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Second-Best Source-Based Taxation of
Multinational Firms

Abstract

I consider a continuum of multinational enterprises (MNES), which differ in profitability. MNEs
employ capital, shift profit to tax havens and may relocate their production facilities to other
countries. Source countries provide public inputs and levy taxes. | derive optimal policy choices
for different government objectives (to maximize tax revenue, national income or the
representative household’s utility) allowing for an unrestricted set of tax policy instruments — in
contrast to most existing work on corporate taxation. With observable productivity types, source
governments set type-dependent lump-sum taxes and attain the first-best allocation. With
unobservable productivity types, the optimum source-based tax system consists of a small lump-
sum tax (driving low-profit types out of the market) and positive marginal taxes on reported profit.
Optimal marginal tax rates on capital inputs are positive if more profitable firms employ more
capital. Optimal public inputs are lower than in the first best if they are of higher value to more
profitable firm types. | use a sufficient statistics approach (following Saez 2001) to express
optimal tax and input choices as functions of elasticities of observable choice variables. Finally, |
use the model to evaluate tax policy measures, e.g. the introduction of an effective minimum tax
on profits in tax havens, and to derive the welfare properties of tax competition with an
unrestricted set of tax instruments.
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1 Introduction

With the ongoing multilateral efforts to reform the international tax system
and plans for major unilateral tax reforms in the US and Europe, there is a
renewed interest in the question how to optimally tax multinational enterprises
(MNESs). More precisely, what is the best way of taxing an entity that is part
of a multinational firm which uses internationally mobile production factors,
has some leeway in reporting profits and may, if necessary, migrate to other
locations? Turning to economic theory for guidance, there is surprisingly little
work that derives optimum taxes on MNEs from an unrestricted set of tax
instruments. To be sure, the literature on international taxation is vast, but the
largest part of it starts from a limited set of tax instruments (e.g. a linear tax
on profit and some allowance proportional to corporate capital).

This paper sets out to fill this gap. It offers a model with a continuum of
MNEs which differ in profitability. Each MNE consists of a production entity
and another entity which holds the firm’s IP and is located in a tax haven. The
production entity uses mobile capital to produce an output good and it may
shift profit to tax havens as well as relocate to other locations ("countries’). The
government of the location that hosts the production entity (the ’source coun-
try’) levies taxes and provides public inputs which increase the MNE’s profit.
The model is used to derive optimal tax rates and optimal public inputs for dif-
ferent government objectives (tax revenue, national income, domestic household
utility). It is augmented to allow for type-dependent profit shifting opportuni-
ties and foreign firm ownership. Using the sufficient statistics approach by Saez
(2001), I express the optimal marginal tax rates on profit and capital inputs in
terms of elasticities based on observable variables.

The results are the following. With observable productivity types, the op-
timum source-based tax is a type-dependent lump-sum tax that accounts for
the firm’s outside option, but leaves capital inputs undistorted and does not
trigger profit shifting to tax havens. With unobservable productivity types, the
government optimally uses the firm’s observable features, i.e. capital inputs and
reported profits, to solve the screening problem. Then, the optimal tax system
consists of a uniform lump-sum tax, which distorts market entry, and strictly
positive marginal tax rates on reported profit, which induce profit shifting to
tax havens. Optimal marginal taxes on capital inputs are positive (negative)
if capital inputs are complements (substitutes) with profitability. The level of

public input provision is distorted downwards (upwards), if more profitable firms



benefit more (less) from public inputs than less profitable ones.

The model may be used to rationalize tax structures observed in real-world
tax systems and it may serve as a tool to evaluate policy measures. To start
with, the model demonstrates that, in many cases, capital input distortions are
not unnecessary, as is sometimes suggested (e.g. by proponents of cash-flow
taxes or ACE regimes'!), and may not be eliminated without cost. There are
special cases, though, in which capital distortions are optimally chosen to be
zero (and only ’pure profit’ is taxed). In general, however, the distortion of
reported profit and capital inputs is inevitable (for similar reasons that the dis-
tortion of labour supply is unavoidable in the Mirrlees (1971) model) and even
taxes on non-profitable firms (like the Alternative Corporate Minimum Tax in
the US) can be rationalized. Note that, in contrast to the Mirrleesian optimum
income tax, these optimal distortions are not resulting from an efficiency-equity
tradeoff; they are rather driven by the desire to equate the marginal efficiency

2 Moreover, the model provides the

cost of taxation across decision margins.
optimal tax structures for specific settings in the economy. Referring to a fre-
quently used description of the modern economy: If the economy consists of low-
profitability ’brick-and-mortar’ firms, which heavily rely on capital and public
inputs (’infrastructure’), and high-profitability 'digital’ firms, which are mostly
independent of public inputs, the model shows that the optimal tax system
subsidizes capital use and optimal public inputs are higher than the efficient
level. In addition, policy measures like e.g. a crack-down on tax havens or the
introduction of an effective minimum tax can be evaluated. As it turns out, it
depends on the technological features of the concealment cost function whether
an effective minimum tax increases or decreases the optimal tax rates on re-
ported profit and mitigates or aggravates the distortions of capital inputs and
public input provision.

While source-based taxation is a typical feature of the current system of
international business taxation, it deserves some justification, since there are
strong theoretical arguments against it. The production efficiency theorem (Di-
amond/Mirrlees 1971) states that source taxation with locally differentiating

tax rates is suboptimal. Moreover, there is the general presumption that cap-

1Both, cash-flow tax systems and ACE systems (for ’allowance for corporate equity’) are
intended to reduce the tax cost of (equity) capital to zero. This paper shows that a tax cost
of capital of zero may not be optimal.

2To be specific, with firms differing in profitability, uniform lump-sum taxes may deter
market entry and, thus, have an efficiency cost. Therefore, positive marginal tax rates on
reported profit and, potentially, capital inputs are optimal.



ital should not be taxed at all (Atkinson/Stiglitz 1976), at least not if pure
profits can be fully taxed.®> Gordon (1986) adds to this that a source tax on
mobile capital inputs is borne by the immobile factors anyway and is, therefore,
welfare dominated by directly taxing the latter.*

The arguably most important justification of source-based taxes is based on
Tiebout (1956) who argued that, under interjurisdictional competition, taxes
will reflect the utility from public goods provision. Richter/Wellisch (1996)
translate this framework to a setting where jurisdictions compete for households
and firms (benefitting from public inputs®) and demonstrate that the resulting
equilibrium may equally be efficient.5 This 'benefit principle’ is explicitly men-
tioned in the reports underlying the 1920s decision in the League of Nations:’
Profits shall be taxed where government provide public inputs, i.e. at source
where firms benefit from local infrastructure, educated workers, the legal sys-
tem and so on.® In fact, it may be argued that public inputs provided at source
make source-based taxes indispensable — at least if contractual arrangements on
public input provision between countries remain absent or imperfect.’

The property tax literature in the tradition of Tiebout (1956) gave rise to the
classical tax competition literature (Zodrow/Mieszkowski 1986, Wilson 1986)
which started with the assumption that lump-sum taxes ("head taxes’) are not
available and which, instead, considered unit taxes on capital inputs. Later work
shifted the focus from taxing property to taxing firms and from taxing capital
inputs to taxing profit. Sinn (1990) points out that taxing pure profit at source

by making capital inputs fully deductible immunizes countries against tax com-

3The other seminal argument against capital income taxation, based on Chamley (1986)
and Judd (1985) originally refers to a closed economy setting, but extends to a multi-country
open economy framework (Gross et al. forthcoming).

4Later work has shown that, if pure profits cannot be perfectly identified, a marginal tax
on capital inputs may be justified (e.g. Keen/Piekkola 1997).

5Productive public inputs are analyzed by Zodrow/Mieszkowski (1986), Bayindir-Upmann
(1998), Matsumoto (1998, 2000), Matsumoto/Sugahara (2017).

6The idea that public inputs create location-specific rents for the firm, which can be
taxed even under competition, also plays a role in the bidding-for-firms literature (Black/Hoyt
1989) and the new economic geography (Baldwin/Krugman 2004). Under perfect competition
among locations, countries are only able to tax the location-specific rent.

7 The committee that recommended taxing rights for source countries argued that “for-
eigners, whose activities reach some minimum threshold, should contribute to the costs of
services provided by the host government” (Graetz 2001, p. 1396).

