
Eggert, Wolfgang

Article

Capital Tax Competition with Three Tax Instruments

Zeitschrift für Wirtschafts- und Sozialwissenschaften (ZWS) - Vierteljahresschrift der
Gesellschaft für Wirtschafts- und Sozialwissenschaften, Verein für Socialpolitik

Provided in Cooperation with:
Duncker & Humblot, Berlin

Suggested Citation: Eggert, Wolfgang (1998) : Capital Tax Competition with Three Tax
Instruments, Zeitschrift für Wirtschafts- und Sozialwissenschaften (ZWS) - Vierteljahresschrift
der Gesellschaft für Wirtschafts- und Sozialwissenschaften, Verein für Socialpolitik, ISSN
0342-1783, Duncker & Humblot, Berlin, Vol. 118, Iss. 3, pp. 361-387,
https://doi.org/10.3790/schm.118.3.361

This Version is available at:
https://hdl.handle.net/10419/291913

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.3790/schm.118.3.361%0A
https://hdl.handle.net/10419/291913
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Zeitschrift für Wirtschafts- u. Sozialwissenschaften (ZWS) 118 (1998), S. 361 - 387 
Duncker & Humblot, Berlin 

Capital Tax Competition with Three Tax Instruments* 

By Wolfgang Eggert* * 

1. Introduction 

A flood of literature on capital tax competition among countries empha-
sizes the role of international capital mobility for the efficiency of decentra-
lized fiscal policy in a world with distortionary taxation.1 A first counterex-
ample against the standard result that Nash strategies of governments lead 
to an inefficient equilibrium is made by Razin and Sadka (1991) in a model 
of a small open economy in which savings and labor supply decisions are en-
dogenous. Basically, the main conclusion of their analysis is that a tax com-
petition equilibrium in source-based capital taxes is Pareto inferior to a tax 
competition equilibrium in residence-based capital taxes. However, as an 
application of the inverse elasticity rule of optimal taxation theory, they 
also conclude that tax authorities abstain from taxing capital income if the 
residence-based capital tax is not enforceable. In this case, the full tax bur-
den falls on the internationally immobile factors such as labor. When a wage 
tax is available, governments of small countries choose not to levy source-
based capital taxes.2 

In a seminal article, Bucovetsky and Wilson (1991) derive the conse-
quences of non-cooperative tax policy for the efficiency of decentralized fis-

* Verantwortlicher Herausgeber / editor in charge: S. H. 
** A former version of the paper was presented at the annual conference of the 

European Economic Association, 1997, in Toulouse and the annual conference of the 
Verein für Socialpolitik, 1997, in Bern. I thank Max Albert, Lucas Bretschger, Bernd 
Genser, Frank Hettich, Stefan Homburg, Matthias Wrede, particularly Andreas Hau-
fler and Ronnie Schob, and acknowledge exceptional work by two anonymous refer-
ees. All remaining shortcomings are my own responsibility. 

1 Seminal articles are from, among others, Zodrow and Mieszkowski (1986), Wilson 
(1986) and Wildasin (1989). Other authors study the consequences of tax competition 
in the context of a Leviathan type government [cf. Sinn (1992), Edwards and Keen 
1996)], introduce wage inflexibilities created by trade unions [cf. Lorz and Stähler 
1997)] or discuss stability issues [cf. Koch and Schulze 1998)]. 

2 However, some contributions demonstrate that positive source-based capital 
taxes will be levied in a small open economy, if there are constraints on wage or profit 
taxation or, if foreigners own some part of the domestic capital stock [cf. Bruce 
(1992), Huizinga and Nielsen (1997)]. 
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362 Wolfgang Eggert 

cal decisions in tax competition environments when countries are large and 
have an influence on the interest rate. They analyze a subset of situations 
which we consider here, by restricting their analysis to Nash equilibria in 
wage taxes and source-based capital taxes, on the one hand, and source-
and residence-based capital taxes, on the other hand. The main conclusions 
of their analysis are twofold. In the first case, the set of available taxes in-
cludes a wage tax and a source-based capital tax. In a word, the argument is 
that the wage tax distorts the individual's labor/leisure choice and likely 
reduces the quantity of labor supplied. This leads to a decline in capital's 
marginal productivity and causes capital outflows. As Bucovetsky and Wil-
son prove, the decentral Nash equilibrium in wage taxes and source-based 
capital taxes is inefficient and governments underprovide public goods. We 
show that this result will no longer hold if governments are able to raise a 
residence-based capital tax in addition. 

Secondly, under the assumption that wage income is left untaxed, Bucov-
etsky and Wilson prove the efficiency of a Nash equilibrium in source- and 
residence-based capital taxes. In the introduction, they justify the assump-
tion that the wage tax is absent - while both capital taxes are supposed to 
be sustainable in this second scenario - and argue that an extension of Gor-
don's (1986) optimal taxation model to an international setting "eliminates 
any tendency for regional governments to underprovide public goods". 
However, this argument has not yet been proved formally. Moreover, wage 
taxes bear the larger part of public expenditures according to the data. 
Hence, a straightforward extension of previous models to the case of a tax 
competition game with a complete set of distortionary taxes is valuable -
both from a theoretical and a practical perspective. 

Our paper makes one primary point. By relaxing the constraints put upon 
the set of available taxes, we show that in an environment of identical, large 
countries, the desirability of a source-based capital tax disappears only if 
taxes on wages and savings (i.e. a residence-based capital tax) are avail-
able. If the set of available taxes is unconstrained, decentralized fiscal deci-
sions of governments lead to an efficient Nash equilibrium, irrespective of 
the size of countries in the capital market. In fact, this result is closely re-
lated to the logic of Diamond-Mirrlees' (1971) Production Efficiency lemma, 
according to which the equilibrium with optimal commodity taxation 
should be on the frontier of the aggregate production set. In the framework 
being applied, an optimal commodity tax system would generally be equiva-
lent to a direct tax system which involves non-zero taxes being levied on the 
incomes of all factors subject to choice (i.e. labor and savings). 

The important generalization offered here may appear to conflict with the 
standard evidence supporting the absence of source-based capital taxes. 
The argument usually applied in the literature is mainly suggested by the 
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inverse elasticity rule from optimal taxation theory. In the price-taking en-
vironment of small countries, production taxes will not be levied because of 
the high tax elasticity of international capital movements perceived by gov-
ernments. Gordon (1992, p. 1161) argues "Diamond-Mirrlees showed that a 
small, open economy should not tax capital income at source". However, in 
the context of small countries, the zero source-based capital tax result only 
hinges upon the availability of some second tax instrument, i.e. a tax on 
wages [Razin and Sadka (1991)] and not on the availability of a direct tax 
system, which should be equivalent to an optimal commodity tax system. In 
contrast, in the non-price-taking environment of large countries used in this 
model, governments choose not to levy source-based capital taxes, despite a 
finite tax elasticity of international capital movements. In our framework, 
the zero tax result critically hinges upon the availability of wage taxes and 
residence-based capital taxes. Since both taxes must be available to derive 
a zero source-based tax on capital, it is this analytical setting of large coun-
tries which comes close to an international version of Diamond-Mirrlees' 
argument. 

