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Abstract

Two key determinants of optimal tax policies in open economies are the mobility of factors
of production, capital and labor; and strategic interaction between governments in setting their
policies. This paper develops a two-country, open-economy model with labor mobility and a
global financial market to study optimal taxation. Governments engage in tax competition
in which they choose a labor income tax code and a capital income tax rate. A quantitative
application of the model to the United Kingdom (UK) and Continental European countries
(CE) shows that factor mobility and competition between governments are indeed crucial in the
design of optimal policies. Incorporating labor mobility leads to a divergence in the optimal
tax system: Unlike in an economy with only capital mobility, where both countries use similar
capital income tax rates, the optimal capital income tax rate in the UK is lower than that in
the CE when both capital and labor are mobile. This is due to the differences in productivity
between the two countries. In the calibrated economy, the UK, whose productivity is higher
than that of the CE, attracts more labor through migration. Thus, the welfare-maximizing
level of capital in the relatively small CE is lower than that in the UK. Moreover, I find that
capital income tax rates are higher with competition. With competition, both governments lower
capital income tax rates, rendering the marginal benefit of a lower tax rate to decrease. The
steady-state welfare gain from implementing the Nash equilibrium policies is about 11 percent

of consumption of the status quo economy.
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1 Introduction

In September of 2012, French president Francois Hollande introduced his plans for a 75 percent
income tax on “the rich.”[[| The announcement immediately incited concerns about the exodus of
talented workers from France. These concerns were not unfounded: While awaiting the French tax
reform earlier in June, David Cameron, the Prime Minister of the United Kingdom, had offered to
“roll out the red carpet and welcome more French businesses to Britain.”ﬂ

The controversy caused by this French legislation (and Britain’s ready response to it) is an
example of the recent policy debates taking place in many countries. These debates have centered
on the issues surrounding the optimal degree of income redistribution through taxation, and the
competition between governments in attracting scarce resources — capital and high-skilled labor.
Although a progressive tax system provides income insurance to households, it can lead to a flight
of resources in open economies. Thus, governments may engage in tax competition in an effort
to attract the factors of production. This paper studies the optimal labor income tax codes (par-
ticularly, progressivity) and capital income tax rates in economies confronting international factor
mobility and competition between governments.

Although economists have studied the effects of capital or labor mobility on taxation in an
international tax competition framework, a joint analysis of the mobility of both factors on opti-
mal taxation has not been conducted. However, since the marginal product of capital (labor) is
increasing in labor (capital), considering both factors is important: A tax system that induces ac-
cumulation of one factor increases the marginal product of the other. Thus, optimal policies should
weigh the tradeoffs of taxing capital and labor. Moreover, human capital can differ in its quality
(skilled and unskilled labor, for example), and the returns to investment are heterogeneous across
households. Therefore, when countries differ in the relative efficiency of unskilled and skilled labor
in production, the optimal progressivity of labor income tax codes are affected by the possibility
of labor mobility. Thus, the progressivity of the labor income tax code is an important component
in the design of government policies in open economies.

Further, in this paper, I capture one of the key aspects of optimal taxation in open economies:
the strategic interaction between governments. Empirical studies show that the migratory response
to tax rates can be large for both capital and laborE| which can lead to tax competition between gov-
ernments. Quantitative studies of optimal taxation have abstracted from these strategic concerns

by the governments, which I take into account in this paper.

1On December 29, 2012, however, France’s Constitutional Council ruled that the policy was unconstitutional. In
response to the ruling, Prime Minister Jean-Marc Ayrault said that the government “will present a new proposal in
line with the principles laid down by the Constitutional Court.”

2David Cameron made this comment at the G20 summit in Mexico on June 19, 2012. (Murphy, Richard. “In
wooing French tax exiles, Cameron makes a mockery of democracy,” The Guardian, 19 June 2012.)

3 Altshuler et al. (1998) finds the elasticity of capital with respect to tax rate of around -2.7. Hines (1997, 1999)
and Hines and Rice (1994) also report high degree of responsiveness of Foreign Direct Investment with respect to tax
rates, internationally and across states in the U.S. Gorter and Parikh (2000) uses countries in the European Union
and finds the elasticity to be around -4.3. On the labor side, Kleven et al. (2012) finds that a one percent increase
in take-home pay increases migration of the skilled labor by 1.5 percent, which is based on Danish micro data.



In order to address these issues, I build a two-country, open-economy model where governments
compete in setting their tax systems. Countries in the model differ in their production technologies
— the relative efficiency of unskilled and skilled labor — and human capital production technologies.

Households, who reside in one of the countries, live for two periods — one as a child and the other
as a parent — and are altruistic towards their child. The parents, who make economic decisions,
are heterogeneous with respect to their skill level (skilled or unskilled), assets, and idiosyncratic
labor productivity, among others. They make consumption and leisure decisions, leave bequests,
and invest in the child’s human capital, which increases the probability that the child becomes
skilled. At the end of life, after observing a migration (dis)utility shock, households make migration
decisions. Households in the economy can freely trade international bonds. However, they face
incomplete financial markets: Explicit insurance market for idiosyncratic labor risk does not exist.
Incorporating heterogeneity across households makes the model suitable for the analysis of the
differential welfare impacts of tax systems across households. Moreover, the model provides a
framework with which I can discuss the tax-induced migration decisions of the skilled and the
unskilled, which has been important policy debates in recent years.

The tax competition framework in this paper follows that of Mendoza and Tesar (2005). Govern-
ments engage in a one-shot tax competition gameﬁ where they maximize the steady-state welfare
of households residing in their countries, by choosing a labor income tax code (allowing for pro-
gressivity) and a capital income tax rate. In doing so, the governments take as given the other
country’s tax system. They finance a fixed amount of revenue per capita, with which they provide
public educationlﬂ and transfer back the rest of the proceeds to households in a lump-sum fashion.

In the quantitative analysis, I apply the model to the United Kingdom (denoted as the “UK”
hereafter) and Continental European countries (an aggregate of France, Germany, Italy, and Spain,
denoted as the “CE” hereafter). These are the countries between which no immigration barriers
exist, thus making them suitable candidates for a discussion of optimal taxation in presence of labor
mobilityﬁ I calibrate the parameters to match the observed economic outcomes and migration
statistics (in 2000), taking the status quo tax systems and public education spending from data
as given. By following this route, I implicitly assume that the currently observed tax systems in
the countries under consideration are not yet the result of the tax competition game in the model
economy. I follow this approach since the observed tax system in 2000 had their origins in previous
decades in which labor mobility rates were dramatically lower than they are nowm Thus, the view

taken here is that the increased labor mobility and competition between the governments have not

41 assume that they are able to commit to their policies, by for example, an institutional arrangement. Klein,
Quadrini, and Rios-Rull (2005) study time-consistent taxation in open economies.

5Since I model the endogenous accumulation of human capital and the impact of tax policies on skill distribution,
public education is an important part of government policy in this analysis.

5Therefore, I abstract from immigration policy choices of the governments. Kennan (2013), on the other hand,
studies the effects of removing restrictions on immigration.

"In fact, between 1987 and 2004 in EU-15, the total number of foreign residents grew 48.7% (14.4 million to 21.4
million). Within EU-15, the increase is higher at 64.1 % (9.2 million to 15.1 million). So, we see a large increase in
foreign residents in countries in the EU.



yet fully shaped the tax systems in these countries, but will do so in the future. The questions I
aim to answer in the quantitative analysis are: (a) Given the fundamentals and mobility patterns in
2000, if governments compete with each other non-cooperatively, what would be their tax systems
in the long run?; (b) Does labor mobility matter for this result? and; (c) What if there were no
strategic interaction between the governments?

In the calibration exercise, I find that the UK has higher overall productivity and relative
efficiency of skilled labor in production than the CE does. These asymmetries are necessary to
match observed higher skill premium and higher percentage of skilled (which I define as college
graduates in the data) in the UK compared to the CE. Based on these parameters, I find the Nash
equilibrium of the tax competition game, and conduct two counterfactual analyses to understand
the effects of labor mobility and competition.

In the Nash equilibrium, the UK implements a progressive labor income tax code (average labor
income tax rate is 52 percent) in conjunction with capital income subsidy of 32 percent. On the
other hand, the CE levies a 6 percent tax on capital income, and uses a less progressive labor
income tax code relative to the UK (with an average of 50 percent). The capital (labor) income
tax rates in the Nash equilibrium are markedly lower (higher) than those in the status quo: In the
status quo, the UK levies a 48 percent and (on average) 24 percent tax on capital and labor income,
respectively, while the analogous numbers are 28 percent and 30 percent for the CE.

There are several features of the Nash equilibrium tax systems that are worth discussing. First
of all, in the Nash equilibrium, both countries use lower taxes on capital, as capital is more mobile
than laborﬁ In this economy with mobile labor, a low capital income tax rate not only attracts
capital, but also labor, indirectly through higher Wagesﬂ Secondly, the capital income subsidy
result is consistent with the findings in Davila et al. (2012): In economies with incomplete markets
and large asset inequality, the laissez-faire equilibrium might feature under-accumulation of capital.
Therefore, governments might find it optimal to subsidize capital. Furthermore, since I allow for
the use of progressive labor income tax code, both governments use progressivity to compensate
for the missing private insurance markets for idiosyncratic labor risk[[|

To further analyze the Nash equilibrium results, I conduct two analyses: One is aimed at
understanding the effects of competition, and the other, the effects of labor mobility on optimal
taxation. First, to study how competition affects optimal taxation, I let the UK (CE) unilaterally
reform its tax system, taking as a given the status quo tax system of the other. This is in contrast
to the benchmark Nash results, where countries strategically interact and compete in setting their
tax systems. In the unilateral reform, I find that the UK and CE act more aggressively in setting
their policies: The capital income tax rates are lower in the unilateral reform case. This is driven
by the existence of the global financial market in the large open economy model: The benefit of a

lower capital income tax rate is higher when the other country’s capital income tax rate is higher,

8In the model, capital is freely mobile (through a global financial market), but households face migration cost
shock upon migrating to the other country.

