
Runkel, Marco; Schjelderup, Guttorm

Working Paper

The choice of apportionment factors under formula
apportionment

CESifo Working Paper, No. 2072

Provided in Cooperation with:
Ifo Institute – Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Runkel, Marco; Schjelderup, Guttorm (2007) : The choice of apportionment
factors under formula apportionment, CESifo Working Paper, No. 2072, Center for Economic
Studies and ifo Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/26117

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://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/26117
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


 
 
 
 
 
 
 
 
 
 

THE CHOICE OF APPORTIONMENT FACTORS 
UNDER FORMULA APPORTIONMENT 

 
 

MARCO RUNKEL 
GUTTORM SCHJELDERUP 

 
 

CESIFO WORKING PAPER NO. 2072 
CATEGORY 1: PUBLIC FINANCE 

AUGUST 2007 
 

PRESENTED AT CESIFO AREA CONFERENCE ON PUBLIC SECTOR ECONOMICS, APRIL 2007 
 
 
 
 

 
 

An electronic version of the paper may be downloaded  
• from the SSRN website:              www.SSRN.com 
• from the RePEc website:              www.RePEc.org 

• from the CESifo website:           Twww.CESifo-group.org/wp T 



CESifo Working Paper No. 2072 
 
 
 

THE CHOICE OF APPORTIONMENT FACTORS 
UNDER FORMULA APPORTIONMENT 

 
 

Abstract 
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1 Introduction

Many federal countries like the U.S., Canada, Germany and Switzerland tax corpo-

rate income by Formula Apportionment, and the European Commission (Commission

2001a,b) has recommended that Formula Apportionment is implemented within the

European Union. Under such a taxation system a multinational enterprise consoli-

dates the income of its affiliates into a single measure of federal/global taxable income,

which is then allocated (apportioned) among jurisdictions according to a certain for-

mula reflecting the corporate group’s activity within each jurisdiction. In most coun-

tries using Formula Apportionment taxation, the formula equals some combination of

the multinational’s property, payroll and sales shares in the taxing jurisdictions. A

hotly debated question in almost all existing and planned Formula Apportionment tax

systems is which weights the three apportionment factors should receive in the formula

(see e.g., Martens-Weiner 2005).

It is well known that a Formula Apportionment system transforms the corporate

income tax into a tax on the apportionment factors (McLure, 1980). It has therefore

been suggested by McLure (1980) and Wellisch (2004) among others, to leave inter-

nationally mobile capital out of the formula, since a tax on capital would be fully

passed on to internationally immobile factors such as immobile labor and land. The

lenient taxation of mobile capital is also a policy advice that follows from the standard

workhorse model of tax competition (see e.g., Gordon 1986). The interesting point in

this paper is that we can show, in contrast to previous studies, that this insight does

not apply to corporate taxation under Formula Apportionment and that it is always

optimal to include both mobile and immobile factors in the apportionment formula.

We first prove this result in a decentralized setting, where jurisdictions are granted

full fiscal autonomy in the sense that they can choose both the corporate tax rates and

the formula weights placed on mobile (capital) and immobile (labor) apportionment

factors. In such a scenario the positive formula weight on capital follows from the

application of the general principle that a tax on capital is an efficient way of taxing

economic rents (e.g. Keen and Piekkola, 1997): The Formula Apportionment principle

is usually applied in the taxation of corporate income so that it is plausible to assume

the existence of economic rents that can be taxed. In our framework, rents are caused

by decreasing returns to scale in production. Hence, by placing a positive weight on

1



capital in the apportionment formula, each jurisdiction partially turns the corporate

income tax into a tax on capital thereby shifting a part of the multinationals’ rents

to domestic workers whose wage income and welfare increase, compared to a formula

with labor as the sole apportionment factor.

Due to the positive formula weight on capital, the corporate tax rate distorts the

capital allocation thereby causing a fiscal externality (formula externality). Further-

more, Formula Apportionment creates fiscal externalities related to the private income

and the consolidated tax base. These externalities explain why the formula weight on

capital is still positive in a centralized setting, where jurisdictions set tax rates whereas

formula weights are chosen by a central planner: Compared to the decentralized deci-

sion structure, the central planner increases welfare by using the formula as a corrective

instrument to internalize the fiscal externalities alluded to above. Setting the weight

on capital equal to zero eliminates the formula externality, but not the private income

and tax base externalities. We can show that it is always possible to reduce the sum of

externalities in absolute terms by increasing the weight on capital to a positive value,

and it may even be optimal for the central planner to put a larger weight on capital

than in a fully decentralized world. The interesting point here is that this result is

independent of the general principle of capital taxation as a means of taxing economic

rents. Put differently, the centrally chosen weight on capital may be positive even in

the absence of rents (constant returns to scale), since the central planner then still

wants to internalize fiscal externalities caused by Formula Apportionment.

There is some evidence in support of our findings from the U.S. Formula Appor-

tionment system, where corporate tax rates and the apportionment factors are chosen

decentrally by the states. Martens-Weiner (2005a) documents that none of the 46

states with a corporate income tax uses only immobile factors in their apportionment

formula. As a matter of fact, all but three states use mobile capital as apportionment

factor. The average weight placed on the capital factor is almost equal to that placed

on labor, and amounts to roughly 25%. Our result that under full fiscal autonomy with

regard to tax rates and formula weights jurisdictions use both mobile and immobile

apportionment factors, is in accordance with these observations.

The results of our analysis also have important policy implications. For example, in a

potential European Formula Apportionment system the European Commission rather
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than the member countries should decide on the apportionment formula, and this

formula should contain a capital factor. Another example is the German local business

tax on multiregional companies that uses a formula that is centrally chosen and contains

labor as the sole apportionment factor. Centralization is supported by our analysis,

but the results imply that efficiency gains in the German system can be realized if

capital is included in the formula. Finally, in the U.S. Formula Apportionment system

Article IV of the Multistate Tax Compact from 1967 initially committed all states to

use the so-called Massachusetts formula that contains a capital factor (with a weight

of one third). Such a setting resembles the centralized formula choice in our analysis.

However, after the famous Moorman vs. Bair decision of the U.S. Supreme Court in

1978, many states deviated from the Massachusetts formula and the choice of the

apportionment factors is by now in fact decentralized. Our results suggest that this

development is detrimental to welfare and that the states can realize welfare gains

by returning to a compact that commits the states to use a common apportionment

formula, provided this formula contains a capital factor.

Our paper is part of a very small literature that considers the choice of apportion-

ment factors under Formula Apportionment.2 Wellisch (2004) shows that under full

autonomy jurisdictions use only immobile factors in their formula and that the cor-

porate tax rates do not create fiscal externalities which need corrective measures by a

central authority. The reason for the difference to our results is that Wellisch (2004)

assumes constant returns to scale and a consolidated tax base equal to the fixed sum

of capital invested in the firm’s affiliates. However, in the context of corporate income

taxation it seems to be more plausible to assume decreasing returns to scale (since

this generate economic rents that can be taxed) and a consolidated tax base equal to

taxable profits, as in our framework.