An implication of our analysis is that the constrained efficient scenario in 
Bucovetsky and Wilson's model - in which the wage tax is absent and a 
combination of residence-based and source-based capital taxes is available 
for fiscal authorities - proves to be Pareto inferior, when compared to the 
tax competition equilibria considered here, in which both wage and resi-
dence-based capital taxes exist. Moreover, our analysis clearly reveals that 
the scope for efficiency enhancing tax coordination is primarily a question 
of the constraints put upon the set of available taxes. A valuable side-effect 
of our analysis is that we link different branches of a huge body of literature 
on capital tax competition in a unified framework. In our concluding re-
marks, we provide a summary of existing results and our new results [cf. 
table 2]. 

The paper is structured as follows. Section two portrays the optimization 
problem of households and firms, derives first-order conditions for a wel-
fare-improving tax reform and then introduces the Nash equilibrium on the 
capital market. Section three discusses efficient tax rules. Section four con-
trasts these efficient tax structures with those yielded in the Nash equili-
brium. Finally, section five draws some conclusions and suggests possible 
extensions. 

2. The Model and Nash Equilibrium 

We follow Bucovetsky and Wilson (1991) and consider a system of n iden-
tical regions or countries. The identical countries are large and possess mar-
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364 Wolfgang Eggert 

ket power. However, governments choose the same tax rates in the Nash 
equilibrium. This enables us to restrict attention to symmetric outcomes, in 
which each country's net capital exports are zero. The incentives to manipu-
late the international distribution of income, via exploitation of terms of 
trade effects, are thereby eliminated. In all countries, a homogeneous good 
is produced, using capital and labor as factors of production. The price of 
output is normalized to equal one. In order to concentrate on the efficiency 
problems faced by countries competing for scarce capital, individuals are 
assumed to be internationally immobile, whereas capital is perfectly mo-
bile.3 

Before we discuss the tax competition issue, we must describe the build-
ing blocks of our model, i.e. the individual, the productive sector, the gov-
ernment and the Nash equilibrium. Turning first to the individual's pro-
blem, we employ a standard framework in which labor supply and savings 
decisions can be modeled. Consumers in each country live for two periods. 
In the first period, the representative consumer divides his given endow-
ment between current consumption and savings in order to finance some 
part of second period consumption. During the second period, the indivi-
dual chooses how much labor to supply and governments use the tax reven-
ue collected in order to provide a local public good.4 

Going into details, the individual in each country strives to maximize a 
well-behaved direct utility function that is separable between private and 
public goods:5 

(2.1) U(e-s,x,T-L) + U(g) , 

where e denotes capital endowment, s specifies savings, x stands for private 
consumption in the second period, T describes time endowment and L labor 
supply. Hence, e - s denotes private consumption in the first period and 

3 Prominent articles which investigate into decentral fiscal decisions in models 
with international capital and household mobility are Burbidge and Myers (1994) 
and Wellisch (1995). The latter also allows for environmental spill-over effects. Differ-
ent degrees of household mobility are analyzed and it is shown that Nash equilibria 
can be efficient if international transfers of resources are feasible. However, in these 
models, the world capital stock and world population are fixed. In contrast, our focus 
is on the distortions of factor supply decisions in an international context. 

4 A simplifying assumption of the model is that individuals do not supply labor in 
the first and capital in the second period (and do not derive utility from the public 
good in the first period). We adopt this specification for two reasons. First, we wish to 
focus attention on savings and labor supply decisions; the intertemporal dynamics on 
labor and capital markets are not our concern. Second, in keeping with most two-per-
iod tax competition analyses we simply wish to hold the model tractable, by allowing 
agents to optimize on two margins only. 

5 Due to the identity assumption, the equations for the countries are similar and 
we can exclude indices in the presentation. 
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T — L leisure consumed. The government provides a local public good g that 
enters the utility function. Due to the usual separability assumption, goods 
consumed are independent of the level of public good supply, which is exo-
genous from the perspective of the consumer. Residents are price-takers and 
choose their levels of private consumption to maximize utility subject to the 
budget constraint: 

«X x w - tw ^ (2-2) ( e - S ) + 7 - 7 = 7 - 7 r L + e , 

where 
r - tr = interest rate, r, net of the residence-based capital tax, £r, 
w - tw = gross wage rate, w, net of the wage tax, tw. 

Thus, (2.2) simply states that the present value of private consumption 
must equal net lifetime earnings. Using the definitions introduced in (2.2) 
and solving the problem defined above in the usual way, we arrive at the fol-
lowing standard first-order conditions [see equations (A.2) in the appen-
dix]: 

(2.3.a) Us/Ux = r - f , 

(2.3.b) UL/Ux=w-tw, 

where subscripts denote partial derivatives here and in the subsequent ana-
lysis. Hence, dU/ds = Us denotes the marginal utility of savings and 
dU/dx = Ux the marginal utility of consumption in period two. The term 
dU/dL = UL represents the marginal utility of labor. 

We note that the effects of parameter changes on the utility maximizing 
quantities of factors supplied are difficult to sign at this level of generality. 
Using the implicit function rule along with (2.3), it can be shown that the 
effects of price changes on uncompensated labor supply, L, and savings, s, 
are generally ambiguous, due to the interaction of income and cross-price 
substitution effects. 

Focusing on compensated factor supply, from the second-order conditions 
follows that own-price effects of compensated labor supply, 8, and savings, 

are positive, and the symmetry of the Slutsky matrices implies equality of 
all compensated cross-price elasticities [see eqs. (A.7) in the appendix]. Fol-
lowing Bucovetsky and Wilson, we assume that leisure is a Hicksian substi-
tute with first period's consumption. Hence: 

3r > 0, %w > 0, = 2 r < 0 , 
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where subscripts represent partial derivatives. Therefore, 3r denotes the re-
action of compensated savings due to a change in the rate of interest, and 

states the effects on compensated labor supply induced by wage changes. 
Cross-price effects on compensated savings and labor supply are repre-
sented by r> 

In the next step, we use the Slutsky equations. This establishes the follow-
ing relationship between uncompensated and compensated derivatives:6 

(2.4a) <p = kLw - lLr = k%w - l%r , 

(2.4b) ip = lsr - ksw = l$r - k$w , 

where k denotes national investment and I labor used. 

The productive sector of each country is described by a constant-returns-
to-scale production function, /(/c, Z), which exhibits the usual properties of 
positive and decreasing marginal products, fk > 0, fi > 0, fkk < 0, fu < 0. 
Again, derivatives are indicated by subscripts. The familiar zero-profit con-
dition is given by: 

(2.5) f(k, I) - (r + f)k - wl = 0 . 

In (2.5) a source-based capital tax, f , is introduced as the third tax in-
strument. The tax is levied on all capital invested in the country. The first-
order conditions for firm optimization require that: 

(2.6a) fi-w = 0 , 

(2.6b) A - ( r + f ) = 0 . 

