed of reaction. Immediate reaction may elimi-
nate the scope for tax avoidance tools. A moderate regulatory time lag may
lead to a stationary equilibrium with innovation and regulation in each pe-
riod. Regulation may still successfully increase the tax revenues that emerge
in such a framework. An even larger regulatory time lag may lead to an



equilibrium with an infinitely repeated cycle. The equilibrium then alter-
nates between periods with innovation and regulation, and periods without
such actions. Little tax avoidance is observed in the periods with innovation
and regulation. In the other periods the price for tax avoidance products
is very low and tax avoidance is widely used. The equilibrium analysis also
finds that synergies exist between highly innovative tax accounting firms and
governmental tax regulation, with the tax accounting firms benefitting from
governmental regulation.’

The literature on innovation and competition provides fundamental con-
cepts that are building blocks for the analysis in the main sections. A key
consideration is that there is potentially a race for innovations that has been
described in other contexts (e.g., Harris and Vickers, 1987, Reinganum, 1989,
Bhattacharyya and Nanda, 2000). A particular new feature of the innova-
tion competition in the tax-avoidance context is the role of the government.
The government can change the tax law, thereby eliminating tax loopholes
that enabled well-known tax-optimizing technologies. Rather than in a race
for ever further improvement of the latest design, the government enters the
game as a player, and its anti-avoidance regulation endogenously determines
the obsolescence of existing products.

Our analysis is also related to other strands of literature. Some authors
addressed the tax competition between jurisdictions, and the role of low-tax
jurisdictions for location choices, investment decisions, production output,
and, ultimately, consumer welfare. This literature identifies and quantifies
different effects that lead to opposing views of the benefits of low-tax juris-
dictions. Seminal theory contributions are by Slemrod and Wilson (2009)
who show that haven-countries may be harmful, and Hong and Smart (2010)
and Johannesen (2010) who identify reasons for why low-tax jurisdictions
may have positive effects. For a discussion and overview see Keen and Kon-
rad (2013). A further important literature analyses firms’ ability to apply
profit-shifting and other tax-avoidance means under various conditions (see,
for a brief review and original results, Hopland et al., 2015). Much of this

®The dynamic nature and the asymmetries between innovators and imitators distin-
guish our approach further from the only formal approach of a competitive market for tax
planning models in Curry et al. (2014).



literature focuses on the impact of tax havens on real investment, assum-
ing that the MNEs can look freely through what appears to be a thicket
of international tax law. The approach taken in this paper can be seen as
complementary to this broad literature. It adds the sector of tax experts to
it, considers a market for tax-avoidance products, and the role of innovation
and regulation in this market.

The analysis is also related to the large economic and tax law literature
and the lively discussion about “base erosion and profit shifting” (BEPS)
that takes place both in the legal and in the economic profession (see, e.g.,
Ault, 2013). This policy debate is reflected in the recent report on the profit
shifting project by the OEDC (2016). While this report addresses numerous
institutional issues related to BEPS, it does not push the role of professional
tax experts into the limelight. The role of tax professionals has become a
matter of consideration as a side aspect of what is called the “Lux-Leaks”
hinting at a role of one of the big four accounting companies in the context
of Advance Tax Rulings by the Luxembourg tax authorities (see also, e.g.,
European Parliament 2015). The BEPS process can be seen as the “repair
shop” of the community of non-haven countries that aims at closing the
loopholes that have been discovered and are used for tax avoidance.

The analysis proceeds as follows. Section 2 outlines the general frame-
work. Section 3 sequentially considers three types of Markov perfect equi-
libria that emerge for different lengths of the time lag of governmental anti-
avoidance regulation. Section 4 concludes.

2 The dynamic framework

Players, actions, sequencing There are three players: two tax account-
ing firms, one labeled by L (“leader”) and one labelled by F' (“follower”), and
the government G. They interact in an infinite series of periods t = 1,2, ....
Each period t has three consecutive decision phases: an innovation phase, a
legislation phase and a market phase.

The innovation phase. Firm L can innovate a new tax-avoidance product
and decides whether or not to innovate in period ¢. This decision is denoted
by 0; € {0,1}, where 6, = 0 describes that L does not innovate, and 6, = 1



means that L expends a fixed effort e > 0 and as a result innovates a new
tax-avoidance product successfully and with certainty. We keep a record
of the innovation activity of firm L in the different periods up to period ¢
by a vector 8, = (f1,....,0;), and 6, is costlessly observed by all players.
An innovated “product” is a blueprint for a tax-avoidance tool that uses an
existing loophole in the national/international tax rules. The blueprint is
under exclusive control of the innovating firm L in the period ¢ in which the
innovation is made, and firm F' cannot imitate this blueprint in this period.
The details of the blueprint become known to F' in period ¢ + 1. Firm F' can
costlessly imitate the product that was innovated in period ¢ in period t 4 1
and all further periods.

The legislation phase. The government G chooses between two possible
regulatory actions, denoted by 7, € {0,1}. The choice 7, = 0 means that the
government takes no action in this period and has no cost. The choice v, = 1
means that the government takes action and has a given cost of size A > 0.
The government’s action in ¢ bans all tax avoidance products that have ever
been innovated in periods up to period ¢ — k. The parameter k£ measures a
time lag. We denote three regimes that differ by the length of the time lag
k € {0,1,2}. If k = 0, this allows the government to react immediately to any
newly innovated tax avoidance product. The product can be banned before
it can be used or imitated. If £ = 1, the government can observe and learn
about tax avoidance products and can take anti-avoidance measures in the
subsequent period - the same period in which the product could be imitated
for the first time. If k = 2, it takes two periods until a new innovation can be
banned by anti-avoidance actions. Anti-avoidance legislation is slower than
imitation. The three regimes will be discussed in more detail when we turn
to an analysis of each regime separately in section 3. We record the series of
government actions that emerged until period t by a vector v, = (74, ...,7;)
that is costlessly observed by all players.