Anand and Sansing (2000) consider the choice of apportionment factors in a setting

where states differ in their demand for consumption goods. They show theoretically

and empirically, that in a decentralized setting importing states have an incentive

2There is a rapidly growing literature on corporate taxation under Formula Apportionment versus

Separate Accounting. See Gordon and Wilson (1986), Eggert and Schjelderup (2003), Nielsen et al.

(2003, 2004), Sørensen (2004), Kind et al. (2005), Gérard (2005, 2006), Pethig and Wagener (2006)

and Riedel and Runkel (2006). But none of these studies discusses the choice of apportionment factors.
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to place more weight on the sales factor than exporting states. As a consequence

the efficient solution, which implies an equal formula across states, is not achieved in

equilibrium. Their results hinge on a beggar-thy-neighbour type of policy, where states

have unilateral incentives to deviate from a coordinated solution leading to a typical

Prisoner’s Dilemma situation. Related to their study, we show that the decentralized

choice of apportionment factors may render corporate income taxation inefficient even

in the absence of country asymmetries. Different from their study, however, is the

fact that our model contains two factors as opposed to one immobile in their setting.

Anand and Sansing (2000), therefore, cannot answer the question of how to distribute

the tax burden between mobile and immobile factors. They also assume a fixed tax

rate, and therefore do not work out the implications of the formula design for the

efficiency properties of corporate income tax rates.

The paper is organized as follows. The next section describes the behavior of a

representative multinational. In Section 3, we investigate the cooperative (Pareto effi-

cient) tax policy as a benchmark. Sections 4 and 5 then analyze the decentralized and

centralized choice of apportionment factors, respectively. Section 6 concludes.

2 Multinational Firms

We consider two countries, a and b, which are identical in all respects. There is a

representative multinational firm that operates a subsidiary in both countries. The

firm employs ki units of capital and ℓi units of labor in order to produce F (ki, ℓi)

units of an output good whose price is normalized to one. The production function

F exhibits positive and decreasing returns to each input, i.e. Fx > 0 and Fxx < 0 for

x ∈ {ki, ℓi}. Capital and labor are complements (Fkℓ > 0), and F is homogenous of

degree η ∈]0, 1[ so that F (θki, θℓi) = θηF (ki, ℓi) for all θ > 0. The condition η ∈]0, 1[

implies that the production function shows decreasing returns to scale. This property

implicitly assumes a fixed third production factor like, e.g., entrepreneurial services,

which gives rise to economic rents. The case of constant returns to scale is obtained in

the limiting case of η → 1, where economic rents converge to zero.

Capital is assumed to be perfectly mobile and is supplied to the multinational in the

international capital market at a per unit cost equal to r > 0. Countries a and b are
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small compared to the rest of the world so r is exogenously given. Labor is immobile

internationally. There is a local labor market in each country, and the multinational

demands labor in country i at the wage rate wi > 0. Assuming a fixed labor supply ℓ̄,

the wage rate in country i is determined by the labor market equilibrium condition

ℓi = ℓ̄. (1)

The demand for labor depends on the wage rates according to the multinational’s profit

maximization conditions which we derive below.

The pre-tax profit of the subsidiary located in country i is

πi = F (ki, ℓi) − rki − wiℓi. (2)

Taxable profit differs from pre-tax profit if the cost of capital and/or depreciation are

not fully deductible. It is well known that this type of distortion is the most common

distortion in the taxation of corporations, and in order to investigate how it affects

the analytical results we denote ρ ∈ [0, 1] as the share of interest expenses that is tax

deductible. Taxable profit income (the tax base) of the subsidiary in country i is

πit = F (ki, ℓi) − ρrki − wiℓi. (3)

Since the issue at hand here is the choice of apportionment factors, we shall assume

that ρ is fixed and equal across countries.3

The multinational is taxed according to the Formula Apportionment principle. Un-

der Formula Apportionment, taxable profit in the two countries is consolidated and

then apportioned according to a certain formula. The consolidated tax base equals

3These assumptions can be motivated by empirical observations. For example, in the Formula

Apportionment system of Canada all provinces use the federal tax base definition for corporations.

Furthermore, the Formula Apportionment system proposed by the European Union intends to use a

common tax base definition. Finally, in calculating taxable income of corporations, every U.S. state

starts with the federal tax base definition, even though some state-specific tax rules lead to slight

differences in the tax base definition across states. These examples suggest that differences in the tax

base definition are less relevant in Formula Apportionment tax systems. The assumption of a fixed

ρ may be supported by the observation that at least in the U.S. system there have been substantial

variations in the apportionment formulas over the last decades while changes in the tax base definition

were moderate. For a detailed discussion see Martens-Weiner (2005b).
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πat +πbt.
4 The multinational’s relative capital and labor shares serve as apportionment

factors. The weight that the government of country i places on capital and labor is

γi ∈ [0, 1] and (1 − γi) ∈ [0, 1], respectively. We let τi ∈ [0, 1] be the corporate tax rate

of country i, which allows us to express the effective tax rate in country i as

τ̃i = τi

[

γi

ki

ka + kb

+ (1 − γi)
ℓi

ℓa + ℓb

]

. (4)

The expression in the squared bracket equals the share of the consolidated tax base

that is allocated to country i. In some Formula Apportionment systems, a third factor

such as sales is employed. Since the purpose here is to investigate whether the tax falls

on mobile or immobile factors, it suffices to have one immobile factor (labor) and one

mobile factor (capital). The sales factor can therefore be ignored at the benefit of less

complexity. It should be emphasized, however, that all our basic insights would hold

if we were to introduce sales as a third apportionment factor.

Using equations (2)–(4) the after-tax profit of the multinational can be written as

π = πa + πb − τ̄(πat + πbt), (5)

where

τ̄ = τ̃a + τ̃b (6)

is the effective tax rate on the consolidated tax base of the multinational. Taking

equation (4) into account, we see that the effective tax rate equals the weighted average

of the national tax rates τa and τb, where the weights are equal to the shares of the

consolidated tax base of the multinational allocated to the two countries.

The multinational maximizes the after-tax profit (5) with respect to capital ki and

labor demand ℓi for i ∈ {a, b}. In doing so, it takes as given the factor prices and the

policy instruments. The first-order conditions are given by the following expressions

∂π

∂ki

= (1 − τ̄ )Fk(ki, ℓi) − (1 − ρτ̄)r −
∂τ̄

∂ki

(πat + πbt) = 0, (7)

∂π

∂ℓi

= (1 − τ̄ )[Fℓ(ki, ℓi) − wi] −
∂τ̄

∂ℓi

(πat + πbt) = 0, (8)

4We ignore the issue of profit shifting to low tax jurisdictions, since it is well known that the firm

cannot reduce its tax payments by transfer pricing due to consolidation of tax bases (see e.g., Nielsen

et al. 2004).
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with
∂τ̄

∂ki

=
kj(τiγi − τjγj)

(ka + kb)2
,

∂τ̄

∂ℓi

=
ℓj[τi(1 − γi) − τj(1 − γj)]

(ℓa + ℓb)2
(9)

for i, j ∈ {a, b} and i 6= j. If we ignore the terms containing the derivatives of the

effective tax rate τ̄ , the first-order conditions (7) and (8) equate the marginal return of

the input factors to the factor cost. Since capital cost may be deductible, the marginal

return of capital is computed after taxation, whereas for labor the before-tax marginal

return is relevant. The terms containing the derivatives of τ̄ in (7) and (8) reflect the

incentive that the multinational has to manipulate the apportionment formula in order

to save tax payments (see e.g., Gordon and Wilson 1986). If the ’effective’ tax burden

on capital in country i is larger than that in country j, i.e. τiγi > τjγj , then from (9)

it follows that ∂τ̄/∂ki > 0 > ∂τ̄/∂kj . Thus, from (7) we see that the multinational

tends to invest more in country j than in country i, since by doing so it increases its

activity in the low tax country thereby reducing the effective tax rate τ̄ . An analogous

interpretation holds with respect to labor demand.