8In addition, there is the trivial fact that source countries may just feel entitled to tax
the income that has been generated on their territory. “The claim of source countries to
tax income produced within their borders is analogous to a nation’s long-recognized claim of
sovereignty over natural resources within its boundaries.” (Graetz 2001, p. 1396).

9See Keen/Marchand (1997) for a model with government spending on public goods and
public inputs under fiscal competition.



petition. In the mid-1990s, the focus shifted again from capital mobility to firm
mobility (Devereux/Griffith 1998) and to profit shifting (Hines/Rice 1994), both
making Sinn’s (1990) immunization strategy impossible. For both decision mar-
gins, it has been shown in reduced form models (which assume, among others,
proportional tax rates on corporate profits) that constrained optimality requires
a tax on capital inputs (see e.g. Keen/Piekkola 1997, Haufler /Schjelderup 2000,
Becker /Fuest 2011). There is no justification in any of these models, though,
of why more sophisticated tax instruments, e.g. lump-sum taxes with non-
linear taxes on profit and capital inputs, are not used despite being superior
in efficiency terms. The Keen/Konrad (2013) handbook article on tax compe-
tition and coordination almost exclusively cites contributions that consider a
constrained set of tax instruments.'”

This ’constrained’ approach has obvious advantages like tractability and
capturing typical features of real-world corporate tax systems (which often have
uniform statutory tax rates in large parts of the tax schedule). However, it
would be helpful to know what a source based tax on multinational firms is
able to achieve if it were designed from scratch without any restrictions on the
choice of instruments. Put differently, what is missing so far, is a Mirrleesian
(1971) approach to business taxation. Mirrlees (1971) showed that, in a second-
best environment, a tradeoff between equity (more redistribution) and efficiency
(less distorted labour supply) cannot be avoided; and that optimum taxation
is actually income taxation (since income signals skill). T argue in this paper
that a similar approach to international business taxation is worthwhile since it
reveals the deep sources of inefficiency inherent to the international tax system.
In an international business tax setting, the trade-off is not between equity and
efficiency, but rather between raising revenue to finance public input goods on
the one hand, and minimizing distortions of business decisions (e.g. investment)
on the other hand. Such a more comprehensive approach does not, to be sure,
overthrow the existing literature; in many ways, it confirms and generalizes
propositions derived in settings with constrained sets of tax instruments. There
are some novel insights, though, including the finding that a lump-sum tax on
non-profitable firms is part of the optimum tax system and the derivation of
sufficient conditions for taxing capital at source.

The distortions inherent to the second best allocation are due to informa-

10Tn contrast, the survey article by Gresik (1998) devotes a whole section to information
asymmetries and discusses a number of studies that use mechanism design theory in an inter-
national tax context. I will discuss these studies and how they relate to this study below.



tion asymmetries. A number of papers (some of them surveyed by Gresik 1998)
considers information asymmetries in corporate tax competition. In an early
contribution, Gresik/Nelson (1994) consider the regulation of an MNE which
has private information on its cost and needs to apply a transfer price for tax pur-
poses. Osmundsen et al. (1998) analyze a setting in which the MNE’s mobility
is private information; these authors show that the capital inputs of (relatively)
immobile firms is subsidized in the second-best allocation.!! Becker/Schneider
(2019) consider countries bidding for large firms when the firms’ productivity is
unknown and show that the second-best bidding equilibrium implies inefficiently
high employment targets. These contributions have in common that there is a
single government (the principal) dealing with the firm (the agent) or, in a set-
ting with mobile firms, many principals competing for the exclusive service of
an agent (see, e.g., Biglaiser/Mezzetti 1993, 2000).

An alternative setting, that is specifically relevant for multinational firms,
is where where multiple principals (here: countries/governments) deal with the
agent (here: the MNE).!? Bond/Gresik (1996) apply this approach to the trans-
fer pricing regulation problem within MNEs. Olsen/Osmundsen (2001, 2003)
present a two-region model where the firm is simultaneously affected by the pol-
icy choices in these regions. They analyze tax competition for capital allocated
within the firm when the firm has private information on its productivity. The
screening equilibrium implies a downward distortion of investment.

The remainder of the paper is organized as follows. In the next section, I
set out the model and derive the optimum tax for immobile firms. Section 3
augments the model to allow for firm mobility. Section 4 discusses the results

and concludes.

2 Model with immobile firms

The model analysis proceeds in two steps. In this section, I assume that firms
have a fixed (i.e. type-independent) outside option. This includes the case of
immobility, in which the outside option is zero, i.e. the participation constraint
for all types is to have non-negative profit. In Sect. 3, I introduce heterogeneous

firm mobility.

!1Becker/Schneider (2017) consider tax policy with unknown firm mobility in an intertem-
poral setting.

12Both of these settings (multiple principals competing for the exclusive services of one
agent and an agent serving multiple principals simultaneously) are covered in the theory of
common agency (Bernheim/Whinston 1986, Martimort/Stole 2002).



2.1 Setup

Consider a small open economy hosting production entities of multinational
enterprises (MNEs). Each MNE consists of a production entity and another
entity. The latter is located in a tax haven, i.e. a jurisdiction with low or
zero tax rates, and holds the firm’s IP.13 T assume that the IP is the result of
previous R&D effort and fixed in size and economic value. For now, I assume
that intra-firm dividends are tax exempt, such that the question which entity
is the headquarters of the firm is not relevant. I also ignore decisions on the
sources of finance (debt vs. equity) and the level of R&D. Importantly, I assume
that the firm cannot be split up or costlessly merged with other firms.!*

I assume that there is a continuum of MNEs with a mass of one. MNEs
differ in a parameter # > 0 which is the firm’s private information.!® 6 is
distributed on the interval [0, 0] with a c.d.f. of F () and an associated density
7(0) = F' (0).

FEach production entity employs capital k to produce an output good. It ben-
efits from a public input good g provided by the source country. The entity’s
profit function is given by 7 (k,g,6). Profits increase in k, g, and 0. Further-
more, I assume that 7, < 0 and that the second derivatives are symmetric, i.e.
Thg = Mgk etc. With mg > 0, I will refer to 6 as a profitability parameter. 6 may
be interpreted as the firm’s intellectual property (IP), some other fixed factor
(like a productive firm culture, skilled managers etc.), access to cheap financing
sources etc.

The below analysis will show that optimal taxes crucially depend on how the
profitability parameter interacts with capital inputs and public inputs. Capital
inputs k and @ will be called complements if g > 0 and substitutes if w9 < 0.
Then, in the absence of tax distortions, the k chosen by the firm increases
or decreases in 6, respectively. Similarly, public inputs g and € will be called
complements (or substitutes) if mgg > 0 (or mge < 0), respectively. Then, firms
with high 6 benefit more (or less) from public inputs than firms with low 6.

The source location provides g at a cost of ¢(g,n) where n is the number
of production entities. I assume that ¢, (g,n) > 0 and ¢, (g,n) > 0. If ¢, > 0,

there is a congestion cost of public input provision, i.e. the cost depends on the

13The two-entity MNE is the simplest MNE structure possible. However, as long as other
entities in the firm do not interact with the production entity, the results below are not
affected.

14 Allowing for split ups and mergers would impose a new non-trivial constraint into the
optimal tax problem.

15 An example considered in more detail below is 7 (k, g,0) = 0k¥g — k with ¢ € (0, 1).



number of firms using the public input.

In addition, the source country government levies taxes T' that may be con-
ditioned on observable firm characteristics. The tax levied by the haven gov-
ernment is denoted as T". For tax purposes, the firm has to report a profit to
the tax authorities in the source location and the tax haven. It declares a profit
7 in the source country and a profit #" in the tax haven, with the restriction
that # + 7" > 7w — thus, there is no opportunity for tax evasion. Declaring a
profit @ < 7 comes at a resource cost of concealment that is strictly convex in
A = m — 7 and equal to zero if A = 0. In other words, ’true’ locational profits
is m in the production entity and 0 in the IP entity. This assumption is made
for simplicity, none of the below results depend on the level of 'true’ profit.