The market phase. The history of innovation and regulatory legislation
determines which are the tax-avoidance products that the accounting firms
may legally offer to corporate firms in period ¢. We distinguish three market
conditions that may prevail in a given period t.

Competition: Both firms F' and L have at least one not-banned tax-



avoidance product which they can offer to the corporate customers in period
t. The products can be offered to any corporate firm for a marginal cost of
zero. All products are assumed to be perfect substitutes from the perspective
of customer firms. Firms L and F independently choose prices pr; € [0, 1]
and pp; € [0,1]. If a firm has several products available, as they are perfect
substitutes, we can assume without loss of generality that the firm offers
them at the same price.

The buyers of the product are the corporate firms. These are price takers
and not players in a game-theory sense. They are sorted uniformly along
the unit interval, where the firm (of type) x is characterized by its location
x € [0,1]. The location = will determine the advantage of this firm from
using a tax-avoidance product as follows. If firm = does not purchase a tax-
avoidance product, it pays the corporate tax. The size of the corporate tax
is normalized to T" = 1 for each firm. If firm x purchases the product from
accounting firm J € {L, F'} then it pays zero taxes, but pays the product
price ps¢, and has a transaction cost of size . This transaction cost may
reflect that a specific financial or legal structure is required for the use of the
tax avoidance product, and that this structure is not optimal, for instance,
from the perspective of corporate governance. As the tax burden is normal-
ized to 1, firm x’s maximum willingness to pay for the tax avoidance model
is (1 — z). Depending on x and the prices, any firm z € [0, 1] purchases
the product from the least-price supplier firm or does not purchase a tax
avoidance product.® The resulting market demand and firms’ shares in it

are,
max{l — pr;,0} if pr: < pps

Dy = max{%, 0y if pr:=Dpre (1)
0 if pr:> pry

6Note that corporate firms apply a static rule. This may be the case because the periods
are defined as sufficiently long and the avoidance decision has to be made in each period.
The formal set-up and the description for the market had to be adjusted if tax-optimization
models were long-lasting durable products.



and
max{l — pp;,0} if pre <pry
Dp; = max{%, 0y if ppr=prLs (2)
0 if pp:>pry

for the two tax-accounting firms.

Monopoly: let L be the monopolist supplier of tax-avoidance tools in
period t. This applies if firm L innovated a new product in this period ¢
that is not banned in this same period, and F' has no product it can offer.
The latter is the case if there were no innovations made prior to ¢, or if older
innovations of tax-avoidance blueprints that could be imitated by F' were
banned by the government and cannot be used in period ¢t. The firm L can
choose the price pr; > 0 at which it offers the tax-avoidance tool to the
whole set [0, 1] of corporate firms. Each of the corporate firms = € [0, 1] pays
one unit of corporate tax or it purchases the tax-avoidance product of firm
L. Corporate firms act according to the same rules as previously stated for
the competition phase. Accordingly, the turnover of the tax-accounting firms
is

Dy, =max{l —pr,,0} (3)

and
Dpy = 0. (4)

Note that F' cannot be a monopolist supplier because any available blueprint
in t was invented by L and is therefore also available to L.

No market: none of the firms can offer a tax avoidance product in period
t. This applies if L never innovated a product, or if all innovations that have
been made have been banned. Evidently, D, = Dg; = 0 in this case.

For notation, let us collect the price choices by the accounting firms in
periods up to period ¢ as p; = ((pr1,Pr1), - (DLt Pre)). For periods in
which both firms have a tax-avoidance product which they can offer, the
prices will be (pr+, pre) € [0,1] x [0,1]. For periods in which only L can
offer a product, the prices are (pr., pre) € [0,1] x {@} with p., € [0,1],
and pr; = @ symbolizing that firm F' has no product to offer. For periods
in which none of the accounting firms can offer a tax-avoidance product, we

have (pr+, prt) = (2, D).

10



Histories and strategies The complete history in a given period t is
described by the combination (6;_1,7,_1,Pp:—1) at the innovation phase, by
(04,7,_1,Pi—1) at the legislatory phase, and by (0;,7,, p:—1) at the market
phase of period t. Local strategies at the respective period ¢ and phase are
defined by functions that map a given history into an action, for each of
the players, and the collection of these local strategies defines the strategy
profile.

Period payoffs and overall payoffs The period payoffs of the tax-accounting

firms are
| —ebi+pryDry if pr,€[0,1]
TLt = . (5)
—eb, if DL =<

and
(6)

The government maximizes tax revenue net of the cost of legislation that

| priDpy it ppy € [0, 1]
Tpt = .
0 it ppi=0

eliminates tax loopholes to ban tax-avoidance products. It disregards the
profits of the accounting firms and of the corporate firms.” The tax revenue is
equal to the number of corporate firms that do not purchase a tax-avoidance
product but rather pay the tax 7' = 1. Analytically, the period payoff of the
government G is
g =—1A A+ (1 —Dpt— Dpy).

The overall payoff of a player is equal to the discounted sum of the player’s
period payoffs. Hence, the continuation payoff at a given period ¢ is

Z=00

L E : z—t
Ht = (S 7TL,Z7

z=t

Z=00

F E : z—t
Ht = (5 7TF,z7

z=t

"Tax revenue maximization is not uncommon as an objective in tax competition models.
The reasoning behind this assumption can be that the government is a pure Leviathan.
Alternatively, the reason here could be that the rents of the accounting firms and of the
corporate customers of tax avoidance tools are fully discounted by the government for
other reasons.