Equations (7) and (8) determine inter alia the multinational’s demand for labor as

a function of the wage rates. Inserting these labor demand functions into the labor

market equilibrium condition (1), yields the equilibrium wage rates in the two countries.

Formally, we may insert (1) into (7) and (8) and obtain a system of four equations in

four unknowns (ki and wi for i ∈ {a, b}). In order to set the stage for the analysis

to follow, we conduct a comparative static analysis of the optimal investment choice

and the equilibrium wage rates. To keep the focus on the strategic incentives that face

the governments, we shall restrict our attention to a symmetric situation where both

countries have the same tax rate and the same formula weight, i.e. τa = τb = τ and

γa = γb = γ. Equations (1)–(9) then imply ka = kb = k, ℓa = ℓb = ℓ̄, wa = wb = w,

πat = πbt = πt, and τ̄ = τ . Comparative static results are then found by differentiating

(7) and (8) and applying symmetry afterwards. With respect to the impact of country

i’s tax rate on the multinational’s optimal investment levels, we obtain5

∂ki

∂τi

=
1

(1 − τ)Fkk

(

σ +
γπt

2k

)

, (10)

∂kj

∂τi

=
1

(1 − τ)Fkk

(

σ −
γπt

2k

)

(11)

5All comparative static results are proven in the Appendix.
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for i, j ∈ {a, b} and i 6= j, with

σ =
(1 − ρ)r

2(1 − τ)
. (12)

From (10) and (11) we see that if the cost of capital is fully deductible (ρ = 1, σ = 0)

and capital does not enter the apportionment formula (γ = 0) , a rise in τi does not

affect capital investment. In this case the corporate tax is a tax on pure profit. In

general, however, the normal distortions are to be expected. If true profit differs from

taxable profit (ρ ∈ [0, 1[, σ > 0), or if capital enters the apportionment formula (γ > 0),

the multinational’s response when it comes to its investments following an increase in

τi, can be decomposed into two effects: a tax base effect and a formula effect.

The tax base effect is given by σ in (10) and (11) and pertains to the definition of

the tax base. If ρ ∈ [0, 1[ and thus σ > 0, tax deductions are incomplete and a rise in

the tax on capital (τi) means that the effective tax rate rises. In response to this and in

order to save tax payments, the multinational lowers its investment in both countries.

The formula effect is reflected by the terms containing γ in (10) and (11), and relates

to the incentive the multinational has to manipulate the formula in order to reduce its

tax burden. If the weight on capital in the formula is non-zero (γ > 0), a rise in τi

makes it more costly to invest in country i. Thus, the multinational firm reallocates

capital from country i to country j, thereby reducing the part of consolidated profit

taxed in country i and the effective tax rate it faces. Taking both the tax base and

the formula effect together, it is seen from equation (10) that investment in country i

is affected negatively. The sign of the total effect on investment in country j, however,

is indeterminate as seen from equation (11).

The impact of a change in country i’s tax rate on the equilibrium wage rates is

∂wi

∂τi

= −
1

(1 − τ)Fkk

[

Fkk

(1 − γ)πt

2ℓ̄
− Fkℓ

(

σ +
γπt

2k

)

]

, (13)

∂wj

∂τi

=
1

(1 − τ)Fkk

[

Fkk

(1 − γ)πt

2ℓ̄
+ Fkℓ

(

σ −
γπt

2k

)

]

. (14)

In contrast to the conditions for investment choice there is no (direct) tax base effect

in equations (13) and (14), since labor cost is fully deductible. There is still a formula

effect if the weight on labor is positive (γ < 1). The reason is that an increase in τi

induces the multinational to demand less labor in country i and more labor in country

j in order to reduce the part of taxable income assigned to the tax increasing country
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i. Consequently, the wage rate in country i falls and the wage rate in country j rises.

This effect is given by the first term in the squared brackets of equations (13) and

(14). There is a secondary effect on labor demand and wages from a rise in τi, since

labor is connected to capital by the positive cross derivative of the production function.

Complementarity means that a decrease (increase) in investment reduces (raises) labor

demand and the wage rate. These effects are given by the second term in the squared

brackets of equations (13) and (14). If the cost of capital is not fully deductible (ρ ∈

[0, 1[, σ > 0), and the apportionment formula uses both factors (0 < γ < 1), it is seen

from equations (13) and (14) that in total a rise in τi causes wi to fall, while the effect

on country j’s wage rate is ambiguous.

The comparative static effects of a change in country i’s formula weight on the

multinational’s optimal investment decision are given by

∂ki

∂γi

= −
∂kj

∂γi

=
τπt

2k(1 − τ)Fkk

(15)

for i, j ∈ {a, b} and i 6= j. If country i raises its formula weight on capital, equation

(15) states that the multinational reallocates capital from country i to country j since

the tax burden on capital in country i becomes higher. The impact of country i’s

formula weight on the equilibrium wage rates can be expressed as

∂wi

∂γi

= −
∂wj

∂γi

=
τπt

2(1 − τ)Fkk

(

Fkk

ℓ̄
+

Fkℓ

k

)

=
τπt(η − 1)ℓ̄η−2Fk(ki/ℓi, 1)

2k(1 − τ)Fkk

. (16)

Equation (16) shows that an increase in country i’s formula weight on capital increases

the wage rate in country i and reduces the wage rate in country j under decreasing

returns to scale, i.e. η ∈]0, 1[. When country i raises γi, labor in country i becomes

cheaper relative to labor in country j. The implication is that the demand for labor

rises, leading to a higher wage rate in country i. The reversed effect holds with respect

to labor demand and the wage rate in country j. Hence, the multinational allocates a

larger part of its rents to workers in country i than to workers in country j. In contrast,

under constant returns to scale (η → 1), a change in the formula weight has no impact

on wage rates, since there are no economic rents that can be distributed among the

workers in the two countries.