For the sake of brevity, I denote as x (A) the total cost of reporting profit
abroad, i.e. the sum of the resource cost of concealment, denoted by % (A) and
the haven’s tax T" (A), i.e. k(A) = &(A) + T"(A). T assume that x(A) is
strictly convex in A and that x (A) = 0.1°

After-tax profits II (f) are thus

I(0) =7 (k,g,0) —r(A) =T (r - A k) (1)

The firm chooses k and A in order to maximize II(6). The first order

conditions are

e =T, (0) and & =T;(0) (2)
where Tj (6) and Ty, () is short for T (7 (k, g,0) — A (0) , k (0)) and Ty, (7 (k, g,0) — A (0) , k (6)),
respectively, and T, = 1_T"TW

I can now define the Pareto-efficient or first-best allocation. For this purpose,
I assume that the marginal value of public funds equals 1, i.e. taxation and
public inputs are used to maximize income. At a later stage, I will allow for a
higher marginal value of public funds. Let © denote the set of all types that
enter the market and n = n (©) the number of firms in that set. Assuming
that the outside option, II° > 0, does not generate tax revenue or any other

externalities, the first-best allocation solves

max [/ e f (0) do + / (m(kyg,0) — £ (A)) f(0)d0 —c(g,n) (3)
0¢e

k,A,g,© 9cO

Definition 1 The first-best allocation (k*, A*,©* g*) is defined by:

hrt

16Strict convexity requires that 77" is not strongly negative.



(1) undistorted capital demand: 7Tz. =0 for all types 0 € O.

(ii) truthful profit reporting: #* = m and, thus, 7" = A* = 0 for all types
0 co.

(i1i) n* = n (©*) being such that all types 0 € O* have a surplus of at least the
marginal cost of public input provision 7 (k,g,0) > ¢, (g,n*).

(iv) efficient public input provision (g = g*): fee@ wof (8)dd = ¢4 (g%,n")

With respect to timing, all policy parameter (i.e. the tax system and the
level of public input provision) are set before the firm decides on (i) staying
in the market or exit the market, (ii) the level of reported profit, (iii) capital
inputs. I start with considering as the government’s objective function the goal

of maximizing tax revenue net of cost of public input provision:
| r@ @8- con ()
EC)

Below, I consider the alternative goals of maximizing national income (taking
into account the domestic ownership share of firms) as well as maximizing the
representative household’s utility (which can be expressed as a weighted average

of tax revenue and national income).

2.2 Source taxation without profit shifting

As a benchmark, assume that ' (A) is prohibitively high for all A such that
profit shifting is ruled out. Thus, # = 7% and #" = 0.7 The government
has access to uniform lump-sum taxes and non-linear taxes conditioning on the
two observable features, profit and capital, i.e. T'= T (k, 7). In this case, the

following Proposition holds.

Proposition 1 (no profit shifting) In the absence of profit shifting, the revenue-
mazximizing source taxr system is profit tax based, investment neutral (T, = 0)
and has a lump-sum element if ¢, > I1°. The resulting allocation is the first-best
allocation (see Def. 1).

A formal proof is straightforward and is omitted here. Instead, I provide
some intuition. Without profit shifting, reported profit equals true profit. Mar-
ginal taxes on profit with zero marginal taxes on capital inputs, have no ef-

1"The firm may decide to not realize its full profit potential, which is not optimal from
firm’s viewpoint, though, as long as 1 — Tx > 0 in the relevant range. It is straightforward to
show that the government has no incentive to set Trr > 1.



ficiency cost. That is, any revenue can be raised that accounts for the par-
ticipation constraint of the firms, i.e. II(f) > II° for all . For purpose of
understanding, assume that marginal tax rates on profits above II° are 100 per-
cent. The source country thus captures the whole (location-specific) surplus
and is, thus, in the same position as the benevolent planner who maximizes
total income (see Def. 1). In the presence of congestion cost of public input
provision, the government ensures that only firms with a surplus above the con-
gestion cost enter the market. This condition is satisfied if II° > ¢, (n*, g*). If
IT° < ¢, (n*, g*), a lump-sum payment (an ’alternative minimum tax’) is levied
to drive out firms with surplus below the marginal congestion cost. Note that
the first best allocation is also attained if the government maximizes national
income (or a weighted average between revenue and national income).

The above Proposition states that source based taxation in the presence of
mobile capital and unobservable types may be efficient (and, thus, replicates a
well-known feature of international tax theory, see e.g. Sinn 1990). The optimal
source tax system is profit tax based, since profit taxes are efficient and superior
to uniform lump-sum taxes,'® and investment-neutral (Gordon 1986). And it
contains a lump-sum minimum tax that internalizes the congestion cost of public
(input) good provision (Tiebout 1956). Public input provision is efficient under

these circumstances.

2.3 Tax revenue maximization

Now, assume that the true profit level 7% is unobservable to source countries’
governments.'? As a consequence, the source country government can no longer
condition its taxes on 7?. Instead, it has to condition tax payments on the two
observable entity features, the declared profit # and inputs k, i.e. T =T (7, k).

The source country government maximizes tax revenue net of input provision

cost:

o [Tk 10)d0 - c(om) )

18 Uniform lump-sum taxes would drive out low productivity types. Profit based taxes are,
however, equivalent to individualized lump-sum taxes.

19In the simple framework discussed here, this assumption may seem stark since a basic
information exchange between the source country and the haven would suffice to know about
the true level of profits. However, with a more complex firm structure, where more than just
one production entity shifts profits to the haven, information about the true level of profits
would be hard to extract. This may provide some intuition for the assumption made here (an
alternative would be to allow for two-dimensional heterogeneity, as in Lockwood/Weinzierl
(2015) that gives rise to behaviorally indistinguishable types, i.e. to firms that have the same
total profit but differ in true local profits 7).

10



After setting T (7, k) and g, firms choose to enter the market or not, choose
their capital input k& and the reported profit.

To solve for the optimal tax schedule, I make use of the taxation principle
(Rochet 1996).2° According to the taxation principle, the principal (here: the
government) may offer to the agent (here: the firm) a menu of allocations to
choose from. An allocation consists of a capital stock k, a level of profit shifting
A, a tax payment T as well as an entry decision. An allocation is implementable
through a non-linear tax schedule if it satisfies the first-order conditions in (2)
(incentive compatibility constraint) and if the maximized after-tax profit after
entering is at least as high as the net income from choosing the outside option
(participation constraint).

If incentive compatibility holds, i.e. if &k (f) and A () maximize the firm’s

after-tax profit, the after-tax profit increases in the type according to
I (0) = mo (k. 9,0) - (1 — &) (6)

In order to ensure incentive compatibility, after-tax profits must increase at
the rate given in (6) — which may be interpreted as the information rent. This
law of motion’ captures the constraints due to firms choosing capital inputs
and reported profit. Equation (6) therefore serves as the incentive compatibility
constraint.2! If incentive compatibility is satisfied, the government may directly
"choose’ an allocation. This approach is used below.

The fact that the after-tax profit needs to monotonically increase in the
type implies that, if at all, only the lower types will choose the outside option.
Let 7 > 0 denote the lowest type willing to enter the market (instead of
choosing the outside option). The number of firms entering the market is thus
n=1-F (QT).

The government chooses the optimal allocation subject to the law of motion

20In the closed economy context, where the firm only interacts with one government, the
taxation principle yields the same results as the revelation principle (Rochet 1996). Since the
model is later augmented with a migration decision (i.e. the firm interacts with more than
one government), the revelation principle does not generally hold (Martimort/Stole 2002).
Therefore, I refer to the taxation principle which holds since, even with a migration decision,
the firm interacts with only one government at a time. The introduction cites references of
work where the firm simultaneously interacts with more than one government.

2INote that, while (6) is necessary for the first order conditions in (2) to hold, it is not
sufficient. To see this, note that condition (6) can be written as II' () = 79 (k, g,0) - (1 — &)

— (k' (A) = T%) % + (me (1 —Tx) — Tk) %. The two latter terms are zero if first order
conditions in (2) hold (necessity), but they may also be zero if the two latter terms add up to
zero (no sufficiency). This implies that there are potentially more solutions to the optimization
problem considered here than those implementable through a non-linear tax schedule.

11



in (6) and the participation constraints, IT (6) > II° for all 6:

0
max w(k,g,0) — k(A)—T1I(0 0)do —c(g,n 7
gm0 0) () =IO f @ d—clgm) (D

As indicated above, the available information constrains the government to
a certain tax structure: The tax on an individual type may have a lump-sum
element (using the entity as information), a profit-based element (using reported
profit as information) and a capital-based element (using the observable stock

of capital as information). Tax revenue is thus given by

/T<e)f(9)de=/

where T (QT> —I° =T (QT> is the lump-sum element.