11



and

Z=00

Ft = Z 5Z_tgz.

z=t
Here, § € (0,1) is a time- and player-invariant discount factor. This com-
pletes the characterization of the components of the dynamic framework.

3 Equilibrium

In what follows let us search for Markov perfect equilibria (MPE) in station-
ary strategies or, if a stationary equilibrium does not exist, an equilibrium
in stationary cycles for time-lag parameters k = 0, £k = 1 and k = 2. We do
this sequentially for each time-lag size in a separate subsection.

3.1 The MPE for the regime with lag £ =0

For a lag-parameter £ = 0 the choice of 7, = 1 bans all tax avoidance
products that have been innovated up to this point of time, including a
possible innovation (6; = 1) in period ¢.

For the formal analysis and the characterization of the stationary MPE,
we need to partition the sets of all histories of a given length (6;_1,7,_1, Pr—1)
into two sets which we denote by HY and H}, and which define two states
of a Markov process. The set H} includes all histories (6; 1,7, 1, P:_1) for
which there is no previously innovated tax avoidance model available at the
beginning of period ¢. This may result because no innovations ever occurred
prior to period ¢, or because all previously innovated products have been
banned by the government. The set H} includes all histories (6;_1,7, 1, P¢_1)
for which there is at least one innovated tax avoidance model available at
the beginning of period t.

Suppose the process starts with a history denoted by HY, in which no
previous innovation exists at the beginning of period t = 1.* The following
result holds:

8As can be shown, if a previous innovation exists in ¢ = 1, then (61,7v;) = (0,1) in
the equilibrium and the process reaches the stationary equilibrium in ¢ = 2 with (6;,,)
= (0,0) for all t > 2.

12



Proposition 1 If A € (0, %) then a unique stationary Markov perfect equi-
librium ezists which has (0y,7,) = (6%,7*) = (0,0) for all t and payoffs

I =1} =0 and T, = .

The proof is in the Appendix. The proposition describes a very intuitive
outcome: An MPE in which accounting firms never innovate emerges if the
government can ban new innovations of tax-avoidance products before they
can be offered to customers, if the cost of banning these new innovations is
sufficiently low. A new product could be innovated in this equilibrium, but
does not offer any reward for the innovating firm, because it is banned before
it could be used. Accordingly, both accounting firms have zero profits, all
corporate firms pay the tax of 7' = 1, and the present value of these taxes
yields the government’s payoff in the MPE. Uniqueness (among the set of
stationary MPEs) can easily be established by showing that any other sta-
tionary candidate MPE invites profitable deviations. The no-tax-avoidance
equilibrium in Proposition 1 is the benchmark for possible departures that
emerge if the government has a larger regulatory time lag.

3.2 The MPE for the regime with lag k =1

Let us now turn to the case with time-lag parameter £ = 1. For k = 1
the choice of v, bans all tax avoidance products that have been innovated
in period t — 1 or earlier. Again we define two sets H? and H}! of histories
at the beginning of period ¢t which define two Markov states. Moreover, we
start with a history in the set H7; i.e., we assume that there is one blueprint
already available at the beginning of period ¢t = 1. The following result
holds:

Proposition 2 Ife € (0,1) and X € (0, 3), then a unique stationary Markov

perfect equilibrium exists that is characterized by the path (04,v,) = (1,1).

The proof is in the Appendix. Proposition 2 describes an MPE in which
the innovative firm comes up with a newly innovated product in each period,

9 As can be shown, if the process starts in a history from HY, i.e., no previously innovated
history exists at the beginning of period ¢ = 1, then (01,7v;) = (1,0) in ¢t = 1 and the
process reaches the stationary path with (6¢,v,) = (1,1) for all ¢ > 1.

13



and in which the government chooses anti-tax-avoidance regulation and bans
all older, previously innovated products (if there are any). As a result, this
removes all competitor products that could be imitated and offered by F' in
the market in any given period. But due to the time lag, the tax avoidance
product most recently innovated cannot be banned nor imitated. The in-
novative firm L earns monopoly profit from selling its most recent product,
in each period. The government nevertheless benefits from banning old tax-
avoidance products: this choice drives up the market price for tax avoidance
goods from zero to the monopoly price. This high price prevents a share of
the corporate firms from purchasing the tax avoidance product. They prefer
to comply and pay their taxes.

The equilibrium outcome reveals a positive interaction between innovat-
ing and banning tax-avoidance products. Banning old products induces in-
novation, and at the same time it reduces tax avoidance. The reduction takes
place via a market competition effect: due to the regulatory time lag, the
government cannot make tax-avoidance products completely unavailable in
this equilibrium. However, banning the old products provides the innovating
accounting firms with market power. This results in a higher market price.
This higher price reduces the set of corporate customers that purchase this
product and makes more of them pay their taxes. Anti-avoidance regula-
tion changes the market competition between accounting firms. It creates
opportunities and market power for more advanced accounting firms that
innovate and reap monopoly rents from their innovations. The government
benefits from this as well, compared to Bertrand competition among the
tax-accountant firms: firm L’s rents are accompanied by higher prices for
avoidance products, and these higher equilibrium prices may deter a number
of corporate firms from making use of these products. These firms rather
pay the regular tax rates. In conclusion, closing tax loopholes is beneficial
for both the government and the innovative tax-accounting firm.