The impact of the policy parameters (τi and γi) on aggregate investment and aggre-

gate wage income can be found by using equations (10)–(16). The result is

∂ki

∂τi

+
∂kj

∂τi

=
2σ

(1 − τ)Fkk

,
∂wi

∂τi

+
∂wj

∂τi

=
2σFkℓ

(1 − τ)Fkk

, (17)
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∂ki

∂γi

+
∂kj

∂γi

=
∂wi

∂γi

+
∂wj

∂γi

= 0 (18)

for i, j ∈ {a, b} and i 6= j. Equations (17) and (18) reveal an important qualitative

difference between a change in country i’s tax rate and country i’s formula weight. A

change in τi affects aggregate investment and wage income (when ρ < 1 and σ > 0),

while a change in γi does not affect total investment or wage income. From equations

(15) and (16), the change in ki and wi following a rise in γi is matched by changes

of equal size but opposite sign of kj and wj. A change in γi, therefore, is purely

redistributive (as shown by equation (18)). Similarly, the formula effect stemming

from a change in τi is purely redistributive in that it redistributes production factors

from one country to the other without changing the aggregate variables. But a change

in τi additionally triggers a tax base effect. This effect makes the multinational reduce

total investment and, by the cross derivative of the production function, it also changes

labor demand and the sum of wage income (as shown by equation (17)).

3 Cooperative (Efficient) Policy

In this section we study how taxes and apportionment weights should be set if the

tax system is decided by a central authority in order to maximize the joint welfare of

the two countries. This setting serves as a normative benchmark for the (partially)

decentralized decision structures considered in the next sections.

To determine the cooperative solution, we have to specify welfare in the two coun-

tries. There is a representative household in country i with a quasi-concave utility

function U(ci, gi), where ci is the consumption of a private good and gi is the con-

sumption of a local public good. The household is endowed with k̄ units of capital and

ℓ̄ units of labor, both supplied inelastically at the world interest rate r and the local

wage rate wi, respectively. Each household owns a share of the multinational denoted

by zi ∈ [0, 1] for i ∈ {a, b} with za + zb = 1. To ensure that the two countries are

identical in all respects we set za = zb = 1/2 throughout the analysis. It will, however,

often be convenient to work with the general notations za and zb rather than 1/2. The

private budget constraint can be written as

ci = rk̄ + wiℓ̄ + ziπ, (19)
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which makes it clear that country i’s private consumption is determined by the return

to capital and labor plus profit income.

Without loss of generality we shall normalize the cost of the public good to one

so that the marginal rate of transformation between private and public consumption

equals one. Since the sole source of tax revenue stems from the corporate income tax,

the public budget constraint in country i is given by

gi = τ̃i(πat + πbt). (20)

Inserting the private and public budget constraints (19) and (20) into the utility func-

tion, welfare in country i can be written as

V i(τi, γi, τj, γj) = U [rk̄ + wiℓ̄ + ziπ, τ̃i(πat + πbt)] (21)

for i, j ∈ {a, b} and i 6= j. To ensure existence and uniqueness of the solution to welfare

maximization, each country’s welfare function is assumed to be quasi-concave.

The cooperative solution is determined by the central planner who chooses τi and

γi for i ∈ {a, b} such that the countries’ joint welfare

W (τa, γa, τb, γb) = V a(τa, γa, τb, γb) + V b(τb, γb, τa, γa) (22)

is maximized. In doing so, the central planner takes into account the impact of the

chosen policy on the multinational’s behavior represented by the first-order conditions

(7)–(9) or, equivalently, by the comparative static results (10)–(18). The solution

to this welfare maximization problem is Pareto efficient in the sense that no Pareto

improvement can be attained. The terms ’efficient’ and ’cooperative’ are therefore used

interchangeably. The cooperative solution can also be interpreted as the outcome of a

fully centralized economy, since all policy instruments are chosen at the central level.

As both countries are identical, it is natural to assume that the central planner seeks

a symmetric solution with τa = τb = τ ∗ and γa = γb = γ∗ where the asterisk indicates

the efficient policy. This symmetric solution is characterized by6

Proposition 1 When a central planner maximizes joint welfare, he chooses the tax

rates such that Ug/Uc = 1 if ρ = 1, and Ug/Uc > 1 if ρ ∈ [0, 1[. The central planner is

indifferent between all formula weights γi ∈ [0, 1] for i ∈ {a, b}.

6The proofs to all Propositions are relegated to the Appendix.
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Proposition 1 makes it clear that the optimal corporate tax rate does not depend on

the choice of apportionment weights. Hence, the central planner is indifferent when it

comes to the choice of weights. Capital may therefore be part of the formula or it may

not. The reason why the choice of weights does not matter can be explained by Coasean

economics. Different apportionment formulas can be interpreted as different allocative

institutions. Since we abstract from institution-specific costs, every institution yields

the same efficient allocation.

The difference in public goods provision in Proposition 1 can be explained as follows.

Assume initially that the cost of capital is fully deductible (ρ = 1, σ = 0), in which

case the corporate tax does not distort the multinational’s total investment and thus

neither labor demand nor wage rates (see (17)). In this case the cooperative policy

coincides with the first-best outcome characterized by the Samuelson rule. When the

cost of capital cannot be fully deducted (ρ ∈ [0, 1[, σ > 0), equation (17) shows that

the corporate tax distorts the multinational’s investment decision and, by the cross

derivative of the production function, we see that labor demand and wage rates are

distorted, too. This restricts the efficient solution to a second-best optimum. The social

planner then chooses the tax rates such that a modified Samuelson rule applies, with

the marginal rate of substitution being larger than the marginal rate of transformation.

In this case the public good is undersupplied relative to the first best since it is more

costly to collect tax revenue.

4 Decentralized Choice of Formula Weights

In this section we consider the outcome when jurisdictions non-cooperatively choose

both the corporate tax rates and the formula weights. Such a decision structure pre-

vails, for example, in the U.S. Formula Apportionment system. Under full decentral-

ization, country i’s government chooses τi and γi in order to maximize welfare as given

by equation (21). In doing so, it takes into account the multinational’s profit maxi-

mizing behavior represented by the first order conditions (7)–(9) or, equivalently, by

the comparative static results (10)–(18). Moreover, country i takes as given the cor-

porate tax rate and formula weight chosen by country j. Hence, the countries play a

non-cooperative Nash tax competition game with two instruments (the tax rate and

12



the weight in the apportionment formula).

We follow the previous literature on Formula Apportionment and focus on a sym-

metric equilibrium with τa = τb = τd and γa = γb = γd, where the superscript d

indicates the fully decentralized case. The marginal effects of country i’s tax rate and

formula weight on country i’s welfare are obtained by differentiating equation (21) and

employing (1), (7), (9), (12), the symmetry property, and dπ/dγi = 0. This yields

∂V i(·)

∂τi

= Uc

[

ℓ̄
∂wi

∂τi

+ zi

dπ

dτi

]

+ Ug

[

πt + τdσ

(

∂ki

∂τi

+
∂kj

∂τi

)

−
τdℓ̄

2

(

∂wi

∂τi

+
∂wj

∂τi

)

+
τdγdπt

2k

(

∂ki

∂τi

−
∂kj

∂τi

)]

, (23)

∂V i(·)

∂γi

= Uc ℓ̄
∂wi

∂γi

+ Ug

τdγdπt

2k

(

∂ki

∂γi

−
∂kj

∂γi

)

, (24)

for i, j ∈ {a, b} and i 6= j.