9This is due to the fact that marginal product of labor is increasing in capital.

!9This point was also discussed in Conesa and Krueger (2005).



which is the case in the status quo.

Second, to isolate the effects of labor mobility, I compare the Nash equilibrium tax systems in an
economy with only capital mobility to the benchmark result (both capital and labor mobility). The
Nash equilibrium capital income tax rates between the UK and CE are similar in the economy where
only capital is mobile. However, as countries open up to labor mobility, the capital income tax rates
diverge: The UK lowers its capital income tax rate further, while the CE does the reverse. When
labor is mobile, the UK, whose productivity is higher, becomes a country with more population.
Therefore, the welfare-mazimizing level of capital in the UK is higher than that in the CE; thus,
the UK lowers its capital income tax upon opening up to labor mobility, while the CE does the
reverse.

Finally, I find that implementing Nash equilibrium policies leads to the steady state welfare gain
of 11 and 13 percent of consumption in the status quo economy in the UK and CE, respectively.
Under the Nash equilibrium policies, after-tax return to capital increases since capital income
tax rates are lower. As both countries increase the progressivity of the labor income tax code,
households (i) reduce human capital investment, lowering fraction of the skilled workforce; (ii) work
less; and (iii) the unskilled benefit more from the reform than the skilled do, by about twofold.
Furthermore, there is a 5% increase in the skilled labor residing in the UK (out of global skilled
workforce), despite its highly progressive labor income tax system. This is due to high level of
capital stock in the UK, which increases wages, leading to higher after-tax labor income for the
skilled labor. Incorporating mobility of both factors of production, therefore, is essential for the
determination of the optimal tax system, as with only capital (labor) mobility, we cannot capture

the indirect effects of lowering capital (labor) tax rates on the mobility of labor (capital).

Related Literature This paper is located at the intersection of several strands of literature,
including that on (international) tax competition, optimal taxation of capital and labor, and the
effects of labor mobility on macroeconomic outcomes.

There is a wide literature that studies international and interjurisdictional tax competition in
capital and laborE With regard to the capital income tax dimension, Gordon (1986) and Razin
and Sadka (1991) theoretically study two different types of capital income taxation: source versus
residence-based taxation, as well as taxation of different kinds of capital. As for labor income tax
competition, Mirrlees (1982) and Bhagwati and Hamada (1982) are seminal papers that focus on
the taxation of foreign and domestic labor income in less-developed countries. Razin and Sadka
(2011, 2013) also conduct analytical studies of labor income tax competition, but take the flow
of migrants as exogenous and abstract from capital mobility@ Fiscal federalism literature E is

also concerned with the welfare impacts of interjurisdictional tax competition. There, the regional

"There are also tax competition papers that deal with tax on consumption goods (Chari and Kehoe (1990) and
Kanbur and Keen (1993), for example) or corporate income (Devereux et al. (2008), for example).

2The model in Tiebout (1956) also studies labor mobility and its impact on the provision of public goods in
multiple communities.

3For a review of interjurisdictional competition in federalism literature, see Oates (1999).



governments focus on providing public goods, while facing the threat of the flight of capital or labor.
This paper complements these literature by analyzing mobility of both factors within a model, and
quantitatively analyzing the effects of the mobility on optimal taxation.

The paper that most closely relates to the framework I use in this paper is a 2005 study
by Mendoza and Tesar. In it, the authors study a tax competition game in a dynamic general
equilibrium model with capital mobility. A capital income tax rate is chosen to maximize welfare in
the balanced growth path, while the labor income tax (or a consumption tax) is a tool used to ensure
fiscal solvency. They find that in the UK and Continental Europe (which they define as France,
Germany, and Italy)E the Nash equilibrium is close to the observed tax rates, when the labor
income tax is used to resolve fiscal solvency; there is no race to the bottom of capital income tax
rates. This result is driven by the distortionary effects of using labor income tax. The key difference
in their calibration and mine is that in my model, the Frisch elasticity is calibrated to be 0.3 (which
is consistent with micro estimates found in Browning et al. (1999)), while under their calibration,
the Frisch elasticity of labor supply is around 1.7; thus, distortions from taxing labor are higher
in their model. What is interesting though is that, when consumption taxes are used to ensure
fiscal solvency, they also see that in the Nash equilibrium, capital income is subsidizedE Unlike
Mendoza and Tesar’s analysis, this paper incorporates labor mobility, heterogeneity in households,
and a possibility of using progressive labor income taxes to allow for a richer analysis of optimal
policies in a tax competition framework.

The topics studied in this paper also intersect with the dynamic optimal taxation literature.
Starting with Judd (1985) and Chamley (1986), dynamic optimal taxation has been widely studied,
both theoretically and quantitatively. Most of these studies have been conducted in a closed
economy, representative household framework. My model, on the other hand, studies taxation in
large open economies, each of which feature incomplete asset markets and household heterogeneity.

Aiyagari (1995) studies optimal capital taxation in an incomplete markets model. He finds
that governments can improve the welfare of households by taxing capital income, which induces
households to decrease their precautionary savings. A more recent, related study by Davila et al.
(2012) examines constrained efficiency in incomplete markets, which has implications for capital
income taxation. They find that if the consumption-poor in an economy is relatively more labor
income-rich than asset-rich, the constrained optimum has higher aggregate capital than the laissez-
faire equilibrium — an argument for a lower (or negative) capital income tax rate. Also related
is a study of the dynamic optimal taxation in large open economies, analyzed by Gross in a 2012
paperm He finds that when large open economies use a territorial tax system, a zero capital income
tax rate in the long run is still optimal. Among others, Conesa et al. (2009) quantitatively studies
optimal taxation allowing for a progressive labor income tax system. They find that positive capital

income tax is optimal, in an overlapping generations model. This paper complements the existing

MThese countries are assumed to be identical in their fundamentals.

5This is similar to the Nash equilibrium results of my model under only capital mobility.

'SHa and Sibert (1997) also study strategic capital taxation in large open economies. They distinguish between
corporate and savings taxes, and find that capital importers set positive tax rates, while exporters subsidize capital.



literature by quantitatively studying the optimal taxation of both capital and labor in large open
economies with incomplete markets.

Lastly, this paper both relates to and expands on existing studies of the effects of labor mobility
on macroeconomic outcomes. Two studies by Klein and Ventura (2007, 2009) use a general equilib-
rium model to quantify the the aggregate effects of removing barriers to labor mobility. On a similar
note, Benhabib and Jovanovic (2011) solve the social planning problem of maximizing the welfare
of rich and poor country residents. These papers find big gains from higher mobility. However,
they do not consider the taxes nor human capital accumulation that I endogenize in this paperE
Enriching the analysis to allow for the effects on human capital yields important implications for

the impact of taxes on labor mobility and skill distribution in both countries.

The paper proceeds as follows. In the next section, I describe the model in detail. The model
description comprises defining the competitive equilibrium of the open-economy model and the
Nash equilibrium of the tax competition game between the governments. Following the model, 1
present the calibration strategies and results in section ] In section [ quantitative results are
discussed in several steps. I first analyze key household behaviors: the human capital investment
and migration decisions. Then, in section [£.2] I discuss the effects of changes in the tax code
on aggregate outcomes, which provides insights into the results of the unilateral reforms of the
UK and CE governments. Next, I present the Nash equilibrium policies and discuss the effects of
competition and aggregate outcomes in the Nash equilibrium. In section[£.4] I compare the optimal
taxation results with only capital mobility and with both capital and labor mobility to study the

effects of labor mobility in isolation. I conclude in section

2 The Model

In this section, I describe the model and define the competitive equilibrium given policy@ and Nash

equilibrium of the tax competition game.

2.1 Model Description

I consider a two-country, large open-economy model where both physical and human capital are
endogenously accumulated and mobile. Time is discrete and there is a fixed measure one of total
households (the sum of households residing in both countries is constant). Agents in the economy

live for two periods, one as a child and one as a parent, but only make decisions as a parent.

" There are also papers that relate immigration to resolving fiscal imbalances in the US. Storesletten (2000) uses
a general equilibrium overlapping generations model to capture the fiscal impact of immigration and claims, that
immigration can be used as a tool to solve fiscal imbalance in the US. Auerbach and Oreopoulos (1999), on the other
hand, finds a very small fiscal impact from immigration.

181 formulate the dynamic problem recursively and conduct a steady state analysis. Thus, I abstract from time
subscripts in the notations below.



Endowments and Preferences. Households (parents) are endowed with one unit of time which
they can divide between leisure and work.

Preferences of households are assumed to be represented by
u(c,l) + BEV'

where ¢ and [ are consumption and labor hours, respectively. The term EV’ represents the expected
utility of the offspring, which is weighted by the altruism factor 3.

Each household is heterogeneous in his country of residence (4), his child’s ability (z), skill level
of himself (#), capital (k) and international bond (b) holdings, and idiosyncratic labor productivity
shock (). I assume that there are two skill levels in this economy, skilled (s) and unskilled (u),
thus 6 € {s,u}.

The labor productivity shock € is independently and identically distributed (i.i.d.) across time
and households, and has distribution 7.(¢). In each period, a household with skill level § and i.i.d.
productivity shock e, who works [ hours, earns w'(f)le in country i.