A comparison between the MPE in Proposition 1 and the MPE in Propo-
sition 2 shows the important role of a regulatory time lag. If the government
can instantaneously react to innovations and ban the most recent products at
a low cost, it can and will induce full tax compliance. The credible threat of
banning is sufficient to prevent accounting firms from innovating new prod-

14



ucts. The outcome is an MPE with full compliance. However, if it takes
some time before a newly discovered tax avoidance product can be banned,
then this induces a permanent race between the innovating firm and the
government, unless innovating or banning are too expensive.

Let us also compare these results with standard innovation models. In
regular product markets it may be the scope for product quality improve-
ments and cost reductions that drives a continued innovation race. In the
market for tax-avoidance products for MNEs the mechanism that drives in-
novation is very different. Quality improvements or process improvements
probably play a minor role in this market. It may even hold that the most
effective products that combine the simplicity of the required financial and
the legal structure of the MNESs with a large reduction in the tax burden have
been innovated early on. What causes repeated innovation is the regulatory
action taken by governments of high-tax countries or the initiatives by the
OECD. This action causes the obsolescence of existing products.

3.3 The MPE for the regime with lag k£ = 2

Let us now turn to the case with time-lag £ = 2. This larger time-lag reduces
the government’s ability to timely ban existing tax avoidance products. A tax
avoidance product which is innovated in period ¢ can be offered to corporate
customers by firm L (and only by this firm) in the innovation period ¢. And
this tax avoidance product will also be available in period t + 1. In period
t + 1 both firms L and F will be able to offer this product to corporate
customers. The earliest moment when the government can regulate and ban
this product is period ¢ + 2. The implication of lag k = 2 is that any product
that is innovated may potentially yield innovation rents for the innovator
firm at the time when it has just been innovated, but the product will also
be available in the next period and will cause Bertrand competition between
L and F' in this next period.

Before we turn to the equilibrium results, we define a more fine-grained
partition of the set of histories (6;_1,7,_1,P:—1) at the beginning of each
period t. This partition constitutes the Markov states. We distinguish be-
tween four subsets of histories at the beginning of any given period ¢ which

15



we denote by H°, H!°, H?' and H}'. The first superscript = in H;" refers
to whether there is a tax avoidance product that is at least two periods
old and has not been banned previously. The second component y refers to
0,1 € {0,1}, i.e., whether L innovated in period ¢t — 1 or not. More in detail,
the set HY includes all histories with no blueprints that were innovated in
period t —2 or earlier and are available at the beginning of period ¢, and with
0;—1 = 0. The set H/° includes all histories for which at least one blueprint
was innovated in ¢ — 2 or earlier, and is still available at the beginning of
period ¢, and with ;1 = 0. The set H"! refers to the set of histories for
which no blueprints are available at the beginning of ¢ that are older than
one period, and 6; 1 = 1. The set H}' refers to the set of histories at the
beginning of period ¢ such that at least one blueprint exists and is available
at the beginning of ¢ that is older than one period, and 6; _; = 1.
A first observation is a non-existence result of stationary equilibria.

Proposition 3 If e € (0,3) and X € (0,3), then a unique Markov perfect
equilibrium in stationary strategies does not exist for a lag k = 2.

The proof is in the appendix. A stationary equilibrium is characterized by
(0¢,7,) = (0%,~7*), at least from a certain ¢ on. The proof shows that any such
stationary equilibrium candidate offers profitable one-step deviations either
for firm L or the government G or for both of them. This non-existence result
hints at the possibility of more interesting equilibria with a more dynamic
time structure. Indeed, we find that the equilibrium that emerges is charac-
terized by cycles, in which periods with massive tax avoidance alternate with
periods with innovation, regulatory intervention and more limited amounts
of tax avoidance.

For the characterization of an MPE with such cycles we assume that the
process starts from a history hy € H{, i.e., in period ¢t = 1 there is at least
one innovation available that is old enough such that it can be banned by
regulatory action in period t = 1 and would be available to both firms if
not banned, and there is no recent innovation that can be imitated by F' in
period t but cannot yet be banned in ¢ through regulatory action, due to the
time lag of regulatory measures. Given this starting condition!® the following

10As can be shown and is implied by the reasoning in the proof, if the process starts in
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holds:

Proposition 4 Let ¢ € (0,1) and A € (0,3). An MPE with stationary
cycles exists in which (0,v,) = (1,1) for all uneven periodst = 1,3,5, ... and
(0¢,7,) = (0,0) for all even periods t = 2,4, ...

The proof is in the appendix. The proposition characterizes an equilib-
rium in which the prevalence of tax avoidance, innovation, regulation, firm
profits and tax revenues fluctuates over time. In one period tax avoidance
products are widely available, their equilibrium market price is zero and all
corporate customer firms use these products to avoid taxation. The tax
revenue is very low, as none of the corporate firms pays taxes. However,
the blueprints used in this period are old blueprints, and sufficiently well-
known such that the government can use anti-avoidance regulation to ban
them in the next period. This is what the government will do. In addition,
the innovative accounting firms anticipate that these old and widely available
tax-avoidance products will be banned and removed from the market. Hence,
in the same period when this ban is enacted, the innovative firm among the
tax accounting industry invents a new blueprint. As all the widely known
and generally available products will be taken off the market, the innovator
firm earns entrepreneurial rents on this newly innovated product. It takes
yet another period until this new product is available for the tax account-
ing sector more generally, and one further period until this new product can
again be banned, and so on.