Using (23) and (24) we are able to characterize the policy chosen in the fully decen-

tralized economy. It is straightforward to show that γi = 0 is not an optimal policy for

country i. To see this, we evaluate (24) at the point γa = γb = γd = 0 and obtain

∂V (·)

∂γi

∣

∣

∣

∣

γd=0

= Uc ℓ̄
∂wi

∂γi

. (25)

From equation (16) we know that ∂wi/∂γi is positive. Equation (25) then shows that

a situation where each country places the whole formula weight on the immobile factor

labor (γd = 0) cannot be a Nash equilibrium. Both countries have an incentive to

deviate from such a policy, since the marginal welfare gain from reducing the weight

on labor and increasing the weight on capital is positive. Hence, we may state

Proposition 2 Under full fiscal autonomy where jurisdictions decide on the tax

rate and the apportionment formula non-cooperatively, the symmetric Nash equilibrium

is characterized by both jurisdictions setting a positive weight on capital (the mobile

factor), that is, γa = γb = γd > 0.

As shown in (24), a marginal increase in the weight γi has two effects on welfare in

jurisdiction i. The first effect relates to that an increase in γi makes labor in jurisdiction

i cheaper relative to labor in jurisdiction j causing the multinational to demand more

labor with rising wages and welfare in jurisdiction i as an end result. The second effect
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pertains that an increase in γi increases the tax burden on investment in country i

and so induces the multinational to reallocate capital from jurisdiction i to jurisdiction

j resulting in a fall in tax revenue and welfare in jurisdiction i. At the margin with

γi = 0, only the first (positive) welfare effect remains. The second (negative) welfare

effect disappears since the reallocation of capital occurs only if capital is part of the

apportionment formula. Thus, starting from a situation where the formula uses labor

as sole apportionment factor, it is beneficial from a single jurisdiction’s perspective to

reduce the weight placed on labor and increase the weight placed on capital. In the

optimum, jurisdiction i chooses γi such that the (first) positive welfare effect on wage

income is just offset by the (second) negative effect on investment.

It is important to emphasize that each jurisdiction places some tax burden on the

mobile factor (capital) despite the fact that an immobile factor (labor) can be fully

taxed. This follows from the general principle that mobile capital is taxed whenever

firms obtain positive economic rents (e.g. Keen and Piekkola, 1997). If we apply this

principle to the decentralized choice of apportionment factors under Formula Appor-

tionment it is clear that each jurisdiction places a positive weight on capital since by

doing so it turns the corporate income tax in parts into a tax on capital and so ab-

sorbs economic rents from the multinational. A simple check that the general principle

applies in our model is to consider constant returns to scale as a limiting case: For

η → 1, the formula weight in country i does not influence the wage rate (see equation

(16)), and each country places the whole weight on immobile labor as implied by (15)

and (24). The reason is that under constant returns to scale there are no economic

rents accruing to the multinational. However, if we view corporate taxation as a tax on

corporate income it seems more plausible to assume positive economic rents (caused,

for example, by decreasing returns to scale). Positive rents imply that under Formula

Apportionment a decentrally chosen formula always contains mobile factors.

We now turn to discuss whether taxes are set at an efficient level in the non-

cooperative Nash equilibrium. To answer this question, we have to investigate the

fiscal externalities caused by the tax rates, that is, the effect of country i’s tax rate on

welfare in country j. If the fiscal externality is positive (negative) a coordinated tax

rate increase (decrease) improves welfare in both countries and, thus, leads to a Pareto

improvement. The equilibrium tax rate τd is then inefficiently low (high). Using the
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comparative static results in equations (10)–(14) and (17), the fiscal externalities in

the tax competition equilibrium can be calculated from (21) as

∂V j(·)

∂τi

= WE + PE + TE + FE (26)

with

WE = Uc ℓ̄
∂wj

∂τi

= Uc

ℓ̄πt

2(1 − τd)Fkk

[

(1 − γd)
Fkk

ℓ̄
− γd Fkℓ

k

]

+ Uc

σℓ̄Fkℓ

(1 − τd)Fkk

, (27)

PE = Uczj

dπ

dτi

= −Uczjπt − Uczj

2σℓ̄Fkℓ

Fkk

, (28)

TE = Ug

[

τdσ

(

∂ki

∂τi

+
∂kj

∂τi

)

−
τdℓ̄

2

(

∂wi

∂τi

+
∂wj

∂τi

)]

= Ug

τdσ(2σ − ℓ̄Fkℓ)

(1 − τd)Fkk

, (29)

FE = −Ug

τdγdπt

2k

(

∂ki

∂τi

−
∂kj

∂τi

)

= −Ug

τdγd2π2

t

2k2(1 − τd)Fkk

. (30)

As seen from the expressions above, the total cross country effect of the tax rate can

be decomposed into four fiscal externalities. First, if country i changes its tax rate,

the multinational changes its labor demand so that the wage income in country j is

altered. This is the wage income externality WE determined by (27). Second, a change

in the tax rate of country i affects profit income in country j as shown by the profit

income externality PE given in (28). Third, as a reaction to the increase in country i’s

tax rate the multinational reduces total investment and labor demand. This causes a

change in the consolidated tax base and tax revenue in both countries as indicated by

the tax base externality TE in (29). Finally, a tax rate increase in country i induces

the multinational to reallocate capital from country i to country j thereby making tax

revenue in country j rise. This is the formula externality FE defined in (30).

The formula externality FE is the one which is caused by the countries’ decision

to place a positive formula weight on the capital apportionment factor (γd > 0). It

distorts the corporate tax rate downwards since it is positive. However, equations

(28)–(30) make it clear that even for a zero weight on capital there may be further

externalities which are caused by the partial deductibility of capital cost (ρ ∈ [0, 1[ and

σ > 0), a foreign firm ownership of the multinational (zj = 1/2 > 0), and/or a possibly

positive weight on the labor apportionment factor (1 − γd > 0). These insights allows

us to make the following statement:
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Proposition 3 Under full fiscal autonomy, the symmetric Nash-equilibrium tax rates

(i) are set inefficiently low (τd < τ ∗) if ρ = 1,

(ii) may be inefficiently low or high (τd ≷ τ ∗) if ρ ∈ [0, 1[.

Proposition 3 (i) shows that if capital cost is fully deductible (ρ = 1), tax competition

leads to a race to the bottom with inefficiently low tax rates and underprovision of local

public goods. It is the interplay of the fiscal externalities identified in (27)–(30) that

causes this outcome. In particular, for ρ = 1 we have σ = 0, and the tax base effect

identified in the comparative static analysis of the multinational’s behavior vanishes.

This implies that the tax base externality in (29) becomes zero (TE = 0). Moreover,

wage and profit income is no longer influenced by changes in the tax base so that the

wage income externality in (27) is positive (WE > 0), and the profit income externality

in (28) is negative (PE < 0). Though we obtain countervailing externalities, the sum

of externalities, WE+PE+FE, is positive. The reason is that the jurisdictions’ choice

of formula weights implies that the formula terms in the wage income externality WE

(all terms containing γd) are just offset by the formula externality FE, and that the

remaining term in the wage income externality WE (i.e., Ucπt/2(1 − τd)) is larger in

absolute terms than the profit income externality PE = −Ucπt/2.

