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Abstract:  We develop a model of capital income tax competition where taxation can
discriminate between different kinds of capital income (corporate income, interest income;

~and dividends) and various rules of international taxation can be applied. The firms' capital
structures and the nature of the international capital market equilibrium depend on both the

national and the international tax systems. In a fiscal game with revenue maximizing -
governments it turns out that: (i) Under the source principle, the corporate income tax emerges
as the dominant tax form. (ii) Under the residence principle, whole tax blocks are conteétable
and the Nash equilibrium crucially depends on the technologies employed by the firms.

| (iii) Tax credits will not survive in 1ntemat10nal tax competmon
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1. Introduction

International capital tax competition means the strategic use of taxes on capital and capital in-

come by self-interested national governments in an integrated economic environment with
free capital movements. It is a phenonemon whose actual or potential occurrence gives rise to

substantial wor'ryings{ There may be mainly three reasons for this: Firstly, the amount and the
structure of vcapital invested in a cou‘ntry‘play' a key rdle for its economic standing and
prospects. If tax competition brings about changes in the infematio'nal capital allocation, this
may have severe consequences for the international competitiveness of the nations envolved
and for the well-being of present and future generations. Secondly, capital (esp. ﬁnanclal'
capital) is internationally highly mobile and reacts very sensitively to its fiscal treatment.

Hence, noticeable changes in the allocation of capital allocation are very likely to happen if
tax rates change. This distinguishes capital from; e.g., labour whose relatively low
international mobility makes labour income a very inelastic tax base. Thlrdly, in all major
industrialized countries taxes on capital income form an important source of governments'

revenues such that tax- competition in this field will also affect other policy areas and thus ther

fiscal systems asa whole

‘The strategic interaction with taxes on capital income is a tricky game of crucial iinportance
for the governments engaged in it. Economic theory has devoted considerable effort to the

investigation of this game. However, it has up to now not taken into account thevhig‘h
complexity of real systems of capital income taxation. The standard approach to capital tax
competition is a "duopolity” setting (Wildasin (1991)) where each government has at its
disposal one tax rate on the eapital stock invested in its jurisdiction or on the income that is
earmed with this capital (source based taxation). Reeently, different methods of cross border
taxation, which allow for a differential treatment of incomes from different countries, have
been incorporated in these models,! but still each government is assumed to tax all capital
income by the same uniform schedule. In reality, however, capital income tax systems
discriminate - already at the national levels - between .differeht kinds of capital income
(dividends, - interest income, capital gains), between different tax payers (corporate vs.
personal takes) and between different ways of using capital income: (retained eafnings or
distributed profits). '

There have been numerous attempts to examine and evaluate the effects of complex national
and international tax éystems on the allocation of capital.2 There is, however, hardly any study

- which analyses the strategic incentives inherent in sueh complex systems. Complex tax .

systems offer of course a wider range of taxation strategies than simple ones, and it can be

I ‘Seee. g. Mintz/Tulkens (1996) or Janeba (1995).
2. ng/FuIIerton (1984), Alworth (1988) and Sinn (1987) are most seminal studies in this area, whxch

apart from taxes also study the effects of depreciation allowances, cost.deductibilities, loss-offsets, etc.



expected that tax competition will not look alike in both settings. The major obstaclé for a
theoretical analysis is, however, that even the rudimentary integration of some basic elements
of real tax systems results in Very_ complicated capital allocation models. If one builds a fiscal
game upon such a model the analysis is very like;ly to turn untractable very soon. ‘

"This paper tries a first step towards a reconciliation of the theory of tax competition with the
existing systems of capital income taxation. Its aim is not to give a full theory but rather to de-
velop a simple framework which allows for the analysis both of real tax complexities and of
tax competition. We will of course give some first results on tax competition w1thm this
. approach.

The rest of the paper is organized as follows: Section 2 outlines the model. Sections 3 to 5

discuss capital tax competition under three different international tax rules, namely the source -

principle, the residence principle and the tax credit method. Section 6 concludes.

Our main findings may be summarized as follows
e Under the source principle firms, always choose a mixed capital structure (1 e. a combina-

tion of debt and equity finance). The corporate income tax will emerge from tax competiti-

on as the tax with the highest rate. At the personal level, dividends will be taxed more
heavily than interest income. Tax competition induces a tendency towards ‘cash-flow
taxation. In general, the equilibria of tax competition are inefficient. '

- o Under the residence principle, the capital structure of firms in capital importing countries
 varies with tax rates. Hence, whole tax blocks are contestable. Equilibria in tax
“competition ‘crucially depend on the firms' technologles Tax rates may be chosen
inefficiently high.

" e Tax credits will not survive in tax competmon Instead, the source pnnclple ‘will catch on.

2. The model

2.1 General description

Our analysis of capital tax competition is based on a simple, neoclassical two-period-two-
country model of a capital market. The first period consists of two stages: In stage 1, the natio-
nal governments choose their tax rates (This is the tax competition game). In stage II,
- consumers make their savings and portfolio decisions and firms decide on mvestment and
capital structure. The financial instruments available to the firms are debt and equity.
Corporate debt is securitized. Hence, consumers' portfolio choices are to be made between

v
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“bonds and shares. All private agents incorporate the goVemments'_tax policies in their plaiis. A

Walrasian auctioneer prices assets such as to yield a capital market equilibrium.

In the second period, production takes place. Capital is the only input. The ﬁrins sell their out-. -

put, pay taxes, interests and dividends. Debt is repaid to creditors and the rest of the firm's va- -
lue accrues to shareholders via liquidation. Capital income net of personal taxes plus repay-
ments form second period disposable income for the consumers. Governments collect taxes.

The two-countries_are labelled by 4 and B. We assume that the corporate sector in each coun-
- 'try can be represented by a single firm, also labelled by 4 and B, respectively. Furthermore,
- we assume that there is only one representative consumer in the world economy. W.1. 0.g., this

consumer lives in country 4. Thus country 4 is a capital exporter, while country B is a capital
unporter International capital ﬂows only go into one dlrection '

We assume that national govemments aim at maximizing their tax revenues. Although quite ‘
limited, this assumption covers a wide range of possible interpretations:3 With fixed govern-

" ment expenditures revenue maximization is equivalent to budget surplus maximization and

thus fits into a Leviathan framework of goiremments. Fuxthormore, revenue maximization can
be justified from a welfarist perspective when citizens place a high marginal value on public .

‘expenditures which tax revenues go to finance. If tax yields are redistributed amongst the -

population, revenue maximization may as well be seen as the maximization of disposable

domestic income. If tax payments are likely to be cxrcumvented (legally or 1llegally) revenue

maxnmizatlon is equlvalent to mlmmlzmg tax evaswn

2.2 Capital supply

The representative consumer in our model maximizes an intertemporal utility function

U(C,.G,) . where C, denotes consumption in period v=12 and the function U satisfies the_

Inada conditions. In period 1 households have an exogenous income M >0. Savings S can be

invested in the capital markets, yielding a riskless net return with rate p>0. Let S(p) be the
(unique) solution of the consumer's optimization problem max UM-S,(1+p)-S). Due to

~ our assumptions, we have S(p) }0 Vp. We assume that S(p) is non-decreasing and

differentiable in p; i.e., S$'(p):= édi(&) 20 Vp>0. Savings S(p) serve as capital supply in
our model. p is an endogenous equilibrium net rate of return 'on international capital markets,

Its determination is postponed for a while.

3 For other tax competition models using this objecnve function see Bond/Samuelson (1986),
- Sinn (1992), Kanbur/Keen (1993) or Schulze/Koch (1994).



2.3  Production and ca'pital structure

The corporate sector of each country can be aggregated to one single-output firm. Output ser-

ves as numéraire, exchange rates are fixed and set to unity. The only input in each country is
capital X' (i = 4, B). Technologies are represented by producnon functions F'(K') which are

thrice differentiable and exhibit strictly positive, but decreasing marginal returns Fy(X').
Furthermore. F(0)=0 and lim Fz(K")= +00.

The employed physical capital can either be equil:y or debt financed. We assume that it results

in a simple additive manner from the monetary terms equity £’ and bonds B': K'=E'+ B':

e Each unit of debt bears an interest cost of ' 20 (i = 4,B). 'Hence, in period 2 firm i's

- bondholders receive an amount of (1+7')-B" in exchange for their cash in period 1.
Debtholders do not exert any influence on corporate policy. '

e . Equity holders are claimants to the firms' net wealth, which depends on the profitability of
the enterprise. To make notation simple, we assume that equity holders are repaid their
invested capital plus a (possibly negative) dividend d' €® per unit of stock. Hence,
shareholders obtain a total amount of (1+d')-E' at the end of penod 2. It is the

corporation's pohcy to maximize the dividend on equlty, d.