As the labor and capital markets are competitive, profit maximization, in 
the choice of labor and capital by firms, implies that marginal products of 
labor and capital must be equated to their marginal cost. Using (2.6) in 
(2.5), we differentiate the resulting expression/(/c, Z) = fkk +fil with respect 
to k and I, which shows: 

(2.7a) fik = ~fkkj , 

(2.7b) fk l = - f » { • 

6 As can be shown using the Slutsky decompositions presented in the appendix, in-
come effects simply cancel out in (2.4), in the transition from uncompensated to Hick-
sian formulae. To derive (2.4), notice that the full employment condition for the labor 
market requires I = L. Moreover, savings equal investment k = s in the closed country 
as well as in a symmetric Nash equilibrium. 
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Finally, implicitly differentiating (2.5) and using (2.6) yields a negatively-

sloped factor price frontier: 

<*•»> 

In passing, it should be noted that, from (2.6b), under source-based capi-
tal taxation, a tax wedge is driven between the marginal productivity of ca-
pital, /fc, and the world interest rate, r. A higher source-based capital tax in-
creases the marginal cost of capital and hence distorts firms' investment de-
cisions. In contrast, a residence-based capital tax drives a wedge between 
the rate of time preference and the interest rate [see (2.3a)]. As a result, it is 
not the investment decision, but the willingness of residents to supply capi-
tal, which will be distorted. 

Each government maximizes the utility of the representative consumer by 
choosing capital and wage taxes, assuming that the tax rates of all other 
jurisdictions are not a function of one's own choice of rates. Or, equivalently, 
each government's behavioral assumption is that of Nash conjectures con-
cerning its competitors, and it chooses the set of factor prices that maxi-
mizes welfare, subject to the resource constraint R: 

(2.9) R = twL + trs + fk — c(g) = 0 , 

where c(g) denotes the per capita cost function of public good production, 
which is assumed to increase monotonically. Since all costs are measured in 
units of the numéraire, cg equals the marginal rate of transformation be-
tween the numéraire and the public good [cf. Wildasin (1984, p. 231)]. 

The objective function of the government is the individual's indirect uti-
lity function. Due to the separability of the direct utility function, the level 
of public good supply, g, enters the indirect utility function: 

(2.10) V = XJ(e — s(f}tr,tw)}x(f,tr, tw), T — L(f,tr, tw)) + tJ(g) , 

which the government strives to maximize, subject to the public resource 
constraint (2.9). The Lagrangean of the problem: 

(2.11) W=V{. . . ) -AR, 

is supposed to be strictly concave in each of the taxes, in order for the sec-
ond-order conditions to hold. The Lagrange parameter, A, will be reinter-
preted below. 
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368 Wolfgang Eggert 

In the opening paragraph of the paper we argued that the efficiency prop-
erties of a tax competition game are primarily a question put upon the set of 
available taxes. Hence, the main theme of the paper is to consider a variety 
of institutional settings as special cases of a unified framework. For various 
reasons, governments may not have the complete set of wage (tw), residence-
based (tr) and source-based (if) capital taxes at their disposal. For instance, 
a residence-based capital tax is difficult to enforce in the European Com-
munity for compliance reasons. Therefore, it is sensible to consider solutions 
of the maximizing problem (2.11) to situations in which all taxes are feasi-
ble for fiscal policy, as well as solutions to situations in which governments 
only have access to an incomplete set of taxes, i.e. the rate of one instrument 
is zero. The first-order conditions of the government's problem read: 

TT ds TT dx TTdL Al kl (dLtw dstr dfc 

TT ds TT dx rrdL . K fdLtw dstr dkf\ 

__ ds _ _ dx TT dh . 9str dkf\ A 

Ug+ACg = 0. 

Due to our assumptions about the utility function, the identification of 
optimal tax rates can be separated from the problem of determining optimal 
public good supply, which would generally require solving system (2.12) si-
multaneously. The separability assumption facilitates the optimization pro-
blem to a great extent, by enabling a two-stage solution. First, the govern-
ment sets public consumption to satisfy the modified Samuelson condition 
(2.12d). Then, in the second stage, the government chooses tax rates accord-
ing to first-order conditions (2.12a) - (2.12c). 

In the following, we concentrate on the second stage of the optimization 
process, assuming that the government sets public supply according to 
(2.12d) in the first stage. Multiplying the terms in brackets in (2.12) by 
minus one yields the effects of increasing one tax instrument, ?,tr or tw, on 
all tax bases, which are denoted by variables e^ es and ei. We largely follow 
Schob (1994, p. 91) and define the tax effects, represented by e/c, es and ei, as 
tax elasticities. In the next step, we carry out some straightforward manipu-
lations, in order to simplify (2.12). Using the first-order conditions of the re-
presentative individual and the property of linear homogeneity of the pro-
duction function, the following conditions (with instruments being opti-
mized shown in parentheses) characterize an efficient allocation [see the 
prove in eqs. (A.8) - (A. 11) in the appendix]: 

(2.12a) 

(2.12b) 

(2.12c) 

(2.12d) 

dW 
dts '' 
dw 
dr '' 
dW 
dtw ' 
dW 
dg z 
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(2.13a) ( f ) : —A = Ux/(1 — ejc) , 

(2.13b) ( f ) : -A=Ux/(l-es) , 

(2.13c) {tw) : —A = Ux/(1 — £i) . 

Using system (2.13), it is easy to describe any tax reform which either re-
places one particular tax by another, or finances a marginal unit of addi-
tional public good supply by increasing a tax. From these conditions it fol-
lows that a tax reform is desirable if, and only if, the marginal cost of public 
funds, A, associated with the tax increased, is lower than the marginal cost 
of the tax lowered [cf. Kay (1980), Schob (1994)]. Notice, in the optimum, 
the marginal cost of all available taxes are equalized. If they are not equal, 
the existing tax system is not optimal. If marginal costs do not match, those 
taxes with the largest values should be reduced, since collecting revenue via 
these taxes would lead to a larger welfare loss per unit of revenue than 
would taxes with low marginal costs. Technically, this means that all first-
order conditions of instruments chosen endogenously must simultaneously 
hold with strict equality, whereas the conditions of instruments being un-
feasible due to exogenous restrictions are redundant. If the government only 
has two of the three taxes at its disposal, the optimal tax structures for all 
three possible combinations of the remaining two taxes are: 

ds_k_ds_s 

( 2 1 4 ) A 
d f s dr 
dljc-dli 

^ A t r = 0 ' 
dt> dt* 

r <>Ll-J)Ls (2.16) — = df A f = 0 . 
fw OS ds J 
1 df»s d f l 

If the set of available taxes is unconstrained, the first-order conditions of 
all instruments in (2.13) have to be fulfilled with strict equality. Hence: 

ufdlds dlds\ , ifdlds dlds\ , Jdlds dlds\ 
( 9 P = \dt»dv dtdt») \dvdf d f d t J \dtdt» dtrdt) 

tr Irjdkdl dkdl\ , lidk dl dkdl\ . Jdkdl dk dl\ ' 
Xdvdr d t d f ) \dtdf d f d t ) \dfdt» d f d t ) 

1Jdl ds dl ds\ , j(dlds dlds\ , Jdlds dlds\ 
f2 17hx ? = \&rof dvdr) \dtdt dtdt) ^ \dt»d* dfdt») 
V ;

 tw k(dkds dk ds \ , ,(dkds dkds\ , fdkds dk ds\ ' 
\dt°dt dtdt») \dtdf d f d t ) \dfdt» d f d t ) 

(2.17c) 
iJdkdl dkdl\ , ifdkdl dkdl\ , Jdkdl dk dl\ 

? = \dtdf d f d t ) Kdt'dt dtdt) \dP°dt' dfdt») 
tw (dk ds dkds\ , j (dkds dkds\ , (dkds dk ds\ 

\ d f d t d t d f ) \dtdt dtdt) \dtdf dVdt'J 
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On the basis of these criteria, evaluations of distortionary tax systems will 
be carried out in the next sections. 