#(0) k(6)

. (QT) ~T° 4+ /W(GT) Ts (0) dit + /k(gT) Ty (6) dk] F(0)do
. . (8)

I can now state the following Proposition:

Proposition 2 The revenue-mazximizing system of source based taxation has
the following properties:
(i) The marginal tax rates on reported profit 7 (6) and capital input k (0) are

Tx (0) = 10 0 ()
Te () = 1}(12)(9)~7r9k-(1—ﬁ/) (10)

for all 6 € (Q, é) and zero for the lowest and the highest types, 8 and 6.
(i1) The lump-sum tax element equals T (QT> = (QT> —T1° with

T (QT) =Ty (k,g,QT) ﬂ + cn (11)

7(6")

i.e. even if ¢, = 0, the lump-sum tax element is strictly positive.

(11i) Public inputs are provided according to

[t @10 -, = [ F O, 1= 1 0) a0 (12)

Proof. See the Appendix. =
Consider first the optimal marginal tax on reported profit. With the as-
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sumptions made above, the optimal marginal tax on reported profit is strictly
positive for all 6 € (QT,é). The optimal tax rate expression has two distinct
parts. The first part, PT};()G), is well-known from the optimal tax rate formula
in income taxation. It depends entirely on the distribution of types and re-
flects that an increase of tax at some profit level increases the tax payments for
all firms, 1 — F' (0), with a reported profit or capital above that level. This is
weighed against the efficiency cost due to taxation at exactly that profit level
(with a weight of f (6)). The second part, mpx”, reflects how the firm’s choice
of reported profit affects the incentive compatility constraint (6), whereas £’
is a measure of how an increase in profit shifted abroad (i.e. a decrease in re-
ported profit) increases the marginal cost of profit shifting and, thus, an inverse
measure of how elastically profit shifting responds to tax rate changes.??

The optimal marginal tax on capital®® has a similar structure as T; (6), but
its sign is not clearly determined by the assumptions made above. The sign of
the tax rate depends on whether # and k are complements or substitutes. In
case of complements (mgg, > 0), the ICC is tightened by an increase in capital
use, and the optimal tax rate is positive and implies a downward distortion of
capital inputs.?* This is the case for a production function k% with 1 € (0, 1)
or a profit function of the form k¥ — 7‘% (with 7 being the interest rate). In
case of substitutes, the ICC is relaxed by an increase in k and the optimal tax
implies a subsidy of capital use. This is the case e.g. in a production function of
the form (k + H)w, where 6 may be interpreted as intellectual property (which
captures the case in which more IP dependent firms need less tangible capital).
In this example, firms with low 0 are ’'brick-and-mortar’ firms, firms with high

0 are IP based firms. Finally, if capital inputs are not affected by 6, capital use

22Fxpressed in terms of behavioral elasticities, the optimal tax on reported profit is
T (9) - 1-F (0) 1 Er.,0
1—T; (0) f@) 6 E(0)

where e, ¢ is the type-elasticity of profit 7 and E () = ez 1-7, + %Tkak,i‘k is the weighted
sum of the tax rate elasticity of reported profit and the user cost elasticity of capital input.
The latter is only relevant, if T} # 0.

231n terms of behavioral elasticities,

o0 = G T )

with e, ¢ defined above and e, r being the elasticity of mg with respect to k.

24 A downward distortion of capital use may be attained by denying full deductibility. The
business tax reforms in the 1990s and 2000s that lowered statutory tax rates and broadened the
tax base (the so-called tax rate cut cum base broadening type of reforms, see e.g. Becker/Fuest
2011 for a documentation) may, thus, be interpreted as a response to profit shifting activities.
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is left undistorted (e.g. in case of a production function k¥ + ). In this case,
firms of equal capital size differ in profits, and a tax on capital use cannot be
used to discriminate between firms.

As discussed above, the finding that capital use is optimally distorted is not
novel, e.g. Haufler/Schjelderup (2000) show that capital use is taxed in the
presence of profit shifting. The above Proposition, however, does not simply
replicate the findings derived from optimization problems with limited set of
tax instruments. It adds general conditions under which circumstances capital
is taxed or subsidized and it shows that capital distortions may be unavoidable
— even if lump-sum taxes are allowed for.

A novel finding (to the best of my knowledge) is the lump-sum tax element
of the optimal tax system in part (ii) of the above Proposition. A lump-sum
tax element is known from the literature on Tiebout (1956) style competition to
internalize the congestion cost of public good provision. In the model presented
here, however, it is optimal to use such a tax even in the absence of a marginal
congestion cost. That is, in the optimal tax system, a kind of an “alternative
minimum tax” drives drive out the least profitable firms out of the market in
order to implement higher lump-sum taxes on the remaining ones. As will
be shown, this finding does not depend on the Leviathan assumption (revenue
maximization).

The level of public input provision g depends on the complementarity be-
tween 6 and g, see the right hand side of eq. (12). The sign and the size of
Tgy determine whether (and how much) the public input makes the profit-type
slope steeper or flatter (see Boadway/Keen 1993 for similar considerations in a
two-type model). In addition, optimal public input provision may be affected
by the optimal distortion of the firm’s capital stock whenever m,, # 0, see the
left hand side of (12).

Corollary 1 (i) Public inputs and capital inputs are undistorted if ﬂzk = wgg =
0 for all 6.

(i1) Public inputs and capital inputs are lower than in the first best if both inputs
are complements with 0 and Wzk > 0.

(iii) Public inputs and capital inputs are higher than in the first best if both

inputs are substitutes with 0 and ng > 0.

An example for case (i) is a production technology of 0k¥ + g with ¢ € (0,1).
An example for case (ii) is production technology of #gk¥. Then, public inputs

make capital use more productive and more so for higher productivity types. An
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example for case (iii) is a production function of (gk + H)w. Then, public inputs
make capital use more productive, but capital is a substitute for 8. By providing
inputs, the government make conventional brick-and-mortar industries more

productive and — as a side effect — facilitates taxation by relaxing the ICC.

Discussion

It is the double type of mobility of both capital and taxable profit that creates
the distortions necessary for the second best allocation. If taxable profit is
observable (and therefore immobile), the first best can be implemented as shown
above. If capital is immobile, efficient taxation is feasible with the tax system
completely conditioning on capital inputs (and, thus, ignoring mobile profit).
The latter is only possible, though, if capital use is correlated with profitability.

It may be instructive to briefly compare the above model of second best
source taxation to the Mirrlees (1971) model of income taxation. In the above
model, the equivalent to the Mirrleesian unobservable skill level is the firm’s
unobservable profitability. The equivalent to the disutility of work is the net
return to profit shifting, both are not directly taxable.?’ Note that, if the
government had access to taxes on income shifted to tax havens, the net return
to profit shifting would be taxable and, therefore, efficient taxation would be
possible.

In the above model, there is no redistribution motive. In contrast, revenue
is maximized which implies that lower type firms may be pushed out of the
market (an effect that does not occur in the Mirrlees model since individuals do
not vanish when they are pushed out of the market and, therefore, remain part
of the welfare function).

An interesting question is whether optimal tax rates on reported profit can
be constant across types — as they are in many real-world tax systems (at least
if one ignores the implicit tax due to type-dependent enforcement). The opti-
mality condition for T% (f) under a Pareto c.d.f. (with a Pareto parameter of
p and assuming § — 0o) and quadratic concealment cost (implying a constant
k' (A)=F") is

T (9) =mg-R'- (13)

I

That is, to be independent of type, mg must equal § (where c denotes a constant).

An example for Ty = 7 is a production function of the type In kflg that implies

25Tn contrast, both the return and cost of capital investment is observable (and therefore
fully taxable by making the cost of capital deductible).
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Ty = %. Note that, in this case, the optimal marginal tax on capital must be

Zero.

2.4 National welfare maximization

The policy goal considered above, tax revenue maximization, implies that the
government puts a zero welfare weight on firm profits. This may be a plausible
assumption if (i) all firms are held by foreigners or (ii) all profits accrue to the
rich and the government pursues (some kind) of Rawlsian welfare maximization
goal.

In this subsection, I consider maximizing national welfare as a policy goal.
National welfare depends on domestic firms’ profits and tax revenue. The latter
has a welfare weight of A > 1 which reflects that public funds from alternative
source have a (constant) marginal efficiency cost.?6 Domestic ownership of firms
in the source country is captured by « (6), the fraction of domestic ownership

of firm type 6. The government’s objective function is thus given by
/ (a(O)I1(0) + A[r (k,9,0) — s (A) = IL(0)]) f (0) dO — Ac(g)  (14)

With « () = 0 for all 0, the case of revenue maximization is modelled (and A is

redundant). With A = 1, the case of national income maximization is captured.