2.4 National ahd ihtemational‘ taxation

' Taxation in our model is characterized by a separation between corporate and ho,usehb'ld level.
Each government can levy three different taxes: a corporate income tax (labelled by subscript
c), a personal tax on interest income (subscript r) and a personal tax on d1v1dend income
(subscript d). Tax schedules exhibit constant average rates.

The corporate income tax is a pure source tax. This is not the case for the personal taxes
which can be levied both in the source country of the income and the residence country of its
claimant. As the consumer lives in country 4, this problem is only relevant for capital income
from country B. There the effective tax burden for the consumer depends on the method of
‘taxing cross-border income streams applied by the two countries. We use the following

notation:
‘t.  denotes the tax rate which is levied by country / on tax base x (i = 4,B; x=c,r.d).
Let . €[0.7] ViVx . where 7 €]0,][ is an internationally uniform maximum tax rate.

T,

.  denotes the effective tax rate the consumer has to bear for income of kind x =r,d
stemming from country i.

As the fiscal authorities in country B do not have any possibility to tax a resident of countxy A
for her domestic income, we have ¢ =" .5 For income from country B we assume that the

4 We use this assumption to hold strategy spaces compact. For a non-technical justification think e.g. of
some constitutional property guarantees which forbid expropriation. -

R 4
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effective tax rate for the consumer in 4 depends in some non-decreasing way on the formal -
tax rates of the two countries, i.e.: 7} =7°(s/,t]). The function 7°() itself does not bear a
subscript, indicating that we assume the tax authorities not to discriminate between cross-
border incomes of different kinds.6 If the effective tax rate is 7? the fiscal authorities in B
receive a share of t? per revenue dollar, whereas the rest of (zf - ”) accrues to country 4.

| To fully describe the international tax system we must of course specify the international tax
rule z2(z7,#7). The most prominent methods of taxing cross border income streams used in

reality are the followmg ones ( x=r,d)?’

(M]) Source Principle: : T
7 Capltal income is only taxed in the country of its ongm
(M2) Residence Principle: : ‘ =1 and t?=0.

Capital income is only taxed at the residence of its final claimant.
(M3) Tax CreditMethod: =~ = . 7f= max{ t?}

Taxes already paid in Bcan be deducted from the tax shreld in country A. The credrt is,
. however, limited from above to country A's own tax rate (no reimbursement of taxes).
(M4) ' Tax Deduction Method: =ttt (-1P)
~ Both countries tax income from country B, but taxes already pald in B can be deducted
- from the tax base in country 4 if income is repatriated.
(MS5)  (Full) Double Taxation: =t +1?

 Both countries fully tax capital income at their own rate without relief.

Methods (Ml) and (M2) are sometimes referred to as tax exemption methods because one of ‘
the countries abstains from taxing capital incomie at the personal level. (M1) and (M2) are
seen as the two pure principles of international taxation because only one fiscal authorities has
the power to tax capital income.- With all other rules, capital income is subject to double
' taxation ',.of both governments. HoWever,- the extent of the double burden widely differs.
* Methods (M4) and (MS) will not be discussed in this paper with regard to the strategic
incentives they offer in a tax competmon game. We will, however, state some results
concerning their effects on the- international capltal allocation.

Apart from different methods of international taxatron our model allows for different systems

' of national capital income taxation. Country i's system is fully ‘described by the triple
(¢.-1;.1,) . This triple, of course, lacks a very important feature of real systems of capital

The variables 7 may seem superﬂuous, but their intreduction saves some lrksome case dlstmcnons
‘This is not realistic. Alworth (1988, p. 75) shows for the OECD-countries that double taxatron relief
- varies across different kinds of taxable income. . :

7 See Findlay (1986, p. 209) or Mintz/Tulkens (1996)." -

[ )



~ income taxation. namely the taxation of retained eaimings In our two-period model retentions
are not an available form of corporate finance. We distinguish different national tax systems
by the extent to whxch they discriminate against different forms of capital income.

(S1) Equal treatment of interest income and dividends: 7, =1, -

This procedure is the actual legal norm in all OECD-countnes Real tax systems,

however, differ in their use of corporate income tax:

t,=0:This coincides with the full-imputation system of capital income taxation,
which is actually applied by (among others) Germany, Greece, Italy and
Norway.®

. t;>0: Dividend payouts are taxed twice, ﬁrst at the corporate level and then at the
shareholders' level. This results in a higher marginal tax burden on dividends
than on interest payments, an effect which in reality occurs with the partial im-

putation and the classical systems of corporate income taxation.?
(S2) Unequal treatment of interest income and dividends: 12t

.Several non-OECD countries run this system as a legal norm. If the 1, are understood
as the de facto marginal personal tax rate on the respective kinds of income, then (S2)-

type taxation is actually at work in the OECD, namely if capital income is not only

subject to personal income taxation, but also to some other taxes which discriminate
between dividends and interest income, or if the chances for illegal tax evasion are

unequally distributed for interest income and dividends. The dominant constellation in
reality is a higher de facto tax on dividends than on.interest income, i.e., #, <t} .

'A stylized fact in capital income taxation is that the total tax butden on dividend payouts is
higher than on interest income. We will restrict our analysis to this empirically dominant case:

Definition: A triple (#,..f,.1,) is a feasible national system of capital income taxation in
“country / if it satisfies 1-¢, 2(1-1.)-(1-1¢)).

All (S1)-type systems and all (S2)-type systems with #/ <1, are feasible. As most real tax

systems are feasible, the restriction is merely technical. Its purpose will become clear later.

8 In reality, there is a corporate income tax in these countries. but it is fully credited to the shareholders
with the effect that dividends only are subject to the personal income tax.
9. These two systems differ in the treatment of retentions. See Sinn (1987, p. 50 ff.) for details.

(=4
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2.5 The investment and ﬁnéncial decisions of the firms

Firms choose that combination of equity and bonds which allows for the maximum dividend
payments to shareholders. The dividend d' which accrues to the shareholders of firm i per
unit of stock amounts to:

| d'=(1_,;).%,-[F'(E'+B')-'r'"B'—B’—E'],

where the terms in brackets describe the value of the firm after reimbursing the firm's capital
donors. Maximizing 4’ is equivalent to maximizing the return on equity.

The financial decisions are made subjéct to a constraint which prevents too high leverage of
the firm: At most a share of ¢’ €]0,1] of the firms investments can be debt financed, i.e.:.
A e
| , B <o'-K =1—_?'E . | |

A "real" constraint ¢’ <1 can be motivated in several ways: Firstly, legal restrictions. may

impose minimum requirements on equity capital in order to ensure the firm's liability and
solvency towards creditors. Secondly. usually debt contracts with banks cannot be signed |
unless some underlying securities are provided by the borrower. Credit costs are the higher the -
- smaller is the borrower's amount of liable capital and they may become prohibitively high.
- Thirdly, unwritten, but nevertheless widely accepted laws of solid finance among businessmen
may de facto demand for a limitation of the debt-asset ratio. The violation of these rules

would be interpreted as a signal of unsound management.

The assumption of a financial restriction follows Sinn (1987) and drives a number of our
results. Without this assumption it cannot be explained why under certainty firms choose a
mixed capital structure. Firm #'s optimization problem reads (i=4,B): ’

max d' st. © B'< o -E'.

E'B'20 1-0
Solving a Kuhn-Tucker approach we can characterize the optimal investment and finance de-

~ cisions as follows:10

LEMMA 1: -

a) B If r'r>id—t‘,then B =0, K'=E' and X' satisfies i—‘i—,=F,2,—l.

[4

10 Two remarks: (i) An implicit assumption we make is that firms really enter in the markets. A sufficient
condition for this is F'(K') > K’ for all XK' >0, since then a completely equity financed firm is able to .
pay out a positive dividend. (ii) It may seem odd that the maximand itself (more exactly: its optimum
"value) appears in Lemma 1. This should be understood in the sense that the lemma allows us to conclude
from the realized values of d on the optimal capital structure of the firm. -
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b Ifr= 1—‘1—‘, theri K’ ;sati'sﬁes

-=r'=F -1 and the firm is indifferent between

‘ all capital strucmres satlsfymg B=K-E <0' K’ _ o
c) If r <1d then B = o“ K where K' satisfies a" -r+(1- a") d =.F,}—1.

" In Lemma 1 the role of the ﬁnaneial restl'iction ‘&' becomes obvious. Without this constraint
the firm would follow a bang-bang strategy of finance: either completely equity or completely

_credit financed. For the special case b) in Lemma 1 we assume that the firm chooses a capital

structure with B' = ¢’ - K. Then, in its financial optxmum, ﬁrmz elther is completely equity
financed or has a leveraged capltal structure

Lt d: R Bi=»,0, EI=K'>0
' r’[ ] P , o"
1-¢  |B=0¢-K'=——E'.
[4 . ' ] o.l

2.6 - Portfolio choices and capital market equilibrium

In.Section 2.2 we described how the representative consumer chooses’ her optimum leVel of
savings -S(p)., taking the net return:of p as given. Now we turn to the allocation of S on the
different assets in our model The household can choose among four different securities: stock
of firms 4 and B and bonds of the two firms. A share in companyz yi€lds a net return of

d-(1- 7',), whereas per unit of bonds the household earns r' <(1-17') (i=4,B): Having the

choice between several assets a consumer will select that (those) with the highest after tax re-

turn(s). Therefore, the relevant net rate of return is p = max {d’ (1-17)), r (1-7.); i=A4, B}

p determines S and the portfoho dec1srons follow the rule never to buy any asset whose net

return is smaller than p.!!

