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the optimal tax rate set by the competing government.
In addition to taxation, location choices are of course also determined by the distribution of
migration costs and idyosyncratic preferences. These parameters are taken as exogeneous to the

tax policy, and are therefore not affected by changes in the net-of-tax rate.

2.2 Government Problem

The government sets the linear tax rate 7, and redistribute the collected revenue through a univer-
sal demogrant 7. Summing individual earnings functions y;(1 — 7) over the total number N of
taxpayers in the economy allows to obtain the aggregate earnings Y =Y ; N;y;. Total income in the
economy is thus determined by individual earnings and the number of taxpayers at each income
level in the economy, that are both a function of 1 — 7. It follows that the government budget con-
straint can be written as R = Y (1 — 7)7. This tax function sheds light on the effect of taxation on
tax revenue. When the tax rate is equal to one, there is no incentives to work and the tax revenue
is equal to zero. When the tax rate is equal to zero, aggregated earnings are maximized but cannot
be redistributed. The guaranteed income level 7 is determined in equilibrium by the total amount

of tax revenue I? and the linear tax rate set by the government.

2.2.1 Social Preferences

The government chooses the level of taxes 7 in order to maximize a social welfare function. I
follow the approach developped by Saez and Stantcheva [2016] and use the concept of gener-
alized social marginal welfare weights where g; measures how much the government values the
marginal consumption of individual ¢. This formulation is conveniently very general, and the wel-
fare weights are only defined up to a multiplicative constant as they measure only the relative value
of consumption of individual 7. Therefore, the government preferences for redistribution will be
loaded in the weights g;. The overall spectrum of possible preferences for redistribution, from low

to infinite, will be loaded in the distribution of the weights g; across earnings levels.



2.2.2 Tax Systems

I consider a free mobility union where symmetric countries can either compete or cooperate re-
garding the collection of their tax revenue. Symmetric countries are characterized by the same
exogeneous distribution of skills and population size. Importantly, I start by assuming that there is
no spillovers from integration, such that there is theoretically no differences between the autarky
and the federal systems other than migration driven by exogeneous parameters such as migration
costs and idiosyncratic preferences.

When the government is federal, it sets a uniform tax rate 77 that is paid by everyone regardless
of its residence in A or in B. As countries are perfectly symmetric, it is exactly equivalent to collect
and redistribute the revenue at the country or the union level, as countries have the same average
income level conditional on having the same federal tax rate 7/. Reconsidering Equation (4) in the
case where country A and country B impose the same federal rate, the difference in utility levels
can only be driven by migration costs or individuals’ preferences. It follows that in the federal
union, the mass of taxpayers in each country is exogeneous to the taxation rate, as any change in
the federal rate 7/ translates to a symmetric change in utility levels in both country, keeping the
migration condition summarized by Equation (4) unchanged. Without any additional assumptions,
as there is no tax-driven migration in the federal union, the federal tax rate is equal to the optimal
tax rate in autarky.” The only behavioural response to taxes in the federal union is captured by the
labour supply responses to taxation.

Rather than being part of a federal union, countries can choose to compete within the free
mobility union. Tax competition means that countries set their respective tax rates and redistribute
transfers separately, while individuals can freely locate in each country within the free mobility
union. With competing countries, location decisions are affected by the competing linear tax rate
set in country A 75 and in country B 75 as emphasized by Equation (4). Because of the tax
competition, the population of taxpayers in each country is no longer independent from the taxation
rate. The optimal tax rate of the competing economy 7 is therefore affected by two behavioural

responses to taxation: the intensive margin through labour supply responses to taxation, and the

2This is because wages are exogeneously determined, and even in the federal economy where migration may occur
between two countries due to non-tax factors, a change in the tax rate applied to everyone does not distort migration
decisions and is therefore not internalized in the government’s maximziation problem. As we will see later, the
independance of the federal tax rate to migration is likely to be changed in the case of endogeneous wages.


















be considered regarding the optimal tax problem. I start by studying a revenue-maximizing gov-
ernment. Then I consider a government that maximizes the total welfare in the economy, using
the concept of generalized social welfare weights, where g; captures the weight given to additional
consumption for individuals in the tax bracket 7, as in the linear analysis.

