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Abstract

This study explores the effects of asymmetric information on endogenous leadership in a
simple tax competition environment (Ogawa, 2013). The study models a two-country economy
where one country is informed about its own and opponent’s productivity of private goods, while
the other country knows only its own productivity. The results show that each type of informed
country has an incentive to pretend to be the other type, which leads to a Stackelberg outcome
endogenously, while the simultaneous move is the unique outcome under complete information.
Under the Stackelberg outcome, the uninformed country moves first and the informed country
moves second. Moreover, ex-post social welfare under asymmetric information can become larger
than that under complete information, because the uninformed country chooses a less aggressive
tax rate under asymmetric information. These results depend on the type of uncertainty, and
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1 Introduction

Recently, there have been studies on the endogenous timing in tax competition models. In the
simple tax competition environment and Hamilton and Slutsky (1990)’s observable delay manner,
the equilibrium outcomes are characterized by production technology, capital ownership, and the
distribution of the capital across regions (Kempf and Rota-Graziosi, 2010, 2015; Ogawa, 2013;
Hindriks and Nishimura, 2017).

In a two-country economy, assuming the absence of capital ownership, Kempf and Rota-Graziosi
(2010) conclude that the subgame perfect equilibrium (SPE) yields two sequential-move outcomes.
Ogawa (2013) shows that the simultaneous move is a unique SPE outcome in economies with non-
absentee capital ownership and an equal capital share between two countries. Moreover, Kempf and
Rota-Graziosi (2015) characterize the equilibrium outcome in the non-absentee capital ownership
model, which allows an unequal share of the capital, and Hindriks and Nishimura (2017) develop
more flexible capital ownership models. These studies have adequately addressed the timing deci-

sions of fiscal authorities in the complete information environments.

This study provides a new perspective on the endogenous leadership in a simple tax competition
by introducing asymmetric information. Using Ogawa (2013)’s setting, the study analyzes informa-
tion asymmetry regarding a country’s productivity level of private goods in a two-country economy,
where one country is informed about its own and opponent’s productivity, while the other country
knows only its own productivity. The results show that a Stackelberg outcome emerges endoge-
nously, while the simultaneous move is the unique outcome under complete information. Moreover,
we find that ex-post social welfare under asymmetric information can become larger than that under
complete information.

In Ogawa (2013)’s setting, information asymmetry can provide each type of the informed country
with a novel incentive of pretending to be the other type, which leads to a pooling equilibrium. The
mechanism behind that is as follows. In Ogawa (2013), as the capital is fully owned by the residents
in the two countries and their productivity levels are heterogeneous, one country becomes a capital
importer and the other becomes an exporter. The capital importer strategically chooses its tax rate
to decrease the price of capital, while the exporter chooses a tax rate to increase it. Now, suppose
the uninformed country does not know whether its opponent has higher or lower productivity than

itself, which implies that the country is unaware of whether it is a capital importer or exporter. The



informed country with higher productivity (henceforth, high type) wants the uninformed country
to choose a tax rate that decreases the capital price, because it is a capital importer given its higher
productivity. If the uninformed country incorrectly expects itself to be a capital importer (i.e., to be
more productive than the opponent), then it will lower the capital price, which will actually benefit
the high type. In this situation, the high type has no incentive to resolve the uncertainty. Similarly,
the low type also has an incentive to use the uncertainty such that the uninformed country is misled
into increasing the capital price.

These two-way concealment incentives can make each type choose the same choice of timing and
the same tax rate such that information on its productivity level is not given to the uninformed
country. Such incentives consequently lead to a Stackelberg outcome endogenously in which the
uninformed country moves first and both types of the informed country move second, while the
simultaneous move is the unique outcome under complete information.

These concealment incentives depend on the assumption of the type of uncertainty, and capital
ownership and share. First, it is essential that the uninformed country does not know whether its
opponent has higher or lower productivity than itself. Unlike this assumption, we can consider a
different type of uncertainty such that the uninformed country knows that its opponent has higher
or lower productivity than itself but does not understand the degree of the gap. In such a case, the
uninformed country is aware of its actual role in the capital trade, and either type of the informed
country wants to differentiate itself from the other type, contributing to a separating equilibrium.
Second, in the case of no-capital ownership (Kempf and Rota-Graziosi, 2010) or in some cases
of unequal capital share across countries (Kempf and Rota-Graziosi, 2015), two-way concealment
incentives disappear and the pooling equilibrium cannot emerge. The results in this study can be

brought when the incentives for the manipulation of the capital price differ between the two types.!

Some examples of information asymmetry in this study include some exogenous events, such as
productivity shocks or disasters. After a country experiences an exogenous shock, it may hold more
information on itself than others, even though most of the information had been gathered until then.
Theoretical studies incorporating the risk of disasters include Wildasin (2011) and Goodspeed and
Haughwout (2012).? Especially, Wildasin (2011) considers a similar situation with two regions: one

region (Coast) is exposed to the risk of disasters, while the other (Inland) is not exposed. Unlike

'In other words, one type wants to lower the capital price, while the other wants to raise the price.
2See the survey of Goodspeed (2013).



this study, they do not focus on the information asymmetry between jurisdictions.

The aforementioned examples may seem limited to a specific scenario. Nevertheless, this model
is worth analyzing for several reasons. First, this model suggests that the informed country is will-
ing to use the uncertainty to pretend to be the other type. This implies that each country may
have an incentive to “create” uncertainty by manipulating or concealing information.? Thus, our
environment may be realized not only through some exogenous shocks but also through countries’
decisions endogenously. Moreover, this study shows that such incentives significantly change the
equilibrium outcome compared with that under complete information, which suggests that infor-
mation asymmetry may also have non-negligible effects in related works. The driving mechanism
in this study is helpful to introduce information asymmetry to others’ studies.

Second, the study finds that social welfare in the equilibrium under asymmetric information
can become larger than that under complete information, where social welfare is defined as the
sum of ex-post utilities. The positive effect of information asymmetry on welfare is also shown
in the analysis with a fixed timing structure. This occurs because the uncertainty makes the
uninformed country choose less aggressive tax rates toward both types. This finding contributes to
uncovering the mechanisms driving the positive effects of incomplete information on social welfare,*
and, to my best knowledge, this is the first study to show welfare improvement by asymmetric
information in endogenous timing models. However, the study does not detect a Pareto improvement
by asymmetric information. Under our setup, while each type of the informed country can improve
its utility by pretending to be the other type, the uninformed country suffers a loss because such a
country may choose a tax rate with misperceptions of the actual flows of capital.

Finally, our model presents some interesting points from the game theoretical aspect. The first
point is about the signaling game. A signaling game in our model with continuous action space
(tax choice) does not satisfy the commonly used single-crossing property, but holds the double
crossing. In the game, we find that there uniquely exists a pooling equilibrium (or hybrid equi-
librium) outcome (Lemma 1). Interestingly, the study does not use refinement criteria to exclude

any outcomes. Generally, in the games with double-crossing property, multiple outcomes emerge

3This has an opposite implication for the information sharing among governments (Bacchetta and Espinosa, 1995,
2000; Huizinga and Nielsen, 2003).

“For example, the notable work by Morris and Shin (2002) shows that more (public) information can decrease
welfare in game theoretical situations. In other examples, in the insurance market models with asymmetric informa-
tion, de GaridelThoron (2005) finds that sharing information about past accidents among insurers decreases welfare in
dynamic environments. Koufopoulos and Kozhan (2014) show that an increase in ambiguity about the probability of
an accident can lead to a Pareto improvement. The mechanism behind welfare improvement in our model is different
from that in these studies.



in perfect Bayesian equilibrium (PBE), and some unstable outcomes are often eliminated using the
refinement criteria (Kolev and Prusa, 1999, 2002; Daley and Green, 2014; Chen, Ishida and Suen,
2021). The uniqueness of our model lies in the two-way concealment incentives, which are charac-
terized by opposing directions of each type’s indifference curve for higher utility (Figure 2). Proofs
for non-equilibrium outcomes are based on this property.

The second point is about the endogenous timing game with asymmetric information. Although
the literature on tax competition lacks studies on endogenous leadership with asymmetric informa-
tion, there exist some studies on the duopoly models. For example, Mailath (1993) and Normann
(1997) analyze the effect of asymmetric information using Hamilton and Slutsky (1990)’s action
commitment manner, and Normann (2002) uses Hamilton and Slutsky (1990)’s observable delay
manner. In terms of the methodology, this paper is more related to Normann (2002)’s study.
In these studies, a privately informed player may have a first-mover disadvantage owing to the
over-investments often observed in signaling games. This is attributed to players’ incentives for dif-
ferentiating themselves from others: the main focus is separating equilibria. However, our central
mechanism lies in pooling equilibria, which suggests a different mechanism for the second-mover

advantage from that discussed in existing studies.

This paper is organized as follows. Section 2 describes the endogenous timing model with
asymmetric information, based on Ogawa (2013). Section 3 presents the equilibrium analysis, and
Section 4 analyzes the effect of information asymmetry on social welfare. Section 5 discusses the
assumptions of the type of uncertainty, and capital ownership and share. Section 6 concludes the

study.

2 The Model

Our basic setup follows Ogawa (2013). In a two-country economy, each country i € {1,2} has
homogeneous residents normalized by 1. A homogeneous private good is locally produced using
capital and labor. The total capital used for the production in this economy is 2k. We assume
that, in each country, a resident is endowed with capital k, which implies a non-absentee capital
ownership environment. We assume that the labor supply is fixed and immobile, and that capital
is perfectly mobile.

We assume the CRS technology in each country, and specify the production per capita in country



i as fi(ki) = (A; — k;)ki, where k; is the capital per capita used for the production in country i, and
A; represents the productivity level of country 1.

Country 1’s productivity A; is either A7 or AV (A" > Al > 0). The productivity level
is determined by nature, which randomly assigns type s € {H, L} to country 1, following the
probability distribution p = (py,pr), where p is the probability of country 1 being type s and
P + P, = 1. The country 1 assigned type s is often called “type s.” On country 2’s productivity

level, we assume the following.
Assumption 1. Country 2’s productivity level satisfies Ay € (AF, AT,

Under Assumption 1, country 2 does not know whether its role in the capital trade is as an
importer or an exporter, which induces country 1’s concealment incentive. This is the essential
assumption for our results. Moreover, we assume the following for an analysis of information

asymietry.

Assumption 2. Country 1 can observe both A1 and Aa, but country 2 can only observe its own

productivity As. This fact and the probability distribution p are common knowledge among countries.

Let A® = A® — A, and its expected value with prior distribution be A (= py A" +5; A*). Under
Assumption 1, A# >0 > AL and A € [AL, AT] hold.

The resident’s utility in country 4 is represented by w;(¢;) = ¢;, where ¢; is the consumption
of a private numeraire good. The resident in country i receives the marginal productivity of labor
fi(ki) — ki f!(k;) as labor income and rent from capital rk, where 7 is the economy-wide net capital
return. The lump-sum transfer or tax by the government in country i is denoted by ¢;.> Then, the

consumption ¢; is represented by

ci = filki) — kifi(k:) + 7k + ;. (1)

The government in each county ¢ can impose a unit tax or negative unit tax (subsidy) on mobile

capital, denoted as t;. Then, the government’s budget constraint is

g = tiki. (2)

By the assumption that capital is perfectly mobile and total capital is 2k, the market clearing

5g; is the lump-sum transfer when g; > 0, and it is the lump-sum tax when g; < 0.



yields

filky) —t1 =1 = fy(ka) — ta, (3)

By (1) — (3), the resident’s utility can be rewritten as

ui = fi(ki) +r(k — ki) (5)

Moreover, (3) and (4) imply that

-1
o= R (0 = +t), (6)
-1
CRR S R 7
s Qs A 1 s
o= 7—%—5(14'752)7 (8)

where k7 and t] are country 4’s production capital and country 1’s tax rate when country 1 is type
s, respectively, and ° = A% + A,.

Country i is a capital exporter when k — k; > 0, and a capital importer when k — k; < 0. Since
no capital comes from outside of the two countries, one country becomes a capital exporter and
the other becomes a capital importer. Then, the utility function (5) implies that the two countries
always have different incentives to manipulate capital return r. In particular, a capital importer
wants to increase its tax rate, and a capital exporter wants to decrease its tax rate, given % <0

for all <.

3 Equilibrium Analysis

3.1 Timing Game and Equilibrium Concept

We assume that the government of each country is benevolent, so that each government makes
decisions to maximize its resident’s utility. In the subsequent sections, the government in country ¢
is called “country i.” Asin Ogawa (2013) and the literature on the leadership of tax competition, we
use the two-stage timing game with observable delay introduced by Hamilton and Slutsky (1990).

Taking the information asymmetry into account, the timing game is described as follows:



Stage 0 : (i) Nature assigns a type to country 1.

(ii) Only country 1 observes its type.