When households decide to migrate to the other country, they incur a utility cost of moving h.
The migration decision is made after the realization of the moving cost shock, which has a proba-
bility distribution function (pdf) of f(h). In the model, I interpret h as incorporating both moving
cost and location preference, and thus use location preference and moving cost interchangeably to

denote h hereafter.

Human Capital Technology. Each household is born with his child’s ability level z € [z, Z].
The ability level is persistent across generations and evolves stochastically according to m(2’|2).

Human capital investment ﬂ increases the probability of becoming a skilled worker. Since I
assume that public and private spending on education are perfect substitutes, T refers to the total
education spending (public and private). Probabilities of becoming a skilled or unskilled worker
are represented by Q(s|z,Z) and Q(u|z,Z), where Q(-|z, &) is continuous in z and Z. Moreover,
Q.i(s|z, ) is positive, which implies that the return to human capital investment is higher for
children with higher ability.

Production. Production requires three inputs: physical capital, unskilled labor, and skilled la-
bor. I denote by K, capital, and U and S are the total amount of labor provided by unskilled and
skilled households, respectively. The production function is represented by F(K, U, S) and capital

depreciates at rate 4.

Market Structure. Households cannot insure against idiosyncratic labor income risk by trading

insurance contracts. However, they can participate in financial markets.

19Tn the current formulation of the model, human capital is accumulated through goods input (buying books, for
example). Erosa and Koreshkova (2007), on the other hand, models human capital investment as human capital
services purchased at the market wage rate.



There is a domestic capital market whose return is denoted as 1+ r*. Moreover, households can
trade international bonds freely, with a gross return of R. I assume that households can participate
in domestic capital market and international bonds market, but not in foreign capital market, which
requires some discussion.

Financial market structures in open-economy models can take several forms, and each has
important implications for the general equilibrium outcomes and optimal policies. If households
have costless access to both domestic and foreign capital markets and pay taxes based on residence,
the pre- and post-tax returns to capital in the two countries must be equalized in equilibrium. This
is in marked contrast to observed differences in capital income tax rates across countries. In order to
allow for the equilibrium capital income tax rates that differ across countries and for the existence
of a global financial market (capital mobility), I follow Mendoza and Tesar (1998, 2005) who assume
that households can only trade international bonds and invest in domestic capital markets. Under
this market structure, after-tax returns to capital are equalized in equilibriumﬂ Therefore, even
though capital cannot be invested in both countries, there will be reallocative effects of capital in
response to changes in tax rates, not only in the home country, but also in the foreign country; this

is the key mechanism necessary for the analysis in this paper.

Government Policy. Governments in this model have exogenous per capita expenditure require-
ments. They use the proceeds for providing public education (E?) and transfer back the rest of the
proceeds in a lump-sum fashion (T'R?). I restrict that the transfers must be greater than or equal
to zero (TR > 0). Since with labor mobility, population size is endogenously determined, I denote
by €' and tr’, per capita public education and lump-sum transfer provided by the governments.
While I abstract from most public policies (or welfare programs) run by the governments, I ex-
plicitly model public education expenditure. Modeling public education expenditure is particularly
important, since households make human capital investment decisions which depends on public
expenditure. Moreover, in the quantitative analysis, I map the model into countries which have
stark differences in their public and private education expenditure. I do not allow the governments
to issue debt, and thus, they must satisfy a period-by-period budget constraint.

The sources of government revenue are labor and capital income taxes. The labor income tax
code is denoted by 7(y;¥): An individual who earns y in an economy where average labor earning
is g faces a tax rate of 7(y;y). The purpose of this function is to allow for the progressive labor
income tax code, present in many countries. In this economy, capital is taxed at a flat tax rate of
7k, and I denote as 7° the tax system {7(y;%), 7%} in country i.

Moreover, I also assume that governments levy capital income tax on returns from the domestic
capital market (k), but not on returns from international bonds (b). In most countries, returns
from participating in domestic and international capital markets are treated the same. However,

due to no-arbitrage conditions, tax rates on international bonds must be the same in equilibrium.

20 As pointed out in Gross (2012), the equilibrium condition of this financial market structure is the same as the
one in which households can invest in both countries and countries levy source-based capital income taxes.



This would imply that different tax rates on capital income cannot be supported. One way of
circumventing this problem is to assume that countries levy different taxes on international bond
returns than they do on domestic capital income, with the restriction that tax rates on bonds are
same across countries. Under the current formulation, I assume that tax rates on interest from
international bonds are zero in both countries.

These are the restrictions on the kinds of tax instruments that governments use that I impose.
Therefore, in the tax competition game, governments optimize their use of policies within the tax
functions that I describe, taking per capita public education expenditure e’ and transfers tr’ as

given.

Timing. The model timing is as the following (summarized in Figure [1)).

A household enters its current period with the state variables (i, z,0,k,b,e). Each individual
(household) residing in country ¢ becomes a parent with the child’s ability z, his own human capital
6 (skilled or unskilled), capital goods k and international bonds b bequeathed from his parents, and
productivity shock e. Households provide labor (I), consume (c), invest in human capital (x),
purchase private capital (k’), and trade international bonds (b').

After the ability of the grandchild (2'), skill (¢’) and labor productivity shock (¢’) of the child,

and location preference shock (h) are realized, households make migration choices.

2.2 Competitive Equilibrium of the Economy

This section contains a detailed discussion of the household problem, the firm problem, government
budget constraint, and the definition of the competitive equilibrium, given an exogenous tax system

in both countries.

Household Problem. Each household starts his parental life in country ¢ with offspring’s ability
level (z), human capital (6), assets bequeathed from parents (k,b), and the i.i.d. labor productivity
shock (g). As mentioned above, households can bequeath assets as domestic capital (k) or interna-
tional bonds (b). However, due to the existence of a global financial market, the (after-tax) returns
to assets must be equalized in equilibrium. Therefore, the sufficient statistic for the household

problem is a = k + b, and the choice variable, a’. The household problem can then be stated as

Vi(z,0,a,e) = lfgi};/u(c, ) (1)
_ Vi, 0, d €,
+5 2/7;6,7}1:(27% 20 ¢ h) { E;, max Vj((z’,H’, a’,s’)) o ] }
s.t. c+z+d =01-7(y)y+ Ra+ TR, (2)
y=w'(f)l, (3)
a>0, ¢>0, 0<I<1 (4)
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where Z(z,x,2/,0 &', h) = 7(2'|2)Q(0'|2,x + E)w-(¢') f(h).

Each household (parents) chooses the optimal level of labor hours (), consumption (c), human
capital investment (z), and total bequest (a’) that maximizes his utility. Utility is derived from
consumption and leisure today and the expected value of the child’s utility in the future. The term
E(z,x,7, 6, & h) reflects the future expectations about realization of abilities (z'), skill level (6'),
i.i.d. labor productivity shock (¢), and migration cost shock (h). The ability of the grandchild
evolves stochastically, conditional on the ability of the child through 7(2’|z), and the skill level of
the child is a function of the child’s ability (2) and the sum of human capital investment by parents
(x) and public education expenditure (E%). T assume that private and public investment are perfect
substitutes, and therefore, the probability of becoming a skilled worker is Q(s|z, z 4+ E?). Moreover,
the i.i.d. productivity shock (¢') is taken into account for evaluating the future value function, as
well as moving cost (h), which has a pdf of f(h).

The second part of the household objective function includes the max operator that reflects
migration decisions of the households. Although all economic decisions of the parents are made
prior to the decision of migration, households only migrate after all realizations ({z’,6',¢’, h}) have
been made. I also assume that the migrants do not face any depreciation in their productivity,
following Bell (1997), who does not find any wage differential between immigrants and natives in
the long run.

Households maximize their lifetime utility subject to constraints f. The budget constraint
of the household is represented by . The left-hand side represents possible expenditures —
consumption, human capital investment, and physical capital investment (bequests) — and the
right-hand side represents sources of income — after-tax labor income, assets, and transfers from
the government. Equation specifies labor income of the households, and equation states
that parents cannot borrow against the future earnings of their child (they can only leave zero
or positive levels of assets). Consequently, parents have two ways of leaving their wealth to their
offspring: they can either leave assets or invest in the human capital of their child to increase the
child’s labor earnings.

From hereafter, for simplicity, I denote as s, the vector of state variables (z,0,a,¢), and ®(s),

the measure of households of type s.

Firm Problem. Firms in country ¢ produce goods using unskilled and skilled labor and capital,
and a constant returns to scale production function F' given market wage rates and rental rate of
capital

max F(K', U, S — (r' + ) K —w' U — w'S", (5)

Ki,U%,Si

where 9§ is the depreciation rate of capital.

11



This implies that in equilibrium, factor prices satisfy

r' = F(KLU,S8) -6 (6)
s o= RELULSY. (8)

Government Budget Balance. Governments use labor and capital income tax to provide per
capita public education e’ and transfer back ¢r* to households in a lump-sum fashion. They balance

their budget every period, and thus the government budget balance condition reads as:

i / %1 (s) + tr / ddi(s) — / Y (8)7 (4 (8))dDi(s) + riri KT, > 0. )
S S S

Governments cannot levy lump sum taxes, i.e., tr® > 0. Moreover, since governments tax capital

at a flat rate 73, the sufficient statistic for obtaining the total tax proceeds from capital income is

total private capital (K*) in each country.