We now turn to the Nash equilibrium. According to (2.14) - (2.17), the ra-
tionally acting government in each of the n countries must take the re-
sponses of households and firms into account when choosing instruments. 
In the following, indices {i, a} stand for home and for the (n — 1) countries 
abroad. Factors supplied and demanded, G {¿,a}, and factor 
prices, {wi,r} Vj G {i, a}, can be derived as implicit functions of the tax in-
struments £J, t™} Vj G a} from the system: 

(2.18a) U{ - 0Wj - tf)lPx = 0 Vj G {i,a} , 

(2.18b) ü 2 - ( r - ^ ) ü i = 0 Vj G {i,a} , 

(2.18c) fì — w^ = 0 Vj G {i,a}, 

(2.18d) fk — (r + fj) = 0 Vj G {i,a}, 
(2.18e) V - V = 0 Vj G a}, 
(2.18f) kl - sl + (n - l)(/ca - sa) = 0 , 

where we have 11 equations in the 11 endogenous variables. The equations 
denote in pairs the first-order conditions of households and firms in all 
countries, given by (2.3) and (2.6) respectively, and the market clearing con-
ditions for national labor and the international capital markets. The latter 
implicitly determines the world rate of capital return and is defined by the 
requirement that capital balances, summed over all countries, add up to 
zero. 

Table 1 

Comparative Static Results 

dk _ n- 1 1 - fuLw ( fuZ - klsr dk 71 - 1 fill L ( fuZ - klSr 

dts ~ n fkk nN ' d r ~ n fkkk T nN 
ds _ n - 1 k fuZ - klsr ds n - 1 fuZ - klsr 

dts ~ n I 1 nN ' dtr~ n Sr ' nN ' 

II n — 
n 

lkr ^faZ-PLr 
I ^ ' InN 

di 
dtr~ 

n — 
n 

1 T , kfkkZ - l2Lr 

Lr ' InN 

II 
S

I
?
»
 

^
 

IS
 

n -
n 

1 ful IfuZ - k2lsw 

fkkk w ' knN 

S
I
S

5
 

II n -
n 

1 IfuZ — k2lsw 

1 knN where Z E E l(f>sr + kLwip - (f>ijj , 

dl _ 

dtw 

n — 
n 
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Our basic analytical objective is to solve the capital market equilibrium 
(2.18) for the own-tax induced changes in k\s\ll. Cramer's rule can be ap-
plied after full differentiation of (2.18) to obtain the influence of a margin-
al increase in the domestic tax. Comparative static effects are derived in 
the appendix A.3 and summarized in table l.7 In the next step, we insert 
the equations into the relevant first-order conditions for the local govern-
ment (2.14) - (2.17) and distinguish different fiscal scenarios by the number 
of available taxes. A unique condition, indicating the optimal tax struc-
ture, is immediately yielded for each of the underlying tax environments. 

3. Efficient Tax Policy 

As a benchmark, let us first consider the case of full coordination. The 
identity assumption used in the present framework makes the characteriza-
tion of efficient fiscal policies more convenient, since there will never be a 
reason for factor movements between countries equal in all respects. Due to 
the absence of a motive for trade in the model, the best a government in an 
open economy can do, is to replicate the tax structure in the closed country. 
Against this benchmark, we can discuss the Nash equilibrium in the next 
section.8 

To characterize the tax structure in the closed economy, we take advan-
tage of our formulation of the capital market clearing condition (2.18f). For 
n = 1, the home country is closed to international capital flows and we have 
0 = ^ = 0 = ^ from the comparative static effects summarized in table 1. 
Of course, for n = 1, we also obtain = There is no distinction between 
a source-based and a residence-based capital tax, which should be obvious, 
since tax bases match in the closed economy, as (2.18f) collapses to k = s. 
The government only has one capital tax, and the tax rate is determined by 
the revenue requirement. 

7 Notice that we can exclude indices after total differentiation of (2.18), as a conse-
quence of the identity assumption. 

8 In our Arrow-Debreu economy, a unique equilibrium should exist under the as-
sumptions (i) of identical countries, (ii) each populated with a representative consu-
mer which (iii) has quasi-concave preferences and (iv) given that production technol-
ogy is convex. In contrast, Gottfried (1996) demonstrates that non-uniqueness of effi-
cient allocations is relevant in tax competition models in which countries are un-
equal, if a government voluntarily makes transfers of resources to the other in order 
to control international factor movements. However, as DePater and Myers (1994) ar-
gue, a unique, efficient allocation exists, which is represented by the closed economy's 
allocation, if countries are identical in all respects. Hence, under the assumptions (i) -
(iv), there should exist a unique equilibrium. 
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This result is also reflected by tax rules. Inserting the comparative static 
effects, given by table 1, into the relevant first-order conditions of the 
government (2.15) and (2.16) and yields in the closed economy setting: 

(3.1a) 

(3.1b) 

i ' 

tw ~ ip ' 

according to which t5 and tr denote an identical tax instrument. The sum of 
f and tT determines the capital tax rate. Keeping this in mind, we can use 
(3.1a), (3.1b) and any combination of f,tr to characterize the tax structure 
in a closed economy, which is the efficient benchmark for the subsequent 
analysis. 

4. Tax Policy in an Integrated World 

We now consider tax structures in an open economy in three scenarios, 
when governments have access to a wage tax, a source-based capital tax 
and a residence-based capital tax in any combination of two instruments. 
Moreover, we also consider the case when all three taxes are available si-
multaneously 

The assumption of identical countries makes the model much like a closed 
economy, albeit with different tax elasticities perceived by governments if 
the country is opened. In contrast to the benchmark, the perceived tax elas-
ticities of the source-based tax, and the residence-based tax, es, are gen-
erally different when n > 1, as can be seen from the comparative static re-
sults given in table 1. Hence, both capital taxes are no longer identical in-
struments for a government. Table 1 as well suggests that the tax elasticity 
of the wage tax, e\, is also likely to change in transition from the benchmark 
to the case n > 1. According to the intuition of optimal taxation theory [for-
mally by conditions (2.13)], these changes of the perceived tax elasticities 
have a distinct impact upon the tax structures chosen by a government en-
gaged in capital tax competition. In the following analysis of the efficiency 
properties of a Nash equilibrium, the incentives of governments to set taxes 
strategically will be examined in detail. 