4 Discussion and Conclusion

Many of the assumptions in the innovation model above are clearly for the
sake of simplicity and to describe results in closed-form solutions. For in-
stance, the assumption about the type of heterogeneity among customer
firms and the linear demand function emerging from it is of this kind. The

HYL, then the behavior in even and odd periods is interchanged. If the process starts in a
state other than H{® or HY!, then the actions in period ¢ = 1 move the process to state
H10 or HY! in period ¢t = 2 and the stationary cycle begins there.
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assumption that all tax-avoidance products are perfect substitutes is moti-
vated similarly. If, instead, several tax-avoidance tools are on the market and
some are better for some firms but others are better suited for other firms,
then the market phase has competition with multiple products and a descrip-
tion of the precise market structure is cumbersome. Such a departure implies
that the number of possible Markov states also becomes large, particularly
if the government is selective in its choice of which loopholes to close now
and which ones to keep for later decision-making. However, an extension in
this direction should be complemented with a further element of realism that
is likely to interact with this enhanced action/product space. In particular,
product diversity should be considered only in a context with more than one
innovator firm and with more than one imitator firm and with heterogeneity
among them, etc. This would be a technically demanding exercise. It may
be potentially valuable, but it clouds the picture and deflects the focus away
from the key question and towards aspects that are not central to our main
research question.

Departing from the assumption about deterministic effects of innovation
and loophole-closing leads to a stochastic dynamic model. The forces that
induce firms to innovate, the implications of innovation for the market out-
come, and the role of governments’ attempts to close down tax loopholes
can be expected to remain qualitatively similar, but modeling the problem
in a stochastic dynamic model becomes more cumbersome. These aspects
are seemingly orthogonal to the issues studied in the main part of the paper.
Departures from the assumptions about complete and perfect information go
in a similar direction, raising complexity, potentially uncovering new aspects,
but not systematically undoing the key insights of the analysis in the main
sections.

A different direction is to depart from the Markov assumption and to
ask if there are collusive arrangements that are sustainable by standard rea-
soning along the theory of infinitely repeated games. Even disregarding the
corporate firms / customers who are not players in a game-theory sense in
this set-up, there is a considerable rent that is “left on the table” in some of
the stationary MPEs. Hence, one may consider a collusive outcome in which
the two firms coordinate on sufficiently high prices such that the government
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earns sufficient tax revenue to prevent the government from closing tax loop-
holes and from moving the game toward one of the MPEs considered. Within
the framework with two firms and one government the existence of such col-
lusive equilibrium outcomes is seemingly possible if the discount factor is
large. But one should note that a larger number of countries and accounting
firms strongly reduces the scope for such collusive equilibria.

The key issue in the main analysis here is the size of the regulatory
lag. The main section considered three lag sizes that yield qualitatively
very different results. As shown in Proposition 1, if the government can
react instantaneously, it will -unless the regulatory cost is excessive. This
will lead to an elimination of tax avoidance. The government may like the
equilibrium in Proposition 1, as this equilibrium has zero tax avoidance and
zero regulation cost for the government.

An intermediate size of the time lag may cause an outcome in which the
government always bans the old products, but they are replaced by a new
product in each new period. A one-period lag of possible government action
triggers a permanent innovation/regulation race. This race yields positive
rents to the innovator firms. The government could abstain from regulation,
as there will be a tax-avoidance product available in every period. But regu-
lation nevertheless yields higher tax revenue, due to reactions on the market
for avoidance products. From the leading accounting firms’ perspective, the
outcome for an intermediate time lag is the most attractive one. They have
to innovate in each period, but they earn monopoly rents in each period as
well.

The structure that is perhaps most interesting emerges for a larger time
lag. A larger time lag causes a more complex equilibrium behavior that
is characterized by cycles. Phases with cheap and abundant tax avoidance
products and almost complete tax avoidance behavior alternate with phases
with high regulatory effort, expensive and new tax avoidance products and
reduced prevalence of tax avoidance activity.

Overall, the considerations hint at a partial congruence of the interests of
a tax revenue-oriented government and of accounting firms with the highest
innovative capabilities. Governmental tax regulation that removes the better-
known and more widely available tax-avoidance products from the market for
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tax accounting services provides the tax accountants with innovation rents
and makes these accounting firms the main beneficiaries of tax regulation.

We did not consider accounting firms that may be able to inform the gov-
ernment about existing loopholes, or can reduce the government’s time lag.
It is evident, however, that accounting firms which outperform their competi-
tors in their innovation abilities have an incentive to inform the government
and to shorten the time lag to a lag of intermediate size. Similarly, if the cost
of regulation is prohibitive, these firms had an incentive to reduce the gov-
ernment’s cost of regulatory action to implement an intermediate time lag.
They dislike market outcomes in which imitating tax accountant firms drive
down the price of tax-avoidance advice to zero. They need the government
to remove tax avoidance products offered by their imitating competitors. If
they succeed to move from the equilibrium in Proposition 4 to the one in
Proposition 2, this eliminates the zero-profit periods with Bertrand compe-
tition.

5 Appendix

Proof of Proposition 1 Suppose that players follow the behavior that
is described in the candidate equilibrium in periods after ¢. This behavior
defines the continuation value (i.e., the present value in period t + 1 of the
sum of this period and future periods’ payoffs) for L as

HtL—H =0, (7)
the continuation value for F' as
Hlﬂ-l = 07 (8)

and the continuation value for the government as
1
| P — 9
= )

Note next that the payoffs of all three players are continuous at infinity:
any possible period payoffs for the accounting firms are within finite intervals
which are bounded from below by —e for L and 0 for F', and bounded from
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above by 1. The period payoff for the government is bounded from below
by —A and from above by 1. Moreover, the discount factor is § € (0,1).
We can therefore rely on the one-step deviation principle (Theorem 4.2 in
Fudenberg and Tirole, 1991) such that we only need to check whether players
can improve upon their payoffs in the candidate equilibrium by one-step
deviations.