Market Clearing. Market clearing conditions for the markets for goods and bonds are:

> (F(K U, 8% + (1 — 5)Ki> = >y (Ci XK E) (10)

i=1,2 i=1,2
B'+B* = o, (11)

where

ct o= /ci(s)d®i(s), (12)

S

Xi = / 2(3)dDi(s), (13)

S

A = / a'ddi(s)

= K'+ B, (14)

Ut = / I'"(z,u,a,€)ed®(z,u,a,¢), (15)
2,a,E

St = / I'(2,5,a,€)ed®(z, s, a,¢), (16)

Paat)

and K and B’ are aggregate capital and bonds in country i. As I noted in the previous section,
since the sufficient statistic in the household problem is the amount of assets bequeathed (a), but
not its allocation in private capital (k) and bonds (b), there is an indeterminacy of the capital and
bond position at the household level. However, by strict concavity of the production function, for a

given equilibrium price of capital r* and aggregate labor U*, S?, there is a unique level of aggregate
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capital such that the equilibrium price condition @ is satisfied. This condition pins down the level
of aggregate capital (K') in both economies, and from A’, I back out aggregate bond positions
using B! = A" — K*.

Now, I define a stationary competitive equilibrium of this economy, given government policy in

country i, {e’, tr'}, and the set of government policies, {71, 72}.

Definition 1 Given an evogenous level of public education expenditure per capita {e', e}, transfers
per capita {tr' tr?}, and tax policies {T1, 7%}, a stationary competitive equilibrium consists of value
functions for households, V; policy functions for households, {ci,li,xi,a/i}; production plans for
the firms, {K* U*, S%}; prices, { R, ", w!, w'}; and measures, ®, in both countries i € {1,2}, such
that:

(i) households mazximize given prices and policies: value functions solve (1)) subject to constraints
f with {ct, I*, x°, a/i} as associated policy functions;

(ii) firms mazimize given prices and policies: prices {r',w’, w'} satisfy (6)-(8);
(iii) government budget balance condition @ 1s satisfied;

(iv) market clearing conditions and are satisfied with the associated aggregate variables
defined in f; and

(v) ® is derived from the policy functions of households and probability distribution for i.i.d.

labor productivity shocks.

Thus far, I defined the stationary competitive equilibrium of the economy for given tax systems
in both countries. In the next section, I describe how I model tax competition and define the Nash

equilibrium of the tax competition game between the governments.

2.3 Tax Competition and Nash Equilibrium

Governments choose income tax function and a capital income tax rate that maximizes the steady-
state welfare of households at the stationary equilibrium supported by the tax system, taking as
given the other country’s tax rates. They decide on their time-invariant tax rates (functions) in the
beginning of the period that satisfy their budget constraints, and I assume that both governments
can fully commit to the tax system.

The welfare function that the governments maximize can take several forms depending on the
value they put on immigrants and emigrants. In this paper, I assume that governments have a
utilitarian social welfare function over the population residing in the country, at the time the tax
system is chosen. Thus, each government’s social welfare function, given the stationary distribution

of households ®(s) and the welfare of households achieved in stationary equilibrium V(s) is
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/ Vi(s)dd(s). (17)

S

While the social welfare criterion only captures the lifetime utility of the current residents, V*(s)
includes the residents’ potential utility from migrating to the other country in the future.
Moreover, the tax functions must be chosen so that they satisfy the governments’ period-by-
period budget constraints. Rather than using a fixed (regardless of population size) amount of
government expenditure, I use a per capita tax revenue requirement. It captures that the revenues
necessary to provide a given amount of government services increase with population, which is
important in this model, since population size is determined endogenously when labor is mobile.

In the next, I formally define a Nash equilibrium of the tax competition game.

Definition 2 A Nash equilibrium (non-cooperative equilibrium) of the tax competition game (given
public education expenditures per capita {e',e?} and transfers per capita {tr',tr?}) in this econ-
omy consists of a vector of government policies T¢, and associated competitive equilibrium prices
{R, 7%, wi,w}, and allocations {c*,1*, 2%, a,i}, and the stationary distribution of households in each
country ®° for i € {1,2} such that:

(i) for each country i, T mazimizes the steady-state welfare of the economy , taking as given

the tax system of the other country, T*; and

(ii) for {T1, T2}, the resulting prices, allocations, and stationary distributions are a competitive

equilibrium.

Since this is a dynamic general equilibrium model with heterogeneous households and incomplete
markets, it is difficult to derive analytical characteristics of the effects of changing tax rates on
macroeconomic outcomes and the best response of the game. However, I briefly discuss some
(qualitative) effects of changing labor and capital income tax rates.

In this model, lowering either capital or labor income tax rates attracts both factors: When
capital income tax rate is lowered in one country (fixing the other country’s tax system), the
country attracts more capital, increasing marginal product of labor (wages), and thus indirectly
labor migrates into the country. On the other hand, a lower labor income tax indirectly attracts
capital, and increases incentives for labor hours and investment in human capital. Moreover, in
equilibrium, no-arbitrage condition holds: After-tax returns to capital between the two countries
are equalized, (1—73)Fi(K,U, S) = (1—7})F(K*,U*, S*). Thus, governments will balance the use
of capital and labor income tax to provide the households with enough (dis)incentives to accumulate
capital and provide labor. The extent to which taxes can be better employed as a tool for increasing
the welfare of households, therefore, is not straightforward and must be solved numerically under a
reasonable set of parameter values. That is the goal of the quantitative analysis conducted in the

following section.
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3 Calibration

I use the United Kingdom (UK) and Continental Europe (France, Germany, Italy, and Spain,
hereafter referred to as the “CE”) as countries of interest for the quantitative analysis. The free
movement of labor within countries in the European Unior@ makes the UK and CE an appropriate
choice for the tax competition analysis with labor mobility. Moreover, as presented in Table |1} the
UK has a tax system and aggregate economic outcomes that differs considerably from the CE in
consideration. Therefore, considering the UK and CE is a suitable division of the countries in the
EU for calibration, and for the further analysis of the impact of free labor mobility on optimal
taxation.

In calibration, I assume that the current policies (data) are not the result of the tax competition
game in the model economy. Thus, I take as given the status quo policies, and find parameters to
match equilibrium outcome of the model economy to the aggregate statistics in 2000. The reason
behind this approach is that the tax systems in 2000 do not yet reflect high mobility rates and
increased competition more prevalent in the recent decades. So, the Nash equilibrium of the tax
competition game I present in Section [4] is the long-run prediction of tax policies given mobility
rates and fundamentals in 2000.

In the following, I first summarize some of the relevant data statistics and public policies in the
UK and CE in sections and after which I discuss the calibration strategy and parameter
values in sections and I briefly describe computational algorithm in section [3.5

3.1 Descriptive Statistics of the Macroeconomic Data in the UK and CE

Table [1]is a summary of descriptive statistics of the UK and CE[?]

For the CE data, I use weighted averages from France, Germany, Italy, and Spain. Weights are
obtained using the relative sizes of GDP and population: 0.25, 0.35, 0.24, and 0.16 respectively for
France, Germany, Italy, and Spain.

As shown in Table[l| the UK and CE have comparable GDP per capita. The UK has a higher
skill premium, higher labor earnings inequality, and a higher percentage of college graduates. How-
ever, overall tertiary education spending is higher in the CE, with its public spending comprising
about 75 percent of the total expenditure on tertiary education.

Intergenerational persistence in schooling is obtained from Causa and Johansson (2009). They
use OECD data to obtain the percentage increase in probability of an offspring obtaining college
education when his or her father is college educated, compared to those whose fathers only have

upper-secondary education@

21By Article 45 Treaty on the Functioning of the European Union (ex 39 and 48), which states that: “1. Freedom
of movement for workers shall be secured within the Community. 2. Such freedom of movement shall entail the
abolition of any discrimination based on nationality between workers of the Member States as regards employment,
remuneration and other conditions of work and employment.”

22Gtatistics for individual countries in Continental Europe are summarized in the Appendix (Table .

23They also report the same measure comparing fathers with college education and those with less than upper-
secondary education. In the UK and CE, the probability premium is around 0.38 and 0.45 respectively (calculated
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Migration-related statistics are obtained from OECD bilateral migration data. I calculate im-
migration stocks from the UK to the CE and vice versa, and find the percentage of college-educated
immigrants among the migrants from the UK and CE. Positive selection is evident from data, as
the percentage of college graduates among immigrants is 37.7 percent in the UK (36.4 percent in
the CE), whereas the same statistic for the total population within the country is 25.7 percent (20.0
percent).

Next, I describe the status quo public policies in the UK and CE.

3.2 Public Policies in the UK and CE

Following Benabou (2002) and Heathcote et al. (2012), the after-tax labor income is assumed to

take the following functional form:
§ = aoy' =", (18)

which is known to represent labor income tax systems in different countries quite well. The after-
and before-tax labor income is represented by ¢ and y, respectively. The parameter a; denotes
the degree of progressiveness. The average labor income taz function implied by the suggested tax

relation is
T(y) =1 —apy . (19)

When a; is equal to zero, the labor income tax rate is flat at 1 — ag.

I use this tax function to obtain the status quo tax function from data of the UK and CE.
Following Guvenen, et al. (2011), I use top marginal income rates and thresholds to impute tax
rates at multiples of average wages. Then, using the functional form (19)), I find estimates of ag
and a; that minimize the distance between the imputed tax rates from data and the labor income
tax function.

Given the average labor earnings in the economy y, the average tax rate for those earning y in
the UK and CE can be represented by the functions

y —0.0692
VK (y) = 1-0.7792 (g) ,

y —0.0970
“Fly) = 1-0.7196 (y) ,

and Figure [2] plots them. The smaller value of ag and a greater absolute value of a1 in the CE tax
function imply a higher (in levels) and a more progressive labor income tax code in the CE than
in the UK.