Inforrrlally, a situation is an equilibrium in the éar)ital markets (CME) if demand and supply
for all assets are equal, i.e., if the Optimal amounts of equity and loan capital of the two ﬁrms

are compatible with the utlhty maximizing saving and portfolio decisions of the consumers. _

To formalize this we proceed in two steps. We first focus on a single country i e{A B}

Assume that we are in a CME. Then for any i=A,B either of the followmg two cases must

hold:

- u ~ Thisisa typical condition. for a Mrller—equrhbrmm in capltal markets (named after Mrller (1977)), where
every single household selects only one specific asset for her portfolio. The emergence of a mixed
‘market portfolio in a Miller-setting is usually explained by the aggregation of the consumers to a
representative agent (See Sinn (1987, p. 98 ff.) or for an international model Hodder/Senbet (1990)).

Lo
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Casel: Firm iis completely equity financed ( B' =0). Applying Lemma 1, part a), this
requires d' <(1-1))-r'. Seen from the consurner's perspective, B'=0 is only optimal if
Lo 1-7

dz—~ 1 -r Combmmg both conditions, it must be true that : ! L <1-¢. For the net rate
: - Td - Td !

of return we get p=d'-(1-17,). Insertmg this into the corresponding margmal condmon of
Lemmal part a), we obtain: - S
| =(1-1)-(1-7)[F-1]. |
Case Il: ’ Firmi is leveraged. Following Lemmal, partc), we thus r;luSt have -
d =2 (l:— t’)-r For' consumers to hold both equlty and bonds of a firm it is necessary that

dl

r. Together, : ,’Zl—tc.Therate ofretum then is p=-d'-(1—zi,)=r‘ -(1—1,).-

Integrating this in the marginal condition of Lemma 1, part c); we end up with;
F, -1
- Fx
e 10
1—'1’,'- (1-£)-Q-17.)

With t:=((1}),. d,}),;,, 5 €[0, 7]’ our considerations are summanzed in the following!2

LEMMA 2: Define:

1. 1-7 : ,
5= o iff 1-t] <l - - fori=4,B.
0 otherwise T

In a CME we have B 0" .K'(p,t) and E =(1- o") K’(p,t) where K'(p,t)

uniquely solves
_ Fp-1
P/, 1mE
BTN Q- r)(l rd)

,(1)’

“The functions K'(p,t) describe equilibrium values for capital to be dependent on the market
‘return p and on the tax systemt. The implicit presumption behind this is that P is
exegenous. This is not the case, however: p is an equilibrium rate which is endogenous»ly-v
determined on the world capital market. This leads us to the second step of our CME-
getermination; To have a simple mechanism which solves the problem of price determination
in the asset markets, we assume that the world capital market is operated without fn'ctiona by

a Walrasian auctioneer who runs the following procedure: He (arbitrarily) announces a certain
.rate p. Then the consumer can immediately'calculate her capital supply S(p). Given a tax

system t, firms know that they must pay an interest rate of (at least) r'= 1 P

~ on loans and a

r

12 Note the similarity of (1) wih the optimum condition in Sinn (1987, p. 106).
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: f(minimum) dividend of 4' =

finance. Via Lemma 2 they can give thelr capital demands and cap1ta1 structures. If it
' accndentally happens that

S(o) = RA(p.0)+ R2(p.1), B

then the auctioneer collects savings and allocaies them to the assets and firms. If capital
supply and demand differ, he starts another trial with a different p. Using Lemma 2, the
auctioneer can calculate the effects of changing p on the firms' behaviour. By implicit

differentiation of (1‘) we obtain that capital demand (c.p.) decreases with the "price” of capital:
g.=2k =[ g , ' 1-@ ].(F,g,()-'<o. 3)

P ep |1-7 (1-1)-(1-1)
- Together with- S'(p) 20 this implies that the capital market satisfies the condition of Walras

- stability. Of course, the equilibrium rate implicitly deﬁnedA by (2) depends on the tax system.
ie.: p=p(t). Next define for any tax system t the equilibrium value of the capital stock in

country i=4,Bas
: K'(t):= K'(p(t),t).
27 Comp_arativve statics

We have just traced back a CME to the taxation decisions of the national governments. Using
(1) to (3) we now calculate the comparative statics of marginal tax changes on the CME:!3

LEMMA 3: Letxbea compoﬁeﬁt of t.

a) Define K: _o"_K and "= -2 1-¢ 21. Then:!4
o”x‘ R E (l—t;)(l—'r:,)
. 12‘:, =0 :

!

I‘Zl" = ‘FK__‘ : 11?0- 132 <
O P @ (1-1)-(1-1)°
7o F, dr,  1-¢

g F,;K @' é’td - ) -(1-1)

<0 i,j=A4,B

13 Whenever in the sequel the superscripts i and j occur in the same expression, we assume that i # j,
- unless explicitly stated otherwise. '
Two remarks concerning the —1— (i) For-country 4 we clearly have —o“_t— =1 and _él_ = 0. (ii) Under

x r x

- (M3) the partials ‘;—f .are only well-defined if ;' #¢°.

per stock to cover thelr needs in the respective kinds of

T®

G
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g o_f_ ot @ <
, , b Fee Q' at (1-1,)
b)  Define D:=S'-K!~ K’ >0. Then:

i,j=A4,B.

5”' 1 [K"+KB]SO
é'x :
’:,_dK’ :ﬁp 7] 1<~ T s ) A
c) | K= =Ko +K = D-[K;--(S—K;)+Kj-KP].V
y é;S', =4, TB -
d) K,fK,_B-[K,+K,]so.

Some comments: Part a) contains the (paﬁial) effects of tax changes on the capital allocation
under the assumption that p is constant. They are obtained from implicitly differentiating (1).

- It can be seen that increasing a tax rate will never lead to an increase in the employment of .

i

' capital. If the deﬁvatives g:’ are positive (which is, e.g., the case if i = j = A) then higher

x

tax rates ; will drive capital out of country i. Part b) shows the effect of tax increases on the

equilibrium net rate of return to be non-positive. In most cases, it will be strictly negative.
- This result is obtained from implicit differentiation of (2). Part c) gives the total effect of a
ma:ginal tax change on the capital stocks in each country which stems from three distinct
sources: the two direct "partial" effects X and K* and the indirect (price) effect via the
change in theA'equilibrium net rate-of return. Part d), finally, gives the effect on the total
amount of capital employed in the world. It is obtained from (2), using part b) of Lemma 3.

At this point, the advantages of our somehow-long-winded two step procedure for the deter- '_
mination of a CME might be obvious: Firstly, introducing a Walrasian auctioneé;r allows us to

- model household behaviour independently of tax rates. Capital supply depends on p only.
- The fact that p is tax determined is irrelevant for the consumers. The analysis can thus be
held simple. Secondly, the two-step approach clearly separates direct and indirect effects of
" taxation on the capital allocation. In the discussion of tax competition it will later turn out that
the direct effects (as given by the partials X') are innocent of the efficiency failures of fiscal
“competition. The whole blame for the shortcomings of tax competitioh rests with the indirect
price effects. They are the source of externalities between the governments.

‘Our model cbmprise,s as special cases two. scenarios often discussed in the tax competition
literature: the case of an inelastic capital supply (fixed capital stock, $'(p)=0 and
K+ 1’(‘B =0 for all x) and the case of pnce-takmg countries (perfectly elastic capltal supply,
p=p and K’ K’ for allx) 15

135 Bond/Samuelson (1989), Wildasin (1989. 1991), or Wilson (1987) are examples for the first case, Gof-
don (1986), Giovannini (1991), Razin/Sadka (1991) or Mintz/Tulkens (1996) examples for the second.
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28  Corporate capital structure and tax systems

We now state some relatlonshlps between tax systems and the opumal corporate capital . |
structure ina CME: / o ‘ o .

LEMMA 4: Assume that both countries apply a feasible national tax system
a) Firm 4 always chooses a mixed capital structure.
| b) Under the source principle (M1) firm B has a mixed capital structure.
c) If countryA runs a (Sl)-type tax system and one of the methods (M2),
(M3) or (M4) is applied, then ﬁnn B has a mixed capital structure.-
d) - Assume, country 4 runs a (S1)-type system and (M5) is applied. Then
firm B has a mixed capxtal structure if £ <t? (ie., esp. under (S1) in

B).