For the formal analysis we partition the sets of all histories (6;_1,7;_1, Pr—1)
for given ¢ into two sets which we denote by H? and H}. Let h; denote a
representative element of the set HYU H} of all possible histories at the begin-
ning of t. The set HY includes all histories h; for which there is no previously
innovated tax avoidance model available at the beginning of period t, either
because no innovations occurred prior to period ¢, or because all previously
innovated products are banned. The set H}! includes all histories h; for which
there is at least one innovated tax avoidance model available at the beginning
of period ¢. Further, we have chosen the starting condition at ¢ = 1 such that
hy € HY: there is no blueprint available at the beginning of period ¢t = 1.
Consider now one-step deviations in period t. The process is in h; € HY by
the starting condition, and at a given period ¢ either h; € HY or h; € H}
applies.

The market phase. The market game in period ¢ has no impact on whether
hiy1 € HY y or hyyy € H}, . Both firms maximize their period payoff by their
price choices for given (6, ~;, p—1). If none of the firms have a tax-avoidance
product to sell then pr; = pp; = & and 71, = 7y = 0. All corporate firms
pay taxes. If only L has a tax-avoidance product to sell then 7y, = }1 and
mry = 0 and half of the firms pay taxes. If both firms have a tax-avoidance
product to sell then p;; = pr; = 0 and 71, = mp; = 0 and none of the firms
pays taxes.

The regulation phase. Consider the payoff maximization of the govern-
ment in period ¢t anticipating the market phase in ¢ as just described and
that all players follow the candidate equilibrium in all future periods t+1, ....

Let h; € H,? and 6, = 0. In this case h;y 1 € H?H, independent of ~,, and
the government’s payoff is higher by A for v, = 0 than for v, = 1.

Let hy € HY and 0, = 1. In this case v, = 1 leads to hyy1 € H, . Hence,
the government payoff is 1 — A + 1%5. In comparison, assuming candidate
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equilibrium play in the continuation game, v, = 0 yields the government a
payoff of  +d(—A+ 155). The choice v, = 1 yields higher payoff than v, = 0
if 1 — X > 3 — é\, which simplifies to A < ﬁ. This condition is weaker
than A\ < % mentioned in the proposition.
Let h; € H! and §; = 0. Then the government’s payoff for v, = 1 as in
the candidate equilibrium is 1 — A\ + 1%6. The government’s one-step payoff
5

for v, = 0is 0 — 0 — 0A+ 5. So 7, = 1 yields a (weakly) higher profit

if A < li—a. Again, this condition is weaker than A < % mentioned in the
proposition.

Finally, let h; € H} and 0; = 1. Then the government’s payoff in the
candidate equilibrium for v, = 1is 1 — A + % and the government’s one-
step deviation payoff for 7, = 0 is 0 — A+ 1%5' Again, v, = 1 yields a higher
payoff if A < ﬁ.

The innovation phase. Consider the innovation behavior of firm L. Given
the equilibrium continuation play and that v, = 1 if §; = 1, not innovating
yields a higher payoff for L than innovating.

We now turn to uniqueness. Any stationary equilibrium has 6, = 6*
and 7, = v* along the equilibrium path. If §; = 6* = 0, then the stationary
equilibrium either has v, = v* = 0, which is the equilibrium in Proposition 1,
or it has vy, = v* = 1. In this latter case a payoft increasing one-step deviation
v, = 0 in period ¢ exists, as there is no product that can be banned, and
the cost of anti-avoidance regulation is pure waste. Hence, we can rule out
the combination (§, = 0* = 0 and 7, = v* = 1) as a possible stationary
MPE. Consider next §; = #* = 1. This may go along with v* = 1 or with
~v* = 0. The case 8 = 1 and v* = 1 can be ruled out, as §; = 0 would
be a payoff-increasing deviation for L: any innovation is banned in the same
period, so the cost of innovating is purely wasteful. The case §; = 60" = 1
combined with v* =0 has ¢, =0 for all t > 1. A deviationtoy, =1att >1
increases the government’s payoff if A < % [ |

Proof of Proposition 2 Any choices of actions (6;,7,) in period ¢ either
lead to a state hyy1 € H}L, or to a state hyyq € Hp, . Suppose that players
follow the strategies as described in the candidate equilibrium. This defines
continuation values (i.e., the period-(t+1) present values of the sum of period
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t 4+ 1’s and future periods’ payoffs) as follows: firm L has a period profit of

1

7 — ¢ in every period. This sums up to

1 1

(10)
Firm F’s period payoff is zero in all periods, so F’s continuation value is
" = 0. (11)

The government’s period payoff depends on h; € H} or h; € HY. Assuming
candidate equilibrium play in all periods after ¢, the continuation value is

1 1 . 1
L
2 2 1-9 t t

Note next that we can apply the one-stage deviation principle for the
same reasons as in the context of the proof of Proposition 1. We now check
whether players can improve upon their payoffs in the candidate equilibrium
by one-step deviations.

The market phase. The market interaction follows the logic already de-
scribed and has no impact on whether k1 € Hp,, or by € H}, . Both firms
maximize their period payoff by their price choices for given (0;,~,, pi—1). If
none of the firms have a tax-avoidance product to sell then pr, = pp, = @
and 7,4 = mp; = 0. All corporate firms pay taxes. If only L has a tax-
avoidance product to sell then 7w, = }1 and mr; = 0 and half of the firms
pay taxes. If both L and F have a tax-avoidance product to sell then
prt = pry = 0 and 71, = mp;, = 0 and none of the corporate firms pays
taxes.