For capital income taxes, I use the effective average capital income tax rates from Carey and
Tschilinguirian (2000) who calculate capital income taxes between 1991 and 1997, by dividing the

sum of corporate income taxes and personal capital income taxes by net operating Surplusﬁ The

as weighted average of France, Italy, and Spain. German data is not available.).
?4This is the method used in Mendoza et al. (1994).
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capital income tax rates are 48 percent in the UK and 28 percent in the CEE

In the model, I allow governments to use their tax proceeds for public education. As will be
clear in the next subsection, I will define the skilled labor as those who have graduated from college.
Therefore, 1 use the percentages of GDP spent on tertiary education in the UK and CE as their
status quo public education policies. The UK, which has a lower labor income tax rates with less
progressive income tax code, spends 0.6 percent of GDP in providing tertiary education, whereas
the CE spends 0.9 percent of GDP. In the status quo, the CE, whose labor income tax code is more
progressive, provides more public education, which can offset the disincentives created by its tax
policies. The rest of the tax proceeds are assumed to be transferred back to the public in a lump-
sum fashion. These lump-sum transfers are meant to represent the governments’ redistributive

policies, which are not explicitly modeled in this paper.

3.3 Calibration Strategy

Given the labor and capital tax income systems and public education expenditure in the UK
and CE, I find parameters to match equilibrium outcomes of the model economy to the observed
data. In doing so, I allow for heterogeneity in the production and human capital production
technologies in the UK and CE. All other parameters are chosen to match relevant statistics in the
UK. I simultaneously calibrate the parameters and use them to quantitatively solve for the Nash
equilibrium of the tax competition game. In the following, I describe functional form assumptions

and mapping between parameters and equilibrium outcomes.

A. Production. The production function is represented by
. . . )1
Y* = KO‘{(AZU"+A’.SS”)P} .

It is Cobb-Douglas in capital and labor and labor input is a constant elasticity of substitution

aggregate of unskilled (U) and skilled labor (S). Thus, the skill premium can be expressed as

wi_ A (U
w, ~ AL \ST)

The parameter « represents the capital share in production, while A,, and A, are the country-
specific efficiency of unskilled and skilled labor, and p controls the elasticity of substitution
between unskilled and skilled labor (the elasticity of substitution is ﬁ—p)@

This parametrization has several benefits when compared to a version which models only one

25The trends in capital and labor income tax rates in the UK and CE over the last thirty years show that the
UK had lower labor income tax rates and higher capital income tax rates than the CE. The trends of tax rates and
capital and labor income tax rates of individual countries in the CE are reported in the Appendix.

26The production function can be rewritten as

1—a
)

F(K,U,S) = Z'K*(A'U"+(1—-A")S") % (20)
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kind of labor input. Most importantly, there is evidence of cross-country differences in the
substitutability of skilled and unskilled laborm In a model with labor mobility as this one,
differences in relative efficiency of two kinds of labor have implications for the tax-induced
efficiency gain from reallocation of labor across countries and optimal policies. Moreover,
in quantitative application of the model, I define the skilled labor as the college-educated
workers in the data. Thus, the skill premium (college premium) can be used as a target in
the calibration exercise, as well as data on migration patterns for those with and without

college education.

As is customary in the literature, I set capital share in production () to be 0.33. Another
production function parameter, p, which controls the elasticity of substitution between skilled
and unskilled labor, is set so that the CES is around 1.4 following Katz and Murphy (1992).

Taking as given capital share o and p, which controls elasticity of substitution between skilled
and unskilled labor, I calibrate AUK, AUK ACF and ACF that represent the efficiency of
skilled and unskilled labor in production within the model. Skilled labor in my model is
defined as workers who have graduated from college, and unskilled labor, as those who have
not. With this classification, productivities are normalized by letting AVX 4+ A% = 1. Then,
using the college premium in the UK and CE, and the ratio of GDP per capita in the UK
to the CE, values for AUK AYF and ACF are determined. The estimates of the college
premium are taken from a series of papers published as a part of the project “Cross Sectional
Facts for Macroeconomists”@ This calibration strategy is similar to the one used by Caselli
and Coleman (2006), in which they estimate the parameters of the CES production function
in different countries using skill premiums, capital level, and supply of skilled and unskilled

labor.

The capital depreciation rate § is chosen to match the capital-output ratio in the UK.
B. Utility Function. Households’ lifetime utility function is

1
1—0 _ 1 ll"v‘;

— EV’
- n1+%+ﬁ )

u(e,l) + BEV = &

where ¢ and [ are consumption and labor hours, respectively. Under this specification, the

theoretical Frisch elasticity of labor supply is .

I set the risk aversion parameter o to be 2, leaving three parameters to be calibrated within

where z° = (A} —|—Ai)17a, and A® = AaAin.
total factor productivity z°, and efficiency of skilled and unskilled labor with a normalization (A°).

#Caselli and Coleman (2006) estimate labor efficiency parameters A, and A, of the same production function
using the skill premium, and find heterogeneity across countries.

28 A summary of the project is presented in Krueger, et al (2010). I also obtain data for individual countries from
Blundell and Etheridge (2010), Fuchs-Schuendeln, et al. (2010), Jappelli and Pistaferri (2010), and Pijoan-Mas and
Sanchez-Marcos (2010), which summarize macroeconomic facts in Britain, Germany, Italy, and Spain, respectively.
From here on, I denote this series of papers as CSFM.

Thus, differences in A}, and A% can also be interpreted as differences in
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the model: the altruism factor 3, weight on utility of leisure 7, and the curvature of the utility
of leisure . Since households live for two periods, I assume a model time period of 30 years.
Thus, I find 3 3 to match the annual interest rate of 4 percent. In order to jointly pin down
the values of i and ~, average hours worked in the UK and the Frisch labor supply elasticity
are used as targets. The OECD reports that the average hours worked in the UK is around
1,715 hours annually, or 4.70 hours a day. Letting time endowment be around 13 hours a
day, this is equivalent to labor hours of 0.361. Moreover, the target value of the Frisch labor
supply elasticity () is 0.3 (Browning et al. (1999))@

C. Ability and Human Capital Production. I assume that ability across generations follows
a first-order Markov process with mean normalized to one. In particular, the following AR(1)
process is used:

logz = p.logz+e, e~ (002),

which leaves two parameters, p, (correlation of ability across generations) and o2 (variance
of error term) to be calibrated, where I use Tauchen method with 5 grid points to discretize

the process.

Probabilities of becoming a skilled or unskilled worker, Q(s|z, Z) and Q(ul|z, Z), are specified

as follows:

Q(slz,z) = min{yizigi,l}
Q(U’Z,i) = 1_Q(S|Zaj)

This functional form satisfies decreasing marginal returns in human capital investment with
¢' < 1. Moreover, the returns to human capital investment are increasing in ability. Therefore,
there are two parameters for each country to be calibrated: {vVX VO }, the technology
of human capital production, and {{UK LECF }, the returns to human capital investment. I
normalize Y% = 1 and find {¢VX | ¢CF 1CF} within the model, leaving a total of 5 parameters

including the ability parameters p, and 2.

These parameters affect the intergenerational persistence in schooling, percentage of college
graduates, and percentage of GDP spent on education. In the UK, schooling persistence is
0.22. The OECD reports that the percentage of college graduates among the 25 — 64-year-old
age group is 26 percent for the UK and about 20 percent in the CE. Moreover, the total
percentages of GDP spent on tertiary education in 2000 are 0.78 percent and 1.05 percent in
the UK and CE, from which 0.6 percent and 0.9 percent are public spending, and the rest,

private.

One of the key aggregate outcomes that I would like to analyze in this paper is the skill

2Gince the model time period is around 30 years, households might not respond to wage rates as much as macro
Frisch elasticities used in business cycle studies suggest. Therefore, I use the target Frisch elasticity to those estimated
and commonly used in micro literature.
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distribution in different countries. As shown in the summary statistics, the share of skilled
population in the CE is only about 80 percent of that in the UK. With common ability
and human capital production function parameters, such big differences in skill distribution
cannot be matched. Since the education system and quality of countries can differ, I allow for
heterogeneity in technology (v) and returns to human capital investment (§) across countries.
This makes it possible to match the education spending and skill distribution across countries,

with which I can analyze the effects of different tax systems in both countries.

D. Labor Productivity Shocks. I assume that the i.i.d. productivity shock to labor income

is drawn from a log-normal distribution:
loge ~ N(0,02).

The value of ag is found to match labor earnings Gini in the UK, which is reported to be 0.45
in 2000 from Blundell and Etheridge (2010).

E. Migration. Moving cost shocks have an exponential distribution (as in Armenter and Ortega
(2009)) with skill-dependent scale parameters of {k,, ks} and a minimum value of moving cost

(location preference) {k,, k}, i.e.,

f(h) = ke kithth) ¢ {u, s}.

Since this is a steady-state analysis of an open-economy with labor and capital mobility, net
mobility is always zero (while gross mobility might not be). Therefore, I set the percentage

of migration stock in the UK (from the CE) in its population as one of the data targets.

In order to match the percentage of college-educated migrants (positive selection is evident,
as seen in Table , I assume heterogeneity in scale parameters of the exponential distribution
across skill levels. Relevant targets are the population ratio between the two countries and

the percentage of college-educated immigrants.

Table [2| summarizes the model parametrization.

3.4 Calibration Results

Values of the calibrated parameters and model fit are presented in Tables [3] and [4

As emphasized before, there are two fundamental differences between the two countries: the
efficiency of skilled and unskilled labor in production, and the human capital production technology.
In the calibration exercise, I find that the UK has higher efficiency of skilled labor compared to

unskilled labor in production, i.e.,
AYE AgE
UK CE"
AU AU
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Moreover, the sum of labor efficiencies in the CE (ASF + AYF) is 0.945, which is lower than
normalized value of 1 in the UK@ The differences in labor efficiency parameters between the UK
and CE are qualitatively similar to those found in Caselli and Coleman (2006). The calibrated
parameters of the human capital production technology shows that the CE has higher technology
(v) and higher returns to human capital investment (£), conditional on ability of a parent.