Stage 1 : (i) Each country simultaneously announces when it sets the tax rate, e(arly) or Il(ate).

(ii) Both countries observe each other’s timing choice.

Stage 2 : Both countries commit to the timing announced in Stage 1 and set their tax rate. A

situation emerges from the following:%

(a): the situation Gy where both countries set their tax rates simultaneously,
(b): the situation G; where country 1 sets the tax rate first and country 2 follows, and

(c): the situation Gy where country 2 sets the tax rate first and country 1 follows.
Stage 3 : Capital level for production and utility are determined in both countries.

A pure strategy of country i is a pair of action strategies (a;,t;), where a; : ©; — {e,l} is
country 4’s timing choice; t1 : ©1 x {(e, e), (e,1),(l,e) x R, (I,1)} — R is country 1’s tax choice; and
ta: {(e,e), (e, 1) xR, (L,e),(l,1)} — R is country 2’s tax choice with ©; = {H, L} and O3 singleton.
Throughout the study, we denote type s’s timing and tax choices as aj and t{, respectively. A mixed
strategy of country ¢ is denoted by o;. In this model, countries may adopt mixed action strategies
both in timing and tax choices. Let p; : ©; x {e,l} — [0, 1] be country i’s mixed action strategy on
the timing choice, and ¢; : ©; x T — [0, 1] be country i’s mixed action strategy on the tax choice,
with finite support 7" on R. A mixed strategy o; is a pair (p;, ¢;)-

Let (p%, p') be a posterior belief of country 2 (the uninformed country) such that p® = (p%, p$)
with p% + p§ = 1, where p? is the probability of country 1 being type s after country 1’s timing
choice a € {e, 1} is observed; p' = (ply, p} ) with pl; + pf, = 1, where p! is the probability of country
1 being type s after country 1’s tax rate t is observed. We can consider that p® is updated to p
by country 2, because it observes the tax rate t after the timing action a. We assume that country
2 has the same belief p®, regardless of its own timing choices. In the subsequent sections, we often
call the notations A% and A* “belief,” which are the expected values of A® driven by p® and p,
respectively.

The equilibrium concept we use is a perfect Bayesian equilibrium (PBE), defined as follows.”

SNote that Stage 2 is not a “game,” because it is not a proper subgame of the whole timing game owing to the
asymmetric information. However, as in Ogawa (2013) or related works, we use the notation “Gn,” “G1” and “G2”
for each situation, for convenience.

"The definition is similar to that of Normann (2002).



Definition 1. A profile ((01,02), (p%, p)) is a perfect Bayesian equilibrium (PBE), if the following
holds:

L. Given the belief (p%, pt), for all a; chosen with positive probability in p;,

(1) : aj mazimizes type s’s expected payoffs, given py°®, p2, q1, and g2 for any s € {H, L};

(ii) : az mazximizes country 2’s expected payoffs, given pi, qi, and qa;
II. Given the belief (p%, p'), for all t; chosen with positive probability in q;,

(1) : t] maximizes type s’s expected payoffs, given the realized timing, q;° and g2 for any

se{H,L};

(ii) : ty maximizes country 2’s expected payoffs, given the realized timing and q;.

III. The belief (p%, p') of country 2 must be obtained using Bayes’ rule and the equilibrium strategies

(01,02), whenever calculated.

—s is the type other than s, and p; ® and ¢; ° are type —s’s mixed action strategies on timing and
tax choices, respectively. A PBE does not impose any restrictions on belief of off-the-equilibrium
actions. Hence, PBEs are often supported by unrealistic beliefs. To ensure that our equilibrium
is not supported by unreasonable beliefs, we apply the equilibrium criterion D1 developed by Cho
and Kreps (1987), as in the timing games of duopoly (Mailath, 1993; Normann, 1997, 2002). In this
game, there are two kinds of off-the-equilibrium paths. One is country 1’s timing choice, and the
other is country 1’s tax choice. We only apply D1 to the first one because the signaling game on tax
choices has a unique outcome without any refinement (Lemma 1). A perfect Bayesian equilibrium
1$ said to survive the D1 criterion if no one deviates from the equilibrium by imposing D1 to any
off-the-equilibrium timing choices.®

Again, we denote G as the situation where both the countries choose their tax rates simulta-
neously, and G; as the situation where country i € {1,2} is a leader and country j(# i) is a follower.

In the next section, we analyze each situation. In the analysis, as in Ogawa (2013), we assume that

k is sufficiently large to avoid capital concentration in either country.

8D1 is reminded in Appendix E.



3.2 Simultaneous Move (Gy)

When country 2 observes a; = a (= ag), the posterior belief is p*. Then, each type s and country

2’s problems are as follows:

max (A° — kK] + 7 (k = k), (9)
1
max > 0 [(Ar = kS)ks +r° (k- k3)] . (10)
se{H,L}

Using (6)(7)(8), both countries’ best response functions are

1

t] = (A" + 1), (11)
1,

tr = S (—A" +17), (12)

where A% = S, p%A° and 9 = 3" p%t5. By (11)(12), their optimal action strategies are

(t5,t2) = (; (AS — i]\“) ,—i]\a> : (13)

Then, by (6)(7)(8)(13), we have
oty = (Feg (a0 - i) a1 (a0 i), (14
r = %—ZE—é(AS—f\“). (15)

3.3 Sequential Move (G5)

Country 1’s best response is the same as that under the situation Gy. Country 2 maximizes its

expected payoff, given (11) and the posterior belief p!. Then, their optimal action strategies are

(t5,t2) = (; <AS - gA’) ,—i[&’) : (16)

Then, by (6)(7)(2)(16), we have
(k) = (g (a0 240) - g (a0 240)). a7
= (;S—Qk—é(As—i[\l). (18)



3.4 Sequential Move (G})

Country 2’s best response after observing country 1’s tax rate t is

(t - [\f> : (19)

L =

ty =

where Af = > pEASY Given t, using (6)(7)(8)(19), we have

- 1/3 1. — 173 1.
s 1.8 — - 7As_ _7At _ = 7As_ _7At 9
( 1’k2) <k+6 <2 13 9 >>k 6 <2 t 9 >> ( 0)
s _ 0’ 7. 1 At

We should consider two cases separately: (i) aff # af and (i) afl = af.

3.4.1 Case (i): aif # al in an equilibrium

In this case, the type is revealed before Stage 2, because each type’s timing choice is separated.
Thus, the outcome is same as that in the sequential-move game under complete information, so

that we have

) = (3a0-3n0)), (22)

o - (043 ()53 ().
rs = % — 2k — é (gAs) (24)

3.4.2 Case (ii): aff =al in an equilibrium

In this case, country 1’s choice of timing does not change country 2’s belief, because both types
choose the same timing. However, country 2 can update its belief before its tax choice, because
country 1 is a leader and country 2 can observe country 1’s tax rate before making a choice.
Thus, we must analyze a signaling game on tax choices where country 1 is a sender, choosing a
tax rate, and country 2 is a receiver with a prior belief A, observing country 1’s tax rate and

subsequently choosing a tax rate. Lemma 1 states that, in the signaling game, either a pooling or

9 As mentioned before, the belief p¢ is updated to p', since country 2 observes country 1’s tax rate ¢ after observing
the timing choice e.
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hybrid equilibrium outcome emerges, depending on the prior belief A.'°

Lemma 1. Suppose situation G is realized and a{{ = af = e holds in an equilibrium. Let As =

3- <1 - %) A? for each s € {H, L}. Fach type’s tax choice in situation Gy is as follows:

NTEN & (NH ANH - - H _ 20 H
(i) If A € (A", A"™) holds, then type H adopts a mized action strategy between ty' =0 and A",

and type L chooses tI = 0.
(i) If A € [AL, A"] holds, both types choose 0.

(iii) If A € (AL AL) holds, type L adopts a mized action strategy between tl' =0 and %AL, and

type H chooses 0.
Moreover, the equilibrium outcome is unique for each A.
Proof. See Appendix B. O

In our environment, since the capital is fully owned by the residents in the two countries,
one country becomes a capital exporter (k — k; > 0) and the other becomes a capital importer
(k — k; < 0). While capital flows from the low-productive country into the high-productive one so
that the equilibrium condition (3) yields, country 2 is uncertain of the actual capital flow because
it does not know whether country 1’s productivity is higher (A# > Ay) or lower (A3 > AF) than its
own. If country 2 misperceives country 1’s productivity level, it will incorrectly interpret its own
role in the capital trade and choose the tax rate that is beneficial for country 1.'' Thus, each type
has an incentive to pretend to be the other type using the uncertainty, which leads to a pooling
equilibrium (¢ = t£ = 0).

To understand Lemma 1, let us use each type’s indifference curve on t-A? plane.'? First, Figure
1 illustrates each type’s indifference curve at the equilibrium under complete information in the
situation Gy, that is (22).

Type H (L)’s utility improves when its indifference curve moves downwards (upwards), since

its utility improves with a decline (increase) in country 2’s belief At because of the concealment

0Generally, a hybrid equilibrium in a signaling game with two types, 71 and Tb, is an equilibrium where type T}
chooses an action X with probability 1, and type 7> mixes the action X chosen by type 77 with another action Y.

HSuppose Ay = AP, In this case, country 1 is a capital importer, and country 2 is a capital exporter. However, if
country 2 considers country 1’s productivity to be A%, then it incorrectly interprets its own role as a capital importer.
Then, country 2 will increase the tax rate to decrease the capital price (g—; < 0). In reality, since country 1 is a real
importer, this manipulation of the capital price will benefit country 1.

12For the detail of the indifference curves, see the explanation right after Lemma 3 in Appendix B.

12



AL (belief)

A

Pareto superior
— belief set (AL, AH)

when deviating
-y

Figure 1: Two types’ indifference curves at the equilibrium under complete information in situation
Gy

incentive.'® Point A is the optimal point of type H under complete information, where its utility
is maximized under the belief constraint of A* = A, Indifference curve I in Figure 1 shows type
H’s utility level at point A. Similarly, point B is type L’s optimal point under complete information
with its belief constraint of A* = AL, I; shows type L’s utility level at point B.

Here, let us define A® as the belief A? such that points (%As ,A%) and (0,A?) on t-A? plane are
indifferent for type s € {H, L}, which is designated at the intersection point of each indifference
curve and vertical axis in Figure 1. A® is calculated as 3 - (1 — %) A® for each s € {H,L}.
From Figure 1, we can see that type H (L) has an incentive to deviate from point A (B) to point
(0,A% if A® € (AL, Af) holds, which reflects the concealment incentive. Based on this fact, when
A € [A*, Af], we can build a pooling equilibrium as in Figure 2.

Figure 2 provides one example of case (ii) in Lemma 1 where A = 0. Since ¢! =t = 0, country
2’s belief is not updated, that is, A = A (= 0) in the equilibrium. Type H and L’s utility levels at
the origin (0, A) are shown by I%/ o and I f‘wl, respectively. No type has an incentive to deviate from
t = 0 when the equilibrium belief is the separating line between I%O ° and IzOOl, as illustrated in

Figure 2. The essential point is that A € [/NXL, A |; otherwise, either type has an incentive to deviate.

. ouj _ ok§ ar® (1 k3 A3 ore , , A

13By (3)7(5)7(20) and (21)7 T[\i = T[&f{(k‘f) + At (k - kf) - TAltTS = aililttf + At (k - ’Iff) = _%ti - iAS + %At
Th oull H 3/ AH 1At oul L 3/AL 1Rt

en, we have —Zb- < 0 when ;7 > —3(A" — gA%), and 7+ > 0 when ¢t; < —3(A” — 3A"). We do not have to

consider the tax rates such that t{/ < —2(AY — %At) and t{ > —3(AF — %At) For type H, tax rates such that

< f%(AH — %[\t) are dominated by various higher tax rates for any A, because ki is too large under those tax

rates: f'(kf') < 0 holds and the payment for capital (k{7 — &) is too large. Similarly, for type L, tax rates such that
th > —%(AL — %At) are dominated by various lower tax rates, because kL is too low under those tax rates.

13



AL (belief)

____________ A Equilibrium belief "
2
_AH
> .t
A(=0)
---------------------------------------------- AL
g l
IIZ;OO

Figure 2: An example of case (ii) : A € [AY, A] in Lemma 1 with A = 0

Figure 3 illustrates an example of the deviation when A ¢ [INXL JAH |, and presents an equilibrium
outcome of case (i) : A € (A¥ Af) in Lemma 1.

Suppose to the contrary that t{l = t{‘ = 0 is an equilibrium outcome in Figure 3. Then, type
H’s equilibrium payoff is shown by Iy’ in Figure 3, which passes through point C' : (0, A). In this
case, as presented in the figure, type H has an incentive to deviate from ¢t = 0 to %AH for any
off-the-equilibrium belief AZAT ¢ [AL, AH].1* This deviation occurs when A > Af.