Proof: o Firmi has a mixed capital stnicture iff 1-7, >1- t (cf case Il in the<

1-7,

discussion. preceedmg Lemma 2) Fea51b1hty of the natlonal tax systems requires
1-1,
1-1,

have 72 =17 (x =r,d ), which proves part b). Parts c) and d) follow from straightforward ,

calculations.

For the scenarios not mennoned in Lemma 4 we cannot give a general rule concermng the

'capntal structure of firms in the capital 1mport1ng country B.

Lemma 4 shows that a combination of equlty and loan capital is the dominant financial pattern

of firms in our model. This observation is mainly driven by two assumptions: First, our re-
. striction to feasible tax systems only allows for tax systems which make equity the more

expénsive form of finance relative 10 bonds. Tax systems in our model (and in reality)

 discriminate 'against equity finance. Second, the financial constraint B' <¢”-K' forces firms
to issue some minimum portion of shares. Without this restriction, firms would prefer a 100%
+ - credit ﬁnance Hencé. the mixed capltal structure of firms may be intérpreted as the max1mum
avoidance of expensive equity finance. o
Interestmgly, this general financial pattern may be dlstorted by international taxation: There
are cases where the firm in the capital 1mportmg country lS fully eqmty financed.!¢. Thus,
. international tax rules may have qulte severe effects.

16 ’Consider, e.g..‘the following scenario: The residence principle (Mlb) is applied, country 4 chooses
t!=0.5, 1; =0.1 and ¢ =0.3. Country B sets £ =0.2. Both countries' systems are feasible. We have:
1-7

= 0.7<08=1- t®. According to l.ie_mhta 2_, firm B is fully equity financed.
Tt . ’ . : . .

L>1- t For countryA we have ti=t! (x=r,d), whxch proves part a). Under (M1) we

>

.é&

tr
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' 2.9 Tax revenues:

By T'(t) we denote the tax revenue of country i=4,B when the tax parameters are giveh by

the vector t (and a specific international tax rule is in application). In calculating tax revenues
we must distinguish between capital im- and -exporting countries.
a) Tax revenues of the capital importing country B consist of all source based taxes -

lev1ecl in that country, i.e.:
B ' .
T3(t) = ﬁ;-d”f”ﬂf-\d"-EB+t,”-r”-Bé.

c

Using the properties of a CME this can equivalently be written as: ,
B : "B 1 5‘ t B t ,B
B T°(t) = p-K — +td +0? 7| (5)

-7, 11- t? -7,
b)i A capital exporter's tax revenues stem both from taxes on domesti?; source income and
on repatriated interest and dividend earnings. Hence, for country A we get:
p .
TA(t) = 1’ A" EA 444 d?E 417 1" B + (2 —15)-d® - E® + (2 —1%)-r® . B2

. Again usmg CME properties and the fact that firms in country 4 always have_ a mixed
capital structure (cf. Lemma 4, part a)) we obtain:

A A
'TA(t) = pKA.[I_o-( t +td)+o- t :’

1-t4 | 1-¢4 1- T
‘ (6)

1-7

|
Sy
TEphY
——

t? T
+p-KP{(1- ) r"’l +of. —L—r.
d

210 The tax competition game

We assurhe that the national governments in our model aim at maxiniizing their tax revenues.
Their strategy variables are the tax rates. In deciding on tax rates, each government anticipates
the changes its policies will induce in the international allocation of capital (i.e., it will
incorporate the comparative static results of Section 2.8 in its behaviour). It will take for given
the international tax system (i.e., the function 7) and the taxation decisions of the other
government. More formally, let S' be the strategy set of government i (i=4, B). §' contains all

"tax rates that are at the disposal of governmenti. As we model several kinds of taxes,

strategies can be multidimensional them by vectors t'. In its most general form the strategy set
of government/ is given by §'= {t’ =(1.,15,1)) e[O,t']3|l -2(1-1)-(1 —t‘f,)} , where the

restriction reflects the feasibility constraint. We will, however, often use strategy sets that are
smaller than the one just presented. S:= S* x S? is the strategy space of the fiscal game. Tax
revenues T serve as payoff-functions for the players i=4, B. They clearly depend on both the
own and the foreign strategy vector. The natural candidate- for a solution of the tax |
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-competition game is the Nash equllxbnum whlch we sometimes also call "revénue
equilibrium”.

As a yardstick for the evaluatlon of the outcomes of tax competition we use the concept of

strict efficiency. A strictly efficient solution would emerge if the governments colluded.

- Formally, a pair (#,1%) S is strictly efficient in S under 7° if there exists no other pair.

(t" t”)eS with (t4, tB)at(t‘ t?) such that T‘(t‘ t?) + T2(t*, t")>T"(t‘ %)+ TB(t” tB)

3. C‘omgetition"with tax systems under thevsource grincig" le ,

3.1 General descr_iption

In this section we exarriine which national tax systems will emerge if the governments engagé o

in revenue maximizing international tax competition. Governments are allowed to use the full
range of tax instmments This is new in the literature on tax competitibn with capital taxes,
where it is assumed that governments use only one tax instrument. To start, we assume that
the 1ntemat10nal tax rule follows the source principle (Ml) ie.: r”( tHy=1?

The consequences of this assumption are: First, the firms in both countries have a mixed
capital structure (cf. Lemma 4) and thus all sources of finance are’ really employed and
tei_xable; Second, we can abstract from all effects of international double taxation which may
- otherwise overlie the strategic situation. Third, the situation is essentially stmetric.

The strategy spaces are the S’ as given above. Thus, we endow governments with the widest

B range of instruments possible in our model Using Lemma 2, a CME is characterized by:
_ A _ ‘1 B '
3 , 0" -0
where we defined @':= (1 -1 (z—A B) Equatlon (3) becomes to:’

Applymg Lemma 3, part a), we can establish -that forelgn tax changes do not have direct

effects-on domestlc capital allo¢ation, which is 51mply a consequence of the source principle:
' K : K' K’ =0.

Next‘deﬁ,n‘ev: :

'[63 S

o

{0,

U
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spect to the net rate of return:
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Observe that, since ¢’ €]o][, B €]0,][ as soon as at least one tax rate is strictly positive.
' 1-¢0

Furthermore, 1-f' = ——M—.—.
(A=-)-Q-1) o

Using these definitions and (7). we can. via

Lemma 3, part a), calculate the direct effects of tax changes on the amount of domestic

capital:

R =L o _ = p .1 B =_£ .ﬂ.]‘(’;{
" Fee -0 1-f, @ 1-¢ * 1-1 :

and, similarly,

(1 B)-K, ~ and 1?;=

5= ltd

_ These expressions simplify the analysis significantly as they allow us to work with the pamalk

K’ only The price effects of tax changes according to Lemma 3, part b), are obtained as:

K
_a—p-=—l’—=e'.ﬂ p N
3t D 1-¢
and, similarly,
op _ - dp ‘ I
and =L=¢.(1-8)-—,
a1, (ﬂ)ltd oe =P

~

K' .
where ¢ = 3" €[-1,0] is a measure for the tax reagibility of the equilibrium rate of return.

All effects are non-positive.
Under the source principle the tax revenues of capital importing and exportmg countries are of

the same structure. Using (6) and (7), respectlvely, we obtain:
~ T(t)=zp-K,

11—(:’ ‘:1 L ]-*'OJ " l't' can be interpreted as a kind of overall effective tax
d - =

rate on the capital returns in country i. The ﬁmctlons T'(t) are continuous and dlfferentxable

where Z':=

int. Using the above expressions, we can calculate the marginal revenue effects of tax
changes: . '

o [op o 0P o o
— K'+p|K-—+K. |[+p- K- =
on [a' e [ T, ]] oy

=£¥f_t;’£'[z' .[él '(l+£"’)+g”]+l_%.ﬁl:| ) p.lflt.'ﬂ '[z'-[E' -(l+6‘i,)+€',,]"l'¢"],

where we introduced the elasticity of the equilibrium amount of capital in country i w1th re-

r

(8a)

r

. P F-l

| =k Tk E

Note that s’ is purely technologlcally determined. Completely analogously we obtain:
T _ p-K-(1-§)
ot 1-1,

{z[¢-a+ey+e)re-o] (@b
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57"_ P'K"(l-ﬂ) i ' ! g (] |
Tk ‘-[z e -(1+ep)+ep]+<b]. | (8¢)
A glance at these expressions exhibits close relations between tﬁc different kinds of taxes. The
most important observation is that for £, >0: '

orT oT oT

<0 &=—<0=>"—<0. 9)
ot at. at,

Le., if an increase in the tax on dividends leads to an increase in tax revenues, this is also true.

for increases in the taxes on interest and corporate income. The converse is not true, however.