These parameters (production and human capital technology) are found jointly to match the
GDP per capita ratio and skill premia, skill distributions, and education spending in both economies.
The UK has higher skill premium and higher percentage of skilled workers in general equilibrium,
which is consistent with the higher relative efficiency of the skilled in production. Moreover, high
technology of human capital production and returns to human capital investment are necessary to
match the skill distribution in the CE, while having a low skill premium. The model is successful
in matching targets along these dimensions.

Migration parameter choices also require some discussion. Since I conduct a steady-state anal-
ysis, net migration in both countries is always zero by construction. Therefore, in order to ensure
a stationary distribution of population in both countries, households should migrate to and from
both countries. To achieve this, I allow for the minimum value of the location preferences (including
moving costs) to be negative, which implies that a household living in the UK might prefer living
in the CE and vice versa. This allows households in the UK to migrate to the CE, for example,
even though it is not in their best interest to do so for economic reasons. I use data on migration
stock as a calibration target. In the status quo economy, migration stocks from the CE in the UK
is only 1.1 percent of the total UK populationﬂ This leads to a large value for the scale of the
distribution, implying a very strong preference for households to live in their birth country. The
lower scale for the skilled compared to unskilled reflects the lower cost of migration for the Skﬂl@d@

In the fully calibrated economy, government revenues collected from labor and capital income
taxes amount to about 30 percent of GDP in the UK and CE. According to the OECD Tax
Database, total tax revenues in the UK and CE (in 2000) are 37 percent and 40 percent respec-
tively, among which 30 percent are collected as consumption taxes (general and specific). Since
consumption, capital, and labor income taxes constitute three major sources of tax revenues, labor
and capital tax revenue range between 26 and 28 percentﬂ Thus, the calibrated economy is within

a reasonable range in terms of the magnitude of tax revenues relative to GDP. Moreover, more

30The parameter values imply that the production function in Equation is represented as
11—«
FUR(K,U,S) = K*(0.5762U"° +0.42385") 7 ;
FE(K,U,S) = 0.8764K%(0.6534U° + 0.34665")

1—a
3 )

for the UK and CE, respectively. The overall productivity is lower in the CE (0.8764) and the unskilled efficiency in
production, higher (0.6534), than in the UK.

31Total migration stock in the UK is about 11 percent of its population, with 3.5 percent coming from other EU
countries. However, since I want to focus on the effect of different tax policies on migration and aggregate outcomes
between the UK and the CE, 1.1 percent is the relevant data target for the purpose of this paper.

32This is consistent with qualitative differences in estimates for moving costs in Armenter and Ortega (2009).

33Gpecific tax categories include personal income tax, corporate income tax, social security contributions, payroll
taxes, property taxes, and general and specific consumption taxes.
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importantly, estimated elasticity of capital with respect to tax rate is about 3.8 percent, which is

in the range of that observed in the data.

3.5 Computation of Nash Equilibrium

Before I analyze the results in detail, I briefly describe the quantitative procedures of solving for
the Nash equilibrium.

In order to find a Nash equilibrium of the tax competition game, I generate a grid of the labor
income tax parameters, ag and a;. Taking as given the tax system of country j ({aé,a{,Tg b,
country i searches over the set of grids {ag,a;} to find the tax system that maximizes the steady-
state welfare of households, while collecting a fixed amount of tax revenue per capita.

As governments’ budget constraints have to be satisfied period by period, I find capital income
tax rate 75 that balances country ¢’s budget, given the labor income tax code represented by
{ayp, al}@ This procedure is repeated iteratively for countries ¢ and j, until a fixed point is found.
Given the high dimensionality of the choice variables, the uniqueness of the Nash equilibrium cannot
be guaranteed. However, I searched over big domains of tax parameters and tried starting from
various initial tax systems, and have not found multiple equilibria. I describe this procedure in

more detail in Appendix [C|

In the following sections, I present the quantitative results based on the calibrated parameters.

4 Results

To more intuitively understand the forces leading to the optimal taxation results, I first start by
analyzing household behaviors. Then I let each government (UK and CE) vary its tax code (ag, a1,
and 7y ) one by one, and analyze its aggregate effects and welfare. This exercise provides an intuitive
picture of what the best response of each country is, taking as given the status quo tax system of
the other. After presenting the best responses, I discuss the Nash equilibrium tax system and its
aggregate outcomes. Finally, by comparing the optimal taxation in the benchmark economy (both
capital and labor mobility) to the economy with only capital mobility, I study how labor mobility

affects the fiscal choices of governments.

4.1 Understanding Household Behavior

Governments in the economy maximize the steady state welfare of households. Therefore, un-
derstanding household behaviors is an important first step in understanding the optimal taxation
results.

Among the most important components in the model are the human capital investment and the

migration decisions of households. Since governments in both countries provide public education,

34Notice that since this is a general equilibrium model, equilibrium allocations and prices are determined given
the tax systems in both countries.
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for households whose return to human capital investment is low, their optimal investment (z) in
the model is zero. Given that marginal returns to human capital investment is increasing in ability,
these are households with low ability levels.

The incentives to invest in human capital also differ across skill group and country of residence.
Figure [3] shows the human capital investment decisions of households living in the UK and CE
across skill groups, for the highest-ability parents as a function of asset level (under the status
quo tax system). The skilled parents, whose labor income is higher, invest more in the human
capital of the offspring than their unskilled counterparts do, since they have higher total wealth.
Moreover, households living in the CE have less incentives to invest in human capital, since the skill
premium is lower, the labor income tax rate (and progressivity) is higher, and the public education
expenditure in the CE is higher.

To understand the migration decisions of households, in Figure [4 I plot the differences in the
value of living in the CE and living in the UK, for households with different skill and ability levels,
across assets. As is evident from the figure, the skilled prefer living in the UK, since the skill
premium is higher and the labor income tax rate is lower than those in the CE. Moreover, parents
whose children are of low ability prefer living in the CE (conditional on their own skill level),
where the public education expenditure and the return to human capital investment are higher
than those in the UK. However, the differences in the value of living in the UK and CE vanish as
assets increase, since labor income becomes a smaller share of the total household wealth and there
is a global financial market (the after-tax returns to capital are equalized across countries).

These household behaviors show that government policies, along with fundamentals in the
economy, can have important implications for the aggregate outcomes, especially with international

movement of labor.

4.2 From Status Quo to the Nash Equilibrium

In this subsection, I discuss the response of the UK (CE) government to the status quo tax system

of the CE (UK). This analysis provides insight into the optimal choices of the governments.

Effects of Changes in the Tax Code. First, I consider the effects of changes in 7, ag, and a;
of the UK, taking as given the CE’s status quo tax system. Table [5] presents the effects of lowering
the capital income tax rate 73, and labor income tax rate ag (keeping progressivity constant) by 1
percent, and the effects of reforming the labor income tax code to a proportional tax.

As is evident in Table |5 lowering the capital income tax rate is the most effective tool for
increasing capital. Capital increases by 3.8 percent in response to a 1 percent decrease in the
capital income tax rate. On the other hand, changes in the labor income tax code increase average
hours worked in the economy. In the current formulation of the tax code, the governments can
take two routes for reforming the tax code: either lower the average labor income tax rate (through

higher ag) or lower the progressivity of the tax code (through lower a;). The comparison of the last
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two columns of Table [f] shows that lowering the progressivity of the labor income tax code leads to
a higher increase in labor provided, as well as an increase in the number of skilled immigrants.
The last three rows in Table [5| present the consumption equivalent variations: the consumption
increase necessary for households to be indifferent between living in the status quo economy or in
the economy with the new tax regime. It is clear that the capital income tax reform performs
the best in increasing the overall welfare of households; the consumption equivalent variations
are the highest in this case. Another interesting aspect of the economy is that implementing a
proportional labor income tax system results in a welfare loss: the insurance benefits from using a
progressive labor income tax code outweigh its incentive costs. Even though the skilled households
are in favor of the proportional labor income tax code (0.019), the unskilled, who comprise about
75 percent of the population in the UK, suffer welfare loss (-0.008). The heterogeneity in ability
levels and idiosyncratic labor income risks cannot be insured in the market, and governments play
important roles in providing insurance benefits against these risks. A progressive labor income tax

code achieves this goal.

Unilateral Reform: Best Response to the Status Quo Tax System. The analysis in the
previous section provides insight into what the UK(CE) government would do, if it reformed its tax
system unilaterally, i.e., given the status quo tax system of the CE(UK), what is the best response
of the UK(CE)? Under the unilateral reform, the UK sets its capital income tax rate at -35 percent
(subsidized), average labor income tax rate at 53 percent, and progressivity at 0.25 (value of ay).
The changes to the aggregate outcomes in the UK compared to the status quo are presented in
Table [61

The dramatic decrease of the capital income tax rate in the UK (from 48 percent to -35 percent)
leads to higher capital and output per capita. The return to capital decreases by 42 percent, but
due to the capital income subsidy, the after-tax return to capital increases by 19 percent. Moreover,
as higher capital increases the marginal product of labor, wages of both unskilled and skilled labor
also increase by around 37 percent.

The results of the analogous exercise for the CE are presented in Table[7] The CE also lowers
its capital income tax rate and increases progressivity, but the magnitudes are smaller. Since the
status quo capital income tax rate in the UK (48 percent) is higher than that in the CE (28 percent),

it attracts sufficient capital at a relatively higher capital income tax rate.