This argument does not carry over to the case of partial deductibility of capital

cost. When ρ ∈ [0, 1[, we have σ > 0 and the tax base effect reemerges. Hence, the

tax base externality may be negative (TE < 0), and the signs of the wage and profit

income externalities, WE and PE, are ambiguous, since wage and profit income are

now influenced by corporate tax rates also through the tax base effect. The sum of

fiscal externalities, therefore, may be positive or negative implying an indeterminate

relationship between the equilibrium tax rate and the efficient tax rate. As shown by

Proposition 3 (ii) it may be the case that the jurisdictions then end up with inefficiently

high tax rates and an overprovision of local public goods.

For the analysis to follow, we would like to point out that the positive formula

weight on capital and the associated formula externality represent only one reason for

the inefficiencies identified in Proposition 3. By allowing the corporate tax to fall on

taxable corporate income, which is positive due to decreasing returns to scale and a

possibly partial deductibility of capital cost, it turns out that there is an additional

externality to the consolidated tax base as well as externalities on private income which
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are not present in previous studies. These externalities also distort the jurisdictions’

tax policy and may even lead to inefficient overtaxation. This is the focal point of the

next section.

5 Centralized Choice of Formula Weights

As an alternative to the economy with full autonomy we now turn to the case where

the decisions on the apportionment formula are delegated to a central level. In Canada

and Germany, for example, each state sets its tax rate, but the apportionment formula

is decided on a federal level. Such a set up has also been suggested by the European

Commission as the prime candidate for a European system of Formula Apportionment.

The decisions structure we examine is a two stage process. At the first stage, the

central planner sets the (common) formula weight, taking into account the impact the

choice of weight has on the tax rates chosen by the jurisdictions at the second stage.7

To ensure a subgame perfect equilibrium we start with the second stage. Here each

country non-cooperatively sets its tax rate in order to maximize its residents’ welfare,

taking as given the tax rates chosen by the other country and the formula weight chosen

by the central planner at the first stage. The first-order condition is again obtained

by setting equation (23) equal to zero. Assuming a symmetric equilibrium of the tax

competition game with τa = τb = τ, and using the relation W = V i + V j, country i’s

first-order condition can be rewritten as

Ψ(τ) =
∂W (·)

∂τi

=
∂V j(·)

∂τi

= Φ(τ, γ). (31)

The function Ψ is independent of the centrally chosen γ, since from Proposition 1 it

follows that the joint welfare function W and, thus, its derivatives is not influenced by

7An alternative to this two stage setting is to assume that jurisdictions and the central planner

decide simultaneously. The jurisdictions then choose the tax rates in the same way as in the previous

section, whereas the size of the externalities depends on the formula weight chosen by the central

planner. But the central planner will again be indifferent between all formula weights because he has

the same first-order condition as the central planner in the cooperative case considered in Section 3.

Hence, no useful insight emerges from the analysis of a simultaneous decision structure. Moreover, the

sequential decision structure seems to be more realistic since in Canada and Germany there have been

virtually no changes in the formula, but tax rates change quite frequently implying that the central

planner possesses larger commitment ability than jurisdictions.
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the formula weights. As the welfare function is assumed to be concave and the efficient

solution is obtained by setting ∂W (·)/∂τi = 0, it is clear from equation (31) that

the central planner sets the formula weight such that the absolute value of the fiscal

externalities is minimized. Hence, the problem of the social planner can be written as

min
γ

|Φ(τ, γ)|. (32)

Denoting the solution to this minimization problem by γc, we obtain

Proposition 4 When the apportionment formula is set at a central level, but juris-

dictions have fiscal autonomy over tax rates, welfare is higher than under full autonomy.

The central planner sets γc ∈]0, γd[ if ρ = 1. For ρ ∈ [0, 1[, the formula weight γc is

positive and may be larger than γd.

Two messages follow from Proposition 4. First, jurisdictions can increase their

welfare if they allow a central authority at the federal level, say, to decide on the

structure of the apportionment formula. Second, even in a centralized setting it is

optimal to use both capital and labor as apportionment weights, and it may be the

case that the weight placed on capital is higher than under full autonomy. Hence, the

conventional wisdom of not taxing mobile factors, since the tax burden will be fully

shifted onto immobile factors, does not hold even under delegation of some authority

when the tax system in place is Formula Apportionment. The main reason here is that

the central planner uses the formula weight as a corrective instrument to minimize the

distortions caused by the decentralized choice of tax rates.

In order to gain a deeper insight it is instructive to start by considering the case

where capital cost is completely deductible (ρ = 1, σ = 0) so that the tax base

externality in (29) vanishes (TE = 0). In this case the central planner sets the formula

weight below the value chosen under decentralization
(

γd
)

. Intuitively, a lower weight

reduces the formula externality FE by more than the increase of the wage income

externality WE (confer (27) and (30)). This is beneficial as the sum of externalities

falls. However, it is never optimal for the central planner to reduce the formula weight

on capital to zero. Indeed, at the margin, where γ = 0, the formula externality FE

vanishes, but the sum of the remaining wage and profit income externalities, WE and

PE, is still positive. A marginal increase in the formula weight to a small positive value,

then, reduces the wage income externality WE, and leaves the formula externality FE as
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well as the profit income externality PE unchanged. As a result the sum of externalities

again falls. The central planner, therefore, always chooses a positive weight on capital.

When ρ ∈ [0, 1[ and σ > 0, the same line of reasoning as above applies through with

one important exception: the tax base externality TE reemerges. This externality

may be negative possibly making the sum of fiscal externalities at γ = 0 and γ = γd

negative. In such a case, the central planner can improve welfare by shifting the formula

weight above the value chosen under decentralization. Intuitively, this increases the

(positive) formula externality FE and so renders the sum of externalities less negative

thereby implying a shift towards more efficient corporate tax rates. To sum up, with

incomplete deductibility of capital cost the formula weight on mobile capital may even

exceed the weight chosen in the decentralized equilibrium.

This latter insight is useful to highlight the novelty of Proposition 4. While the

positive weight on capital under full autonomy (Proposition 2) is explained by the

general principle of capital taxation as a means of taxing economic rents, the central

planner’s formula choice may yield a positive weight on capital even if this general

principle does not apply, i.e. even if the multinational does not receive positive economic

rents. To prove this assertion consider the limiting case of constant returns to scale

(η → 1) where economic rents vanish. It is then straightforward to show and intuitively

plausible that the income externalities WE and PE disappear.8 The sign of the tax base

externality TE is indeterminate, in general. But if it is negative,9 the central planner

chooses a positive formula weight on capital: At γc = 0 the formula externality vanishes

(FE = 0) and the sum of externalities is negative (FE + TE < 0). Increasing γc to

a strictly positive value makes the formula externality positive (FE > 0) and leaves

the tax base externality unchanged. Hence, the sum of externalities falls in absolute

terms thereby implying a welfare increase. This argument reveals that it is mainly the

internalization of fiscal externalities that induces the central planner to place a positive

weight on mobile capital in the apportionment formula.