3.2 Characterization of Nash equilibria -

If we try to establish results on the outcome of fiscal competition in the scenario just designed
we face two difficulties: First, our knowledge of the properties (say, monotonicity and
curvature) of the tax revenue functions is quite limited. Second, the governments' strategy sets
are not convex. Convexity of the strategy sets is, however, a necessary condition in almost all
existence theorems for Nash equilibria. The first of these two problems can only be overcome
by zidditiqnal assumptions, giving more structure on the game. The second problem then can
be solved via the small detour of convexifying the strategy space. We eventually can establish
an interesting result ‘on the properties of an equilibrium. whose proof is relegated to
Appendix A.

RESULT 1: Assume, that for i=4, B tax revenue functions T°(t,t/) under the source prin?

éiple are quasi-concave in the (own) strategy variables t'. Then a revenue equi-
 librium exists. The equilibrium tax rates of country i (i=4, B) satisfy either of
the following conditions: ’
SN a) 0=t,=t <t;
b) O=¢, <t <t;;
¢ - = t" =1.

There is an imprecision in this statement which lies in the notion of quasi-concavity. This
property is well-defined on convex sets only and thus can - strictly speaking - not be applied
here. What we essentially require is that the payoffs é.re'quasi-concave on every convex subset
of the strategy sets. This is a strong assurhption, but still compatible with a wide range of
révenuc structures, encompassing, €.g., strictly increasing revenue functions or Laffer curves.

~ Under the source principle, tax competition with dif_fetent kinds of capital income taxes will
result in national tax systems of type (S2) which discriminate at the personal level between
interest and dividend incomes. This discrimination is, as long as the governments do not use

v

(D.

)

A
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' their maximum tax rates - ¢, extreme- in the sense that di{/idends will be tax free. The tax -

exemptlon of dividends. however, is accompanied by a corporate tax on payouts that is higher
than the personal income tax on interest income. Altogether, we end up w1th tax systems in
either of the two countries which taxes income that stems from bonds ﬁnance (only) at the

‘personal level, and income that originates from equity finance (only) at the firm's level. The

dnvmg force behind. th1s structure is condition (9). Taxes on interest income and corporate

- payouts never yield a lower marginal revenue than taxes on dividends. Therefore they should

be explmted in the first place (so-called "Principle of Targeting" (Dixit (1985, p.131_4))). The -
fact that, in total, equity income is taxed more heavily than interest income, can be traced back

to our restriction to feasible tax systems. There we excluded a priori that interest income is -

taxed at a smaller rate than equity income. As a consequence firms hold equity only to obey
their financial constraints. Corporate payouts are a less elastic tax base than interest payments

and therefore the natural candxdate for higher taxes.

Result 1 idenfciﬁes the constellaﬁon 0=t,= t,’ <t (i=A;B) as a possible equilibrium structure.

‘Insucha (Sl)-type system capital income is tax exempt at the personal level; there is only a
. corporate income tax on payouts. These properties are characteristic for the so-called -cash-

flow taxation as it has been proposed in the late seventies for Great Britain, esp. in the forms
of S-Base- and R-Base-taxation. These proposals have, although attributed with a number of

~po‘sitivev features, never been realised, most probably because they'al'e quite radical.. Seen

against this background, it is interesting that tax competition may be a mechanism which

- Nash-lmplements cash-flow taxation which otherwise would fail due to political obstacles

The efﬁc1ency propemes of revenue equilibria are summarized in the next assemon

RESULT 2: If p_(t) = Zw, revenue equilibi'ia in the tax competition game under the'sourc'e'

~principle are strictly\‘ efficient. If p(t) # p, revenue equilibria are in general not

strictly efficient.

. 7 y ‘
Proof: For x=c,d,r we have T =z 9p [K’+K’]
- o , o ar, ot

X

a) If p(t)=p, then ?Z: =0.A couniry's tax revenues do not dcpend'on the other coun- ,

try's tax.rates. Therefore, separately solving max T'(t) for i=4,B is equivalent to jointly sol-
. t'es’ : Lo

[T+ T*(1)].

b) ConS1der a "typical" interior Nash equlhbnum w1th 0= td <t <t <t for i=4,B. In

vin
g (t'.e? )es‘ S"’

such a situation g— =0 holds and the fea31bll1ty constraint does not bite. If this situation

¢
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8T 31" AT
+ =0, or:
. oL ' ot

were strictly efficient. we should also have =0. For a1 P 20 there

4 4 ¢

is no hint why this is the case.

Result 2 is the restatement of a standard result on decentralized decision making:!? If there are

no externalities between the agents (or if they are not perceived), then decentralized
~ optimization will result in a Pareto optimum. If externalities prevail, this is not the case. In our
model the externalities are given by the 'indirect" price effects of taxation as represented by

the partials ﬁtp These price eﬁ'ects are induced by national tax changes, but they affect the

X

international system as a whole. Uncoordinated maximization of tax revenues does not
recognize these effects and thus leads to outcomes that cooperation can improve upon.

There is a widespread view that capital tax competition is (m general) mefﬁcnent because the
‘governments ignore the fact that, by changing their tax rates, they cause international capital
movements which (also) change the tax bases of other governments.!8 Note that this view is
not the full truth: It is not the fact that capital must go anywhere which is responsible for the

efﬁciency failures of decentralized maximization - these capital movements are the standard

reactions to relative price changes. It is the ignofed fact that the disturbance of the equilibrium
price p itself causes a further reallocation of international capital. This (and not the direct tax

base effect) is the reievant externality.!? If the pecuniary externalities do not occur (i.e., if
p = p) there is no need for correcting the outcome of tax competition.20,2!

Observe that we cannot decide whether governments choose too high or too low tax rates in a
Nash equilibrium. The direction of the inefficiency depends on the signs of the cross tax

;-

_ effects which are indetenninate. Intuition tells us that tax competition exerts a

X

downward pressure on tax rates ("The tammg of Levxathan" (Sinn (1992)) and that collusive
_governments (a tax cartel) thus would levy higher taxes. This expectation, however, may be
flawed.

17 For the field of fiscal federalism and tax competition this decentralization theorem was ﬁrst (although-
not formally) established by Oates (1972, p. 33 ff.).
18 seeeg., Oates/Schwab (1988, p. 343), Wilson (1987, p. 837) or Wildasin (1989, p. 196)

19 This is most clearly elaborated in DePater/Myers (1992).
20 It is this absence of price effects (or: the assumption of price-taking governments) that drives the
efficiency results in Oates/Schwab (1988) or Razin/Sadka(1991).
21 The structure of the Nash equilibrium as described by Result 1 does not depend on the existence or non-
) existence of variations in p. If p is constant., we would have ¢ =0 in the marginal revenue effects
T

7’{-. This does not affect (9) which is the driving force behind Result 1.

.t
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3.3 Tax competition in (S1)-type tax systems

De lege, all OECD countries apply national tax Syst;ms of the (S1)-type, which do not discri--
minate between dividends and interest.income on the personal level. Recurring on the
previous sections we can easnly model tax competition in (Sl)-type systerns By =t =1, we
denote the uniform tax rate on dividends and interest income in country i (i= =4, B) which we
will refer to as the "personal income tax rate", The strategy set of each government is now
given by §' =[0,7]’, which is convex. By - |
» oy § 0" l - OJ
= - +
-t (A-t)-(1-r)

we denote the analogon to the variable Loy from.above for the case ' =1 = L Similarly, we
define ,B’ and 4 (always forz—A B) Set: , o '

T‘(t et —T’(t t r N8 N o TR 10

In a CME the condition . |
| : = F“ 1 T- F -1

p=zr (B -1)=z5 (R -1
holds. Hence, w1th respect to ¢, all partial denvatlves of section 3.1 remain valid 1f the varia-

bles @', §' and 7' are replaced by the correspondmg hat-values. Furthermore:

K [K' +K]= {lpo “ :::J

op_|op 9P . P
or |0t du],.... 1-1

The marginal revenue effects of tax changes are given by:

- a-f'_[aT'+5T] [~ fe- (1+s‘)+s‘]+d>‘ [ﬂ‘“ (- ﬁ')]]

ar | dr  at, -t

and parallel to the version without hat
T _ p-K-(1-§)

SERE .(1+a;,);gp]+<i>'].

ar; 1-1¢
_As the coefficient of @' in the first of these expressions is smaller than one, we obtain:"
aTr N o7 :
<0 =»> —<0. : 11
ﬁt _ or . (b

RESULT3 Suppose, for i=A, B the functions 7" are on [0, t]2 quasn-concave in (1.,t').
“Then a revenue equilibrium exists. For each country i e{A B} one of the fol-

lowing two cases holds in the equilibrium:
a) f'=0and 0<r.<17;
b) =i
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Proof grsketch): ~ Existence follows from the Debreu-Fan-Glicksbérg-Theorem.
Properties a) and b) are easily derived from the (constrained)? maximization problems of
each player. ' ' '

‘Result 3 claims that revenue maximizing governments will at best levy a personal income tax
when their corporate income tax rate has reached its upper bound. Otherwise they will tax
capital income only at the firms' level. The reason why governments do without personal faxa-
tion is that it has lower marginal revenue effects than corporate taxation (cf. (11)).