However, beforehand we shall shortly derive some results referring to the 
subsequent discussion. The influence of a marginal increase in the domestic 
tax on the home capital balance, M = k - s, is given by: 
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(4.1a) 
dM n- If kicks r -fiilLr 

dtr ~ n fkkk 

(4.1b) dM _ n-11 +fkkksw - fnlLx 

dt°~ n fkkl 

(4.1c) dM _n- 1 fkkksw -fulLw 

dtw ~ n fkkk 
'w 

With dM/dtf < 0 and dM/dtr > 0, the capital market equilibrium satisfies 
the conditions for local dynamic stability. Equation (4.1c) then implies that 
dM/dtw < 0. As the following analysis proves, the tax induced effects on the 
net capital balance represent the crucial effects in the present model for the 
incentives that exist for a fiscal authority in an open country to pursue non-
cooperative tax policy, when factor supply is endogenous.9 

To proceed, we first analyze the outcome of the Nash tax competition 
game with two taxes, so that the set of fiscal instruments is constrained. 
Then, we analyze the tax competition game with a complete set of three tax 
instruments. 

No residence-based capital taxes: Before turning to our own results, we 
shall discuss briefly the two scenarios which where previously analyzed by 
Bucovetsky and Wilson (1991). In the first case, the government can only im-
pose wage and source-based capital taxes. Hence, the first-order condition 
(2.13b) is redundant, since the residence-based capital tax is not allowed 
[tr = 0]. Taking this into account and inserting the comparative static ef-
fects, given by table 1, into condition (2.15) yields: 

which states that the rates of both taxes are positive under our assumptions. 
In the case of a closed country, n = 1, equation (4.2) shortens to the bench-
mark tax structure (3.1a): 

A comparison of (4.2) and (3.1a) proves that decentralized fiscal decisions 
lead to an inefficient equilibrium, given the available taxes. Since the coun-

9 In order to contrast equations (4.1) with the incentives in the standard static 
model, it can be recorded that the effects reduce to dM/df < 0, dM/dtr = 0 and 
dM/dtw = 0 with exogenous factor supply. The intuition is that residence-based capi-
tal taxes and labor taxes are lump-sum when factor supply is given. 
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try's size, n, is relevant to the optimal tax ratio in an open country, one or 
both taxes in (4.2) are set at an inefficient level. Moreover, notice the ab-
sence of source-based capital taxes in the small country case, n oo. This is 
a well-established result in the literature [cf. Razin and Sadka (1991)]. 
Equation (4.2) is also closely linked to proposition two in Bucovetsky and 
Wilson (1991), which states that the outcome of decentral fiscal decisions is 
inefficient, if governments are constrained to the use of wage and source-
based capital taxes only. Of course, if labor is inelastic in supply, then com-
plete reliance on wage taxation is supported by (4.2) and (3.1a) for efficiency 
reasons, as <j> is equal to zero and a first-best efficient equilibrium would be 
reached. The design of an efficient tax system would be a fairly easy task. 

The interpretation of the result is as follows. From (4.1), by raising both 
wage and source-based capital taxes, net capital outflows into the rest of 
the world would be induced, thereby decreasing the world interest rate. In-
ternational capital movements, produced by a domestic tax increase, make 
foreign countries better off for two reasons. First, their own capital tax base 
enlarges due to the induced capital inflows, and second, the rent of the im-
mobile factor rises to maintain zero profits in private production. Since la-
bor supply is endogenous in the model, this cannot be the whole story. Here, 
a higher wage rate, induced by capital inflows, leads to a change in labor 
supply and wage tax revenue. This fiscal externality is just as much ne-
glected by the home government in the Nash equilibrium, as the fiscal ex-
ternality which is usually being considered, i.e. the tax-base erosion in-
duced by source-based capital taxes. 

No wage taxes: In the second case, when the government is not permitted 
to use the wage tax [tw = 0], the optimal tax structure for the remaining two 
taxes, t*,£r, is yielded by inserting the comparative static results of table 1 
into equation (2.14): 

(4.3) * - ^ tr ful<f> — kl ' 

According to condition (4.3), both taxes are set at positive rates and they 
finance marginal public expenditures, since, as under (2.4), variables <f),ip 
are strictly positive due to our assumptions. Notice that this result does not 
functionally depend on the number of countries, n, and holds, whatever the 
number of countries involved in the tax game may be. Furthermore, any 
combination of t* and tr establishes the tax ratio in the benchmark, since if 
and tr depict one instrument for n = 1. It follows that exposing the economy 
to international capital mobility does not cause any additional distortions, 
in comparison with the benchmark case. On the basis of this argument, we 
conclude that the tax structure (4.3) is efficient, given that neither lump-
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sum taxes or other, distortionary taxes are additionally available. Condition 
(4.3) reconstructs the finding of Bucovetsky and Wilson (1991) in their pro-
position three. 

The intuition behind the above result is that a decrease in foreign coun-
tries' source-based capital tax causes negative and positive fiscal external-
ities at home. First, a negative tax base effect depicts the standard fiscal ex-
ternality which is usually considered. In addition, a second externality oc-
curs, since the lower source-based capital tax in foreign countries leads to 
an increase in the interest rate, which raises both national capital supply 
and fiscal revenue stemming from the residence-based capital tax. A similar 
argument applies to a decrease in foreign residence-based capital taxes, 
which increases foreign capital supply and hence lowers the world interest 
rate. On the one hand, a lower interest rate reduces capital supply and rev-
enue of the residence-based capital tax at home, but on the other hand, a 
lower interest rate strengthens home capital demand and hence the tax base 
of the source-based capital tax. We therefore conclude that the tax base ex-
ternalities in equation (4.3) are directly competing. 

Unconstrained set of fiscal instruments: This is the first of our scenarios 
which have not been discussed in the existing literature. Instead of assum-
ing that public goods can be financed on the margin by two distorting taxes, 
we now postulate that tax revenue can be derived from all three distortion-
ary taxes. Hence, we relax the assumption proposed in the previous cases 
that the set of available taxes is constrained. However, when governments 
have access to the complete set of tax instruments, which includes labor, re-
sidence-based and source-based capital taxes, this implies that the margin-
al cost of public funds must be derived from solving the set of equations 
(2.13) simultaneously. Inserting the comparative static results [see table 1] 
into conditions (2.17), the tax rule for this scenario is: 

(4.4a) 

(4.4b) 

(4.4c) 

= 0 . 

— = 0 . 
tW 

tw : 
t 

Following (4.4), a government abstains from taxing capital at source when 
all three taxes are available, whereas positive source-based capital taxes 
are levied in all the previous cases (4.2) - (4.3), when either the residence-
based capital tax or the labor tax is unavailable. Moreover, as mentioned in 
the opening paragraph of this paper and shown in our discussion of (4.2), 
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the existing literature proved that a small country, n —> oo, abstains from 
taxing capital at source if the labor tax is available additionally. In contrast, 
our result is that the government of a large country does not impose source-
based capital taxes. It is shown here that the source-based capital tax 
vanishes in the setting of large countries if, and only if, taxes on the incomes 
of all factors subject to choice are available. 