8Formally, constant returns to scale imply Fkk/ℓ̄ + Fkℓ/k = 0. Inserting this together with πt =

2kτσ = kτFk(1 − ρ)/(1 − ρτ) into equations (27) and (28) yields WE = PE = 0.
9Consider, for example, a linear homogenous Cobb-Douglas production function F (k, ℓ) = kαℓβ

with α + β = 1. It is then straightforward to show that TE < 0 if β < (1 − ρ)/(1 − ρτc).
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6 Conclusion and Discussion

The globalization process and the rise in multinationality in the world economy have

lead policymakers and academics to look for ways to make the corporate tax base

less tax sensitive and vulnerable to profit shifting. In response to these challenges

the European Commission has recommended a transition to Formula Apportionment

taxation. Under Formula Apportionment it has been shown that the corporate income

tax in essence becomes a tax on the factors used to apportion consolidated corporate

income. Standard tax competition analysis would then suggest that a tax on perfectly

internationally mobile capital is passed onto immobile factors such as labor. As a

consequence, the apportionment weights should be on the factor that is not mobile

internationally, since it has the lower tax sensitivity.

In this paper we have studied and compared the choice of apportionment weights

under decentralization and centralization in a model with two countries and a multi-

national firm that has subsidiaries in both countries. In the decentralized economy,

each jurisdiction sets its tax rate and formula weight non-cooperatively. In contrast to

the above stated argument of the standard tax competition analysis, it is then opti-

mal for each jurisdiction to use positive weights on both mobile (capital/investment)

and immobile (labor/land) apportionment factors in order to appropriate some of the

rents of the multinational firm. As a consequence of the jurisdictions’ formula choice

and of other fiscal externalities caused by the very nature of Formula Apportionment,

corporate tax rates as well as the public goods supply may be inefficiently high or low.

Under a centralized decision structure, a social planner sets the apportionment

weight while the jurisdictions at the same time choose the corporate tax rates. In

such a setting we find that the central authority uses the apportionment weights as a

corrective devise in order to reduce the distortions caused by the jurisdictions’ com-

petition in corporate tax rates. Welfare is therefore always higher than in the case of

full decentralization. Interestingly, however, as under full autonomy and in contrast

to conventional wisdom it is never optimal for the central planner to use immobile

apportionment factors only. The formula weight placed on capital may even be higher

than under full fiscal autonomy.

Underpinning our results are a number of simplifying assumptions. One such as-

sumption is that labor is perfectly immobile and capital perfectly mobile. In reality,
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labor and especially certain segments of the labor force may be mobile, and labor mo-

bility may even vary across countries. Furthermore, there exist obstacles that prevent

capital from flowing freely across jurisdictions. Nevertheless, it seems to be plausible

that capital is more mobile than labor, even in the U.S., where labor perhaps is more

mobile across jurisdictions than in Europe, say. If labor is more mobile, a standard tax

competition analysis cannot explain why U.S. states on average place the same formula

weight on capital as on labor (see the discussion in the introduction). Our analysis

may then be viewed as an explanation for this discrepancy of real world tax systems

and the standard tax competition analysis.

Other simplifying assumption made are perfectly competitive local labor markets

and full employment. In reality, labor market imperfections cause unemployment that

is not reflected by our analysis. Intuitively, however, our results should carry over to

a framework with unemployment. Under full autonomy in our framework, the reason

for imposing a positive weight on capital is the resulting increase in wage income. In

the presence of unemployment, this effect is replaced (if wage rates are fixed above

the equilibrium level), or augmented by a positive employment effect, to the effect

that an increase in the formula weight on capital reduces the tax burden on labor and

unemployment. Hence, we should again obtain the result that each jurisdiction places

some positive weight on capital. Similarly, the wage income externality is replaced or

augmented by an unemployment externality so that a tax rate change in one country

alters unemployment in other countries. It is therefore plausible that the results in our

centralized setting carry over to a world with unemployment, too.

Our analysis has also omitted important facts about countries. One such is that

countries differ, and that some countries are so large that the world interest rate may

be affected by public policy. An analysis of asymmetric countries, where one country is

so large that its policy affects the world interest rate, is a topic left for future research.

Even so, we believe that our basic arguments would survive under such extensions.
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Appendix

A.1 Comparative Statics of Profit Maximization

We start by deriving the changes in the effective tax rate τ̄ and its derivatives in (9).

Employing the symmetry assumption in (9) immediately implies

∂τ̄

∂ki

=
∂τ̄

∂ℓi

= 0 (33)

for i ∈ {a, b}. Differentiating (6) and then using the symmetry property yields

∂τ̄

∂τi

=
1

2
,

∂τ̄

∂γi

= 0 (34)

for i ∈ {a, b}. From (9) and the symmetry assumption we obtain

∂2τ̄

∂ki∂kj

=
∂2τ̄

∂ℓi∂ℓj

=
∂2τ̄

∂ki∂ℓj

= 0 (35)

for i, j ∈ {a, b} and

∂2τ̄

∂ki∂τi

= −
∂2τ̄

∂ki∂τj

=
γ

4k
,

∂2τ̄

∂ki∂γi

= −
∂2τ̄

∂ki∂γj

=
τ

4k
, (36)

∂2τ̄

∂ℓi∂τi

= −
∂2τ̄

∂ℓi∂τj

=
1 − γ

4ℓ
,

∂2τ̄

∂ℓi∂γi

= −
∂2τ̄

∂ℓi∂γj

= −
τ

4ℓ
(37)

for i, j ∈ {a, b} and i 6= j. With the help of (33)–(37), totally differentiating (7) and

(8) yields the matrix equation


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−
(1 − γ)πt

2ℓ̄

(1 − γ)πt

2ℓ̄

τπt

2ℓ̄
−

τπt

2ℓ̄


























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



dτa

dτb

dγa

dγb















(38)

with σ defined in (12). Applying Cramer’s rule and rearranging gives (10)–(15).
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In order to prove (16) note that since F (ki, ℓi) is homogenous of degree η, there exists

a function H(ki/ℓi) = F (ki/ℓi, 1) with H ′(ki/ℓi) = Fk(ki/ℓi, 1) > 0 and H ′′(ki/ℓi) =

Fkk(ki/ℓi, 1) < 0 so that the production function and its derivatives can be written as

F (ki, ℓi) = ℓη
i H(ki/ℓi), Fk(ki, ℓi) = ℓη−1

i H ′(ki/ℓi), (39)

Fkk(ki, ℓi) = ℓη−2

i H ′′(ki/ℓi), Fkℓ(ki, ℓi) = (η − 1)ℓη−2

i H ′(ki/ℓi) − ℓη−3

i kiH
′′(ki/ℓi). (40)

Applying Cramer’s rule to the matrix equation (38) and using the information from

equation (40) yields the expression in equation (16).