Starting from Result 1, the new result could not have been foreseen. There the taxes on corpo-
rate and income interest had essentially the same marginal revenue effects, both ,h'igher than
that of the dividend tax. This made governments do without the latter tax (at least in general).
The actual scenario emerged by packing the personal taxes into one. For this package it was

'by no means clear that it would yield smaller marginal returns than the corporate income tax

does; after all, we only sum up the single effects.

Under the source principle tax competition with OECD-type tax systems Nash-implements a
cash-flow system (at least unless the upper bound for the corporate tax is exploited). We have
had the possibility of cash-flow systems in'Result 1 already, but now it becomes the rule.2?

34 Tax dbmpetition without the corporate income tax

We now briefly discuss the outcomes of tax competition if the corporate income tax #. does

" not belong to the set of strategy Variables, i.e., if governments only coqlpéte with their

. personal income taxes. We can easily do this within the framework of Section 3.4, just setting
! =1? =0. From (8b) and (8c) we can derive the following implication (i=4, B):

—<0>=> —<0 (12)
which directly implies

RESULT 4: With ¢ =0 arevenue maximizing government of country i (i=4, B) will in ge-
neral not tax interest income, i.e., f, =0. A positive tax rate on interest income
can only be optimal if 7, =71 .24 ’ ‘

2 The constraints are that none of the tax rates may exceed ¢ .
23 With regard to the efficiency properties of the (S1)-equilibria we refer to Result 2, which is still true.
24 Two remarks concerning the feasibility constraint, which in the actual scenario requires £, <, to hold:

First, this restriction is not explicitly used in the derivation of Result4. It is, however, implicitly

<
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Implication (12) and thus Result 4 are immediate consequences of our assumptions: By the
restrictions on the corporate capital structure (i.e., by B' <o’ -K') we force firms into a -in a

- sense - suboptimal financial pattern: If they were allowed to, they would, under any feasibile

tax structure, choose a full credit finance. Governments now exploit the firms' financial infle-
xibility by levying higher taxes on the less elastic part of their tax base. As governments
pursue only one objective (maximizing tax revenues), but are endowed with two. policy
instruments (¢, and #,), the tax discrimination between equity and bonds is extreme in the

sense that, in general, the less profitable tax on interest income is not used.

From the viewpoint of tax competition, the source principle of international taxation is rather
unattractive. Hardly anything in the preceeding discussion indicates that the governments face -
a strategic situation. Each government's optimization could be seen as if it were the only go-
vernment and the use of elements from game theory (such as best responses, etc.) could be

- avoided. Nevertheless, unless we assume that the equilibrium net rate of return p is exoge-

nous and constant, there is a strategic interdependence between the governments: They both
determine the value of p by their tax choices and thereby inflict externalities on each other. In

the next section, however, the strategic situation of capital income taxation will hopefully be-
come clearer and more exciting.

4 Tax competition and variable corgorate cagltal structure: The case of th
- - residence principle

Lemma 4 indicates that, in contrast to the source principle of international taxation, the capital
structure of firms in a capital importing country is not a priori clear if the residence prinr_:iple '
is applied. Some constellations of tax rates make firms choose a pure equity finance, other‘s‘
induce a mixed capital structure. This makes the examination of the effects of tax competition

© in such a scenario quite interesting, because tax induced changes in the capital structure lead

to discontinuous jumps in tax revenues and their distribution amongst the fiscal authorities.

This exercise seems even more worthwile as the residence principle is one of the most promi-
nent international income tax rules. The OECD double taxation convention favours this rule
(most probably because it protects the mainly capital exporting OECD members from fiscal
losses?5) and the Ruding committee, which was in charge of reform proposals for the EU capi-

contained because we assume a mixed capital structure in both firms which is only optimal if interest
© income is taxed less heavily than dividends. Second, governments' best choices satisfy this restriction.
25 " The United Nations double tax convention proposes the source principle to leave some fiscal returns to
the mainly capital importing developing and emerging countries.
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tal income taxation, recommends to abstam from source based taxes and to rely on the resi-
" dence principle. Alworth (1988) shows that the residence pnnclple reduces the incentives for

harmful tax arbitrage and, in the same line, Glovanmm/Hmes (1991) argue for the residence
prmcrple in order to fight tax evasion. ..

Unfortunately, the results of tax competition under the residence principle are all but crystal :

clear. Thxs can be seen already ina. borlt-down version of our nrodel Therefore assume:
oc'=1,1/=0and ¢t/ ’

In coun'cry A the ﬁnancial choices of firms are unrestricted. Government 4 does not levy a tax

on dividends, but instead taxes corporate income at the hlghest adxmssable rate. The assumpti-
ons ensure that the firm in country 4 is fully debt financed. The only policy instrument of 4's

- govcmment is the tax rate on interest income /.
In the capital 1mpomng country B, where we assume a real financial constraint o’ o, l[ to

prevail, the residence principle restricts po_lrcy choices of the government to the corporate in-
come tax t° . Under these assumptions, in a CME the following arbitrage condition holds:
| FE-1 | |

p=(-t!) [ -1]= s,

+
1=t 1-1?

r

where o
—p |of ifti<i?
o = . A B

0 if 7>t
characterizes the optimal capital structure of firm B: If the corporate income tax in country B
is lower than the income tax in country 4, the firm decides to be purely equlty ﬁnanced

Otherwise. it chooses a mixed capital structure.
The change in the capital structure of firm Batt’ =tf causes the functions KA, K&t

aﬁd p(t) to be non-differentiable at these places (yet they are still continuous). For 4 # 17,
however the partial effects given in Lemma 3 can be apphed
The govemments tax revenue functlons are of course affected by the ﬁnanc1al variability of

.ﬁrmB The host country .of that ﬁrm only collects the corporate income tax, i.e. (with

( r"))

T%(t) = 7 p(t) (1 58) K”(t)
The resrdence country collects taxes on interest income, whrch accrues to its mhabltant from

country B only if firm B hasa mlxed financial structure:
' A

T"(t)———-A— p[K 1) +5°- K(1)].

Both revenue functions are dlscontmuous at —t . Each government's revenues consist of a

‘ safe (inside optzon) and a contestable (outszde option) part. Government A's safe tax base is A

the domestic interest income, for government B it is firm B's corporate income which comes

w

(o

G

G’)

€3



Gy

from the mirﬁmum share (1-0®) of equity finance this firm must use. The contestable tax
base is the income earned by the rest of o® of firm B's capital. If £ <¢?, it is interest income

“and tax revenues from it accrue to government 4. Otherwise it is equity income whose tax

reve-nues go to government B. In this case, we only have source based taxes. Check that:
A A

Jim T =2 p K < P [k*+0"-K*]= T*
lm 7" = ’CB K®>(1-q")-— K= )
,}%‘P ( ) B p >( Q' ) t = ( )L‘aﬂ’.f“

¢

Le., if ¢/ =17, governmentB should better lower its tax rate whereas for government 4

should avoid an increase in its tax rate. These relations have some important implications:
‘a) T* is not upper semi-continuous. Hence, Theorem 2 in Dasgupta/Maskin (1986) can- |

not be applied to ensure the existence of a pure strategy equilibrium in our game 26,27
b)  Asituation with £/ =12 can never be a Nash equilibrium.
¢)  Ifboth firms employ identical technologies, we must have t <¢? in an equilibrium.

General results for the existence, the number and the location of Nash equilibria can
generically not bé derived. We demonstrate this in Appendix B by means of an example
which exhibits a great variety of possible equilibriumA features. It becomes obvious that the
equilibrium features crucially depend on the technologies of the two firms: Some slight
change in a technological parameter may induce severe consequences for the outcome of the
fiscal game.

Inspite of this apparently chaotic structure we can give some inté'resting results on the
efficiency properties of VNésh equilibria in our setting (existence of equilibria provided):

RESULT 5: Assume, that the strictly efficient solution T of the revenue game is unique and
belongs to the interior of the strategy space (T €]0,f[" ) with 74 = L.

07 ey s .
a) Let 2240 for x = t, t?. Then revenue equilibria are in general not

X
strictly efficient. ‘
b)  Let 9P 20 for x=t7,1? and assume that t=(f", t”) elo,i[ is the
it

unique Nash equilibrium of the tax competition game.
bl) Iff*>i?andT">7% thent=T.
b2) Ifi’<ifand 7" <F® then t>7.

. 26 The Debreu-Fan-Glicksberg Theorem cannot be applied either, because payoffs are not contiuous.