In the case of A € (]XH,AH), type H resorts to a mixed action strategy between i = 0 and
%AH , while type L chooses t = 0 surely. Type H and L’s equilibrium payoffs at the strategy profile
are shown by Iﬁ,ybrid and Izyb”d in Figure 3, respectively. In the hybrid equilibrium, A3A" = AH
holds, since t = %AH is not chosen by type L. Moreover, the hybrid equilibrium is built so that
A0 = A (< A) is satisfied,'® where type H’s payoff from ¢ = 0 is equal to that from ¢ = %AH.M

Then, Izyb”d passes through point D, and I?be”d passes through point D and A. In this situation,

Gince A¥ < X and A3A" < A" for type H, (0,A) < (0,AT) ~ (ZAT AT < zAH,A%AH holds.
5 ~\5

15Suppose type H chooses 0 with probability ¢ and %AH with probability 1 — §. Since the belief A° must be
calculated using Bayes’ rule and the equilibrium strategies, we have A° = qﬁ‘;" o AF 4 = 15 L AL in the hybrid
equilibrium. When A < A, there exists § such that A° = A since A° is A(= p? A + p"A*) when § = 1 and A*
when ¢ = 0, and continuous function of §.

16This must hold because, otherwise, type H wants to increase the probability of the tax rate that gives higher
utility.
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At (belief)

A

Figure 3: An example of case (i) : A € (A, A") in Lemma 1

we can see from Figure 3 that no type deviates from the hybrid equilibrium if the equilibrium belief
is the separating line between IIZbed and Izybrid. The important idea is that the mixed action
strategy decreases the value A° for the pooling behavior at ¢ = 0 to be sustained. If A9 > A holds,
type H has an incentive to deviate to %AH with prob 1, as explained above.

The mechanism behind case (iii) : A € (A*, AL) is similar to case (ii). The results of Lemma 1

are summarized in figure 4.

H: tH =0 H: i =0 H: mixt?annd%AH

L: mix t/ = 0 and %AL L:tt=0 L:tt=0

» : ¥ : ~F : - A
AT AL e AT

Figure 4: Summary of Lemma 1

This signaling model satisfies the double-crossing property. Generally, in models with the double-
crossing property, there can be multiple PBE outcomes supported by unrealistic beliefs (Kolev and

Prusa, 1999, 2002; Daley and Green, 2014; Chen et al., 2021). Surprisingly, we can show the
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uniqueness without using refinement criteria to exclude the unstable outcomes in Lemma 1, which

derives from the two-way concealment incentives. See Appendix B for more detail.

3.5 Endogenous Sequencing

Here, we will identify which timing outcomes are attained under PBEs. First, let us confirm the

result under complete information.

Proposition 1. (Ogawa, 2013) When there is no uncertainty regarding productivity and A; = A%
or AL holds, (a1,a2) = (e,e) is the unique outcome under SPE. In other words, both countries

choose early and the simultaneous game s realized.

As in Ogawa (2013), Proposition 1 can be captured by Hamilton and Slutsky (1990)’s mechanism.
Figure 5 illustrates both cases where s = H and s = L. Under complete information, by (11) and
(12), reaction functions of type s € {H,L} and country 2 are Ry : t§ = 1(A® + t3) and Ra(s) :
to = %(—AS +t%) in the figure, respectively. us and Uy are indifference curves of type s and country
2 at the simultaneous-move equilibrium point A when s = H and point B when s = L.

Now, suppose s = H. Type H, a capital importer, achieves higher utility at a higher tax rate
of country 2 given t{{ , since % < 0. In contrast, country 2, a capital exporter, achieves higher
utility at a lower tax rate of type H given to. Their origin is the assumption of a non-absentee
capital ownership environment and asymmetric productivity. The area illustrated with vertical
stripes depicts the Pareto superior set relative to the simultaneous-move equilibrium point A, and
the point A’ (A”) is the sequential-move equilibrium point when country 2 (1) is a Stackelberg
leader. Now, there is no reaction function that enters the Pareto superior set, which implies that
no country has an incentive to become a Stackelberg follower.!”

Similarly, when s = L, the area depicted with horizontal stripes is the Pareto superior set
relative to the simultaneous-move equilibrium point B, and the point B’ (B”) is the sequential-move

equilibrium point when country 2 (1) is a Stackelberg leader. This case has the same mechanism as

ins=H.

7Consider a sequential-move equilibrium. For example, if country 2 (1) behaves as a leader, because it chooses
its tax rate in anticipation of the reaction of country 1 (2), it chooses point A’ (A”). However, country 1 (2) prefers
simultaneous-move equilibrium point A to the sequential-move equilibrium point A’ (A”). The sequential-move
equilibrium puts the Stackelberg follower at a disadvantage relative to the simultaneous-move equilibrium A.
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Uy Ry: thl = (A + t5)

Paret
when|

0 superior set
s=H

HTH , 1
Up ~ - Ry tf =5 (A" + 1)

=t2

Pareto superior set
whens =1

Ry(H):ty =5 (=N + tff)

- Ro(L): tp = 5 (—AL + th)

Figure 5: Reaction curves and Pareto superior sets in Proposition 1

3.5.1 Pure Action Strategies: non-equilibrium outcomes

Here, we focus on the pure action strategies under which both countries make timing choices with
probability 1. Eight possible outcomes exist in our setting. First, we focus on the action profiles
(afl,ak as) = (e,l,e), (I,e,e) and (e,e,e), and compare the results with the equilibrium under
complete information. While countries 1 and 2 choose early under complete information, this is not

commitment robust under our setting, and either country has an incentive to deviate from early to

late.

Proposition 2. There exists no PBE such that (all,al, as) = (e,l,e) and (I,e,e). Moreover, if
A € [AE, AT holds with A® =3 - (1 — QT\/E) A® for each s € {H, L}, there exists no PBE such that

(a{{,alL,ag) = (e,e,e).

Proof. See Appendix C. O

First, (e,l,e) is not attained in an equilibrium, because type H deviates from e to [. Figure 6
illustrates type H’s incentive for deviation. Four reaction functions and point A, B and B’ in Figure

6 are the same as in Figure 5. Suppose to the contrary that (e, [, e) is an equilibrium outcome. Since
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the type is fully revealed (e — type H and | — type L), type H and country 2’s equilibrium payoffs
are the same as those under complete information when s = H, which are shown by uy and ws in
Figure 6. If type H deviates to late, it can pretend to be type L and make country 2 choose point
B’ as a Stackelberg leader. Then, type H can choose point C, which is beneficial for type H, since
the capital price at point C is lower than that in point A because of the higher tax rate of country
2. That’s why type H has an incentive to deviate to late (point A — C'). Similarly, (I,e,e) is not

attained in an equilibrium because of the deviation by type L.

th, ¢tk

1
Ry tf =3(0" +t,)

1
Ryt =5 (A" + )

Ry(H):ty =5 (= + tfh)

Rz(L): tz = %(—AL + t%)

Figure 6: Type H’s deviation from (e, [, e) in Proposition 2

Second, (e, e, e) is not attained in an equilibrium when A € [[\L, AH |, because country 2 has an
incentive to delay. If country 2 deviates to late, the signaling game on tax rates occurs. Then, the
concealment incentive of both types will cause them to choose the same tax rate ¢ = 0 (Lemma 1),
which is a less aggressive tax rate and is beneficial for country 2.

Figure 7 illustrates country 2’s incentive for deviation. Suppose to the contrary that (e,e,e)
is an equilibrium outcome when A € [A¥, A¥]. Reaction functions Ry and Ry, and point A and
B in Figure 7 are the same as in Figure 5. Since country 2 is not aware of country 1’s true type,

it chooses a tax rate based on an expected value of country 1’s tax rate, denoted as f§.18 The

1874 is defined as t¢ = > psti in (12).
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expected value £ and country 2’s reaction function are #§ = %(K +t2) and tg = %(—K +1%) by (11)
and (12), respectively.!® Then, the tax rate of country 2 in the simultaneous-move equilibrium is
illustrated as the point D. Moreover, type H and type L’s tax rates are illustrated as points £ and
F, and uy(H) and uy(L) show country 2’s ex-post payoffs in the equilibrium when s = H and L,
respectively. If country 2 deviates to late, by Lemma 1, both types choose the same tax rate t =0
and country 2 chooses point G as its best response.?’ By the deviation, type H (L) will decrease
(increase) the tax rate from point E to G (from point F' to G), which improves country 2’s utility
from e (H) to wh(H) (from ua(L) to wh(L)). Country 2 makes best use of concealment incentives
to induce less aggressive tax rates from both types.
tf, t‘{:, e

1
Ry: tff =2 (A" +1tp)

1
Ry tf =5 (A" +1tp)

> t2
t(L)

Figure 7: Country 2’s deviation from (e, e, e) in Proposition 2

The others’ non-equilibrium outcomes are as follows:
Proposition 3. There erists no PBE such that (all,a¥ a2) = (e, e,1), (I,¢,1), (e,1,1), and (1,1,1).
Proof. See Appendix D. O

In the profile (e, e, ), the signaling situation on tax rates occurs and both types choose less

aggressive tax rate (t = 0) by the concealment incentive. Then, for any off-the-equilibrium belief

9Note that A® = A because of the pooling equilibrium.
2ONote that £ = 0 when ¢t =tF =0, and A° = A.
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AL, either type has an incentive to deviate to late in order to choose a more aggressive tax rate. In
the profile (I,e,l) and (e, ,1), since the type is fully revealed, either type has an incentive to deviate
for pretending to be the other type, as in the case of (e,l,e). In the profile (I,1,1), country 2 wants

to deviate to take a first-mover advantage as we will see in Proposition 4.

3.5.2 Pure Action Strategies: equilibrium outcome

We derive the equilibria of this timing game. Depending on prior belief A, a Stackelberg outcome

emerges in a PBE.

Proposition 4. IfA € [gAL, %AH] holds, an outcome attained under PBE is (all a¥ a2) = (1,1, ¢).

Moreover, this survives D1.
Proof. See Appendix E. O

In Ogawa (2013)’s setting, as we can see from Figure 5, both countries have a first-move incentive,
since they seek an advantage by choosing the tax rate earlier to manipulate the capital price.?! Even
under our asymmetric information, country 2 chooses early for the first-mover benefit and has no
incentive to deviate from (I,l,e), which is illustrated by Figure 8.

Four reaction functions and points A, B, D, E and F in Figure 8 are the same as in Figure 7.
Under the equilibrium outcome (I,1,¢e), by (16), country 2 chooses point H based on the expected
value of country 1’s reaction Ry : ) = %(K +1).%2 Type H and type L’s tax rates are illustrated
at points I and J, respectively. Then, country 2’s expected payoff in the equilibrium is composed
of e (H) and ws(L), which show country 2’s ex-post utility levels.

In this situation, even if country 2 deviates to late, it will not be better off in terms of expected
utility for the following reason. If country 2 deviates to late, it chooses point D under the situation
G, and country 2’s expected payoff is composed of w)y(H) and wh(L). Now, Figure 8 presents a
case where A > 0. In this situation, country 2 expects its role to be an exporter.?> Thus, it makes
a decision as an exporter to take a gain in the case of s = H, even though it will suffer a loss when
country 1 is actually type L. Then, we can intuitively see that country 2’s indifference curve is
an inverted U-shape on to — f‘f plane. In Figure 8, two indifference curves us and @), are drawn to

24

roughly convey country 2’s expected utility level at points H and D, respectively.”* We can see

21For example, when s = H, type H prefers point A” to A and country 2 prefers point A’ to A in Figure 5.
22Note that A' = A because of the pooling equilibrium.

ZCountry 2 expects its capital to be >, plks =k — % (X - %K) < k by (18).

24 As mentioned later, it is not an accurate depiction.
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1
Ry: tff = (0" + 1))

1
Ry tf =5 (0" + 1)

5
Ry:t, =§(—K+ %)

Figure 8: First-move incentive of country 2 in Proposition 4 in a case where A > 0

that country 2 prefers point H to D and has no incentive to deviate to late. The same argument
can be applied to the case where A < 0.2° In a precise sense, we cannot draw country 2’s expected
utility level as indifference curves on t5 — f‘f plane, because the expected utility cannot be expressed
as a function of f‘f,% and this depiction is to understand country 2’s incentive in an intuitive way.

Conversely, both types of country 1 may have a second-move incentive in “both” choosing late.
When both types choose late, the type will not be revealed and Al=RA holds, which is beneficial
for both types.

Let us observe the mechanism in which each type does not deviate from choosing late in Figure
9. Reaction functions Ry, Ry, Ry and R, and points A, B, D, I, H and J in Figure 9 are the
same as in Figure 8. In the profile (1,1, e), country 2 chooses point H as a leader and its tax rate is
ty = —%K by (16).2" If either type deviates to early, since the situation G is realized, to = —%f\e
holds by (13). Here, we can find off-the-equilibrium belief A¢ such that country 2’s tax rate does

not change before and after the deviation, that is Ae = %K. If Ac = %K, no type has an incentive

ZWhen A = 0, choosing early and late are indifferent for country 2.