It should also be noted that the number of countries n plays no role in 
(4.4). Moreover, the tax structure in the benchmark is just replicated by 
(4.4). Therefore, the open country's aggregate consumption lies on the 
benchmark of a closed country's consumption possibility frontier, and we 
conclude that the decentral Nash equilibrium is efficient. 

At a first glance, our argument that source-based capital taxes are not le-
vied in a tax competition game between large countries may be surprising, 
because it seems to be in sharp contrast to the intuition stemming from the 
inverse elasticity rule of optimal taxation. This suggests that the source-
based capital tax is levied at some positive rate, since the own tax elasticity 
of international movements is finite for a large country. Hence, it could be 
predicted that the source-based capital tax is part of the tax scheme in the 
large country case, even in the absence of terms of trade considerations. 
However, here the result is that the government voluntarily abstains from 
taxing capital at source. This result is closely related to the Diamond and 
Mirrlees (1971) Production Efficiency lemma, which shows that aggregate 
consumption lies on the production frontier in the presence of an optimal 
commodity tax system. In our framework, an optimal commodity tax system 
is equivalent to an optimal mix of residence-based capital and wage taxes. 
Since governments have access to the full range of tax instruments, the op-
timal tax system can be implemented. This does not include a source-based 
capital tax, due to the investment distortions attributed to that instrument. 
This proves that the results of Diamond-Mirrlees remain valid in an inter-
national context. Moreover, there is no scope for an international tax har-
monization program, aiming at increasing worldwide efficiency by coordi-
nating decentralized fiscal policies. 

No source-based capital taxes: We now postulate that the level of f is 
fixed at zero [f = 0] and that tax revenue must come from distortionary 
taxes on wages, tw, and savings, f , alone. However, we have already proved 
that the government chooses f = 0 in the decentral Nash equilibrium, when 
a full set of tax instruments is available. Hence, f = 0 is an insignificant 
constraint for the optimal tax problem and we can derive the tax structure 
between tr and tw as a corollary of our result in the previous case:10 

10 Equation (4.5) is also yielded by inserting the market reactions summarized in 
table 1 into the relevant condition (2.16). 
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According to (4.5), the tax structure in the decentralized equilibrium is 
independent of country size and replicates the benchmark (3.1b). Therefore, 
the Nash equilibrium is efficient when taxes can be levied on the incomes of 
all factors subject to choice. From our discussion in the previous case, it 
should be obvious that the argument of the Production Efficiency lemma 
also applies here. To complete, we consider this result more intuitively. No-
tice that, from (4.1), wage and residence-based capital taxes exert a reverse 
influence on the country's net capital balance. Firstly, as discussed above, 
the wage tax will tend to reduce domestic investment and increases capital 
supply in other countries with a more favorable tax climate. The induced in-
ternational capital movements depict a positive fiscal externality for foreign 
tax authorities. Secondly, a domestic increase in the residence-based capital 
tax tends to shorten capital supply for the whole world, thereby increasing 
the world interest rate and inducing a negative fiscal externality in other 
countries. According to (4.5), the Nash equilibrium is efficient. We conclude 
that the influence of the wage tax externality is directly competing with the 
effects induced by the residence-based capital tax. Therefore, the simulta-
neous use of both taxes allows a country to effectively insulate itself against 
the fiscal externalities provoked by other countries' fiscal policies. 

The absence of the source-based capital tax in the three tax equilibrium 
(4.4) also has some implications for the sequence of the tax competition 
games in two taxes that have been considered in (4.3) and (4.5). The result 
that the source-based tax is not levied in the optimum with an uncon-
strained set of taxes, reveals for the equilibria with a constrained tax set 
that - although both tax combinations ensure efficiency - the tax mix of a 
wage and a residence-based capital tax yields an equilibrium situation 
which is Pareto superior to the combination of a residence-based with a 
source-based capital tax. 

Using the following figure, the theoretical results of the optimal direct 
tax problem can be summarized diagrammatically. It stylizes the situation 
of a single country. The horizontal axis measures composite private con-
sumption and the vertical axis public good supply. The shaded area below 
T°T° is the world's production set under second-best optimal taxation. In 
the situations in which we proved the efficiency of decentralized fiscal poli-
cies, the production possibility frontier of an open country coincides with 
that of the closed country's. This is due to our assumption of identical coun-
tries, which leads to the absence of a motive for trade in the model. The 
curve TnTn stylizes the production possibility frontier as perceived by a ty-
pical government in the inefficient situations in which the residence-based 
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Figure: Constrained efficiency with a complete set of instruments 

capital tax is unavailable. The shift of the perceived production possibility 
frontier, compared to the autarky locus, is based on an intuitively reason-
able elasticity argument. Given the Nash assumption of fixed tax rates in 
other regions, each government expects large capital movements, due to its 
own tax changes [cf. eqs. (4.1)]; this results in an increase of marginal costs 
for all available taxes [cf. eqs. (2.13)]. To see the effects on the level of public 
good supply, consider first-order condition (2.12d). Since tax competition 
raises the shadow price of the public good A, the marginal utility of the pub-
lic good Ûg must rise in the Nash equilibrium. From the perspective of a ty-
pical government, the opportunity cost of an additional unit of public 
spending is perceived to be higher and this explains the flatter gradient of 
TnTn in the absence of residence-based capital taxes. 

From standard microeconomic theory, the optimal tax equilibrium is gi-
ven by the highest indifference curve on the production set; in figure 1 this 
is indicated by points E, and the optimal tax structures are given by the 
slope of the tangency through points E. Clearly, the representative consumer 
attains a higher indifference locus in the constrained efficient Nash equili-
brium, denoted by point E°, compared to in the inefficient equilibrium in 
point En. Notice that T^T71 crosses T°T° in En, since the international allo-
cation of capital is undistorted in a symmetric Nash equilibrium. 

Finally, notice that in the absence of wage taxes, Nash equilibria are only 
third-best efficient in a strict sense. A first-best allocation, represented by 
point El, could be established in the presence of a lump-sum tax. Public 
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good supply is second-best optimal when no lump-sum, but only distorting 
taxes are available. Public good supply is third-best optimal under the con-
straints that (i) the tax scheme chosen in an internationally well integrated 
country is identical to that chosen in the closed country benchmark and (ii) 
that governments cannot implement a direct tax system which is equivalent 
to an optimal commodity tax system, given the absence of a wage tax. 