27+ Note that both revenue functions are weakly lower semi-continuous, that they are bounded, .that their
discontinuties only occur in a set with (Lebesgue-)measure of zero and that their sum is continuous. By

. Theorem 5 in Dasgupta/Maskin (1986) a mixed equilibrium exists. This is (if at all) of merely technical
interest, as we cannot give any reasonable interpretation for randomized tax decisions. :
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Proof: By assumption, the unique efficient tax vector solves
' (T*+T? o(T*+T"
A = B =0.
ot ot

(Note that we assume 4= .2 ). Calculate that

o7 ' 1 ok = s 0P —5 »
=p- °[I:;+K:+UB'K£]'E’—B+GB'I<,? ’

ﬁt“.’ l—f,A - .
_ CoT* 1] K Op  5p Op o
d =p-(1-0")-— +K- K.
- ot p(1-07) 1-1? l:p' ot * ot! a0

Nextvenfythat K,ﬁ =L _.2 g

a) If sgn [t, -78 ] # sgn[f," ;fCB], then Nash equilibria are inefficient in any way. Now

~ assume 0¢sgn[?:"—£"]=sgn[f,"—ff]. In a Nash equilibium we have:

oT! o"T” . : . . . ..
o0 = o =0. If this were an efficient solution, we should in addition have
5T o7 BP L h B o
é’_tf= 70 =0.For.—a—;sé,0 (;:tf,tf.)there isno hmtthgtt.hls‘ls‘thg case.’
" b)  Nowlet 2220 fur x=1*.1",
o ox , , ‘
bl)  For sgn [E" -'t:”]=sgn[f,"’ -—t",”]=1 we have ©°=0  and hence
A B : o : .
ZZ'B = i{,‘: 0 and strict efficiency. Uniqueness implies t=1©.
b2) For sgn [?:",—?”]=sgn[f AL ”]=—] we have 5° = o €]0,][ . Hence:
o1 ! or 2 |
27 =pi_t_a KB<0and r (1 0') KB <0.
Therefore, in a Nash 'equilibrium: .
A B A B
o(T +T)<0 and o(T +T)<0,

ot ' otk

r

which upon uniqueness of the efficient solution irnplies t>7t.

Some remarks concerning this result:

a) First look at.partb): With the assumption of an exogenous net rate of return we
eliminate the source for the inefficiency of Nash equilibria under the source principle (cf.
Result 2). Consequently, if only source based taxes are employed, Nash equilibria are strictly
efficient in the actual scenario as well (t =T ; cf. part bl)). This is, however, no longer the
case, if both governments tax income that originates from country B (see part b2)). Here, Nash
equilibria are inefficient (t# T ) although price externalities via the net rate of return.cannot
occur. The reason for this failure is that the amount of capital invested in B depends on the ef-
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B _ 8T
fective tax rate which is l_[lat y +IT—C:';:| and thus depends on both governments'

choices. If one government changes its tax rate it changes the tax base for the other
government even though it does not influence p. This is a non internalized externality and
thus efficiency fails.

b) The direction of the inefficiency stated in part b2) of Result 5 is remarkable: Nash tax

- rates are too high as compared to the strictly efficient rates. Collusive goverments would agree

on lower tax rates. In tax competition governments operate in the decreasing part of the Laffer
curve. This observation gives rise to the warning not to overhastily imerpfet' the empirical -
phenonemon of falling capital income tax rates in the last fifteen years as an indicator of tax
competition. It may as well hint at a tax cartel of Leviathan governments.

c) The general inefficiency of Nash equilibria (part a)) is not very astoundmg, but offers a
nice contrast to an efficiency theorem developed by Janeba/Peters (1995, Proposition 1) in a
similar tax competition setting. Like here, in the Janeba/Peters model the two revenue

. maximizing governments each have a safe inside option of taxation and they compete for a
- mobile outside option which will fall to the government with the lower tax rate. Unlike here,

the inside options in Janeba/Peters (1995) are mdependent of the other government's fiscal
decisions. Hence, in the Janeba/Peters framework there are no externalities between the
governments which distort equilibrium outcomes away from efficiency.

In summary, this section gives a rather diffuse picture of tax competition. Counter-intuitive
results are likely to emerge. This calls for a careful and case specific approach in the political
discussion about the merits and flaws of fiscal competition.

5. Fiscal competition under a tax credit rule

The most common international tax rule to alleviate double taxation is the tax credit method
(M3). Almost all OECD countries apply this rule for some kind of foreign capital income.28 In
our model, where capital flows only go one direction (namely from 4 to B), the tax credit rule

7 = max {t;‘,tf} :
Despite their widespread acceptance it is a straightforward exercise to show that tax credits
cannot be persistent in an international tax competition between revenue maximizing

28 See OECD (1991,‘ p. 36 £.). Note that the tax credit method is a unilateral measure of double taxation
relief..On the contrary, the residence principle, e.g., requires a bilateral agreement to be implemented.
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governments. For this purpose it is sufficient to have a look at the incentives of government B.
Tax revenues are given by (5): ' '

1-¢? ( ¢ 2
T%(t) = p-K?-| — +1f |40 ——|,
() p [1_ (1_ d) 1—1f]

where:

: B
N 5 l—max{t;‘,t,}
—p_Jo°o if 1-1 < —
o= l-max{td,td}
0o otherwise
A situation with 0<t? <72 =t/ (x=r,d) cannot constitute a Nash equilibrium. To see this,
consider an increase in government B's tax rate. As long-as we still have t <t!=1%, this
does not change 7%, 5® and thus K%, K® and S. For government B's tax revenues this

ii_nplies that the worst thing that can happen is that revénues remain unchanged, namely if we .

are in a situation with & =0 and ¢? is increased. (In such a setting the tax credit does not

make sense anyway: there is nothing to be credited.) In all other situations B's tax revenues
will strictly increase. To undercut a given tax rate 7 hence cannot be a best reponse of

government B:

RESULT 6: In a Nash equilibrium under the tax credit method 7 =¢? holds for x=d,r .
. .

The intuition behind this result is simple: A revenue maximizing government of a capital im-
porting country either tries to exploit the capital exporting: country as far as possible without
affecting the international capital allocation (and sets t2 =1t1), or it ignores that its taxes will
be credited in the foreign country and acts as if the source principle were at work (and chooses
t?>1t). In the former case the capital importer in a sense does not tax firms or capital
owners, but the foreign government.?? In none of the cases the capital exporting country 4
yields any revenue from its taxation of foreign source income.3? Tax credits do not make any
sense. If in a Nash equilibrium under the tax credit rule capital income is taxed at the personal
* level with a positive rate, then the capital importing country never chooses a lower tax rate
than the capital exporter does. De facto, the source principle (M1) is at work:

RESULT 7: Denote by N the set of revenue equilibria under the source principle (M1). Let

(@4, f4,52,1%) €0, t]‘ be a Nash equilibrium of tax competition under the tax
/ credit method (M3). Then (N RN ”) eN.

i

29 Summers (1988, p. 150) comments on this as follows: "[The] observation is essentially that foreign .
governments are the best candidates for taxation. There is a very general principle that it is good to tax -

things that are in inelastic supply. The govemment of France is presumably in inelastic supply, though
~ perhaps no current government is likely to remain in office forever.”
30 . ' The same mechanism has been discovered by Slemrod (1988, p. 150) and.Bond/Samuelson (1989).
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Hence, the efficiency properties of tax competition under a tax credit rule are known already
from our discussion of the source principle in Chapter 3. Note that Result 7 does neither make
any assertion concerning the existence of revenue equilibria for the source principle nor for
the tax credit- method. The existence of equilibria with the source principle does not imply the
same for the tax credit rulé for we must additionally have that the capital importer's tax rate is
~ not lower than the capltal exporter's one.

All above arguments remain of course valid if we restrict ourselves to tax systems of °
type (S1), where ¢, =1, =t' for i=4,B. Furthermore, we can show that in such a scenario a

situation with identical positive personal income tax rates cannot be a Nash equilibrium either.

\

Lemma35: If both countries apply tax systems of type (S1), then a situation with
0<t?=t? cannot be a revenue equilibrium under the tax credit. '

Proof: First note that with (S1)-type tax systems both firms choose a iniked capital”
structure (cf. Lemma 4).3! This implies that the CME values of K4, K® and p are overall

differentiable in all tax rates.?? Using definition (10), government A4's tax revenues amount to:

TAGA 1415.1%) = p-K*- t! +(1=0%). [ ,+p.Ka._Bji.
e e S 1=t (1=t2)-(1-1% 1-78

This function is continuous, but at ¢4 = t® non-differentiable. Assume ¢ > 0. Taking limits,
~we obtain: - ' | |

.o [ & I N p-K*

. l l KA l__ Ay, c +
ik e~ A [a"t [p [l t* +(-a) (l—t;')'(l—t")]D 1-¢4
Vi ot t
— KA. 1-c6%)- £ — = li .