Proposition 3 Assume that the government mazimizes national welfare given

in (14). Then, optimal tax rates are

T: () = A _Ade 1;(1;)(0)7@/«/’ (15)
Tk (9) = )\—)\de 1_f(Fg)(0)7T9k (1—,%/) (16)

where oy where is the average domestic firm ownership for firms of types higher
than 0. Again, tax rates Ty, (0) and T (0) are zero for 6 € {6,6}. The lump-sum

26National welfare maximization is equivalent to maximizing the representative household’s
utility if the latter owns all domestic firms and has a utility function that linearly depends on
private consumption (out of dividend income) and A times the public goods financed by tax
revenue.
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tax element is given by T (QT> =70" —TI° with

T(QT):)\—ael—F(HT)Wo(k,g’aT>+Cn:0 (17)

A ¥ (QT)

The optimality condition for public input provision is

0 P A—ag1-F(0) )
/engf(Q)dG—cg—/GT S e (=) S 00 (1)

Proof. See the Appendix. =
National welfare maximization differs from tax revenue maximization if )‘7—/\5‘9 #
1. With A € [1,00) and @y € [0, 1] and, thus,

A—Qy
A

Qg

it follows that, as long as &y > 0, optimal marginal tax rates are closer to
zero than under revenue maximization, the lump-sum tax is smaller and the
distortion of public input provision is smaller. With full domestic ownership,
ag = 1 for all @, the revenue maximizing tax rates are scaled by a factor %
that reflects the spending need for public inputs and the loss in private income.
As a consequence, if there is an efficient revenue-raising (tax) instrument and,
thus, A = 1, optimal tax rates on reported profit and capital inputs are zero if
ay = 1 for all 6.

Both parameters, A and « (6) are relevant for understanding potential devi-
ations between the national welfare maximization and global welfare maximiza-
tion (an argument that has been put forward by Keen/Wildasin 2004). This
can be illustrated for the case in which all countries have a zero-cost revenue
source (not explicitly modelled here) that implies A = 0. In this case, global
welfare maximization implies marginal tax rates on reported profit and capital
inputs of zero. However, even slight deviations from full domestic ownership
justify a non-zero tax on both mobile tax bases and, thus, some efficiency cost
(note, though, that the efficiency cost capital input taxation may be zero if tax
rates are the same on all types and all countries). In other words, global welfare

maximization requires the government to set tax policy as if ay = 1 for all 6.

17



2.5 A simple policy experiment

The above model can be used to analyze the effects of policy measure on tax
rate setting and welfare. For purpose of illustration, I provide a simple example.

A whole class of recent policy measures aims at reducing profit shifting to
tax havens. Let k (A) = BA+ £ (A) denote a specific concealment cost function
where 3 is a policy variable and & (A) is strictly convex in A (the haven’s tax
rate is assumed to be zero). By increasing (3, the government increases the
marginal cost of shifting profit to the tax haven — which may be interpreted e.g.
as a tightening of transfer pricing rules.

How does a change in S affect tax policy? The optimal tax on reported

profit is given by T; (0) = ’\j\a" 1;59()6)77214”. For a given tax on capital inputs,

only k" responds to changes in A or T; (6). Using T (6) = &’ (A), it follows

that dA 1
aw_ (20)
dB g /\7/\049 1;?‘;()@ 7.(.z,%///

With T; (0) = &’ (A), this translates into a change in the tax rate according to

—1- i (21)

If & = 0, the tax rate stays the same. If &/ > 0, the tax rate increases, if

~ 111 27

K" < 0 decreases.

For purpose of illustration, consider first the case of &/ = 0 .2 Then, &”
is a constant independent of A. Accordingly, 5 does not affect the optimal
level of T (0). With T3 (0) = &' (A) = B + &/, it follows that an increase in
B by one unit reduces A by 1/&”. Since Tj (0) stays the same, T}, (6) stays
the same and so does optimal public input provision. That is, the only policy
effect is a reduction of profit shifting. With regard to welfare, a small increase
of B by dj3 reduces profit by df/&"” and increases tax revenue by T () d3/&".
Whether this is a welfare improvement, depends on the marginal value of public
funds, A\. However, if 8 were an additional payment to the government, e.g. an
expected fine, the revenue increase would be (1 + T% (0)) dB/&" and, therefore,
unambiguously a welfare improvement.

Now, consider the case of #”/ > 0. An increase in /3 increases the tax on

A=ag 1=F(0) 0=
X f@) Tef
sponds to the second derivative of the government’s objective function.
28 This case occurs if the concealment cost function is e.g. & (A) = BA + %A?

27"Note that the denominator, & —

, is always positive since it corre-
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reported profit, T (6). It follows from optimality conditions (16) and (18) that
the distortions of capital use and public inputs are reduced, at least if either
both inputs are positively correlated with 6 or both are negatively correlated
with 0.2 If, however, & < 0, the allocation becomes more distorted.

The above considerations may be used to shed light on the effects of minimum
taxes on tax haven profits. The tax inclusive cost of profit shifting is then given
by t" A + k (A) where t" is a proportional tax rate on tax haven income A. By
setting 3 = t", the above analysis can be interpreted in terms of minimum taxes.
Depending on the third derivative of the concealment cost function, minimum
taxes will lead to more efficient or less efficient capital use and public input

provision.

2.6 Type-dependent profit shifting

In the above model, the concealment cost function is identical across types.

This assumption may be too strong since empirical evidence (e.g. Davies et al.

2018) suggests that the propensity to shift profit varies across firm types. T will

therefore now assume that concealment cost is type-dependent: k = k (A, 6).
The ICC needs to be modified to

M) =74 (1 —kra)— ke (22)

Proposition 4 With type-dependent concealment cost k = k (A, 0), the optimal
tax rate on reported profit is given by

_1-F()

T, (0) = 70 [WZHAA + Ko (23)

The optimal tazx rate on capital input is, as before, given in eq. (10).

Proof. See the Appendix. =

The above Prop. implies that optimal marginal tax rates on reported profit
account for the fact that some firm types are more prone to profit shifting. The
optimal marginal tax rates differ from those in Prop. 2 in kaa and in xkga. The
former is a measure of how elastic reported profit responds to a change in the

marginal incentive to shift profit; low levels of kKaa require low marginal tax

291f they are both positively correlated with profitability, both capital and public inputs
are increased. If they are negatively correlated (and, thus, there is an upward distortion to
capital and public input use), both factors are reduced. In any case, the 'crack-down’ on tax
havens improves the efficiency of the resource allocation within the economy.
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rates (ceteris paribus). The latter measures how the profit shifting elasticity
changes with the type. If kga > 0, higher types have higher profit shifting cost;
accordingly, optimal marginal tax rates are higher (ceteris paribus).

2.7 Sufficient statistics approach

The above derived optimality conditions for marginal tax rates on reported
profits and capital are not easily translated into empirical applications. I will
therefore use Saez’ (2001) method to express optimal tax rates as functions of
the underlying behavioral elasticities for observable reported profit levels and
capital stocks (instead of types).

Since much of the empirical literature uses firm size as a differentiating
variable, I use the firm’s capital stock as the equivalent to type.

Consider a population of firms that differs in capital stocks k. Let 7 (k)
denote the reported profit of a firm with a capital stock k. I will denote as f (k)
the density of firms with a capital stock k and as f (7|k) the density of firms
with a reported profit of & for a given level of capital k. In the Appendix, I
outline how f (k) relates to the type density f (6).

Tax revenue is given by

oo )
/ [/ T (k.7 (k) £ (]K) dit| (k) dk (24)
0 —0

First, consider the small increase in T; denoted as dr; that affects the
schedule between 7* and #* + d&. With a revenue-maximizing tax schedule,
the total marginal effect on tax revenue is zero. Using this property, optimal
tax rates can be derived (see the Appendix for a formal derivation).

Let ¢ denote the non-tax cost of capital and Ef.cv, the user cost elasticity

of capital. The optimal tax rates on reported profit and capital are implied by

oo 2 A~k
T, L FE) [ et o aom  FIR) £ (R) dk o)
1T Jo” lera—m 7 f (77 |K) f (k) dk
Lo _ 1-F() 1 (26)
et T SO ke 7 () 1 i ] £ Rl an
where F' (7™) is the fraction of firms with a reported profit of #* or less.