26The expected utility includes E[(¢])?] and E[A®t{], which cannot be expressed by . U and @ in Figure 8 are
indifference curves of the form E[us] — b1 Var[t]] — baCov[A®,t]] with b, and by constant.

2"Note that A' = A because of the pooling equilibrium.
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t1,ty, t{
A

1
Ry: th = ;@7 +1t)

Ryity =35 (—A+8)

Figure 9: Second-move incentive of both types in Proposition 4

to deviate to early. In Figure 9, under off-the-equilibrium belief Ae = %K, the expected value fﬁ
and country 2’s reaction function after the deviation are drawn as Ry’ : fe = %( %K +t3) and Ry’ :
to = 2(—2A + ) by (11) and (12), respectively. Point K is the outcome after the deviation. We
can see that country 2’s tax rate at point K is the same as that at point H, so that each type’s
reaction also does not change after the deviation.

In order for the above situation to occur, A € [gAL , %AH | must hold, which is the condition
for A¢ = %K to be a belief: A€ e [ AL, Af].?® In the proof of Proposition 4, it is shown that
Ae = %K is the unique off-the-equilibrium belief that sustains this pooling equilibrium: specifically,
the conditions for no deviation by type H and L are %K < A® and %K > Ae, respectively. Thus,

A€ [%AL , %AH ] is the necessary and sufficient condition for the equilibrium outcome (I,1,¢e). The

belief A¢ = 8A is reasonable in terms of D1 criterion by Cho and Kreps (1987).

We summarize the results of pure action strategies in the following table. The cases A €

(gAH ,ATY and A € (AF, %AL ) are analyzed in the next subsection.

*When A € [2A%, SAH] A° =

2 Ae|

oo
oo

ool

AR 2 AT = [ A", AY] holds.
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Table 1: Equilibrium (O) and non-equilibrium (x) outcomes: pure action strategies

’ (e,e,e) \ (e,e,l) \ (e,l,e) \ (I,e,e) \ (e,1,1) \ (I,e,l) \ (I,1,e) \ (1,1,1) ‘
x (A e [AF, AH)) X X X X X O (A € [2AF, 2AH)) X

The equilibrium outcome in this game is not always unique. Actually, the outcome (e, e,e)
can be the equilibrium when uncertainty is small, that is, when A is close enough to A* or AH .29
However, our equilibrium is supported by a reasonable belief in terms of the Cho and Kreps (1987)
criterion as mentioned above, and the outcome (e, e, e) does not indicate its clear dominance in
payoffs.

So far, we have analyzed the first- or second-move incentives and endogenous timing under
asymmetric information by using reaction functions and the properties of payoffs toward other’s
actions as in the classical studies on endogenous timing (Gal-Or, 1985; Dowrick, 1986; Hamilton
and Slutsky, 1990; Amir, 1995). The critical difference between analyses under complete information
(classical studies) and asymmetric information (this study) is that reaction functions vary depending
on the belief of the uninformed country. This makes it difficult to provide graphical characterizations

of equilibria such as Hamilton and Slutsky (1990).

3.5.3 Mixed Action Strategies

Finally, we derive the equilibrium under which either country resorts to mixed action strategies. In
this section, we denote a timing profile as (pi’(e), pl*(e), p2(e)), which is a profile of probabilities of

choosing early determined by type H, type L and country 2, respectively.

Proposition 5. If A € (g , A1) holds, an outcome attained under PBE is (pi (e), pt(e), pa(e)) =
o _ 5AH
(p3,0,1), where pj; = 1— 7p, 17” with p' = AAHiAL If A € (AL, 2AL) holds, an outcome attained
_ _3AL
under PBE is (p(e), pl(e),p2(e)) = (0,p}, 1), where p§ = 1— Tp-l—fﬁ with p = x7*—xz- Moreover,
each PBE survives D1.
Proof. See Appendix E. O

The driving mechanism behind this result is similar to that of Proposition 4: country 2 chooses

early (p2(e) = 1) because of a first-move incentive, and each type s chooses late (pf(e) = 0) because

QQWE can show that there exist A~ € (AL, AF) and At € (A, AT) such that (e,e,e) is an equilibrium outcome
when A € (A*,A"] or A € [AT,AT).
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of the concealment incentives. However, an outcome (I,[,e) cannot be sustained in this situation
because it does not hold A € [2A%, SAH], which is the necessary condition in Proposition 4 for
off-the-equilibrium belief A® to be a belief.

In this situation, either type adopts a mixed action strategy between early and late. The mixed
action strategy is constructed so that country 2’s tax rate does not change regardless of country 1’s
choice of timing. The idea behind this is the same as in Proposition 4. In the case of A € (gAH AT,
type H resorts to a mixed action strategy. In this case, country 2’s tax rate after observing early
is —%AH by (13), and that after observing late is —%f\l by (16). Note that both early and late are
on-the-equilibrium paths, and Al is calculated using Bayes’ rule and equilibrium action strategies.
We can find type H’s mixed action strategy p}; such that —%AH = —%Al when A € (%AH, AH).30
At that time, each type has no incentive for deviation, since country 2’s tax rate does not vary. The
same argument can be applied to the case of A € (AF, %AL).

As A gets closer to A or AL, the type using mixed action strategy increases the frequency of
choosing early,?" which implies that the equilibrium outcome approaches to that under complete

information. Let us summarize the results from Proposition 4 and 5 in Figure 10.

H: late H: late H: mix early and late

L: mix early and late L: late L: late

2: early 2: early 2: early

— ———\1
L 5 H

A IAE SAH A

Figure 10: Equilibrium outcomes in Proposition 4 and 5

* 5 N 1—p%)p -5 j—
30By (pif(e), p¥(e), p2(e)) = (p},0,1) and Bayes’ rule, A' = (17;%;112’;7@ AT+ (l—pjil)ﬁi)(l—ﬁ) AL, When gAH <A,

there exists pj; such that Al = gAH, since the right-hand side is A when p} = 0 and A® when p¥ = 1, and continuous
function of pF.
31We can check limpz—,1 pfy = 1 and im0 p;, = 1.
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4 \Welfare

4.1 Comparison of Equilibrium Welfare between Complete and Asymmetric information

Let W™ (s) be the sum of utilities of both countries under complete information when country 1’s
type is s € {H, L}, which is driven by the equilibrium in Proposition 1 (Ogawa, 2013). Let W*¥(s)
be the sum of the ex-post utilities of both countries under asymmetric information when country
1’s type is s, which is driven by the equilibrium of Proposition 4 and 5. Now, we compare W (s)

with W¥(s) to disclose the effect of the information asymmetry on social welfare.

Proposition 6. Consider the equilibria in Proposition 1, 4 and 5. Under the assumption that

—%AL < AT < —5AL the following holds:
(i) If A € [SAH AH), then WY (H) = W™ (H) and WY (L) > W™ (L);
(ii) If A € (%AL, %AH), then WY(H) > W™(H) and W*Y(L) > W™(L);
(iii) If A € (AF, %AL], then WY(H) > W™ (H) and W*Y(L) = We™(L).
Proof. See Appendix F. O

These results indicate that social welfare under asymmetric information can be larger than that
under complete information, where social welfare is defined as the sum of ex-post utilities.

In this model, social welfare is represented as the function of the gap between two tax rates
t5 — t2.%2 Social welfare increases when the gap is reduced, and it is maximized when t; = to
holds.?* Especially, when ¢; = t5 holds, we can see from (3) that the marginal productivity levels
of both countries are balanced and the first-order condition for welfare maximization is satisfied.
Under complete information, the gap between the tax rates is ¢t — to = %AS by (13),** so that
inefficiency arises. Their tax rates differ under complete information because of the heterogeneous
productivity (A® # 0). In addition, in our environment, each country has a different incentive to
manipulate the capital price, which causes the countries to set their tax rates in different directions.

However, in our model with asymmetric information, country 2 chooses a less aggressive tax

rate toward each type, because of the uncertainty on the actual capital flow. For example, in the

3280cial welfare in this model is f1 (k1) + f2(k3). The return and payment of capital are canceled out, since capital is
fully owned by both countries. Social welfare is represented as the function of ¢ —t2, since ki and k3 are characterized
by t; — t2 from (6) and (7). , ‘
3BLet T =t5 —t2 and F(T) = f1(k$)+ f2(k3). Then, by (6) and (7), we have F'(T) = %f{(ki’)—i—%fé(lﬁé) =-1iT.
Thus, we have F'(T) > 0 when T' < 0, F'(T) < 0 when T' > 0 and F'(T') = 0 when T = 0.

3By (13), t§ —ta = % (AS — i[\“) — (—i[\“) = %AS. Note that A* = A® under complete information.
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case of (ii) : A € (AL, 2A"), country 2’s tax rate under asymmetric information is to = —2A by
Proposition 4 and (16). This is a less aggressive tax rate than that under complete information
(ta = —%AS ), because the tax rate under asymmetric information is higher toward type H and lower
toward type L, that is —iAH < —%K and —iAL > —%K, respectively.?” This reduces the gap of
the tax rates and improves welfare in both cases s = H and s = L.>® In the cases of (i) with s = L
and (i7i) with s = H, we can apply a similar argument.

Alternatively, in the cases of (i) with s = H and (éi7) with s = L, welfare does not improve,
because the same outcome is realized as that under complete information in a hybrid equilibrium.
For example, in the case of (i) with s = H, by Proposition 5, a hybrid equilibrium emerges in
which type H resorts to a mixed action strategy. In the hybrid equilibrium, type H’s payoff is
always the same as that under complete information, because a simultaneous-move game under
complete information is realized when type H chooses early,’” and type H’s payoffs from early
and late must be the same in the mixed action strategy.>® Moreover, as mentioned in subsection
3.5.3, the hybrid equilibrium is constructed so that country 2’s tax rate does not vary depending on
country 1’s choice of timing, which is fixed to the tax rate under complete information. As a result,
WaeY(H) = W™(H) holds. We can apply the same argument to the case of (iii) with s = L.

Finally, note that the information asymmetry does not lead to Pareto improvement at all in
terms of ex-post welfare. To verify this, let u$”™(s) be the utility of country 2 under complete
information, and us*¥(s) be the ex-post utility of country 2 under asymmetric information when

country 1’s type is s. These utilities are driven by Proposition 1, 4 and 5. We have the following.
Proposition 7. Consider the equilibria in Proposition 1, 4 and 5. The following holds:

(i) If A € [SAH AH), then u$™(H) = u5™ (H) and u§"™(L) > us™(L);

(i) If A € (2AF, 2AH), then u§™(H) > u5™(H) and ug®™ (L) > uy™(L);
(iii) If N € (AL, 2AF], then ug™(H) > us™(H) and ug®™ (L) = uy™(L).

Proof. See Appendix F. O

B_IA" < —2A and —3A" > —2A hold by A € (2A", 2AT).

*In the case of (ii) : A € (2A*,ZA™), the gap of tax rates is t] — to = 1 (A® — ZA) —L—%A) = 1A°+ LA by
(16). When —1A" < A" < —5A" (assumption of Proposition 6) holds, we have |2A® + £ A| < [$A®|, which means
the gap of tax rates is reduced by the information asymmetry.

3"When type H chooses early, the type is fully revealed in this hybrid equilibrium.

38Otherwise, type H seeks the probability that gives higher utility.
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These results state that country 2’s utility under complete information is larger than or equal
to that under asymmetric information. By the definition of welfare, Propositions 6 and 7, we can
see that there is no Pareto improvement by the information asymmetry in any cases.

Country 2’s payoff does not improve, since it chooses the less aggressive tax rate owing to
the misperception of the actual capital flow. For example in the case of (ii), as shown above,
country 2’s tax rate under asymmetric information is higher (lower) toward type H (L) than that
under complete information. Then, type H (L)’s tax rate is also higher (lower) under asymmetric
information because of g—g > 0 (strategic complementarity). These imply that the capital price
under asymmetric information is higher (lower) in the case of s = H (L) than that under complete
information because of g?: < 0. This is harmful for country 2 regardless of country 1’s type. A
similar argument can be applied in the cases of (i) with s = L and (4i7) with s = H. Conversely,
in the cases of (i) with s = H and (iii) with s = L, the same outcome is realized as that under

complete information, as mentioned above. Thus, country 2’s utility does not change in those cases.