The presentations of the effects of changes in the tax code and the best responses to the status
quo tax system lead us to analyze the Nash equilibrium results, which I proceed to do in the

following section.

24



4.3 Nash Equilibrium of the Tax Competition Game

The Nash equilibrium of the tax competition game is

7,0 y) =052, " =028 ; 7UF=-032

7P y) =050, ai® =011 ; 7 =0.06.

The average labor income tax rates in the UK and CE are 52 percent and 50 percent, respectively.
While the UK subsidizes its capital income at 32 percent, it uses a more progressive labor income
tax code than the CE does. Figure [5] plots the average labor income tax rates for those with
different income levels in the Nash equilibrium. Moreover, as a measure of progressivity, I also plot

in Figure [6] progressivity wedges defined as

_1-7(kx05)

! 1 —7(0.5)

for k =2,3,...5,

following Guvenen et al (2013). The interpretation is as follows: In the Nash equilibrium, a
household living in the UK, whose labor earning is two times the average earning in the economy,
earns 25 percent less than they would in a flat-tax system. An analogous worker earns 12 percent
less, if he resides in the CE. In the status quo, the wedges are 8 and 10 percent respectively, in the
UK and CE. Therefore, it is evident that the UK uses a much more progressive labor income tax
code to collect tax revenues.

Before analyzing the aggregate effects of implementing the Nash equilibrium policies and the
impact of competition between the two countries, several properties of the Nash equilibrium tax
systems are worth discussion.

First, both countries use labor income tax as a dominant source of tax revenue. In the model,
capital is more mobile than labor, as migration incurs utility costs. Therefore, both countries
levy lower taxes on the mobile factor. Secondly, the UK subsidizes capital income. In the model
economy, labor income risks cannot be insured in the market, i.e., financial markets are incomplete.
From the government’s point of view (which maximizes the steady-state welfare of households, using
a utilitarian welfare function), the most efficient way of increasing societal welfare is to increase
the lifetime utility of the consumption-poor, as they are the segment of society with the highest
marginal utility of consumption. Thus, as shown in Davila et al. (2012), an important determinant
of the optimal capital income tax rate is the wealth composition of the poor in the competitive
equilibrium (without government policies). If the consumption of the poor is low since they are
relatively more wealth-poor (but have an abundant labor endowment), then social planners can
increase the welfare of the poor by increasing capital, since an increase in capital would result in
higher wages. On the other hand, if the poor in the economy is relatively more labor income-poor
(but have high asset positions), the welfare of the poor can be increased if the return to capital
is higher — an argument for positive capital income tax rate. The UK has higher efficiency of

using skilled labor and its inequality is higher. Therefore, the UK government benefits more from
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increasing capital, which also drives up wages. This leads to the optimal capital income tax rate
being relatively lower (negative — capital income is subsidized) than that in the CE, and the optimal

labor income tax code, more progressive.

Aggregate Outcomes in the Nash Equilibrium. Table [ presents the changes in the aggre-
gate outcomes in the UK and CE (relative to the status quo) when both countries implement the
Nash equilibrium tax systems.

In the Nash equilibrium, the UK lowers its capital income tax rate dramatically. As a conse-
quence, output per capita increases in the UK by 21 percent, and capital per capita more than
doubles. However, the CE, which under the status quo had higher capital per capita than the
UK does not perform economically as well as the UK does in the Nash equilibrium. Its output
and capital per capita decreases. However, the lower capital income tax rate in both countries,
compared to the status quo leads to higher after-tax returns to capital. Therefore, even with lower
average working hours, consumption per capita in both countries increases.

Another notable aspect of the economy is the lower number of skilled workforce in the Nash
equilibrium. As the after-tax return to physical capital investment increases, the incentives to invest
in human capital decreases. Moreover, the highly progressive labor income tax code, compared to
the status quo, decreases the incentives for parents to invest in the human capital of their offspring.
As aresult, the intergenerational schooling persistence in the UK decreases. In the UK, the decrease
in the human capital investments are more pronounced for the skilled, since they have higher asset
income. Therefore, the resulting schooling persistence is lower in the UK. On the other hand, under
the Nash equilibrium policies and with its (relatively more) generous public education system, in
the CE, households’ human capital investment nears zero. Thus, the relative importance of ability
increases slightly, resulting in higher schooling persistence. The cross-sectional inequality in both
countries increases, as measured by the income Gini coefficient, because the asset-rich households
decrease their working hours.

While there are less number of skilled workforce globally, the percentage of skilled (out of total
number of skilled households) living in the UK increases by about 5 percent in the Nash. This is
despite highly progressive income tax code in the UK. As the UK subsidizes its capital income,
its capital in the steady state is large, and this leads to higher wages. Therefore, even with high
labor income tax rates, after-taxz labor income is still higher in the UK, attracting more skilled
labor under the Nash policies. It is worth emphasizing, therefore, the importance of incorporating
mobility of both capital and labor in analyzing optimal taxation in open economies.

Overall, implementing the Nash equilibrium policies leads to a significant increase in lifetime
welfare of households, as measured in consumption equivalent variation. While the welfare in the
UK increases by around 13 percent, the welfare in the CE increases by around 10 percent. The
welfare increase is derived from the higher consumption per capita and lower hours worked. The
unskilled benefit more than the skilled do, by about twofold, in both countries, thanks to the use

of (more) progressive labor income tax codes.
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Effects of Competition. Given the best responses of the governments discussed in section [.2]
the model can be used to analyze the effects of competition on optimal taxation. Comparing the
Nash equilibrium tax rates with the tax rates of the unilateral reforms, I find that the governments
set lower capital income tax rates under the unilateral reform than they do in the Nash equilibrium.

When either country reforms its tax system unilaterally, they take the other country’s status
quo tax rates as given, which are 48 and 28 percent respectively for the UK and CE. In the Nash,
the analogous rates are -32 and 6 percent. Therefore, with competition, the UK faces a lower
capital income tax from the CE. Then, the benefit of lowering the capital income tax rate is higher
in the unilateral reform, since the CE’s capital income tax rate is high, i.e., there is more capital
that can be taken advantage of. The same holds for the CE. Thus, both governments set lower

capital income tax rates when they unilaterally reform their tax systems.

4.4 Effects of Labor Mobility on Optimal Taxation and Aggregate Outcomes

In this subsection, I study the effects of labor mobility on optimal taxation in the UK and CE.
For the analysis, I find the optimal tax code in an economy with only capital mobility. In the

first subsection, I compare the optimal taxation under capital versus capital and labor mobility. 1

also discuss the aggregate outcomes under the two economies to analyze the macroeconomic effects

of labor mobility.

Optimal Taxation with versus without Labor Mobility. Table [9] summarizes the optimal
tax codes of the UK and CE in the economies under different mobility assumptions.

A noticeable finding is the divergence of the tax systems in the UK and CE. In an economy
where only capital is mobile, the capital income is subsidized at around 11 percent in both countries.
However, with labor mobility, while the UK lowers its capital income tax rate, the CE increases it.
Such divergence of the tax system in an economy with labor mobility is driven from the productivity
differences in the UK and CE. As emphasized before, in the calibrated economy, the UK has higher
productivity than the CE does@ Thus, when labor is mobile, the UK attracts more capital and
labor: The population ratio between the UK and CE (UK to CE) is greater than one. Therefore,
the welfare maximizing level of capital in the UK is larger than that in the CE. Thus, in order to
attract more capital, the UK lowers its capital income tax rate under labor mobility. However, for
the CE, given the lower level of labor provided (small population), the reverse is true: it finds it

optimal to tax capital incomeﬂ

35 As specified in footnote 31, the overall productivity in the CE (0.8764) is lower than that in the UK (1).

36 Another way to understand the result is through a global financial market. In equilibrium, after-tax marginal
product of capital are equalized across countries by no-arbitrage condition. Conditional on capital and capital income
tax rates, the UK is more productive and bigger (more labor) than the CE, shifting up its marginal product of capital.
To get to an equilibrium, the UK can either increase its capital income tax rate (which will lower capital) or increase
capital. Since elasticity of capital with respect to capital income tax rate is greater than one in the model, subsidizing
capital income, and thus increasing capital is a more effective way of achieving this goal.
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Aggregate Outcomes with versus without Labor Mobility. In Table I compare aggre-
gate outcomes in the economy with only capital mobility and the one with both capital and labor
mobility.

As countries open up to labor mobility, the UK, which is more productive, gains as output and
capital per capita increase. While the output and capital per capita in the CE decreases, with more
unskilled and skilled labor provided, consumption per capita increases. Moreover, given the higher
relative efficiency of the skilled in the UK, more skilled workers live in the UK, while in the CE,

more unskilled workers reside. Thus, there is a reallocation of labor across countries.

The analysis in this section shows that labor mobility has important implications for the optimal
taxation of capital and labor. In the calibrated model, the UK lowers its capital income tax rate,
while the CE lowers its labor income tax rate, compared to an economy with only capital mobility.
In the aggregate, the UK, which is more productive and has higher relative efficiency of the skilled,

grows in population size and enjoys higher output and capital per capita, when labor is mobile.

5 Conclusions

The recent trend of increased labor mobility has raised concerns about the possibility of interna-
tional labor income tax competition among policy makers. In light of this trend, this paper asks
how labor mobility affects the optimal choice of governments’ tax policies in an international tax
competition framework.

Based on a two-country, open-economy model, I find that factor mobility and strategic inter-
action between governments are important factors in determining the optimal tax systems. The
application of the model to the United Kingdom and Continental European countries shows that
countries set their capital income tax rates less aggressively in a competitive environment. More-
over, in the United Kingdom, the optimal taxation of capital income is lower under both capital
and labor mobility, compared to an economy with only capital mobility, while the reverse is true
in the Continental Europe. It is worth emphasizing the importance of modeling mobility of both
factors in a coherent framework. This allows the economists to correctly weigh the tradeoffs gov-
ernments face in using capital versus labor income taxes. Though some policy makers worry that
international tax competition can be harmful, implementing the Nash equilibrium tax rates in both
countries increases steady state welfare by more than 10 percent of consumption in the status quo
economy.