I extend the model to the case where individuals can react to taxation with migration. Similarly
than in the linear model, in the presence of tax competition, taxation affects individuals’ choices at
the intensive margin regarding their choice of income bracket, and at the extensive margin through
their migration choices. Conditional of being in the bracket 1, individuals choose to migrate from
A to country B if their utility is higher in country B. The migration condition considered in the
linear case is unchanged, except that the tax system is now non-linear, and 7; directly loads the

total tax liability of type-i individual:

uft = yi— T = vilys, 1) + 6 —m (10)
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As before, the migration condition establishes that location choices are driven by differences in
tax liabilities between the two countries, and the density of individuals in one country is therefore
a function of its tax liability in this country. As in the linear framework, in the presence of tax
competition the number of individuals in the national bracket ¢ becomes a function of the tax
and transfer schedule in this country h;(c;). Migration decisions are thus driven by average tax
liabilities, by contrast to occupation decisions that are driven by taxation on transitions from one
bracket to another. The migration responses to taxation can be summarized in terms of elasticity
concepts. By contrast to the linear case, individuals’ consumption does not depend on a net-of-tax
average rate, but of the amount of taxes paid and transfers received 7;. Therefore, I define the
migration elasticity as the change in the density of type-i individuals locating in country A when
their disposable income in country A is increased by one percent:

oh; ¢

x L (12)
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Note that &; is similar to ¢; for individuals with above the break-even point, and of opposite sign
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for individuals with income levels below the break-even point. As I define the migration elasticity

with respect to consumption in the linear case, it is positive at all income levels.

3.2 Intensive Model

In this section, I present the canonical intensive model first developed by Piketty [1997] and Saez
[2002] where individuals respond to taxation through labour supply choices only. In this model, a
change in consumption level in any bracket ¢ relative to another bracket ¢ — 1 induces individuals
to switch from bracket ¢ to bracket : — 1. For simplicity, I assume that agents can only choose
between adjacent occupations, and therefore, h; is only a function of ¢;, ¢;+1 and ¢;—1. I define the
elasticity of the number of individuals in bracket ¢ with respect to the differences in consumption

G —Ci—1

o Oh; " (ci—ci—1)
= a<ci — Cz'fl) hi

(13)

As outlined by Piketty [1997], n; captures the transition of individuals to bracket ¢ — 1 to bracket
1 when the difference in consumption between the two brackets is increased. The parameter 7);
captures the participation of each individual in bracket i, and can be easily linked to the earnings
elasticity e;. Following Saez [2002], T use the relationship 7;y; = e;(y;i—1 — yi). Hence, with
intensive responses at the labour supply margin, a change in the tax liability in the bracket i will
affect the transition rate between the bracket i and the adjacent occupations. The maximization of

the government tax revenue leads to the first order condition:

Ohi_1 Ohis1 Oh; oh;
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The optimal tax liability of the revenue-maximizing government is given by:

hi =T

Ti—Ti1  hithia+...+hy
Ci—Ci—1 hin;

(14)

The proof is formally derived in the Appendix A.4.1. Using 7; the implicit marginal tax rate
on bracket i such that 7; = (T; — T;-1)/(Y; — Y;—1), where 1 — 1, = ¢; — ¢;—1/Y; — Y;_1, and a; =

Yi/(Y; —Yi_1), we obtain the formula for the optimal marginal tax rate on bracket i in the case
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where individuals can only respond to taxation through labour supply choices. This corresponds
to the case of a federal government composed by symetric countries. When countries set the
same tax and transfer schedule and are symetric such that before-tax salaries are equal, there is
no differences in consumption between home and abroad that is affected by taxation. Therefore,

migration decisions are independent from 7;, and do not affect the optimal tax formula.

Proposition 3. Optimal Marginal Tax Rate of the Revenue-Maximizing Federal Government:

hi + h; ..+h
TZ'f _ it i1+ ...y (15)
hi+hit1+...+hr+ hiaze;
Proof. The proof is formally derived in the Appendix. [

As outlined by Saez [2002], in the absence of extensive margin responses to taxation, the
optimal tax liabilities are always increasing with i, and negative marginal tax rates are therefore
never optimal.> As a result, the marginal tax rate in the first bracket is very high, and is maximal in
the Rawlsian case with high redistributive taste. In complement to the formal maximization of the
government problem given in the Appendix, it is possible to provide a simple and intuitive proof
of Equation 15 by studying a small deviation in the tax schedule. Consider a small change d7" for
all brackets 7,7+ 1,...,1. This change in taxation changes ¢; — ¢;—1, leaving all other differences
in consumption levels unchanged. This change in tax liabilities induces a mechanical increase
in collected revenue equal to (h; + hi11 + ... + hy)dT. The change in taxation also induces a
behavioral response through the change in transition from bracket ¢ to ¢ — 1. Using the definition
of the participation elasticity, the mass of taxpayers in bracket i changes by dh; = —h;n;dT/(c; —
¢i—1), inducing a loss in tax revenue of dhi(7; —T;_1). Summing the behavioural and mechanical

effects to zero, we retrieve the formula for the optimal tax formula in the pure intensive model.