The legislation phase. Consider the optimizing behavior of the govern-
ment in t anticipating that firms make pricing choices in period t as just
described and all players follow the candidate equilibrium behavior from t+1
onwards. Note that equilibrium continuation play from ¢ 4+ 1 onwards yields
the continuation values as in (10), (11), and (12).

If hy € HY, irrespective of whether §; = 1 or 6; = 0, given the time
lag k = 1, there are no products that could be banned in period ¢. The
government prefers v, = 0 to v, = 1, as 7, = 1 induces a cost of A and does
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not ban any product and does not affect the market phase in period ¢ and
does not change the initial condition in the subsequent period ¢ + 1, which
isin Hp,, if 6, =0 and in H},, if 6, = 1.

If hy € H} and 0; = 0 then the equilibrium choice 7, = 1 leads to a
period payoff (1 — \) in ¢ and to hyy1 € Hp,;. The government’s payoff
is (1 —\)+0%+6(3 - A)155- A deviation to v, = 0 leads to symmetric
Bertrand competition between accounting firms with tax revenue equal to
zero in period ¢ and a history hyy1 € HY, in period ¢ + 1. Government’s

payoff is 0+ 6(3 — A\)=. A comparison shows

1,1 1 1 1
(1—>\)+6§+6 (§—A)m >0+5(§—A)m
if A< 1—;. This confirms the optimality of v, = 1 for h; € H} if §; = 0.

If hy € H} and 0; = 1 then the equilibrium choice 7, = 1 leads to a
monopoly of firm L in this period ¢ and to hyyq € HYy . The government’s
payoff is £ —A+46(5 —A)155. A deviation 7, = 0 leads to symmetric Bertrand
competition between accounting firms with tax revenue equal to zero in pe-
riod ¢ and to hyy1 € H}, . The government’s payoff is 0 + 5(% — )\)1—:5. The
payoff for 7, = 1 exceeds the payoff for v, = 0 if % > A\

The innovation phase. Turn now to the innovation choice of firm L in
period ¢. Consider deviations from 6; = 1. If hy € H}, then both #; = 1 and
0, = 0 are followed by v, = 1. For 6, = 1 the payoff for L is (; —e+0II}) =
[IF. For 0; = 0 the payoff is 0 + §IIX. Hence, §; = 1 leads to higher payoff
for L than 6, = 0 if ¥ > e. If hy € HY, the choice of §, = 1 is followed by
v, = 0 and by hy1 € H}\, and yields firm L a payoff of 1 — e + I} = II}.
The choice of 0; = 0 is followed by v, = 0 and hyyq € HP,y. It yields firm
L a payoff of 0 + ITF. Accordingly, the candidate equilibrium choice 6; = 1
yields higher payoff than 6; = 0 if }l > e.

This completes the analysis of possible one-step deviations in period ¢
and shows that deviations are unprofitable for the deviating player if e < [—11
and A\ < %

We now turn to uniqueness. Any stationary equilibrium must have 6, = 6*
and v, = v* along the equilibrium path. If §; = 6* = 1, then the stationary
equilibrium either has 7, = v* = 1, which is the equilibrium in Proposition
2. Or it has 7, = 7* = 0. In this case a one-step deviation 7, = 1 in period
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t exists that increases the period payoff for the government from 0 to % —e.
Hence, we can rule out (6; = 8* = 1 and v, = v* = 0) as a possible stationary
MPE. Consider next #; = 0" = 0. The case #* = 0 and v* = 1 can be ruled
out, as it allows for a one-step deviation towards 7, = 0 which increases the
government’s period payoff from —\ to 0 in the respective period. Finally,
consider §* = 0 and v* = 0. Given h; € H{, this yields period payoffs
for F, for L, and for the government that are equal to zero in all periods.
In comparison, a one-step deviation to 7, = 1 increases the government’s
period payoff to 1 — A. Note that the suboptimality of 8* = v* = 0 does not
hinge on the starting condition. Should h; € H?, then a deviation towards
f; = 1 increases the payoff of firm L in period ¢ to % — e > 0, and the
firm’s continuation payoff cannot fall below zero. In sum this rules out any
stationary MPE other than (0%,7*) = (1,1) fore < ; and A < . W

Proof of Proposition 3 The four candidates for a stationary MPE are
(6*,v*) € {(0,0),(1,0),(0,1),(1,1)}. We rule them out one after the other.

(i) If (0", 7*) = (0, 0), then, after a finite number of periods and depending
on the initial conditions that apply, in period ¢ the process is either in the set
of histories H° (this happens if no tax-avoidance product was ever innovated
prior to t = 1), or the process is in the set of histories H!® (this happens
if a tax-avoidance product existed already in t = 1). For h; € HY, the
equilibrium continuation payoff of player L in the candidate equilibrium is
[IX = 0. A profitable one-stage-deviation for player L that yields at least a
payoff of }1 — e is, hence, 0; = 1. For h; € H{°, the equilibrium continuation
payoft of player G in the candidate equilibrium is I'y = 0. A profitable one-
step deviation for player G that increases the payoff by at least % — A s,
hence, v, = 1.