4.2 Further Analysis on Welfare: Excluding Timing Effect

The welfare results in section 4.1 are based on the comparison between simultaneous-move outcome
with complete information and sequential-move outcome with asymmetric information. To isolate
the positive effect of the information asymmetry on welfare, this section presents welfare analysis
in a fixed timing. Let WZ(s) be the sum of equilibrium utilities of both countries in a given
timing structure T' € {Gy, G1,G2} with information structure I € {com(plete),asy(mmetric)}
when country 1’s type is s € {H, L}.>? One scenario behind this analysis is that a social planner is
able to organize the information set and timing structure in the economy, and both countries make

decisions in the environment given by the planner. We have the following results.

Proposition 8. Under the assumption that —%AL < A < —5AL, the following holds for any
se€{H,L}:

(i) We(s) > WET(s),

(ii) We,'(s) > WET™(s),

(iii) W (s) > WE™(s), and the equality holds when A € (A, AY) and type L chooses t¥ = %AL

or when A € (A, A") and type H chooses ti = ZAH

39Again, in Gy, G1 and G2, two countries move simultaneously, country 1 moves first, and country 2 moves first,
respectively.
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Proof. See Appendix F. O

In almost all cases, social welfare under asymmetric information is larger than that under com-
plete information in a given timing. This can also be interpreted that a benevolent social planner
would create an information asymmetry in many cases.

The mechanism behind welfare improvement is the same as explained in Proposition 6: country
2 becomes less aggressive because of the uncertainty regarding the actual capital flow, and hence
the gap between two tax rates t; — ta is reduced. For example, in the case of (i), the gaps under
complete and asymmetric information are t; —ty = %AS and t{ —tg = %AS + %K by (13), respectively.
We can see |$A° + 2A| < [3A®| under the assumption that —1AL < AF < —5AL.

The result in the case of (ii) shows the positive effect of the information asymmetry more clearly.
In this case, we can show that Wg'¥(s) > WgT(s) > W™ (s) holds. The first inequality holds
by Proposition 6, that is our main welfare result. The second inequality means that, in the game
with complete information, social welfare under a simultaneous-move situation is larger than that
under a sequential-move situation. In our environment, a Stackelberg sequence induces a leader to
choose a more aggressive tax rate to commit a desirable capital price,’” because each country has
a different incentive for manipulation of capital price, which has a negative effect on welfare. From
two inequalities, we can see that the information asymmetry brings a large improvement in welfare.

In the case of (iii), while the mechanism for welfare improvement is the same as above, the
equality WY (s) = WE™(s) also holds in some situations where country 1 chooses the same tax

rate as that under complete information in its mixed action strategy, as we see in Lemma 1.

5 Discussion

5.1 Types of Uncertainty

In our model, we incorporate the type of uncertainty in which the uninformed country does not
know whether its productivity is higher or lower than the opponent’s productivity. However, we
can consider another type of uncertainty in which the uninformed country knows whether its pro-
ductivity is higher than the opponent’s or not but does not know the degree of the gap between

their productivity levels. In our model, this can be referred to as Ay € (0, AY) or Ay € (A, 00).

108uppose s = H, which means country 1 is an importer and country 2 is an exporter. Under complete information,
country 2 tax rates in the situation Gy and G are to = f%AH and to = f%AH, respectively. The tax rate in the

situation G2 is more aggressive toward country 1, an importer, because of —%AH < —iAH.
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For example, we consider the case Ay € (0, AL), where country 2 knows that it is a capital exporter
owing to As < Aj. In this case, we can show that type L has an incentive to differentiate itself
from type H. Since country 2 is a capital exporter, it wants to increase the capital price. Then,
type H wants to pretend to be type L, because, when country 2 thinks that its opponent is type
L, it acts less aggressively and the capital price becomes lower than if it thinks that the opponent
is type H. However, type L does not have an incentive to mimic type H, because it would make
country 2 more aggressive, and thereby contribute to an increase in the capital price. Thus, this
case can lead to a separating equilibrium. Contrary to our results, social welfare may not improve
in this case, because the separating equilibrium causes inefficiency owing to over-investment, as in
the standard signaling models stemming from Spence (1973). The case of Ay € (A 00) is similar.

While our assumption on uncertainty may seem specific, this model implies that each country
may have an incentive to conceal or distort its true productivity to improve its welfare. Our
model provides theoretical and empirical motivations on countries’ strategic interactions through

information disclosure.

5.2 Capital Ownership and Share

In the case where the capital is fully owned by the outsiders of the economy (Kempf and Rota-
Graziosi, 2010), all the countries in the economy act as capital importers, and a separating equilib-
rium emerges for the similar mechanism as explained in 5.1. Thus, our results cannot be applied to
an absentee capital ownership environment. However, our model may be extended to the situation
where the capital is partially owned by the outsiders of the economy. Hindriks and Nishimura (2017)
analyze cases between full capital ownership (Ogawa, 2013) and no-capital ownership (Kempf and
Rota-Graziosi, 2010). They conclude that a simultaneous-move outcome is realized as in Ogawa
(2013), if the degree of capital ownership is more than a certain level. This implies that our result
is not limited to the polar case of full capital ownership.

The equilibrium outcomes are also affected by the share of the capital between the two countries.
Assuming strategic complementarity, Kempf and Rota-Graziosi (2015) develop the model with flex-
ible capital share and characterize the equilibrium by plain complementarity and substitutability of
tax rates.*! Particularly, they conclude that the SPE yields two sequential move outcomes when

both countries display either plain complementarity or substitutability (Kempf and Rota-Graziosi,

4T A country displays plain complementarity (substitutability) if an increase in the tax rate of that country improves
(reduces) welfare of another country.
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2010), and a unique simultaneous move outcome when one country displays plain complementar-
ity and the other displays plain substitutability (Ogawa, 2013). Based on their work, this study’s
findings may hold in the flexible capital share economy where one country displays plain comple-

mentarity and the other, plain substitutability.

6 Conclusion

An analysis of the leadership in a simple tax competition environment under asymmetric informa-
tion leads to a new strategic effect. Under Ogawa (2013)’s setup, this study introduces information
asymmetry regarding a country’s productivity level of private goods, where one country is informed
about its own and opponent’s productivity, while the other country knows only its own productiv-
ity. The study shows that each type of the informed country will have an incentive to pretend to
be the other type. This concealment incentives will lead to pooling equilibria and, consequently,
a Stackelberg outcome emerges endogenously, while the simultaneous move is the unique outcome
under complete information. Our results show that the simultaneous move in the tax competi-
tion game may not be commitment robust even in Ogawa (2013)’s non-absentee capital ownership
environment.

Moreover, the study shows that ex-post social welfare can become larger under asymmetric
information than under complete information. A positive effect of the information asymmetry on
welfare is also shown in the analysis with a fixed timing structure. Especially, taking advantage of
the uncertainty, the informed country can improve its utility by misleading the uninformed country
about the actual capital flow in the economy. This implies that each country has an incentive to
manipulate information or create uncertainty and that incomplete information environments are
realized endogenously. Future studies can extend this model to a situation where each country
can manipulate its information, and can also conduct empirical analyses to uncover countries’

disincentives for information disclosure.
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Appendices

A Preliminary

The reminder of basic notations: A; € {Af AL} (AH > AF) is the productivity of country 1, A €
(AF, Af) is the productivity of country 2, A* = A® — Ay where s € {H, L}, and A = 5y A7 + 75, A"
is a prior belief. By the assumption of Ay € (A*, Af) it holds that A > 0> AL and A € [AL, AH].
A® and A! are country 2’s posterior beliefs after observing country 1’s timing choice a and tax rate
t, respectively.

First, we prove the following lemma, which is useful for the later analysis. Let u;(all, al, asls)

be country ¢’s utility when country 1’s type is s.

Lemma 2. Let vi(all, al’, asls) = 36u;(all, ak, as|s)—es for eachi € {1,2}, where e15 = 36(A°—k)k
and 25 = 36(Aa—k)k for each s. We define o = As—if\“, = As—%f\“, andy® = %As—tl—%f\tl.
Then, the following holds:

i) : The situation Gy (Simultaneous move)?*?
(1)
[Type s] vi(af’, af, azls) = 3(a®)?
[Country 2] va(all, ak, as|s) = —5(a®)? + 6A%a®
ii) : The situation G5 (Country 2 moves first)*3
y
[Type s] vi(af',af  e|s) = 3(8°)*
[Country 2] va(all,ak, e|s) = —5(B%)% + 6A°5°
iii) : The situation G; (Country 1 moves first
y
[Type 5] vi(af', af,1|s) = (v°)* + 6t17°
[Country 2] va(all,ak l|s) = —3(7%)? + 6(A° — t1)7*

Proof. (i) [Type s]: When a game is a simultaneous move, by (14)(15)
k = k+=a° (A1)

rS = A° -2k — %as. (A.2)

(5), (A.1) and (A.2) imply that type s’s utility is ui (af?, a¥, as|s) = %[3(a®)? +36(A° — k)k]. Then,

we have vy (all, al’, as|s) = 3(a®)?. (i) [Country 2], (i) and (i) are similar to (i) [Type s]. O

“2For example, if country 1 is type H and both countries choose early, then type H’s utility is v1 (e, al,e|H) =
3(aH )2. The timing profile (afI Jaf, a2) is not specified in the Lemma, since there are some cases which describe the
situation G'n.

“3For example, if country 1 is type L, then its utility is v1(a¥, 1, e|L) = 3(8%)2.
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o, 6% and v*® correspond to the situation G, G3 and G1, respectively. Note that the utilities
in case (i7i) of Lemma 2 depend on t;. This is because, as we see in the analysis of situation G
(3.4 Sequential Move (G1)), the structure of tax competition changes depending on both types’
timing choices. If a{{ %+ af in an equilibrium, since the type is fully revealed in the separating
equilibrium, then the tax rate of type s is t; = 2A° (by (22)) and country 2’s belief after observing
t1is A" = A® = A® (and then »° = 3A%). M If afl = af(= e), then ¢; and A" are determined by
the signaling game on the tax choice (Lemma 1). For example, in the case of A € [AF, AH] t; =0
for both types, and A° = A hold (and then 7* = %AS — %K).‘l‘t’

In the following proofs, we consider v; as country ¢’s utility because the terms %, €15, and eog

have no effect on countries’ decisions.

B Proof of Lemma 1

Here, we will prove Lemma 1. Lemma 1 analyzes the case where the situation G; and aff =
al’ = e are realized in an equilibrium. Thus, by Lemma 2, we focus on the utility vy (e, e,!|H) and
vi(e, e, l|L).

To analyze the signaling game in Lemma 1, it is useful to consider both types’ utilities as
functions of (A, At, t). Here, using Lemma 2 (iii), we define wy (A®, Al t) = vi(e,e,l|s) = (v°)2+6t7°
with v* = %AS —t— %At. We can consider A® as the type. For example, wy(A”, A,0) represents

type H'’s utility when its tax rate is 0 and country 2’s belief is A0 =A.

To prove Lemma 1, we start with the following lemma.
Lemma 3. We have the following:

(i) wn (A% AL 1) = —5i2 16 (A~ JAY) £ 49 (A — 2Ar)
=4 (-2t 3(a0 - JAD) (106 + 3(4° - 34Y),

(ii) wi(A®, A, t) is mazimized at t = 3 (AS - %At>, and the mazimum value is 55(A® — %At)z,

(iii) There exists a unique value A° € (A%, AH) such that wi(A®,A*,0) = max; wi (A%, A% t) Vs,
and the value is A® =3 (1 - 2%) A* (=~ 0.317A%). Note that A >0 and A* < 0.

44Gince the type is fully revealed by the timing choices, country 2’s belief is not updated by the tax rate ¢;. Thus,
A" = A° holds.
4°Both types choose t; = 0; then, the belief is not updated.
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Proof. Proof of (i): By wi(A®,At,t) = vy(e,e,l]s) = (v°) + 6t7° with 7* = SAS—t— %f\t, we can

obtain (7). Proof of (i7): Use Lemma 3(i). Proof of (iii): Use Lemma 3(3) (7). O

Let us summarize the results of Lemma 3 as Figure B.1. We can see that there exist two-way
concealment incentives around ¢ = 0,%6 which leads to the pooling equilibrium.

wq

2 ~
wy (A“,AH,EA“) =w, (A", A7, 0)
3

wy (A, AL B)

w; (AH, AL, 1)

>t
) \Wl(AH,AH, t)

wy (AL AP D)

wi (AL AL £)
wy (AL AL E

Figure B.1: The summary of Lemma 3: At e (AL, AH)

To understand each proof clearly, we will often use both types’ indifference curves on the ¢ — At
plane. By Lemma 3(4), type s’s indifference curve with utility level w satisfies —5t2+6 (AS - %f\t) t+
% (AS — %f\t>2 = w. Each quadratic form has two curves on the t-At plane, but one curve violates
At e [AL, AT).AT As a result, type H'’s indifference curve is At = 3AH 4 4t — 4(%752 + i@)%, and L’s
one is At = 3AL 4t + 4(%t2 + %@)%. It can be also shown that type H’s curve is concave, and type
L’s curve is convex. Moreover, their indifference curves are tangent to each other at t = 0. The
slope of the tangent line of type H’s indifference curve is %t =4 - 1875(%752 + %w)—%, and type L’s

one is dd—/}: =4+ 1832 + i@)fé. We can see that the slopes are the same when ¢ = 0.