5. Conclusions 

This paper has focused on the optimal mix of direct taxes when a country 
faces domestic or international constraints on the set of available taxes. 
Due to the existence of international fiscal externalities, the opening of a 
country's borders does not necessarily leaves unaffected a country's con-
sumption possibilities. It has been shown that all three direct taxes consid-
ered generally exert an influence on the tax bases of foreign countries. First, 
the availability of source-based capital taxes creates a positive fiscal ex-
ternality for other countries, in the form of capital inflows into these coun-
tries. Second, the wage tax distorts the home labor market. Due to the pro-
cess of factor substitution in private production capital flows out of the 
country in response to an increase in the wage tax. Third, the residence-
based capital tax distorts the decision to save and may generate welfare 
losses in other countries, because of the changes in the world interest rate 
caused by a shortened capital supply. As has been emphasized throughout 
the analysis, all international effects are of particular relevance from a per-
spective orientated towards the efficiency of decentralized fiscal policies. 

Table 2 
Classification and Summary of Results 

Cases3 A B C D 

Set of fiscal instruments ts,tr t3,tw tr,tw ts,tr,tw 

Instrument not available tw tr ts -

a Tax structure in a Nash equilibrium 
of identical large countries 

ts> 0, 
tr > 0 

ts >0, 
tw > 0 

tr > 0, 
t w > 0 

ts = 0, 
tr >0 , 
tw > 0 

b Tax structure in a Nash equilibrium 
of small countries 

ts >0, 
f >0 

ts = 0, 
tw> 0 

f >0, 
tw> 0 

ts = 0, 
f >0, 
tw > 0 

(constrained) efficient equilibrium yesb no yes yes 

a Our results stand out by using bold type [Cases Ca and Da]. r 

b As has been shown in the present analysis, the equilibrium in case Aa is Pareto inferior to 
cases Ca, Da. 
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The conclusions that can be drawn are many and diverse. Table 2 sum-
marizes our results and classifies them into the conclusions of the existing 
literature. First of all, the present analysis has proved that even large coun-
tries, which exert an influence on the interest rate, abstain from taxing ca-
pital at source in the symmetric Nash equilibrium, when the set of available 
taxes is unrestricted [case Da]. In contrast, Razin and Sadka (1991) prove 
the absence of a source-based tax on capital income in a price-taking envir-
onment [cases Bb and Db]. However, in the context of small countries an op-
timal tax system need not be available to ensure that governments choose 
f = 0 [case Bb vs. Db]. As we have argued, our result in case Da is more di-
rectly related to the Diamond-Mirrlees Production Efficiency lemma, since 
the production tax only vanishes in a non-price-taking environment if an 
optimal tax system can be implemented. 

It should also be pointed out that independent of a country's size, the effi-
ciency of decentralized fiscal decisions can be established, regardless of 
whether residence-based capital taxes are combined with source-based or 
wage taxes [cases Aa and Ca]. We therefore formally generalized the conclu-
sion given by Bucovetsky and Wilson - their analysis is restricted to cases 
Aa, Ba. Furthermore, it has been shown in the analysis that although both 
tax combinations in cases Aa and Ca establish efficiency, a mix of a resi-
dence-based with a source-based capital tax is Pareto inferior to a situation 
in which residence-based capital and wage taxes are available [case Aa 
vs. Ca]. 

Finally, as far as the comparison of inefficient equilibria in which govern-
ments only have access to an incomplete set of taxes [cases Ba, Bb] is con-
cerned, we noted that positive source-based taxes are optimally levied in a 
large country, whereas the small country abstains from taxing capital at 
source. 

This paper has analyzed an economy which, by necessity, is highly sty-
lized. Only the main shortcomings of our model shall be outlined here. First, 
the interactions between factor and differentiated commodity taxation have 
been neglected. The unique private consumption good has been chosen as 
numéraire. There was no room for a meaningful analysis of different com-
modity taxes. As far as factor taxation is concerned, we excluded any kind 
of tax credits for source-based capital taxes. Finally, we abstracted from 
underemployment, whereas a realistic analysis of most countries would in-
corporate underemployment. In the real world, countries are likely to have a 
much stronger incentive for attracting capital, as was the case in the theore-
tical model. We hope to integrate some of these aspects into future research. 
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A. Appendix 

The basic purpose of the appendix is to derive the expressions portrayed in the 
main text. As a first step, factor supply responses must be derived. 

A.1 Households 

Using (2.1) and (2.2) we can write the Lagrangean as follows: 

(A.l) C = U(e — s,x,T — L) — X(x - (w - tw)L - (r - tr)s) . 

The first-order conditions are: 

(A.2a) ^ i = - U s + x ( r - f ) = 0 , 

(A.2b) g = t 7 x _ A = 0 , 

(A.2c) <^. = - U l + x ( w - t w ) = 0 , 

(A.2d) = t W )L + ( r ~ O* ~ x = 0 • 

Straightforward manipulations give (2.3) in the main text. Further, notice that 
A = Ux > 0, from condition (A.2b). Next, we completely differentiate first-order con-
ditions (A. 2): 

(A.3) 

/ 0 r — tr - 1 w-tw\ fdX\ i s -L\ 
r — tT Uss -Usx Usi ds -A 0 

- 1 - u s x Uxx -Uxi dx 0 0 
\w-tw Usi -Uxl Uu J \dLj ^ o - v 

( d r - f \ 
\dw-tw ) • 

A maximum implies that the principal minors of the bordered Hessian on the left 
hand side of (A.3) must be of the following signs: 

(A.4a) 

(A.4b) 

A = -Uss + 2(r - tr)Usx - (r - f )2UXX > 0 , 

B = — TJn + 2(w - tw)Uxl -{w- tw)2Uxx > 0 , 

(A.4c) - C = Usl2 - UuUss + 2(r - tr){UuU5X - UslUxl) + (r - f)2{Uxl2 - UltUxx)+ 

2 (w - tw) (Usl((r - f)Uxx - Usx) + Uxl(Uss - (r - f)U„)) + 

(w-n2(Usx2-UssUxx)<0. 

Using Cramer's rule on (A.3), we can identify the effects of price changes on the 
quantities of factors supplied: 
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(A.5) 

D 
Sr = ~ c ' 

L ~ - F Lw
 ~ C ' 

- - -S w ~ ~ c ' 

where C is given by definition (A.4c) and: 

D = 

F = 

0 —s - 1 w - t w 

r - f -Ux -Usx Usi 

- 1 0 Uxx -Uxl 

w - t w 0 -Uxi Uu 

0 r — tr - 1 - L 

r - t T Uss -Usx 0 
- 1 -Usx Uxx 0 

w - t w Usi -Uxl -Ux 

0 - L - 1 w - t w 

r - f 0 -Usx Usi 

- 1 0 Uxx -Uxl 

w - t w -Ux - u x i Uu 

0 r — tr - 1 —s 

r - t r Uss -Us. -Ux 

- 1 -Usx Uxx 0 
w - t w Usi -uxi 0 

In a similar manner, (A.3) can be used to decompose the uncompensated effects in 
Hicksian price effects and income effects. These Slutsky decompositions directly im-
ply that: 

(A.6) 
= + 1 

r _ « t 9 L 
LiW — X/W + Li 

T D S 

Sw — 9W + 

O d L Lr = 8 r + s — 

where: 

(A.7) B . H K 
= A— > 0 , Ötü = A— > 0 , § w = X - = X - = 9 r . 