A.2 Proof of Proposition 1

Differentiating equation (22) with respect to country i’s formula weight, using equations

(1), (7), (9), and (12) and in a last step applying the symmetry property yields

∂W (·)

∂γi

= Uc

[

ℓ̄

(

∂wi

∂γi

+
∂wj

∂γi

)

+
dπ

dγi

]

+ Ug

[

2τ ∗σ

(

∂ki

∂γi

+
∂kj

∂γi

)

− τ ∗ℓ̄

(

∂wi

∂γi

+
∂wj

∂γi

)]

.(41)

The expression dπ/dγi represents the total derivative of the multinational’s maximized

after-tax profit with respect to the formula weight. Calculating this total derivative,

we obtain dπ/dγi = 0 due to equation (18) and the symmetry assumption. Equation

(18) also implies that all parentheses in the above equation vanish so that we obtain

∂W (·)/∂γi = 0 for all γi ∈ [0, 1] for i ∈ {a, b}. This proves that the central planner is

indifferent between all formula weights.

In order to show that when a central planner maximizes joint welfare, he chooses

the tax rates such that Ug/Uc = 1 if ρ = 1, and Ug/Uc > 1 if ρ ∈ [0, 1[, we differentiate

(22) with respect to country i’s tax rate using the same steps as above. This yields the

first-order condition

∂W (·)

∂τi

= Uc

[

ℓ̄

(

∂wi

∂τi

+
∂wj

∂τi

)

+
dπ

dτi

]

+ Ug

[

πt + 2τ ∗σ

(

∂ki

∂τi

+
∂kj

∂τi

)

− τ ∗ℓ̄

(

∂wi

∂τi

+
∂wj

∂τi

)]

= 0. (42)

The total derivative of the after-tax profit with respect to the tax rate is given by

dπ

dτi

= −πt − (1 − τ ∗)ℓ̄

(

∂wi

∂τi

+
∂wj

∂τi

)

. (43)
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Consider first the case ρ = 1. Then σ = 0 and equation (17) implies that all parentheses

in equations (42) and (43) vanish. We obtain ∂W (·)/∂τi = πt(Ug − Uc) = 0 and, thus,

Ug/Uc = 1 as claimed. For ρ ∈ [0, 1[ the parentheses in equations (42) and (43) are

different from zero. Inserting equation (17) and rearranging equation (42) then yields

Ug

Uc

= 1 −
Ug

Uc

4τ ∗σ2

(1 − τ ∗)πtFkk − 2τ ∗ℓ̄σFkℓ

> 1.

The inequality follows from σ > 0, Fkk < 0 and Fkℓ > 0. �

A.3 Proof of Proposition 3

Recall from Proposition 2 that the jurisdictions choose an interior solution γd > 0 with

respect to the formula weight. Hence, equation (24) implies the first-order condition

∂V i(·)/∂γi = 0. Using the comparative static results (15) and (16) of the multina-

tional’s behavior in this first-order condition gives

Uc

ℓ̄πt

2(1 − τd)Fkk

(

Fkk

ℓ̄
+

Fkℓ

k

)

+ Ug

τdγdπ2

t

2k2(1 − τd)Fkk

= 0. (44)

Summing the externalities in equations (27)–(30) yields

∂V j(·)

∂τi

= Uc

τdπt

2(1 − τd)
+ (Uc − Ug)

τdσℓ̄Fkℓ

(1 − τd)Fkk

+ Ug

2τdσ2

(1 − τd)Fkk

− Uc

ℓ̄γdπt

2(1 − τd)Fkk

(

Fkk

ℓ̄
+

Fkℓ

k

)

− Ug

τdγd2π2

t

2k2(1 − τd)Fkk

.(45)

The two terms in the second row of equation (45) are zero due to equation (44). If

ρ = 1, we have σ = 0 so that only the first term on the RHS of (45) remains. This

term is positive so that τd < τ ∗ (as claimed). In contrast, for ρ ∈ [0, 1[ and σ > 0 the

second and third terms do not vanish, and the cross effect of the tax rate may take

any sign. This can be shown by an example. Suppose capital cost is not deductible

at all (ρ = 0) and the production function is Cobb-Douglas, i.e. F (ki, ℓi) = kα
i ℓβ

i with

α, β > 0 and α + β < 1. It is then straightforward to show

∂V j(·)

∂τi

T 0 ⇔
Ug

Uc

S 1 − α − β

α(1 − β)
.

It is clear from this relation that we can always construct examples with inefficient

undertaxation (τd < τ ∗) or inefficient overtaxation (τd > τ ∗). �
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A.4 Proof of Proposition 4

The function Φ(τ, γ) is identical to equation (45) if we replace τd by τ and γd by γ.

This expression is quadratic and, thus, U-shaped in γ. The first derivative reads

∂Φ(·)

∂γ
= −Uc

ℓ̄πt

2(1 − τ)Fkk

(

Fkk

ℓ̄
+

Fkℓ

k

)

− Ug

τπ2

t

k2(1 − τ)Fkk

γ. (46)

Consider first the case ρ = 1. We then have σ = 0 and

Φ(τ, 0) = Uc

τπt

2(1 − τ)
> 0,

∂Φ(·)

∂γ

∣

∣

∣

∣

γ=0

= −Uc

ℓ̄πt

2(1 − τ)Fkk

(

Fkk

ℓ̄
+

Fkℓ

k

)

< 0. (47)

The sign of the second expression follows from Fkk/ℓ̄ + Fkℓ/k < 0 already used in

equation (16). Starting at γ = 0, equation (47) shows that the central planner can

reduce |Φ(τ, γ)| by increasing γ to a positive value. It then follows that γc > 0.

Similarly, for γ = γd, we know that the countries choose τ = τd, and that the pair

(γd, τd) satisfies equation (44). From equations (45) and (46) it then follows that

Φ(τd, γd) = Uc

τdπt

2(1 − τd)
> 0,

∂Φ(·)

∂γ

∣

∣

∣

∣

γ=γd

= −Ug

τdπ2

t

2k2(1 − τd)Fkk

γd > 0. (48)

This implies γc < γd and completes the proof for the case of ρ = 1. If ρ ∈ [0, 1[ and σ >

0, the sign of the derivatives of Φ at γ = 0 and γ = γd, are the same as in equations (47)

and (48), respectively. However, equation (45) shows that both Φ(τ, 0) and Φ(τd, γd)

may now be positive or negative. In addition, we need the property that γ = 0 implies

τ = τd, since equations (31), (44) and (45) imply Φ(τd, 0) = Φ(τd, γd) = Ψ(τd), i.e.

τ = τd has to be the solution to equation (32) if γ = 0. Since Φ(τd, 0) and Φ(τd, γd)

are equal, they are either both positive or both negative. If they are positive, we have

the same result as in case of ρ = 1, i.e. γc ∈]0, γd[. But if they are negative, it is always

better for the social planner to choose γc > γd since, according to [∂Φ(·)/∂γi]|γ=γd > 0

and the U-shape of Φ, the function Φ(τd, γ) then comes closer to zero than for any

other formula weight γ ∈ [0, γd]. �
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