46In Figure B.1, around ¢t = 0, we can see that type H’s utility increases as the belief Al gets close to AT, while
type L’s utility increases as A! gets close to AT,

4"The indifference curves can be rewritten as A* = 3A° + 4t + 4(t* + (5t + E))% for each s € {H,L}. Then,
for type H, it holds that A* = 3A" + 4t + 4(t* + 1(5¢* + w))2 > A for any ¢. Similarly, for type L, it holds that
A = 3A" 44t — 4(? + L(56* + w))? < A" for any t.
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Let us summarize these results as Figure B.2.

Type L’s indifference curve Kt (behe f)

1

At =3AL+41:+4(3t2+-1v—v)3 A
4 4

& S

\_// 0 "t

Type H’s indifference curve
1

At =3A”+4t—4(—9t2+—1w)_2
4 4

Figure B.2: Indifference curves on t — Al plane

Lemma 4. Suppose the situation Gy is realized and a{l = af = e holds in an equilibrium. Then,

in the signaling game of tax choices, there is no separating equilibrium.

Proof. Suppose to the contrary that there exists a separating equilibrium, and type H and L choose
t £ 0 and t& # 0 (t11 # tF) in the equilibrium, respectively. Then, the equilibrium payoffs of type
H and L are wy (A7, A" 1) and wy (A¥, AP, t5), respectively. Now, we focus on the tax rate ¢ = 0,
which is off-the-equilibrium path. If A? € ([XL , A"] holds, where AV is the belief after observing
t = 0, by Lemma 3(i)(ii)(iii), it holds that wi (A%, A%,0) = 2(AF — 1A9)2 > 9(AF — LAL)? =
wi(A*, AF,0) = max; wi (A*, AP, t) > w (AP, AL, £).*® This implies that A° € [A¥, AY] must hold
in the separating equilibrium, since type L has an incentive to deviate to tlL = 0 under A0 €
(AL, Af]. Similarly, if A° € [A%, A¥) holds, by Lemma 3(i)(ii)(iii), it holds that wi (A, A, 0) =
(AT — 1A% > QAT — IAT)2 = wy (AT, AT 0) = max, wi (AT, A7 1) > wi (A, AT ¢]T). This
implies that AV e [INXH JAH ] must hold, since type H has an incentive to deviate to t{l = 0 under
A0 € [AL, AM). However, this contradicts A0 e [AL, ]\L], since A > AL .

From the above, it must hold #f = 0 or t¥ = 0 in the equilibrium. Suppose t¥ = 0. Then, for

type H, it holds that wy (A7, AL,0) = 2(AH — IAL)2 > SL(AH — IAH)? = max, wy (A, A7 ) >

A%? > 8(A* — LA%)? holds, since 7‘9“’1(2;/\’0) > 0.

48 9(AL
Note that 7(A™ — 3

1
3
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wy (AF, AT t{l ).%% This implies that tf # 0 must hold in the separating equilibrium because of the
deviation of type H. Thus, it must hold #{ = 0. However, for type L, we can see wq (A", A 0) =
FAL—IAH)2 > BLAL — IAL)2 > wy (AL, AR t]). Therefore, the separating equilibrium cannot be

supported by any tax rates, and this is a contradiction. ]

In the first part of the proof, we show that there exists no separating equilibrium such that type
H and L choose t{{ # 0 and tlL # 0, respectively. We show that there always exists a type who
wants to deviate to t = 0 for any beliefs A% In figure B.3, the indifference curves are drawn, which
describe their maximum utility levels under separating equilibria,”® as well as the sets of beliefs
under which they want to deviate to t = 0. We can see that the sets of beliefs overlap each other in
figure B.3, which implies that there is no belief A9 such that both types never deviate. This result

can be attributed to the fact that their indifference curves are tangent to each other at t = 0.
Type L's maximum utility level

under separating equilibrium ~t .
maswy (A, Y, 1) /‘} (belief)

? 1 AH (: 1)
type L wants to deviate. -

(&, ] L ‘
—2 -1 0/ 1 2
\ \ i / >t

1
1
1
1
1
:
1
:s_ Belief set under which
f i~ type H wants to deviate.
1
1
1
1

Belief set under which

(A%, )

| 7 A(=-1)
Type H’s maximum utility level

under separating equilibrium
max w, (AT, AR )

Figure B.3: No separating equilibrium such that type H and L choose i # 0 and t¥ # 0 (First
part of the proof for Lemma 4): An example of A =1, A* = —1, and A =0

Next, in the second part of the proof, we show that there exists no separating equilibrium such
that t = 0 or t/ = 0. We show that the type that does not choose ¢ = 0 wants to deviate to

t = 0. Figure B.4 illustrates an example of a separating equilibrium with t{{ # 0 and tI = 0, where

“Note that 25(A" — LAT)? = 2(A")? and A" < 0.

50The belief must be of the real type in a separating equilibrium, and indifference curves of type H and L must pass
through the horizontal lines A¥ and A% at the chosen tax rates, respectively. Thus, we can see that each maximum
utility level under a separating equilibrium is attained when each indifference curve is tangent to the horizontal line
of the real type.
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type H’s indifference curve describes the maximum utility level under separating equilibria. In this
example, (¢, A!) = (0,A%) is available for type H. We can see that type H has an incentive to

deviate to t = 0. A similar argument can be applied to the case where t{/ = 0 and t¥ # 0.

Type H’s maximum utility level

¢ .
A" (belief) under separating equilibrium

A

/ AH(= 1)

A(= —1)

R

f Type H wants to deviate to t = 0.

Type Ls utility level under
separating equilibrium with t = 0

Figure B.4: No separating equilibrium with ¥ = 0 (Second part of the proof for Lemma 4): An
example of A =1, Al = -1, and A =0

Lemma 5. Suppose the situation G1 is realized and al! = al = e holds in an equilibrium. Let tp

be a tax rate attained under a pooling equilibrium. Then, t, = 0 must hold.

Proof. We consider two cases: t, € (—00,0) and t, € (0,00), and only show that t, € (—o0,0) is
not chosen under any pooling equilibria. The proof in the case of ¢, € (0,00) is similar.

First, suppose t, € (—o0, —35(Af — 2A)]. Then, it holds wi (A, A9,0) = (AT — %A0)2 >
0 > (=2t + 3(A" — LX) (10t, + 3(AH — IA)) = wi(AH A, t,) for any A%, This implies that
t, € (—f’—O(AH - %K),O) must hold in a pooling equilibrium, since type H has an incentive to
deviate to t = 0. Next, suppose t, € (—%(AH — %K),O). Then, for a pooling equilibrium to
exist, wy (A, A t,) > wi(AH, A9, 0) must hold for some AY51 Now, let A_ satisfy wi (AT A L)) =
wi (A, A_,0).°2 We have wi (A, A, t,) > wi (A, A%, 0) if and only if A° € [A_, A¥].>® Then, for

S'That is, —5(t,)? + 6(A"” — LA)t, + (A" — LA)? > 9(A" — 1A%)2.

2The value A _ exists. If t, is a pooling-equilibrium tax rate, we can find A such that w; (AT A ty) > wi (AT A°, 0).
Since w1 (A", A%,0) > w1 (A", A, t,) holds for any t, € (— 2 (A" — 1A),0), the continuity of w1 (A7, A°,0) implies
the existence of A_.

% Note that w1 (A%, A%, 0) decreases in A°.
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any A € [A_, A¥], we can obtain w (A*, A%, 0) —w; (AF, A, t,) > S(AH —ALY(A_—A+4tp).5" Here,
let F(t,) = A_ — A+4ty,. Then, it holds F(0) = 0 and F'(t,) < 0 for any t, € (—5 (A7 — 1A),0).5
This implies F(t,) > 0 for any t,, € (—-=(A7—1A),0), so that wy (AF, A%, 0)—w; (A, A, t,) > 0holds
for any A® € [A_, A¥] and t, € (=5 (A" —1A),0). However, this contradicts t, € (—+=(A7—1A),0)

being a tax rate in the pooling equilibrium. O

In the second part of the proof, we show that there is no belief A9 under which both type H and
L do not deviate from t, € (—2(A# — 1A),0) to t = 0. Especially, we drive the set of beliefs under
which type H never deviates to t = 0 (that is, [A_, Af’]), and show that type L always deviates to
t =0 for all A® € [A_, Af]. This is summarized as Figure B.5.

Similarly, we can show that ¢, € (0, —f’—O(AL — %K)) is not chosen in a pooling equilibrium. As
illustrated in Figure B.6, we can show that type H always deviates to ¢t = 0 for any belief under

which type L never deviates to t = 0 (that is, [A%, AL ]).

A'» =R (=0)

Type Ls utility level under At (belief)
ooling equilibrium with t 4
p v\g q P I /-\ AH (: 1)

H never deviates to t = 0,

but L wants to deviate. -~:

—2 t 1 2
| ) rd 0 } } >t
Type H’s utility level under
pooling equilibrium with ¢,
A(=-1)

Figure B.5: No pooling equilibrium with ¢, € 1% A

(— — 2A),0) (Second part of the proof for
Lemma 5): An example of A =1, Al = —1 and A =

5 Since A > A, wi(A%,A°%0) — wi(A" A tp) = S(AY — 2A)2 4 5(2,)% — 6(AF — tA)t, — 9(AF — L1R)? >
SAF — ML) +5(tp)? — 6(AF — £A)t, — (A" — 1A)%. By the definition of A_, 5(t,)* + 2At,, = 6A"t, + F(AT —
2A)? — 9(A" — LA )% Using this, wi (A, A°,0) — wl(éL Aty) > 2(AY = IA ) —2(AF - 3N+ 4(AH 1A% -
AT — LA + 6ATt, — 6ATt, = S(AT — AP)(A- — A +4tp).

5%We can see A_ = 3A" — {(—2¢t, + 3(A" — LA))(10t, +3(A" —
3(AT — LR){(=2t, + 3(AT — LA))(10t, + 3(AT — 1K)} 3

A))(10t, + 3(A" — LA))} 2 < 0 for any t, € (—%(AH -

%K))} Thus, F'(tp) = 8= 4+ 4 = 4 — 4(~5t, +
4 — 4{(—5tp + 3(A" — LX) )}{ —2t, + 3(A"

-



Atr = A (= 0)

Type Ls utility level under At (belie)
pooling equilibrium with t, N
A (= 1)
-2 -1 ‘2
| | ot
3
f i _ Type L never deviates,
_,__but H wants to deviate.

N [AL A, ] /\AL (=-1)

Type H’s utility level under
pooling equilibrium with t,,

Figure B.6: No pooling equilibrium with ¢, € (0, —%(AL — %K)) : An example of AH =1, AL = —1,
and A =0

Lemma 6. Suppose the situation G is realized and a{{ = af = e holds in an equilibrium. Then, if

a hybrid equilibrium exists, it must hold that (i) type H mizes 0 and %AH and type L takes 0 surely
or (ii) type H takes 0 surely and type L mizes 0 and %AL.

Proof. Consider the case that type H mixes t, and t;, and type L takes t, with probability 1.
Suppose to the contrary that type H takes t;, # %AH in the hybrid equilibrium. If type H chooses ty,
its type is revealed, and type H’s utility is w1 (A, A" t;). However, we can see wy (A, A, %AH) >
wy (A7, AH %AH) > wi (A", AT t},) for any belief A, which is a contradiction.’® Thus, it must hold
ty, = %AH in the hybrid equilibrium.

Now, suppose type H takes t,, with probability ¢ and %AH with probability 1—gq, and type L takes
t, in the equilibrium. By the definition of PBE (Definition 1), it must hold w(AH, A, %AH) =
wy (AT ,Atp,tp).57 Thus, we can see that type H’s expected utility in the hybrid equilibrium is
equal to wy(AH, Atr, tp). Moreover, type L’s utility is wy (AF, Atr, tp). Thus, we can apply the same

argument as Lemma 5, so that ¢, = 0 must hold in the equilibrium."®

dwy (AH R, ZAH)
oA
that wy (A, AT t) is uniquely maximized at t = %AH,
STIf wy (AT, AT %AH) #* w (AH,AtP,tp) holds, type H wants to deviate from the mixed action strategy q. Note
9P AH _PL_ AL
N v PHTPL aPH+PL
58 When we consider A’ as A in Lemma 5, the same proof can be applied.