3.3 Extensive Model

I now turn to the extension of the canonical model, allowing migration responses to taxation. To

emphasize how the tax driven mobility affects the non linear tax schedule, I start by considering

The fact that negative marginal tax rates are never optimal would plausibly hold even considering participation
margin at the bottom of the income distribution in that model. This is because the government is Ralwsian, which
implies that the underlying welfare weights are very high for unemployed, and lower for poor workers.
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increase in taxes that is equal to —dT'(h;g; + hit+1gi+1+ ... + hrgr). Summing the welfare effects
to zero, we obtain the formula for the optimal non linear tax rate in tax competition presented in
Equation (19).

Comparing Equation (19) with Equation (18) allows to see how mobility responses to taxation
affects the implicit weights given by the government to mobile individuals. Because of b;, the
implicit welfare weight given to mobile individuals is lowered for individuals below the break-
point, and increased for individuals above. The optimal tax formulas in the non-linear discrete
framework therefore allow to emphasize how tax competition modifies implicitly the redistributive
preferences on the government, and how these mobility-adjusted welfare weights may have dif-
ferent values, but also different distribution, because of the transfer channel of tax-driven mobility

discussed in the previous section.

3.6 Effect of Tax Competition on Individuals’ Welfare

I then turn to the numerical simulations of the optimal non linear marginal tax rates schedules. The
numerical simulations for the non linear tax schedule are more complex, as they require to find the
non linear tax schedule and the distribution of earnings that simultaneously satisfy the government
first order condition. In order to compute the welfare effects of tax competition in the non linear
tax schedule, I first conduct numerical simulations in order to find the optimal tax and transfer
schedules in the federal and competing unions. For this purpose, I use a fixed-point algorithm
such that the optimal tax formulas in Equation (19) and Equation (18) and the optimal conditions
of individuals summarized by the behavioural elasticities in Equation (13) and Equation (12) are
simultaneously satisfied. Then, I compute individuals’ welfare taking into account the change in
the taxes and transfer schedules and the changes in labour supply implied by the changes in taxes.
I describe these two steps in details below.

I use a discrete grid of earnings with eight tax brackets based on the same empirical French
earnings distribution used in the linear framework. I define h; as the number of individuals whose

earnings fall in the range [y; — (i — yi—1)/2;yi + (Yi+1 — vi)/2]. The resulting discretized distri-
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bution of earnings used for the numerical simulations is presented in Table B.II. In the discrete
non linear model, the earnings grid and income levels are fixed, while intensive labour supply re-
sponses are loaded in the endogeneously determined population functions h;. The functional forms
chosen for the population functions h; need to be consistent with the structure of behavioural elas-
ticities defined in Equation (13) and Equation (12) and should coincide with empirical populations
hY when the tax schedule is equal to the actual tax schedule. As in the linear framework, with
symmetric countries, there is no tax-driven migration in equilibrum and the effect of migration on

taxpayers’ population and densities can be ignored. From Equation (13) it is possible to write:

a;€e;
C; —Cj—
h; = hY <0—01> (20)

G — 61

Where (c?_l,c?...,c?) are the actual after tax schedules. The after-tax schedule used for the
simulation is a very simple approximation of the real current after tax schedule, with a linear tax
rate of 50 percent and a constant transfer of 5,000 euros. However, the results of the numerical
simulations show very little sensitivity to the initial tax schedule used to solve the model. Using
the functional form for A; and the exogeneously chosen g;, I find the tax and transfer schedules
such that the optimal conditions of the government summarized in Proposition 5 and Proposition
6 and the behavioural responses summarized by Equation (20) are simultaneously satisfied.

With these optimal non-linear tax schedules at hand, I turn to the welfare analysis. As in the
linear case, individuals’ welfare is computed using the functional form described by Equation (8).
The change in welfare from the federal union to the competition union is caused by the change in
the optimal tax and transfer schedule and the change in labour supply that is loaded in the change

of the endogeneous mass of tax payers h;. The results of the numerical simulations are presented

in Table 2 and Figure 2, while the shape of the optimal tax schedule is displayed in Figure 3.