Notice that determinants A, B and C are already defined by conditions (A.4). Addi-
tionally: 

H = 
0 - 1 w - t w 

T - f ~USX Usi 

- 1 Uxx -uxl 

K = 
0 r - t r - 1 

- 1 -Usx uxx 

w - t w Usi ~ U x l 

A. 2 Governments 

In the second stage of the optimization process, we concentrate on the relevant 
conditions for the three taxes, which are repeated here for convenience: 
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/ A O N rr d s TT fc rr^L a , a , & ? M t?\ A 

,a oun dyV rr d s rr d x rr a a f ^ L f 0 ds tT dk n 

/ * r% \ dW TT ds TT dx TT dL kT ( d L tw ds f dk A 

Using the first-order conditions for the maximization problem of the consumer, 
(A.2a) - (A.2c), and inserting the definitions of the tax elasticities of all three instru-
ments, ek,ea>ei, into equations(A.8) yields: 

/ a o n dW J d x . rx ds , w s d h \ x _ 
( A 9 a )

 d F = x { d r ~(r~ A f c ( 1 £ f c ) = 0 • 

(A 9b) !M§ " <' - ° n £) °' 
(A-9c) w - • ~ <' - <« ~ ~ w -«») - 0 • 

Equation (2.8) and the labor market clearing condition, L = I, are used after total 
differentiation of (A.2d) to obtain: 

(A.lOa) * — § + ( ' + 

(A.lOb) , — * + 

(A.lOc) 

Condition (A.2d) shows that A = UX. Inserting equations (A. 10) into conditions 
(A. 9) gives: 

(A. 11a) 

(A. l ib) 

(A. 11c) 

Uxk + Afc(l - ek) = 0 , 

Uxs + As(l - es) = 0 , 

Uxl + AZ(1 - ei) = 0 . 

Straightforward manipulations yield conditions (2.13) in the main text. 
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A.3 Comparative Statics 

The market responses of households and firms must be derived from totally differ-
entiating (2.18), which yields under the assumption of identical countries: 

(A.12a) Lwdui - Lwdtf + Lrdr - Lrdt• --dV = 0 Vj G {z, a} 

(A.12b) swdu>i - s w d t + sTdr - srdtj -ds> = 0 Vj € {¿, a} 

(A.12c) fudV +flkdk? -- duP = 0 Vj € {¿, a} 

(A.12d) fkidV +fkkdk? - dr - dtfj = 0 Vj G {i, a} 

(A.12e) dP- -dV = 0 Vj 6 {¿, a} 

(A.12f) dki - ds* + (» - 1 ){dka - dsa) = 0 

Next, we use the labor market clearing conditions (A.12e). Then we eliminate the 
wage and the interest rate by inserting (A. 12c) and (A.12d) everywhere in (A. 12): 

(A.13) Lw(fudV +fadk?) - Lwdtf + Lr(JkldV +fkkdti - dt}) - Lrdt] -dV = 0 Vj e {i, a}, 

SwifudP +fikdk>) - swdtf + sr(fkidV +fkkdk? - di?) - srdt] -<& = 0 Vj <E {i,a}, 
fkidi +fkkdki - dif{ -fkldla -fkkdka + dfa = 0 , 

dk* - dsl + (n - l)(dka - dsa) = 0 . 

We use equations (2.4) and (2.7) in (A.13) which gives in matrix notation: 

(A.14) 

f - t * 0 0 0 ^ - 1 0 
0 0 0 0 t * - 1 

t f * 0 - 1 0 - y 0 
0 0 - 1 0 

fkk -fkk 0 0 - h i A i 
\ 1 71-1 - 1 1-71 0 0 

/ dfci \ (Lr Lr Lw\ 

dka 0 0 0 
ds* Sr Sr Sw 
dsa 0 0 0 
dt 0 1 0 

\dla ) 0 0 / 

/dtp 
dt? 

The determinant of the Hessian on the left hand side of (A.14) is equal to 
nfkk fd~flll<^fkkhtJ < 0. We can apply Cramer's rule to (A.14) and solve for the own-tax in-
duced market reactions in country i: 
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dk = n - 1 (fiilLr - k + fu<f>)(ful<f> - kl + fkkkif>) l(fiiLrip - ksr + fu4>sr) 
dt*~ n fkkkN nN 
ds = n - 1 (lsr - ip)(ful<i> - kl + fkkkip) l(fuLrip - ksr + fu<j>sr) 
dt?~ n IN nN ' 
dl = n - 1 (lLr + <j))(iiil(j> - kl +fkkkip) k(jkkLrj> - lLr +fkk<t>sr) 
dt* n IN nN 
dk = n - 1 fiilLr(ful<f> - kl +fkkkj)) l(fuLrip - ksr +fu4>sr) 
dtr n fkkkN nN 
ds _ n - 1 sr{fiil(f> - kl +fkkkip) l(fuLrip - ksr +fu<t>sr) 
dtr~ n N nN 
dl = n-l Lr(ful<f) - kl +fkkkip) k(fkkLrip - lLr +fkk<t>sr) 
dtr n N nN 
dk _n- lfulLw(ful<l> - kl+fkkkip) l(fgLwip - ksw +fu<f>sw) 
df* ~ n fkJckN + nN ' 
ds _ n - 1 sw(ful(p -kl+ fkkkip) l(fuLwrp - ksw +fu<f>sw) 

N + nN ' 
dl _ n - 1 Lw(ful<t> - kl +fkkkip) k(fkkLwj> - ILW +fkk<j>sw) 

dtw~ n N nN 

where the definition 
N = kl - ful<t> - fkkkip , 

has been used. Finally, using (2.4) yields the equations given by table 1 in the main 
text. 
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Zusammenfassung 

Die Literatur zum Steuerwettbewerb um mobiles Kapital zwischen großen Län-
dern identifiziert ein steuerpolitisches Szenario, in dem positive Kapitalsteuern nach 
dem Quellenlandprinzip erhoben werden und das Bereitstellungsniveau öffentlicher 
Güter effizient ist. Demgegenüber demonstriert diese Arbeit in zwei zusätzlichen 
Szenarien, daß sich fiskalische Externalitäten auch dann aufwiegen, wenn die Ent-
scheidungsträger Zugriff auf die Einkommen aller von den Haushalten angebotenen 
Produktionsfaktoren haben. In Gegensatz zu den existierenden Arbeiten wird ge-
zeigt, daß Regierungen großer Länder Kapitalsteuern nach dem Quellenlandprinzip 
nur dann nicht erheben, wenn sie über ein vollständiges Instrumentarium verfügen. 

Abstract 

The literature on capital tax competition among large countries identifies a fiscal 
environment in which positive source-based capital taxes are levied and public goods 
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are provided efficiently. However, as this paper demonstrates in two additional sce-
narios, fiscal externalities are also offset when a government has access to taxes on 
the incomes of all factors subject to choice. In contrast to the existing literature, it is 
proved that governments of large countries choose not to tax capital at source if, and 
only if, a full set of taxes exists. 

JEL-Klassifikation: H 73, H 77, H 21. 
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