For purpose of illustration, assume for a moment that there is a perfect map-

ping of capital stocks and reported profit, i.e. there is no variance of reported
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profit within each capital stock class. Then, the optimal tax rate on reported
profit is implied by
T 1-F(#%) 1 T2 Cperd, Kk

= — — + = - 27
1-T; f@) eri—m®  c4+Tpern—mm1l—T; 27

If capital use is undistorted, the optimal marginal tax on reported profit
s simoly i by Ti _ 1=FG) 1
is simply given by =i = e o

revenue effect of taxing a fraction 1 — F (7") of all firms and the behavioral

which is trade-off between the

distortion that affects f(7") of all firms and that is quantified by ez 171, 7.
With distorted capital use, Tj, # 0, the efficiency cost of taxing reported profit
is increased (independent of the sign of Tk) and optimal tax rates are lower. The
more general expression above captures the variance of reported profit within
each capital class.

With a perfect mapping of capital stocks and reported profit, the optimal

tax on capital can be expressed as

T  1-F(k) L
c+Ty  FO) (‘%,ﬁﬁ,) [1+ s dﬁ}

(28)

1-T; dm

As before, the optimal tax rate on capital input is governed by (i) the mass
of firms that increase their tax payments, 1 — F'(k*), (ii) the mass of firms
suffering from behavioral distortions, f (k*), and (iii) the (weighted) behavioral
elasticity Eket Ty In addition, % captures how much reported profit is affected
if true profit varies (due to a change in the capital tax). If % > (, the optimal
tax on capital is lower because distorting capital input has an ’externality’ on

another tax base (here: the base of the tax on reported profit).

3 Model with mobile firms

In this section, I introduce firm mobility. As a preliminary step, I consider an
improvement of the outside option II°. A variation in the outside option value
provides some (albeit rudimentary) insights in the effects of firm mobility. The
main contribution of this section is the analysis of heterogeneous mobility cost

for firms within each type (as in Lehmann et al. 2014).
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3.1 Uniform outside option

In the model in Sect. 2, each firm type earns I1° > 0 if it opts out of the market.
Since after-tax profit increases in the type (according to the ICC in (6)), only
the lowest type’s participation condition is binding. Here, I will consider an
increase in the uniform outside option. There are several scenarios where such an
assumption makes sense. First, think of outside investors consider withdrawing
their capital and, instead, invest in some other asset with a type-independent
return. Second, the firm type may be location-specific; outside of the location,
each firm has the same profit. Third, the outside option may, in fact, be type-
dependent but it increases at a lower rate in the type than after-tax profit with
a revenue-maximizing tax system.

Making the outside option more attractive increases welfare 'mechanically’
by making all firms choosing the outside option better off. An increase in welfare
due to a more attractive outside option is therefore not meaningful as a welfare
criterion. Instead, I will check whether an increase in 11° raises welfare by more
the income increase of firms that choose I1° in the status quo.

The following Corollary considers a setting where the government maximizes
national welfare with full domestic ownership and A > 1 (recall that A = 1 would
imply zero taxation). The Corollary can thus be understood as referring to Prop.
3.

Corollary 2 Consider the model in Sect. 2.4 with full domestic ownership,

a(0) =1 for all 8, and a welfare weight of A > 1 on public revenue. A small
T

increase in II° by dII° increases welfare by less than feg dI1e f (9) do (i.e. by

less than the profit increase of firms choosing the outside option in the status

quo).

Proof. See the Appendix. =

The intuition behind the above Corollary can be explained as follows. The
marginal firm type o7 ignores that, by choosing the outside option, the gov-
ernment would lose T QT) — ¢, > 0 (the strictly positive sign is due to eq.
(17)). Thus, by making the outside option more attractive, more firms choose
the II° and, thus, reduce the government’s budget. Since all other variables are
optimally chosen, this is the only direct effect (apart from the revenue increase
for all firms choosing the outside option).

The above Proposition implies that taxing the outside option would increase

welfare even if the resulting revenue were given back to the households in lump-
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sum manner, i.e. if dII° < 0, and households get, in return, a lump-sum transfer
of —dII° for each firm that chooses the outside option in the status quo.

Note that, by construction of the model, there is no externality on other
countries — which implies that the above Corollary may be understood in terms

of global welfare.

3.2 Heterogeity in mobility cost

I now augment the above model following the example of Lehmann et al. (2014)
and assume that, within each type 6, there is a continuum of firms with hetero-
geneous migration cost m € R;. Depending on taxes and public input levels,
the source country under consideration (labelled "home’) may lose some of its
firms to the rest of the world or attract some from it. For notational simplicity, I
will refer to the rest of the world as a country on its own (labelled ’abroad’). Let
f(0) and f(0) denote the density of firms at home and abroad if no migration
takes place. Let v (m|6) denote the conditional density of m for a given type
6 and I' (m|f) = [~ (m|f)dm the associated cumulated distribution function.
~*(m|0) and T'* (m|@) denote the equivalent variables for firms abroad.
A home firm of type 6 with migration cost m will choose to stay at home if
) >1*0) —m (29)
where T1* () is the net-of-tax profit of locating abroad. That is, if m’ denotes
the level of migration cost at which the above equation holds with strict equality,
I can conclude that a fraction 1 — " (m/|#) of type € firms stays in the current
location. Equivalently, a firm from abroad is indifferent between staying and
moving to ’home’ if IT (§) — m® = I1* (#) and, thus, T'* (m®|0) is the fraction of
abroad firms to locate at home.

The density of firms locating at home is thus given by

o (A.6) = (1 —=T(m|0)) f (6) i'fAéo (30)
F(0)+T9(ml0) fo(0) if A>0

where A = II(0) — I1*(#). An increase in I1(#) — 1% (6) thus increases the
density, 5 > 0. Let ®(A,0) = [ (A,0)dd denote the migration adjusted
fraction of firms in the home country for a type € or lower.

Thus, each individual firm is characterized by three variables: its type 0, its

migration cost m and its original location. Optimal tax rate setting and public
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input provision responds to (the threat of) firm migration. For the following
Proposition, let 1 (0) = % > 0 be the semi-elasticity of migration with re-
spect to a marginal change in A, and let Tne = #(A,@ LS 1T (0)n(6)] ¢ (A, 6) do
be the average tax-revenue-weighted migration semi-elasticity for types above

6.

Proposition 5 With heterogeneous migration cost, second best marginal tax

rates are given by

1= (A,0) " —0
- 1-®(A,0) , =0
T, (0) = W'”Bk'(l—’f)'(l—ﬂ?> (32)

for all 0 € (Q, 9) and zero for 6 € {Q,@}. The lump-sum tax element equals
T (QT) — TI° with

1-o (A,QT)

T (QT) —TI° = 7 (k,g,QT) - (A,QT>

(1-17 ) +enom

where TI° > 0 denotes the best available outside option. Optimal public input

provision is implied by

[ rae 0080 - ¢, (g.n) (34)
— / [WW (1-#) (1 - Tne)} ¢ (A, 0)do (35)

Proof. See the Appendix. =
I can now outline the properties of the symmetric competitive equilibrium.
For this purpose, I consider two identical source countries and a zero-rate tax

haven.

Corollary 3 In the symmetric tax and public input competition equilibrium,
both identical countries levy the taxes outlined in Prop. 5. All firms stay in
their original location (i.e. no moving cost is incurred). Compared to the case
of immobile firms, tax rates are closer to zero, and public input provision is

closer to its efficient level.

Proof. Omitted. m
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How does firm mobility affect welfare? The following Corollary refers to the

case of symmetric countries and full domestic ownership.

Corollary 4 Assume a symmetric tax and public input competition equilibrium
with firm migration. Then, the following holds.

(i) A coordinated tax increase on reported profit and a coordinated tax variation
on capital use increases welfare.

(i1) The tax coordination optimum is described by Prop. 3.

(iii) Allowing for firm migration reduces welfare.

Proof. Omitted. m

Instead of a formal proof, I briefly outline the intuition behind the Corollary
for the case of two symmetric countries. A coordinated increase of the tax
on reported profit for each type has no migration effect. Starting from the
uncoordinated Nash equilibrium, the net effect on welfare is therefore positive.
With regard to the tax on capital, it depends on whether capital use is taxed
(74, > 0) or subsidized (7§, < 0) in equilibrium. In the former case, a tax
increase increases welfare, in the latter case, a tax reduction does. Since there are
no externalities between production locations in the absence of firm migration,
the coordination optimum is the optimum without firm migration as described

in Prop. 3. It follows that allowing for firm migration reduces welfare.