4 Conclusion

This paper quantifies the welfare effects of tax competition. The results show that individuals in the
bottom fifty percent of the income distribution always lose from tax competition, and would always

be better off in a federal union. Their loss in welfare ranges on average from -10 to -20 percent,
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Table 2: Effects of Tax Competition on Optimal Taxes and Welfare With a Non Linear Tax Schedule

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Elasticities e=0.25 £&=0.1  Elasticities e=0.25 £&=0.2  Elasticities e=0.25 £=0.3  Elasticities e=0.25 £=0.4
I- Average Marginal
Tax Rates (Marginal
Tax Rate in the Top
Bracket in Parentheses)
Federal = Competition  Federal = Competition  Federal = Competition  Federal = Competition

Rawlsian .69 .68 .69 .67 .69 .66 .69 .64
(.64) (.63) (.64) (.61) (.64) (.59) (.64) (.55)
Highly Redistributive .62 .60 .62 .58 .62 .56 .62 53
(.57) (.54) (.57) (.51) (.57) (.48) (.57) (.45)
Mod. Redistributive 43 41 43 .39 43 37 43 35
(.37) (.35) (.37) (.31) (.37) (.29) (.37) (.26)
II- Welfare effect of
Tax Competition (%)
Bottom 10  Bottom 50 Bottom 10 Bottom 50 Bottom 10 Bottom 50 Bottom 10  Bottom 50
Rawlsian -7 -3 -8 -4 -2.9 2.4 -4.8 -4.3
Highly Redistributive 2.7 2.1 -4.5 3.4 -7.3 -5.9 -11.7 9.5
Mod. Redistributive -4.5 -34 -8.3 -5.0 -12.8 -9.3 -14.5 -11.5

Notes: This Table summarizes the effects of tax competition on optimal tax rates and welfare. The optimal non linear tax rates are computed following the formulas
presented with more details in the text and presented in Proposition 6 and Proposition 7. The numerical simulations use a discrete grid of earnings with eight
income tax brackets taken from the empirical distribution of labour earnings in France and displayed in Table B.II. The elasticity of migration with respect to
taxation &; and the labour supply elasticity e; are taken as constant across individuals and denoted ¢ and e. The average marginal tax rates reports the average
marginal tax rates across income tax brackets weighted by income in each bracket. The optimal marginal tax rates in the top income tax bracket are also reported in
parentheses. The welfare is computed following Equation (8) and the endogeneous densities are determined following the functional form detailed in Equation (20).
The moderately redistributive government corresponds to a government that values the welfare of individuals in the bottom fifty percent two times more than the
welfare of individuals in higher earnings’ deciles. The highly redistributive government values the welfare of individuals in the bottom fifty percent five times more
than the welfare of individuals in higher income deciles. The welfare effect of tax competition is the variation in percentage of individuals’ welfare from a federal
union to a competition union. A negative welfare variation means that individuals would be better off in a federal union.



Figure 2: Distribution of Welfare Gains and Losses from Tax Competition with a Non-Linear
Tax Schedule

Panel A. Highly Redistributive Goverment
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Notes: This graph shows the distribution of the welfare effects of tax competition across labour earnings’ deciles.
The welfare effect of tax competition is the variation in percentage of individuals’ welfare from a federal union to a
competition union. A negative welfare variation means that individuals would be better off in a federal union. The
moderatively redistributive government values the welfare of individuals in the bottom fifty percent two times more
than individuals in higher income deciles. The highly redistributive government values the welfare of individuals in the
bottom fifty percent five times more than individuals in the higher deciles. The tax system is non linear. The parameter
&, is the elasticity of migration with respect to the disposable income, and is taken as constant across earnings’ deciles.
See the note below Table 2 for more details on the computation of the optimal tax rates and individuals’ welfare.
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Figure 3: Optimal Non-Linear Tax Schedules
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As in the previous section, the first term of Equation (25) captures the effect of tax-driven

migration on welfare through its effects on residents’ consumption: (i) a change in taxes paid (ii) a
change in the amount of transfers received because of change in tax liabilities (revenue effect) and
change in absolute number of transfer beneficiaries (transfer channel). The formula is augmented
by an additional term capturing the effect of tax-driven migration of the amount of individuals
who enter in the total welfare of the country. The underlying intuition is that any change in the

tax rate 7 causes a change in the total welfare through the amount of individuals who leave the