56For the first equality, we can check < 0 for any A € (A¥,A™). For the second inequality, note

that A’ is calculated using Bayes’ rule as Atr =
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In the case that type H takes ¢, with prob 1 and type L mixes ¢; and t,, we can apply the same

proof as above. O

Proof of Lemma 1: We show the following: (i) if A € [[\L,]\H] holds, there exists a pooling
equilibrium where both types take 0; (ii) if A € (A", A) holds, there exists a hybrid equilibrium
where type H mixes 0 and 2A", and type L takes 0; (iii) if A € (A%, A%) holds, there exists a
hybrid equilibrium where type H takes 0, and type L mixes 0 and %AL ; and (iv) the equilibrium

outcome is unique for each A.

(i: Derivation of pooling equilibrium)
Assume A € [AF, Af]. We will check that both types never deviate from i =t/ = 0 under the

following belief:

A if e (—oo, H(AL —A)]
M= a4+ X if te((AL-N), LA —R)) (B.3)
A if te[H(AT —R),00).

Note that this is a belief, that is, At € [AL, AH] for all t.

First, we consider the interval ((AL — A), 1(A# — A)). Then, A* = 4t + A holds. We show
that the tax rate ¢/ =t/ = 0 maximize each utility on ($(AX — A), 2(A¥ — A)). The first-order
conditions for utility maximization are

M(A;t’At’t) = —10t 46 (AS - ;At> - ZCZ;tt — Z‘Z\tt (As - ;At> =0 Vs,
where A! = 4t + A and dey = 4. Then, t = 0 satisfies the first-order condition for both types. We
can check that the second-order conditions are also satisfied. Thus, both types have no incentive to
deviate from t = 0 to t € ($(AL — A), 2(A — ).

Second, we consider the interval (—oo,%(AL — A)]. Then, At = AL, For type H, the tax
rate maximizing its utility on (—oo, (AL — A)] is 1(A* — A), since w; (A#, A% t) is increasing on
(=00, (AL —A)]. We can see wi (A, A,0) = 7 (A — %K)Z > (A — LA) — L(A — AL))((AF -
%K) + 2(A — AF)) = wi (AT, AE (AL —A)) for any A € [AL, AT For type L, its utility is

wi (AP, AL t), and by Lemma 3(ii) the maximum utility on (—oo, $(A¥ — A)] is at most 2(AF)2

Pwy (AT AT F(AT = R)) = 3 (-

- . i AP =)+ 3 = GA))(10- (AT =)+ 3(AT — GAR) = FAF - JAT 4
L e A [(C 3

(A — AD)). ’ i

1
6



We can see w (AL, A,0) = 2 (AL — %K)Q > 2(AF)? > wy(AF, AL t) for any A € [AL, AT].50 Thus,
both types have no incentive to deviate from ¢t = 0 to ¢t € (—oo, 1(AF — A)].

Finally, we consider the interval [;(Af — A),00). Then, At = A", For type H, since its
utility is wy (AH, A7 t), the maximum utility on [§(A7 — A),00) is at most 2(A)2. We can see

wi (AT A, 0) =9 (AF — %K)2 > S(AT)2 > wi (AT AT t) for any A € [AL, A"]. For type L, the tax

rate maximizing its utility on [%( —A),00) is (AH — A), since wy (AL, A ¢) is decreasing on
[3(AH —A),00). We can see wi (AL, A,0) = § (AF — A) > F(AL—IA)—L(A—AT))(AF—3A)+
%(K— AT)) = wi (AL, AH, 1( )) for any A € [AF, A¥]. Thus, both types have no incentive to
deviate from t = 0 to t € [J(A# —A), 00).

(ii: Derivation of H-hybrid equilibrium)
Assume A € (AH Af). We consider the action strategies that type L chooses 0, and type H

chooses 0 with probability ¢ and AH with probability 1 — ¢. We consider ¢ such that ~pqp fp AH 4

7 }’; -LI-ELA = A" is satisfied, which means A = A” 61 We define the consistent belief with the

above equilibrium strategy profile, as follows:

AL if te (—oo, J(AL — AH))
AN={ gL AH if te(%(AL_]\H)’%(AH_AH)) (B.4)
A if te [H(AT - AF), 00).

Let us check whether both types deviate from the strategy profile, given the belief (B.4).

For type H, in the equilibrium, the utilities from ¢ = 0 and ¢t = %AH are wi (A JAH ,0) and

wy (AT, AH %AH ), respectively. ¢ is an optimal mixed strategy between 0 and %AH , since it holds
wi (AT, AR 0) = wy (AT AT %AH) by Lemma 3.2 Since the expected utility of type H in the
equilibrium is wy (A?, A 0), and the utility of type L in the equilibrium is wy(AZ, A 0), we can
apply the same argument as (i: Derivation of pooling equilibrium) to show that both types

have no incentive to deviate from the strategy profile.%?

Finally, we should show that there exists ¢ such that pqp i = AT+ Tr + =7 ALY = A" when
Ae (AT AH). Let H(q) = qﬁ‘g’ifmAH + qu+p —PL__ AL AH_ Then, we can see H(0) = A* — A <0,
“For any & € [A%, A7), $ (A%~ 18)* > 3 (A%~ 3R%)" = 9 (AF —1.30 - 25)A) = 9(aRy2

aPH H PL AL
62 a4PH+PL dPHTPL
If it holds, type H does not have an incentive to choose other probabilities.
53The only difference from the case (i) is that t = %AH is on-the-equilibrium path. However, it does not matter

61The belief A° must be calculated using Bayes’ rule. In this case, A0 =

. A2AH .
since A5*" = A" in both cases.
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and H(1) = A — A¥ > 0. Since H(q) is continuous in ¢ and H’(¢q) > 0 holds, there exists § such
that H(q) = 0 uniquely.

(iii: Derivation of L-hybrid equilibrium)
Suppose A € (AF ,AL). We consider the action strategies that type H chooses 0, and type L

chooses 0 with probability p and %AL with probability 1 — p. We consider p such that EHZI}%EL AP+

%AL = AL is satisfied, which implies A = AL. We define the consistent belief with the above

equilibrium strategy profile, as follows:

AL if t e (—oo, 1AL — AF)]
A'=q at+ AL if te (LAl — AL), F(AT — AL)) (B.5)
AT Gf te [L(AF — AF), 00).

Then, the same argument as the H-hybrid equilibrium is applied to show that no types deviate

from the strategy profile.

(iv: Uniqueness)

First, we consider the case of A € [/~\L, A ]. In this case, by Lemmas 4 and 5, it suffices to show
that there is no hybrid equilibrium. Suppose to the contrary that there exists a hybrid equilibrium.
Then, by Lemma 6, either type H or L mixes 0 and %AS . Here, suppose type H mixes 0 and %AH
in the hybrid equilibrium. Then, it must hold that wi(A®, AT, %AH) = wi (AT AO, 0) and thus, by
Lemma 3(7i7), A0 = A, Moreover, since the posterior belief A° must satisfy A > A0,64 we have
A > AY. However, this is a contradiction to A € [AY, A¥]. We can apply the same argument to
type L.

Second, we consider the case of A € (AH ,Af). In this case, by Lemmas 4, 5, and 6, it suf-
fices to show that there is no pooling equilibrium in which both types take 0, and no L-hybrid
equilibrium in which type H takes 0 and type L mixes 0 and %AL . Suppose the pooling equilib-
%fit’%m < 0, Lemma 3(iii) and A > A it holds that wy(AH, Al AT >
wy (A7, AT %AH) = wy (AH, A 0) > wi(AH, A, 0) for any At. Thus, type H has an incentive to de-

rium exists. By

viate from ¢ = 0, and this is a contradiction. Suppose the L-hybrid equilibrium exists. It must hold
that wy (A", AF, %AL) = wl(AL,f\O, 0) in the equilibrium, and thus A% = AL holds. Moreover, the

posterior belief A% must satisfy A < A9, so that we have A < AL. However, this is a contradiction

64 . 2AH _ . _ : AO _ _ dpH H PL L
When type H chooses 0 with prob g and A" with prob 1 — g, it holds A" = pr AT+ pr A®. We can

see A > A° for all q € (0,1), since A is increasing in ¢ and A® = A when q=1.
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to A € (A, A,
The proof in the case of A € (AL, AL) is similar to the second one. O]
In the derivation of the pooling equilibrium, we consider a specific belief (the belief (B.3)), and

show that each type has no incentive to deviate from the equilibrium under the belief. We can

illustrate an example of the pooling equilibrium as Figure B.7.

N ~ e [RL 7H
A (elief) A€ & A7
Type Ls indifference curve | Equilibrium belief AH
\ A"
t* i
\\ >t
At =4t + A +—
rd N~ AL
l(AL -5 1 i -7 Type H’s indifference curve
4 4

Figure B.7: An example of pooling equilibrium with ¢ =0

When A is sufficiently large or small, the pooling equilibrium does not exist. For example, let us
consider the case that A is sufficiently large, that is, the case A € (Z\H (A ). An example is drawn
as Figure B.8.

In this case, there is no belief under which both types do not deviate from ¢ = 0. For example,
in Figure B.8, type H has an incentive to deviate to t = %AH for any belief, and this situation holds
whenever A > AH¥. We can see that, for the pooling actions at t = 0 to be sustained, the belief A0
must be less than A7,

Here, if type H increases the probability of choosing t = %AH , it would increase the probability
that the type choosing t = 0 is type L, so that A decreases (to A ), and H-hybrid equilibrium can
emerge as illustrated in Figure B.9. The same logic can be applied to L-hybrid equilibrium when

A is sufficiently small, that is, A < AL
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At (belief) A € (AH, At

7N A,,
N

Type L’s indifference curve

/
®
S

4>t

2
—A\H
5

For any beliefs, type H wants to —= 1.
deviate to t = é AH Type H’s indifference curve

AL

Figure B.8: An example of no pooling equilibrium with t =0

At (belief) A € (A", AT

Type L’s indifference curve | Equilibrium belief AH
\\ \\ '
\tf 0

\J/ 2 "t

At =4t 4+ A«

Type H’s indifference curveL

1 ¥ 1
Z(AL_KH) Z(AH_KH)

Figure B.9: An example of H-hybrid equilibrium
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C Proof of Proposition 2

Proof. First, suppose to the contrary that the profile (e,l,e) is an equilibrium outcome. Then,
since the type is fully revealed (e — H and [ — L), by Lemma 2, type H’s utility is vi(e,l,e|H) =
3 (AH — iAH)Q. However, if type H deviates to [, then its utility is v1(l,l,e|H) = 3 (AH — %AL)Z.
Since v1(l,1,e|H) > wvi(e,l,e|H) holds, type H has an incentive to deviate to I, and this is a
contradiction.

Second, suppose the profile (/,e,e) is an equilibrium outcome. Then, since the type is fully
revealed (e — L and | — H), type L’s utility is vi(l,e,e|L) = 3 (AL - %AL)Q. However, if type L
deviates to I, then its utility is v1(, 1, e|L) = 3 (AF — %AH)Q. Since v (1,1, e|L) > v1(l, e, e|L) holds,
type L has an incentive to deviate to [, and this is a contradiction.

Finally, suppose the profile (e,e,e) is an equilibrium outcome when A € [AL, A#]. Since
the belief is not updated by the pooling behaviors,® by Lemma 2, country 2’s expected util-
ity is Evo(e,e,els) = >, P [—5 (As — %K)Q +6 (A% — IA) AS} = (A%)2 + 11(A)?, where (A%)? =
>, Ps(A%)2. If country 2 deviates to [, by Lemma 1, tif = ¢£ = 0 holds.%® Since country 2 never up-

dates its belief, country 2’s expected utility is Eva(e, e,l|s) = >, P, [—3 (%AS — %K)Q +6 (%AS - %K) AS] =
3(A®)2 + 2(A)2. Then, we can see Evs(e, e,1]s) > Evy(e, e, els) for any A € [AL, AH], and this is a

contradiction. O

D Proof of Proposition 3

Proof. Suppose to the contrary that the profile (e,e,l) is an equilibrium outcome. When A €
[AL, AH] holds, by Lemmas 1 and 2, it holds that vi(l,e,I|H) = 3(AH — %AZV > (A — 1A)? =
vile,e,|H) if Al < (4 — 2v/3)AF + 28R, Similarly, it holds that vi(e,l,1|L) = 3(AL — 1A1)2 >
(3AL—3IA)? = vi(e,e,l|L) if A > (4—2V3)AL + %K. We can see that, for any off-the-equilibrium
belief Al, either type has an incentive to deviate, and this is a contradiction. Next, when A €
(AH AM), by Lemmas 1 and 2, it holds v (e, [,1|L) = 3(AL — %AZ)Q > (AL — %]\H)Q =vi(e,e,l|L)
if Al > (4 - 2v/3)AL + 2B AH 67 Now, we define G(A!) = vi(e, e, I|H) — v1(l, e, I|H) = 2(AF)2 —

5In other words, A¢=A.

%Note that A € [A*, A"] holds.