4 Conclusion

In this paper, I analyze a setting where firms differ in profitability, employ mobile
capital, shift profit to tax havens and may migrate to other locations. Source
locations provide public inputs and levy taxes. Even if source country govern-
ments maximize global welfare, some distortions are inevitable. For an intuitive
understanding, note that the two obvious candidates for efficient taxation have
some crucial disadvantages: first, uniform lump-sum taxes distort market entry
(since they may exceed some firm types’ profit) and, second, proportional profit
taxes induce costly profit shifting. Therefore, the second-best tax system has
positive marginal tax rates on reported profit and, in many cases, a non-zero
tax on capital inputs. It includes a lump-sum element which implies that even
non-profitable firms pay a strictly positive tax. Such an ’alternative minimum
tax’ is not motivated by congestion costs of public (input) provision. In addi-
tion, the level of public inputs may be optimally distorted in order to alleviate

distortions on the tax side.
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With benevolent governments, (symmetric) tax competition for mobile capi-
tal, profits and production facilities reduces welfare, at least if foreign firm own-
ership is sufficiently small. A crack-down on tax havens, e.g. by implementing
a minimum tax on profits located in tax havens, potentially increases welfare,
but may further distort capital use and public input provision (depending on
the technological features of the concealment cost function).

The model can be used to build an understanding of typical features of real
world tax systems as well as to compare theoretically optimal tax systems with
real-world tax systems (which do not only account for behavioral distortions,
but need to take into account equal treatment provisions and are shaped by
other than purely efficiency driven considerations). While the above analysis
makes a first step to derive optimum business taxation from a unconstrained
set of tax instruments, the generality of the analysis is constrained in (at least)
two important ways.

First, the above analysis neglects residence-based taxation of corporate prof-
its (apart from the minimum tax on profits located in tax havens). This as-
sumption may be justified by the fact that most corporate tax systems are now
based on a territorial system. However, residence-based taxes may interact with
source-based taxes in an important way and, as I have argued above for non-
linear source-based taxes on profit and capital, this type of tax should not just
be ’assumed away’.

Second, a number of important decision margins of the MNE are ignored. In
a more general model, firms choose between different sources of finance (equity
vs. debt). They may choose to split up or to merge with other firms, if this
lowers their tax payments, and they may restructure the chain of production.
Especially the last decision margin seems to be of importance for the analysis
of multinational firms. With production taking place in different parts of the
firm, transfer pricing rules are of central importance. In the above paper, I
assumed that the rules for transfer prices (used to shift profit to the tax haven)
are given and cannot be affected by the source country government. In a more
complicated model, governments could be assumed to not only optimize over
tax rates and the base (for a given taxable local income), but also to negotiate
with other source countries over transfer pricing rules. This, however, requires
a more complicated model, since there are, at least, two governments involved
— which makes it a model of common agency (see Gresik/Nelson 1994 for an
early contribution). While this is clearly beyond the scope of this paper, the

question how optimum source taxes look like if governments coordinate over
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transfer pricing (and other accounting rules), but not over tax rates, seems an

interesting and fruitful one.

5 Appendix

5.1 Proof of Prop. 2
Proof. The Hamiltonian of the government’s optimization problem is
H = [r(k,g,0)—r(A)—IL(O)] f(6)
+p(0) 7o (k,9,0) (1 — k') + v (0)TL(0) £ (0)
For a given firm population (i.e. a given QT) and a given level of g, the govern-

ment solves maxyg) a(g) H for each 6. The first order conditions with respect
to k and A are

|
o o

T f (0) + pmor, (1 — &)
—k'f(0) — pumgr” =

as well as 8% = v (0)f(0) — f(8) = —p/ (A) for all . The transversality

conditions are p (QT) =0and p (9) = 0. Since the ICC implies that net profit
increases in 6, the participation constraint is only binding for the lowest type,
ie v (QT) > 0and v () = 0 forall > 07 . Integrating i’ (6) = f () over types

gives 1(6) = [y [ (6)d0 = F (9) — F (QT). With 1/ (QT) = v (QT) f (QT) +
f (QT> and p' (6) = f(0), 1 (0) can be expressed as p(0) = —v (QT) f (QT) +

feeT f(0)dé. Since p(6) = 0, it must be that v (QT) ! (QT) = ij f()ad. 1t
follows

0 0
pu(0) =— f(0)do + f(@)dd=—(1-F()) <0
or or
The first optimality condition (optimizing over k) above can be expressed as

0=

Tok (1 — I{/)
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1—-F(0) _ 1—F(6)
floy — 7O
(optimizing over 7) can now be expressed as

where I used (see above). And the second optimality condition

TT} (9) = 71 ff;)(a) 71'9/1”

Now, turn to the provision of public input goods. The government sets g to

maximizes |, 00 HdO — ¢(g). The first order condition with respect to g is

[ 05 6) @) may (1= ) d ) =0

from which follows

/ﬁgf @ao—c¢ = [L=EO 0 wyr@)yas
f(9)

Finally, consider the choice of 07, The choice of #7 does not affect the intra-
marginal types’ optimality conditions for marginal tax rates, i.e. the ICC is
not affected. Accordingly, the government chooses 07 to maximize its objective
function, f;T T (0)df — c(g,n). With the above, tax revenue can be expressed
as the sum of a lump-sum tax element and the integrals over taxing reported
profit and capital. The lump-sum tax element is equal to the difference between

the QT—type pre-tax profit and its outside option. Thus, tax revenue is given by

0T

0T

(€7)

(o)

The first-order condition is
[ 70 (0.67) @0 -7 (67) £ (67) + £ @0 =0

from which follows the optimality condition in (11). =

5.2 Proof of Prop. 3

Proof. For a given firm population and a given level of g, the Hamiltonian is

H = [a()I1(0) + Al (k, g,0) = (A) = TL(O)]] f (0)
+u(0) 7o (1= ") + v (0)TL(6) f (0)
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The government solves maxyg) acg) H for each 6. The first order conditions

with respect to k and 7 are

A f (9) + ,UJ(G) Tok (1 — I{/) =0
=X f(0) — p (@) mer” = 0

as well as ag—l({w =v(@)fO)—(A—a(@))f(0) =—u (0)for all 8. The transver-
sality conditions are (QT) =0and p (@) = 0. The ICC states that net profit

increases in # implying that the participation constraint can only be binding
for the lowest type, v (QT) > 0, with v (0) = 0 for all § > 6. With (QT> =

—v (QT) f (QT) + ()\ -« (QT)) f (QT) and ' (0) = (A —«a(0)) f(0) other-
wise, p (#) can be expressed as p (8) = —v (QT> f (QT> +fQ9T (A—a(9)) f(0)de.
Since p (f) = 0, it must be that v (QT) f (QT) = f;T (A—a(0)) f(0)dl. T can

therefore express p (0) as

0

0
u(é’):—/ (A—a<a>>f<9>da+/ (A—a(0) £ (6)d0 = — (1 — F(6)) (A~ ap)

or o7
where ay = %F(O) f: a(0) f(6)db, i.e. the average domestic ownership share
in the type distribution above 6 (and 1 — @y is the average foreign ownership
share).

The first optimality condition (optimizing over 7) can now be expressed as

Tk(e):)\_)\ael}f;)(e)

Tok (1 — KI)

And the second optimality condition (optimizing over 7) can now be expressed

as
A—agl—F(0) ”

TG

Now, consider public input provision. The first order condition is given by

15 (0) =

[ N0 ©) 4 15(8) 7oy (1= W) 8~ ey =0

from which follows
/wgf(e)dé‘ Cey= / (*;“’) (1 }25‘”) oy (1— ') £ (6) d6
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Using

Finally, consider the choice of 7. Again, the choice of §7 does not affect
the intra-marginal types’ optimality conditions for marginal tax rates, i.e. the
ICC is not affected. Accordingly, the government chooses 07 to maximize its
objective function, ffT a () Hode—i—f;T (a (0)T1(0) + AT (0)) dd— Ac(g,n). The

first-order condition is
/ (A= (®) 7o (h.g,67) £ (0)d0 — AT (67) £ (67) + Af (©) cn =0
from which follows the optimality condition in (11). =
5.3 Proof of Prop. 4
Proof. The Hamiltonian is adjusted to

H = [r(k,g,0) —r(A)—TLO)] f(0)
+1(0) [mo (1 = ka) — kg (A, 0)] + v (0)TL(0) [ (0)

The government solves maxyg) a9y H for each 6. The first order conditions

with respect to k and 7 are

Il
o

7S (0) + 1 (0) o (1 — Ka)
—kaf(0) —p(0) [roran + Kkoa] = 0

The first f.o.c. is not affected. The second f.o.c. can be expressed as

T; (0) = =20 ;f;)(&)

[Tokan + Koa]

5.4 Sufficient statistics approach

This Appendix derives the optimal tax rate expressions in Sect. 2.7.