(i) If (0*,7*) = (1,0), then, after a small number of periods, in period ¢
the process is in H}! for ¢ and all future periods. The equilibrium continua-
tion values are I} = =5 and I'; = 0. A one-step deviation 7, = 1 increases
G’s payoff by at least % -\

(iii) If (6*,~*) = (0,1) then, after a small number of periods, the process
is in H in ¢t and in all further periods. For h; € H, the equilibrium
continuation payoff of player L in the candidate equilibrium is IIX = 0. A
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profitable one-stage deviation for player L is 6; = 1, if ;11 —e > 0. Also player
G has an incentive at h; € H to deviate to 7, = 0 and save the cost of
banning non-existing products.

(iv) If (6%,~*) = (1,1), then, after a small number of periods the process is
in HM in period ¢t and for all further periods. For h; € H!', the equilibrium
continuation payoffs of players L and G in the candidate equilibrium are
Hf =5 and ['; = 1’—_’\5. Both players have payoff-increasing opportunities
for one-step deviations if }1 —e >0 and % —A>0. 1

Proof of Proposition 4 We show the existence of an equilibrium that
alternates from histories in H{' to histories in H}'?; and back from histories
in H'Y; to histories in H}?,, due to the following local strategies:

e The government chooses v, = 1 in ¢ if and only if b, € H/°U H}'. That
is, if there are blueprints old enough so that they can be banned, then
the government bans them.

e The firm L innovates if and only if the history h; € HX® U H!°. That
is, L innovates in t if L did not innovate in ¢ — 1. Firm L does not
innovate in t if it innovated in t — 1.

This behavior moves the process according to the following pattern from
the four sets of histories in ¢ to two sets of histories in ¢ + 1:

If h, € HY', then (6;,7,) = (0,0) and hyyq € H}Y. (13)
If h, € H!',then (6;,,) = (0,1) and hyy; € HYy.
If h, € H{° then (6;,,) = (1,0) and h,y1 € Hyly.
If h, € H/° then (0;,7,) = (1,1) and hyy1 € Hpy.

This mapping has the feature that the two sets of history that are visited in
the future are either H}'?;, or H{!;. We can also associate the continuation
payoffs of the two relevant players (L and G) given the mapping (13) for any
initial state H,Y. Using the candidate equilibrium pricing behavior in the
market stage which is fully determined by whether competition, monopoly
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or absence of market products prevails, we find:

1 1
Ik (h, € H?l):0+5<1—e)+0+53 (——e)+...

4

1 /1
= TR <1_e>

Iy (hy € Hy') = 0+ 0117 (hy € H,°)
1
I (hy € HY?) = (Z — e) + 61 (hy € HY).

Similarly, for the government, given the choices in (13),

1 1
Ty(h € Hfl):0+5(§—)\)+0—l—(53 (5—)\)4—...

1 1
= 5@(5”)

1 1
Ty(hy € H) =

1—(52(5_)\)

1 1
Ty(h, e HY =046 Z -\
t(he € H") =0+ 1_52(2 )

1 1 1
Ft(htEHtOO):§+O+(521_52 (5—)\>.

(14)

(15)

(18)

(19)
(20)

(21)

The payoffs of the players in each period are strictly bounded from above

and below, and 0 € (0,1). Hence, we can apply the one-step deviation
principle and consider only such deviations from the equilibrium path. Like
in the cases k = 0 and k = 1, the optimizing behavior of L and F' at the

market phase has no dynamic implications for the state in the next period and

is fully determined by whether competition, monopoly or absence of market

products prevails in the way that has been described before. So we can take
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the equilibrium period payoffs from market interaction into consideration
and turn directly to one-step deviations in states H* and H/°, first in the
legislation phase, then in the innovation phase.!!

Let h; € H?'. Compare the payoffs for the equilibrium choice y, = 0 and
a deviation to 7, = 1. This deviation reduces the period payoff by A in period
t and has no consequences for the state in the next period, as there is no old
product that is affected by this regulatory decision. Hence, the deviation
reduces the government’s payoff compared to the equilibrium choice. Note
also that this suboptimality of v, = 1 is independent of §; € {0, 1} in period
t.

Let h; € H}°. The government’s continuation payoff in the candidate

equilibrium with v, = 1is ;=5 (5 —A). Consider a deviation toy, = 0. If 6, =

1 this leads to a state in Htljl. Hence, government payoff is 0+ T (h; € H}')
52 (3 — A) < 1=52(5 — A). The deviation is not profitable if X € (0, 3).
If 6?,5 = 0 this deviation leads to a state in H}?,. The resulting government
payoff is 0 + 0Ty (hy € H}®) = 25(5 — A) < t2=2(3 — A) if § — A > 0. The

deviation is also not proﬁtable.

We turn to the innovation phase. Let h; € HP'. The candidate equi-
librium choice of L is §; = 0, is followed by v, = 0 (as has just been
shown) and moves the process to a state in H/P;. It yields firm payoff
If(hy € H') = 6:5:(3 —e). A deviation to 6, = 1 is also followed by
v, = 0 (as has just been shown) and moves the process to h.1 € H}Y,.
(5 — €). This shows that the
equilibrium payoff exceeds the deviation payoff if e € (0, %)

Let hy € H!®. The candidate equilibrium choice of L is 6; = 1, followed

by 7, = 1, moves the process to a state hyyq € Hp},, and yields the firm L a

The resulting deviation payoff i

payoff of size (3 —e). A deviation to ¢, = 0 is followed by v, = 1 (as we

52
have seen above) but moves the process to a history hy1 € H?,. The payoff
is0+0(3—e)+0° <5 — (3 — e)) =015 52( — e). This deviation payoff is

smaller than the payoff in the candidate equilibrium if e € (0, 4) [ |

"Note that the same logic can be applied to show that one-step deviations from (13)
for states HY® and H/! are also not profitable for L or G. We only consider one-step
deviations along the equilibrium path here.
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