Hence. due to the contmuxty of T the best response of government A toa given * > 0 can

neverbe t* =%
| , Lemma 5 sheds some light on the severe existence problems of revenue equlhbna wn;h tax
* credits for it 1mphes the followmg

Cordllag: ‘Assumev that both firms employ the same production functions, i.e.,
F4K)=F®(K) VK20, that tax systems are of type (S1) and that the functi-

ons
3 For the mixed capital structure it is sufficient that country 4 runs a (S1 )-typé system. i
32 This is not the case if the firms' financial patterns can vary with across tax rates. Due to discontinuities in

 the functions @ the functions K, K* and p lack differentiability (but are still continuous).
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ros et [(l 7 (;-f).a-t;)*l-f]

are strictly quasi-concave in (t.,t")-for i=A, B.

a) Assume that the corporate income tax is not available, i.e., £/ =12 =0.
Then, under (M3) there is no revenue equilibrium. -

b)  Assume that the corporate income tax is among the disposable policy
instmments.‘Then in dreVenue equilibrium it holds that 0=1¢" =%,

Proof - Note first that under the assumptxon of strict quaS1-concav1ty of the T'(t) Nash
: equlhbna under the source prmmple (M1) exist and are symmetric, i.e., (£ t‘) (2,15,

a) Let t/=t2=0 . On the one hand revenue equlhb_na under (M3) should be non-symme-

tric (Lemma 5) if t4,t% 0. On the other hand they should be symmetric (because they also
are revenue equilibria under (M1); Result 7) This is a contradxctlon ‘Furthermore observe that
a situation where 1' =0 (and hence T =0) for some i=4, B cannot be a revenue ethbrmm
as the respective government(s) could improve upon this situation by choosing a small, but

strictly positive rate (yielding some positive retum) Therefore, revenue equilibria do not exist.

b) ~ Now allow for £, >0. With the same argument as above we can exclude revenue

- equilibria where (at least) one of the ' is positive. However, ‘we cannot exclude a situation

~with 0=1' <1, <t for bothi to be a Nash equlhbnum In fact, from Result 3 this is very
likely. |

_ Observe that the assurnptions in this corollary offer best chances for the existence of a Nash

equlhbnum (symmetry, convex strategy sets, continuity of the payoffs, (strict) quasi-concavity
of the payoffs over a. wide range) Nevertheless, no equilibrium exists. The reason is that a
- symmetric sxtuanon can be 1mprovedvfrom the view of the capital exporting country.

‘~.6. ___Concluding remarks'

This paper analyses internetional capital tax competition when taxation can discriminate bet-
ween different kinds of capital income. It is designed as a first step towards the integration of

the characteristics of real systems of national and international capital taxation into the fiscal
game approach. The model contains as special cases a-number of approaches known from the
literature. The analysis given in this paper is incomplete in three respects: Firstly, we did not
discuss all’ scenarios which are nossible in the present version of the model (e g., tax
competmon under the tax deduction method or under full double taxation). Secondly, our
model offers a wide range -of sn'mghtforward extensmns and vananons which we did not
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address in this paper (e.g., taxes on the capital stock or tax competition among national -
- income maximizing governments). Thirdly, and most seriously, the model still suffers from
plenty of shortcomings and fails to incorporate very important features of (tax) reality: There
is only one consumer, capital flows only go one direction, taxes on retained earnings are not
feasible, there is no commodity trade, etc. These elements cannot be embedded into the mbdel .
~ without difficulties, but leave of course a lot of space for further reserach.

* Appendix A: ____ Proof of Result 1

Define for i=4,B: §':= {(t;,t",,t:) e[O,t']S I sr,',+t;}. §’ is the convex hull of S'. Clearly,

S:=54xS* :S Now let (t4,t?) €S and define (k*(t),k%(t), A(t)) as the unique solution

of the following set of equations: |

o ~ Fl k() -1 - Fi(KP(t) -1
A(6) = ; ¥ (K°(1) _ x (k”(1)

-—.~_+__.-.l_-_~o‘:"#"--- B dB +’ 1—0'8 .
1=t (A-t)-0-t) 1-t2 Q-5 .(1-15)

and

kA (t)+ k2(8) = S(A(L))

(k*(£),k5(t), p(t)) should merely be interpreted as a mathematical construction which for
(t*,t%) e S accidentally coincides with (K*(t), K2(t), (t)) . Define for t €S and for i=4,B:
T'(H)= Iill:z': .lil-t-cté +t",]+o" ol:—’t:jl-ﬁ(t)-k'(t) ,
-which for (t*,t?) €S equals T'(t). By construction the partial derivatives of T'(t) remain
valid for T'(t) ifthe K' and p are replaced by k' and 5. respectively. We thus constructed
an artificial, "extended" game with convex strategy sets S' and payoffs T'(t) (i=4,B).

Assumption: For i=4, B the functions T(t) are on §' quasi-concave in (,0,10).

Then, due to the Debreu-Fan-Glicksberg-Theorem (see Dasgupta/Maskin (1986, Theorem 1))
the extended game has the nice property to possess a Nash equilibrium. In the extended game,
each player i=A4, B solves the following problem:

max T'(t) st t+t,-£20 and 72t forx=cdr.

ety R
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It is a lengthy but stralghtforward Kuhn-Tucker exercise (available by the author upon
request) to show that under our assumptlons the optimal solution has either of the properties

.

a) to c) given in Result L 33
_ Even though not v151ble the solutlon of the Kuhn-Tucker problem describes player i's reaction
' correspondence (best response), for the analysns is carried out under the implicit assumption of
given (t/,£],t)). This is of course true for both players. Now note ‘that all three tax
\ constellations a) to c) belong to the original strategy sets S’ for both players. Hence. the Nash
equilibrium of the extended game lies in the original strategy space. As the extended game
contains the original game, any Nash equlllbnum of the extended game must also be a Nash
;equlhbnum of the original game. '

Appendix B: __A numerical example
~ In this appendix we demonstrate by means of' an example that in fact we cannot yield any

general results concerning the existence, the number and the location of Nash equilibria in the
- setting of Section 4. Assume that the net rate of return p is exogenous and constant. The

 firms in'the two countries use the technologies F'(K')=(y, +1)-K'—(K')’ where y,>0 and
_i=4, B. These functions are strictly increasing and concave as long as K' <(y,+1)/2, which

£

<y

will always be the case.34 Using the CME cond1t1ons we. calculate the equlhbrlum values for

K"(t) [7,, 1 ”t]

. l . » 1 ‘. :
. .5;[}/8—_1_'.0%3]—2’ l(t) | if frA>tcB

y, plo’-f+(1-c")-t!]
2. 2:(1-t-(1-1%) .

capltal in the two countries as:

ad KRt =

=K)(t) if t'<¢?
Now deﬁne: :
A B

+p-K*(t) and T”(t) e K"(t)

T"(t)

A

A B

[KA(t)+0' K"(t)] and T"(t) =

5 p(1-0")-K;(t)

3" 1t can.be shown that all requirements of - the Arrow-Enthoven-Theorem (see Takayama (1985,
- Theorem 1.E.2)) are satisfied and that hence these properties are both necessary and sufficient. ,
- 34 The F' violate, however. the.Inada condmon llm F.(K")=+w , which ensures a strictly posmve capital &,

demand in any situation. In all what follows in this appendix a non-zero amount of capital will be
employed so that the Inada condition can be dropped for the moment without danger.-

0
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Revenue equilibria then can be of two types, depending on which government gains the
contestable tax base: | ‘

é’T" C7TB

Typel: T —L =0 A t/>1”
ﬁTA ﬁTB

TypeII: ﬁt‘ F“O AL <t8

r

We can express this equivalently by calculating the best response functions:

Type I: Iy il LI 4 Yl NPV
’ N },A+p ) 7a+p :
Typell: 1% = (ra=p+0’-yy-p-0®).(-1)) - p-c° -1} -(1-0")
| T (7,4"'P"'O'B'}’B-p'O'B,)_~(l—tf)-p-o"’-tf-(]-;-o-”)_z.p.(a-l’)l
N A1—14Y— A B .14 :
A 24y = (rg=p)-A=t)=p-c” -1 A it

(s+p)-(A-t)+p-0®-t!=2.p.0*

Type I-equilibria are equilibria in dominant strategies. This reflects that only source based

taxes are used and price effects do not occur.
Now take a situation with o =0.75 and p=05 and consider the following four cases whlch

(only) differ in the values of y , and y,:

Case 1: Ya=Vp=1
A unique Nash equilibrium of type 11 exists with ¢ = 0326 and t” =0560 .35
‘Case 2: vs=2and y,=1
' - A unique Nash equilibrium of type I exists with ! =3/5 and  =1/3.
Case 3: y,=land y,=3 '
There is no Nash equilibrium.
Case 4: v.=125and y,=1
Two Nash equilibria exist, one of typel with t=3/7 and t’=1/3 and a
~ second one of type II with t =0397 and ¢’ —0.502.. :

These four cases have been chosen as to yield four different equlhbnum outcomes. Thls may
suffice as a proof that general results are impossible to obtain.

3 This corresponds with our observation m the main text that with symmetric production functlons‘
revenue equilibria can only have the form ' <4/
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