As a first step, the relationship between f (k) and the type density f (6) is
explained. With F (0) = F (k* (8)) = [ ) f (k (8)) dk follows F' (6) = f (8) =
f(k*(0)) k*' (0) where f(k* (0)) = [~ f(#|k*)d#. Based on the first order
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condition 7¢ = T}, k*' () can be expressed as

dk 7729

dg ﬂ-Zk - Tkk
That is, due to non-linearities in the tax system, the observable density is 'de-
formed’. As Saez (2001), I will replace this deformed density by a ’virtual’
density that corrects for this deformation (by locally ’replacing’ the non-linear
schedule by a linear schedule for which Tkk = 0 holds).

Tax revenue is given by

[ e s @iz
0 —o0

First, consider the small increase in T; denoted as dr; that affects the
schedule between #* and #* + d&. The mechanical effect (M) captures the
increase in tax revenue for all firms with a reported profit level at or above #™.
Holding behavior constant, each of these firms pays an additional tax of dadr .

The impact on tax revenue is given by
(oo} oo
M; = d’ﬁ'dTﬁ—/ [/ f(7lk) dfr} f(k)dk = drdrs (1 — F (7))
0 7

Now, turn to the elasticity effect (E), that is in generalized form given by

d (k)

> . . dk
B [ [Tm,w(k» T Tk ()

dTﬁ—

} F (7 |k) f (k) dk - di*dr 4

A change in T holding T}, constant affects (i) reported profit in the range
between 7* and 7* + d7* and (ii) the capital stock in the range between k (7*)
and k (7* + d7™) (which are the capital stocks of firms that have reported profit
levels between #* and #* + d#™.

The elasticity effect on reported profit is given by

. T
dﬂ' = _Efr,lfTﬁ—ﬁd (dTﬁ— + dTﬁ—)
where €5 17, is the net-of-tax elasticity of reported profit, and on capital input
by ~
Ty k

WE) = et R T

d (dTﬁ + dTﬁ-)
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where €, ., 5 Is the user cost elasticity of capital (with ¢ denoting the non-tax

cost of capital and, thus, Cf%k the tax wedge as percent of the total user cost).
The term dT% captures a change in marginal tax rates due to non-linearities,
dT; = Trzd7t. As Saez (2001), I use an approximization by linearizing the tax

schedule, i.e. Ts# = 0. The elasticity effect is thus given by

T .~ T? k
Er1-—T-T 9 N ——
[T T ket T o (1 Ts)

f(&\k) f (k) dk-dra*drz

Note that there is no income effect for all firms above #* +d#*. The optimal
tax schedule is then found where M 4+ E = 0 which provides the optimal tax
rate expression in Sect. 2.7.

Optimal marginal tax rate on capital

Now, consider the mechanical effect for k:

(oo}
My = dk*dry | f(k)dk = didrs (1 — F (k%))
k*

Now, turn to the elasticity effect (E), that is in generalized form given by

By = /Oo [Tfr (7 (k%) k%) df;gj) + T (7 (K*) , k")

— 00

dk ()
di

f(#|E")dn-f (k*)-dk*dry,

A change in T} affects the stock of capital in the range between k* and

k* + dk*. The elasticity effect is dk = —88,}1 (dri + dTy). With dT}, = 0, see

above, we have

k
€k,c+fk ¢+ Tk 1— Tﬁ—
dit n
—¢E T
dr ketTee v 71— T

dk () (dr + dTy)

dn

The elasticity effect is therefore given by

AR T [ T. di e e
By =Fk"f (k") - dk di.C—i—Tk [m |:1+1_717T(Clﬂ-:| 5k,c+i“kf(7r‘k ) it

Adding the mechanical and elasticity effects, M+ Ey = 0, yields the optimal

tax rate expression in Sect. 2.7.
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5.5 Proof of Corollary 2

Proof. The government chooses T' (QT), T (0) and Ty, (0) for all > 7 and g

as to maximize

o7 6
/ Hof(e)d0+/ I1(9) f (6) do
9 o7
0 #(6) k(0)
A
+ /

T (QT) n /W(GT) T (0) di + /k<0T> T, (0) dk] £(0)d0 — Xe(g,n)

In the optimum, changes in any the policy variables has, thus, no first order
effect on welfare. Furthermore, note that a change in II° has no impact on
any decision of firms with types § > 7. Accordingly, a change in II° has the

following effect on welfare:

aT

0 . QT
[ s () -] () 2

_ T
From (17) follows that T (QT) —cp = % ! j?e(TQ) )7T9 <k,g,QT) > 0. Therefore,
the second term of the equation above is strictly smaller than fGQT dI1° f (6) de.

5.6 Proof of Prop. 5

Proof. The Hamiltonian is given by

H = [r(kg.0)—x(A)— 1) (A,0)
() 7o (kyg.0) (1 — &) + v (0) TL(O) o (A, 0)

The first order conditions are given by

e (A 0) + p(0)mor (1 —K') = 0
—r'o (A, 0) — () mpr” = 0
as well as
miilg) = |-14+v(0) +[r— (D) —I1(0) +v () IL(0)] @(Sf\A,Q) © (A, 0) = —/ ()
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from which follows:
p(0)=[1-v(0)—[r—r(A)=I10) +v(0)IL(0)]1(0)] ¢ (A,0)

with 7 (0) = % > 0 the migration semi-elasticity. For all types but the

lowest one, we have

~
—
e
~
Il

[1—[r—r(A)=TL(O)]n(0)] ¢ (A, 0)
po) = [L=T(O)n(0)]e(A0)
and @/ (0) = [1—v(0) =T (0)n(0)]¢(A,0). The transversality conditions are

1 () = 0and p(00) = 0. Integrating 1/ (6) = [1 —T (8) n (0)] ¢ (A, 8) over types

gives

u(9)=/9Tu’(9)d9

With g (67) = [L=v(60) = T (8) 1 (6)] i (A, 6) and ' (6) = [1 = T (6) n (6)] ¢ (A, )

otherwise, u (0) can be expressed as p (0) = ( ) (A 9T> +f6T —T(0)n(0)]¢(A,0)do.
Since p (6) = 0, it must be that v (6) ¢ (A fe 1- n(0)] ¢ (A, 0)db.
It follows

0
uw):—/e 1T 0)n @) (A0 do = —(1-2(1,0) (1-T7)

where Tne = #(A,Q) /, j [T (0)n(0)] ¢ (A, 0)db is the average tax-revenue-weighted
migration semi-elasticity for types above 6.

The derivation of optimal tax rates follows the proof of Prop. 2 with an
adjusted p (0) and density term (p (A, ) instead of f (0)):

. 1-®(A,0) / —
T, (0) = Wﬂek(l—“)(l—ﬂ?)
_1-oA0) —0

B0 = g e (1-7)

Now, turn to the provision of public input goods. The government sets g to

maximizes |, 00 HdO — c(g). The first order condition with respect to g is

[ oo (4.6) + Oy may (1~ ) d — ) =0
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from which follows

/wgw (A,0)do — ¢ = / [mmg (1— &) (1 - Tne)} o (A, 0)do

Finally, consider the choice of §7. For given marginal tax rates on profit
and capital (both unaffected by the lump-sum tax due to the absence of income

effects on firm decisions) as well as a given level of public input goods, g, tax rev-
enue is given by [ [w (k, g,QT> —1I° + f:((gi) T (0)dn + f:((g);) Ty (0) dk] v (A, 0)do

I1° denotes the best available option. Optimizing over 2 gives the optimality

condition in (11).

0 = - (w (kz,g,QT) - H) 0 (A,QT> + (k,g,QT) /<p(.,9) df
~r0 (k9.07) [T0)en (1,0)d0 + ¢ (8,07 c,
from which follows

1- & (A,QT)

w(67) ~ 117 = mo (k.0.67) )

(7)ot

.0 S
using T = #(A,G)f@ [T (0)n(0)]¢(A,0)do. m
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