ON;
country and somehow “take their welfare” with them. This effect is of magnituded(l—z)that
-7

captures the magnitude of migration responses to taxation, and has a welfare cost g;u; as any type-
i individual leaving the country decreases the sum of total welfare by its consumption weighted by
its corresponding welfare weight. Note that for individuals below the break even point, NV; is an
increasing function of the net-of-tax rate, and therefore an increase in 7 increases the total welfare

by including immigrants in the welfare sum. The FOC of the government can be rewritten:

Z\H

ZNigi <_yi +
Y Nigi (yz +
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How is the optimal linear tax rate changed if the size of the welfare sum, or said differently the

population that is taken into account in the total welfare of one country, is changed by taxation?
There is a first change through the average welfare weight parameter, that is now affected by the
migration elasticity. The welfare weight of individuals is augmented (or lowered) by the strength

of their mobility elasticity. The optimal tax rate is also directly affected by an additional term
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driven moblhty on total welfare through its effect on the number of individuals included in the

- that is a welfare-weighted average mobility elasticity, capturing the effect of tax-

welfare definition. For individuals with a negative mobility elasticity, this term is positive, meaning
that the government has incentives to increase the linear tax rate in order to attract bottom earners
and to capture their additional welfare. To summarize, when the government maximizes the total
welfare in the country by also maximizing the amount of individuals included in the computation of
the welfare, there are three main effects of tax-driven migration on the optimal linear tax rate. First,
tax-driven migration changes the revenue collected in equilibrium through the revenue channel that
is captured by the income-weighted parameter . Second, tax driven migration changes the amount
that can be redistributed to everyone remaining in the country through the transfer channel that
is captured by the population weighted parameter €,. These effects are the one affecting welfare
through residents’ consumption, as in Equation (24). Third, tax-driven migration changes the
total welfare through the changed number of individuals included in the welfare aggregation in
equilibrium. This size channel affects the optimal linear tax rate through the welfare weighted
parameter &,, that captures the amount of welfare that can be attracted or loss due to the absolute

change in the number of individuals that enter in the government sum of weighted utilities.

A.4 Formal Derivation of the Non Linear Optimal Tax Rates
A.4.1 Intensive Model

The Ralwsian government maximizes the tax revenue R = Z;']:o T;h;, given that h; is a function of

(¢i — ¢i—1,¢i+1 — ¢i). The first order condition is given by the system of equation:

I
_ B ]
L

As individuals can only choose between adjacent occupation, it is easy to rewrite the first order

condition such that:

8}%’—1 3hi+1 8hi ahi
el g, T
Aei—cio) Mol — )

Using 8hi+1/a(6i+1 — Ci) = —6h¢/8(ci+1 — Ci), we obtain:

hi =T
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Oh;
8(ci — Cl‘,l)

Oh;

i = (1 —Ti- YR
hi = 1) d(ci —cit1)

+ (Ti41 —T3)

Using Equation 27 for i = i+ 1...I and the participation elasticity 1; = 0h;/0(c; —ci—1) X (¢; —

¢i—1) X h; we obtain:

T;—Ti-1  hithip1+...+hg
Ci—Ci—1 hin;

To express the optimal tax schedule as a function of the standard labor supply elasticity e;, |
follow Saez (2002) and use (y; — yi—1)n; = €;y;, that yields to n; = e;y;/(y; — yi—1). Using 7; the
marginal tax rate on bracket ¢ such that 7; = (T; —T;—1)/(Y; —Yi—1), where l — 1, = ¢; —¢;—1 /Y —
Y;_1, we obtain the formula for the optimal marginal tax rate on bracket i. As outlined by Saez
(2002), in the absence of extensive margin responses to taxation, the optimal tax liabilities are
always increasing with i, and negative marginal tax rates are therefore never optimal. As a result,
the marginal tax rate in the first bracket is very high, and is maximal in the Rawlsian case with

high redistributive taste.

A.4.2 Extensive Model

Let’s consider now the case where individuals respond to taxation through migration. Conditional
of being in the bracket i, individuals can choose to migrate from A to B if u;(c?,y;) > wi(cf, vi).
In that case, the fraction of individuals in a given tax bracket h; is a function of the overall tax
schedule in the bracket i 7;. Consider first the case where there are only extensive margin responses
to taxation. In that case, the number of individuals in the tax bracket i is only a function of the
overall tax liability 7; that determines migration decisions. The system of first order conditions

follows:

hi = =—T; 2
de; (28)

Making use of the migration elasticity formula:

== (29)