67Note that AY is country 2’s equilibrium belief after observing ¢t = 0 when A € (]\H, AT). For the detail, see the
proof of Lemma 1.
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3(AH — LAN2.58 Since G/(A) > 0 and G((4 — 2v3)AL + 23AH) < 0,5 G(A!) < 0 holds for any
Al < (4—2v3)AL + %[\H . Thus, for any off-the-equilibrium belief A!, either type has an incentive
to deviate, and this is a contradiction. The proof of case A € (A", AL) is similar to the latter one.

Suppose the profile (I,e,1) is an equilibrium outcome. Since the type is revealed (e — L and
| — H), we can see vi(l,e,l|L) = 2(AL)? < 3 (AL — %AH)2 = v1(l,1,l|L). Thus, type L wants to
deviate to [, and this is a contradiction.

Suppose the profile (e,l,1) is an equilibrium outcome. Since the type is revealed (e — H and
I — L), we can see vy(e,l,I|H) = 2(AF)? < 3(AH — IAL)2 = vy(1,1,1|H). Thus, type H wants to
deviate to [, and this is a contradiction.

Suppose the profile (I,1,1) is an equilibrium outcome. Since the belief is not updated, it
holds Eva(L,,1]s) = ¥,7, (~5()2 4+ 6A%%) = ¥,7,(A%)? + H(A)?2 < ¥,7,(A%)2 + 4(R)2 =
> s Ps (—5(65)2 + 6A565) = Euvy(l,1, els), where a® = A® — %K and 3% = A% — %K. Thus, country 2

wants to deviate to e, and this is a contradiction. O

E Proof of Proposition 4, 5

Before the proof, we introduce the D1 criterion developed by Cho and Kreps (1987). Fix a PBE, and
suppose a’ € {e,l} is off-the-equilibrium action. Let v*(s) be type s’s utility in the PBE and v/(s)
be type s’s utility from deviating to a’ under the belief A%. Moreover, let D, = {A% |v/(s) > v*(s)}
and D9 = {A¥|v/(s) = v*(s)}. Then, a belief A” imposed D1 is restricted to A% = A~ if there

exist s and —s such that Dg U Dg C D_s.

Proof of proposition 4: We show that no type has an incentive to deviate from the profile (I, [, )
when A € [%AL , %AH |. First, we consider country 2. Given both types’ action strategies, it holds
that Eva(l,1,els) = 3,7, (=5(8°)* +6A°5%) = 32, p,(A%)* + 5(A)* > Yo, 7,(A%)° + 15(A)* =
S5 Ps (—5(a®)? + 6A%a%) = Evs(l,1,1|s), where a® = A® — 1A and 8% = A® — ZA. Next, for type
H, it holds that vi(l,1,e|H) = 3(A" — 2R)2 > 3(A — 1A°)2 = vy(e,l,e|H) when A < A°. For
type L, vi(l,1,e|L) = 3(AF — 2A)% > 3(AL — 1A%)? = vi(l,e,e|L) when SA > A¢. Therefore, if

Bvi(e,e,l|H) = 2(A™)? holds, since it holds vi(e, e, l|H) = wi (A7, A7 0) = wi (AT, A7 ZA") = £(A™)? in the
H-hybrid equilibrium. For the detail, see the proof of Lemma 1.
91t holds G(A") = 3A™(A' - ATy — %(AZ)Q. Thus, to show G((4 — 2v3)AL + QT‘/gJNXH) < 0, it suffices to show

Al — A" < 0 when A= (4 — 2v3)AT + QT‘/g[\H By A# =3(1— %)AH, we can see Al — INT = (4-2V3)A" +
10v3-4V15-4 A H <0
5 .
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off-the-equilibrium belief is Ae = %K, both types have no incentive to deviate. Note that it holds
Ae =8N e [AF,AH] when A € [ZAL, 2AH).

Finally, we show that the equilibrium survives D1 criterion. Since Dy = {A@\%K > Ae},
DY, ={3%A}, D, = {A°|A° > SA} and DY = {8A}, D,uD? ¢ D_, holds for any s. Thus, D1 does

not put any restrictions on off-the-equilibrium belief Ae. O

Proof of proposition 5: First, we consider the case of A € (%AH,AH) and show that no type

has an incentive to deviate from H-hybrid equilibrium in which (pfl(e), p¥(e),p2(e)) = (p%,0,1),

-5 . SAH_AL 1ep .
where p}; = I £ v %p with p/ = Sz By Bayes’ rule and equilibrium strategies, we can see
Re — AH Al (-py)p H (1-p) L _ 5AH 70
A= AT and A= b AT + e M = 8

For country 2, given both types’ equilibrium strategies, it holds that

Evy(ai’, 1 els) = ppjy (=5(a')? + 6AT o) +p(1—pj;) (=5(81)? + 6AT BT)+(1-p) (=5(8")* + 6ALBY),

where aoff = AT — iAH, pgH = AH — %f\l and gL = AL — %Al If country 2 deviates to I,
then Evg(all,,1|s) = ppyy (—3(v7)2 + 6(AT — ZAT)yH) + 5(1 — py;) (=5(a)? + 6AHal) + (1 —
p) (—=5(af)? + 6ALal), where v = AP — ZAH — IAH ol = AH — if&l and of = AL — %Al.
Then, we have Evy(afl,l,e|s) — Euva(all,,1|s) = ppj; [P2(AH)? — ZL(AT)?) + (p(1 — pyy) + (1 —
p)) [%(AZ)Q - %(Al) } > 0. Thus, we can see country 2 never deviates. For type H, in the mixed
action strategy, vi(e,l,e|H) = v1(l,1,e|H) holds, that is, 3(AH — 1AH) 3(AH — 2]\[)2.71 Given
beliefs A¢ and A’, type H has no incentive to deviate from the mixed action strategy p3;. For type
L, it holds v1(p}y, e, e|L) = 3(AL — JAT)2 = 3(AF — %Al)2 = v1(p}y, L e|L) since TAH = %Al.m
Thus, type L also has no incentive to deviate. We do not have to check whether this equilibrium
survives D1, since there is no off-the-equilibrium path.

Finally, let us check pj; € (0,1) when A € (2A# A¥). Now, define p(z) = ”A\;:K\LL with
z € [0,1]. Then, we have p(z) € (0,1] and p(z)A + (1 — p(z))AL = 2A". By A € (A", A" and
75 > 0, and p}; € (0,1).
The proof of the case A € (AL, 2AL) is similar to the above. O

the definition of p’, it holds p > p(g) =

F Proof of proposition 6, 7 and 8

To prove Proposition 6 and 8, we use the following lemma.

P 1-5 . éAH_AL ~
By piy =1-— p, . —P with p' = Er—ir—, We can see A= p A" 41— pHAL = gAH.
Tty is constructed SO that vi(e,l,e|H) = vi(l,1,e|H) holds, that is A" = 2Al
"2While v; is a function of (a{{, al, a2), we use this notation to express a utlhty under mixed action strategies for

convenience. That is, we use the notation vy (p{’ (e), p¥(e), p2(e)).
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Lemma 7. LetT = t] —t and U = uj +ua. Then, U is represented as a function of T and satisfies
the following: U'(T) > 0 when T < 0, U'(T) <0 when T >0 and U'(T) = 0 when T = 0.

Proof. Since r(k —k$) +r(k —k3) = 0 holds by (4), we have U = f1(k$) + f2(k3) by (5). By (6) and
(7), we can see that U is a function of T, and U'(T) = %f{(k‘f) + %fé(k;) = — (A} — 2k5) +
1(As — 2k5) = —1T. This implies U'(T) > 0 when T < 0, U’(T) < 0 when T > 0 and U’(T) = 0
when T' = 0. ]

U(T) is social welfare as the sum of both countries’ utilities. Lemma 7 means that social welfare

increases when the gap ¢ — ¢3 is reduced, and it is maximized when ¢{ = ¢5 holds.

Proof of proposition 6: We use Lemma 7. First of all, the gap of tax rates ¢] — ¢ under complete
information is £A° by Proposition 1 and (13).

[Proof of (i)]: When A € [2A%*, 2A¥], by Proposition 4 and (16), the gap of tax rates t§ — to
is %(AS — %K) — (—%K) = %As + %K. Under the assumption of —%AL < A" < —5AL and
A € [2AF, 2AH], we have |2A°+ L A| < [3A®|, which implies W¥(s) > W™ (s) for any s € {H, L}
by Lemma 7.

[Proof of (i)]: First, we consider the case of s = L. When A € (gAH , A1), by Proposition 5
and (16), the gap of tax rates t' — ¢, is %AL + %f\l, where Al = %AH in the hybrid equilibrium.”™
Under the assumption of —fAY < A# < —5AL, we have [$AF + 14—5A1| < |3AF|, which implies
WY (L) > W™ (L) by Lemma 7. Next, we consider the case of s = H. When A € (%AH, AT,
by Proposition 5, type H resorts to a mixed action strategy between e and [. In the situation Gy,
since the type is fully revealed, the same outcome is realized as in complete information. In the
situation G, by (16) and Al = %AH, the gap of tax rates tI — to is %AH + %f\l = %AH, which is
the same as the gap under complete information. These implies that W*¥(H) = W™ (H ) holds.

[Proof of (iii)]: The proof is similar to the proof of (7). O

Proof of proposition 7: By Proposition 1 and Lemma 2, u5”""(s) = wva(e,e,e|s) = —5(a®)? +

6A°a® = 2L(A®)? with a® = A® — $A%, regardless of A.

When A € [3AL, SAH], by Proposition 4 and Lemma 2, u3™(s) = —5(8%)% + 6A°8% = (A%)? +
SAAS—2(AN)? with 8* = A*—2ZA. Then, for any s and A € (ZAL, SAH), we have ug”™ (s) —us™(s) =
%(AS)2 — %KAS + %(K)Z > %(AS)2 — %AS . %As + %(%AS)2 = 0. Moreover, uy""(H) —uy™¥ (H) = 0

when A = 2A7 and ug”"P(L) — u5™(L) = 0 when A = SAL.

"3See the proof of Proposition 5 for the detail of A'.
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When A € (%AH, Af) and s = H, type H resorts to a mixed action strategy. Since Al = %AH
and A® = A" hold in the hybrid equilibrium, by (13) and (16), the equilibrium outcome is the
same as in complete information regardless of type H’s choice of timing.”* Thus, uy"P(H) =
u5™(H) holds. When A € (3A#, Af) and s = L, the situation G is realized. Then, by Lemma 2,
ug™(L) = =5(B%)? + 6ALBE = (AF)? + ATAF — 2 (AM)? with g% = AY — 27!, and hence we have
us’™P(L) — ug™ (L) = £ (11AL — 5AH) (AT — AH) > 0.

When A € (AL, %AL ), Al = %AL holds in the hybrid equilibrium. Using this condition, we can

show us”"™ (L) = ug™ (L) holds regardless of type L’s timing choice, and uy"?(H) — uy™(H) =
%(HAH — 5AL) (AT — AT) > 0, as in the proof of the case of A € (gAH,AH) above. O]

Proof of proposition 8: (i: W& vs Wg‘j\i’) In the situation Gy, by (13), the gaps of tax rates
t] — t2 under complete and asymmetric information are %AS and %AS + %K, respectively. Under the
assumption of —$ AL < A¥ < —5A%, we have [§A°+§A| < |§A%], which implies W& (s) > WE™(s)
for any s € {H, L} by Lemma 7.

(ii: Wg" vs W('Y) First, we compare WE7(s) and Wg2"(s). By (13) and (16), the gaps of tax
rates t{ — t9 in the situations Gy and G2 under complete information are %AS and %As , respec-
tively. Then, we have [$A%] < |%A5|, which implies W& (s) > W& (s) holds by Lemma 7. Since
WY (s) > WET(s) by Proposition 6, we can see W ¥ (s) > WET(s) > WE™(s) for any s.

(iii: W™ vs W) First, by (22), the gap of tax rates t§ —t in the situation G under complete in-
formation is %AS. When A € [A*, A], by Lemma 1 and (19), the gap of tax rates t{ —to under asym-
metric information is 3A. Then, we have | §A| < [2A¢|, which implies W™ (s) > Wg™(s). Similarly,
when A € (AL, AL) and tF = 0, or when A € (A, A") and ¢/ = 0, we can see Wl (s) > WE™(s)
for the same reason. When A € (A, AL) and & = ZAL or when A € (AP AT and 1 = ZAH
since the type is fully revealed in the hybrid equilibrium and each type’s tax rate is the same as in

complete information, country 2’s reaction is also the same as in complete information. Therefore,

WEY (s) = WE™(s) in those cases. O

"When type H chooses early, the situation Gy is realized. Then, by (13) and Ae = AT ¢l = % (AH - %AH) =
iAH and to = —iAH. When type H chooses late, the situation G2 is realized. Then, by (16) and Al = %AH ,
t' =2 (A" — 2. 2A7) = IA" and ty = -2 - 2AM = —IAF
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