The Nash equilibrium policies that I find in this paper are distinct from the status quo policies
(data). The policies presented here are the long-run tax systems that would arise, given the
increased labor mobility in recent decades and competition between governments. The results are
specific to the government’s welfare function. Here, governments maximize the steady state welfare
of residents, with a utilitarian social welfare function. Accounting for the welfare during a transition
to the new steady state and/or assigning differential weights to residents and migrants will affect

the results in this paper. However, this paper could be a starting point for the optimal taxation
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analyses in an open economy.

An interesting avenue for future research is to endogenize the choice of public education expen-
ditures (or more broadly, welfare programs) in governments’ problems. Since governments’ public
education policies affect the migration decisions of skilled and unskilled households differentially,
education policies might be used to attract migrants selectivelym Moreover, the interaction be-
tween using a progressive labor income tax code and a generous public education policy can be
analyzed in an international tax competition framework.

The model developed in this paper is useful beyond the analysis of the United Kingdom and
Continental Europe. An important policy dimension I (can) abstract from in this paper is the
immigration policy. In the United States and many other countries, immigration reform is at the
forefront of policy discussions. Kennan (2013) is one of the recent papers that studies the effects of
immigration policies. This model can complement the literature by incorporating how tax systems
influence migration decisions of households, and thus its implications for optimal immigration and
tax policies. Studying immigration and taxation policies in a unified framework would lead to a
more comprehensive policy analysis in a globalized world that we live in. I leave these questions

for future research.

37 Anderson (2005) theoretically investigates the link between taxation and educational policies in presence of
migration.
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Tables and Figures

Table 1: Summary Statistics in the United Kingdom and Continental Europe

United Kingdom

Continental Europe

GDP per capita® $25,255
Skill premium? 1.62
Intergenerational persistence in schooling? 0.22
Gini coefficient of labor earning?® 0.45
% college graduates® 25.7 %
Tertiary education spending (% GDP)¢ 0.78%
Public spending 0.58%
Private spending 0.20%
Average hours worked® 0.36
% of immigrants among pop.” 1.10%
% college graduates among immigrants? 37.70%

$25,123
1.4
0.23
0.36
19.6%
1.05%
0.89%
0.16%
0.34
0.52%
36.25%

& Cross Sectional Facts for Macroeconomists (2011)
P Causa and Joahnsson (2009)

¢ OECD

4 OECD and World Bank

Note: All statistics are data from 2000.
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Table 2: Calibration Targets

Parameter Description Target Value
AUK Unskilled efficiency — UK Skill premium — UK 1.62
Ag E Unskilled efficiency — CE Skill premium — CE 1.44
ASCE Skilled efficiency — CE GDP per capita ratio 1.00
a* Capital share - 0.33
%* Elasticity of Substitution - 14
) ’ Depreciation rate Capital-output ratio — UK 3.0
o* Risk aversion - 2
n Weight in disutility of labor Average hours worked — UK 0.36
~y Curvature of leisure Frisch elasticity 0.3
B30 Discount (altruism) factor Annual bond yields 4%
o Persistence in ability Intergen. sch. pers. — UK 0.22
o? Variance in ability Educ. spending — UK 0.78%
vCF HC technology Educ. spending — CE 1.05%
UK Returns to HC inv. — UK % college grads — UK 26%
¢CF Returns to HC inv. — CE % college grads — CE 20%
o? Var. of iid. shock Labor earnings Gini — UK 0.45
hyr Min. utility cost of moving — unskilled Pop. ratio — UK to CE 0.91
hg Min. utility cost of moving — skilled % imm. among pop. — UK 1.1%
hy Scale of cost distribution % skilled among imm. — UK 38%
hs Scale of cost distribution % skilled among imm. — CE 36%

* These parameters are chosen outside the model, and take standard values used in macroeconomics literature.
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Table 3: Calibrated Parameters

Parameter Description Value
AUK Unskilled efficiency — UK 0.577
AGF Unskilled efficiency — CE 0.618
AVK Skilled efficiency — UK 0.423
ACE Skilled efficiency — CE 0.329
) Capital depreciation rate 0.049
o Persistence in ability 0.362
o? Variance in ability 0.570
¢UK Returns to HC investment — UK 0.197
¢CF Returns to HC investment — CE 0.253
VUK Skill production technology — UK 1.000
vCF Skill production technology —CE 1.145
o? Variance in labor productivity shock 1.076
n Weight in disutility of labor oy
~ Frisch elasticity 0.3
B Discount (altruism) factor 0.948
hyr Minimum utility cost of moving — unskilled 89
hg Minimum utility cost of moving — skilled 59
hyr Scale of moving cost distribution —unskilled 9800
hs Scale of moving cost distribution — skilled 3200
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Table 4: Model Fit

Moments Data Model
Skill premium — UK 1.62 1.62
Skill premium — CE 1.44 1.44
GDP per capita ratio 1.01 0.96
Capital-output ratio 0.1 0.1
Annual bond yields 1.04 1.04
Intergenerational persistence in schooling — UK 0.22 0.20
Gini coeflicient of labor earning — UK 0.45 0.45
% college graduates — UK 25.7% 25.2%
% college graduates — CE 19.6% 20.1%
Tertiary education spending (% GDP) — UK 0.78% 0.74%
Tertiary education spending (% GDP) — CE 1.05% 1.05%
Average hours worked — UK 0.36 0.35
Population ratio — UK to CE 0.91 0.97
% of immigrants among Pop. — UK 1.1% 1.1%
% college graduates among immigrants — UK 38% 34%
% college graduates among immigrants — CE 36% 41%

Table 5: Effects of Changes in the Tax Code — United Kingdom

Variable VK| ad¥(y) t aVK(y) |
Capital 0.038 0.006 0.015
Hours worked 0.000 0.002 0.005
Skilled immigrants -0.001 0.000 0.004
Consumption equivalent variation 0.004 0.001 -0.002

Unskilled 0.003 0.000 -0.008

Skilled 0.007 0.004 0.019

Note: Starting from the status quo tax system in the United Kingdom, I vary each
component in the tax system (capital income tax rate, average labor income tax rate,
and progressivity of the labor income tax code) one by one. Since labor income tax

function is
AN
T(yvg) = 170’0 (T) )
Yy

increasing ao is equivalent to lowering the average labor income tax rate, while de-
creasing a1 represents a less progressive labor income tax code. All variables represent
the changes of the aggregate outcomes from the status quo tax system in the United
Kingdom, taking as given the status quo tax system in the Continental Europe.
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Table 6: Unilateral Reform of the United Kingdom and Aggregate Outcomes

UK CE
Status Quo Unilateral

Capital income tax 0.48 -0.35 0.28

Tax code Average labor income tax 0.24 0.53 0.31
Progressivity 0.07 0.25 0.10

Output per capita 0.27

Capital per capita 1.42

Average hours worked -0.08

Aggregate outcome (UK) Return to capital -0.42
After-tax return to capital 0.19

Wages, unskilled 0.37

Wages, skilled 0.38

Note: Aggregate variables are changes from the status quo tax system.

Table 7: Unilateral Reform of Continental Europe and Aggregate Outcomes

UK CE
Status Quo Unilateral
Capital income tax 0.48 0.28 -0.11
Tax code Average labor income tax 0.24 0.31 0.44
Progressivity 0.07 0.10 0.28
Output per capita 0.08
Capital per capita 0.35
Average hours worked -0.04
Aggregate outcome (CE) Return to capital -0.21
After-tax return to capital 0.12
Wages, unskilled 0.12
Wages, skilled 0.12

Note: Aggregate variables are changes from the status quo tax system.
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Table 8: Aggregate Outcomes in the Nash Equilibrium

Nash Equilibrium

Variable United Kingdom Continental Europe
Output per capita 0.21 -0.11
Capital per capita 1.18 -0.17
Average hours worked -0.12 -0.13
Consumption per capita 0.04 0.04
Return to capital -0.40 -0.02
After-tax return to capital 0.21 0.21
Percent skilled households -0.02 -0.01
Labor income Gini coefficient 0.04 0.06
Schooling persistence -0.14 0.01
Population 0.04 -0.04
Skilled immigrants -0.03 -0.03
Consumption equivalent variation 0.13 0.10
Unskilled 0.14 0.11
Skilled 0.07 0.06

Note: All variables represent changes from the status quo tax system.

Table 9: Effects of Labor Mobility on Optimal Taxation

Optimal Tax Code Capital Mobility Capital & Labor
Capital income tax rate UK -0.12 -0.32
CE -0.11 0.06
Average labor income tax rate UK 0.49 0.52
CE 0.51 0.50
‘o UK 0.25 0.28
Progressivity
CE 0.25 0.11

Note: The tax codes are based on the optimal taxation in an economy with only capital mobility,
and in an economy with both capital and labor mobility.
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Table 10: Effects of Labor Mobility on Aggregate Outcomes

Variable

Nash Equilibrium

United Kingdom Continental Europe

Output per capita
Capital per capita
Consumption per capita
Unskilled labor

Skilled labor

Percent skilled households
Population

0.079
0.268
-0.010
-0.001
0.002
0.001
0.014

-0.074
-0.219
0.057
0.002
0.005
-0.002
-0.014

Note: All variables represent changes from the optimal tax system with only capital mobility.
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Figure 1: Timing of the Model

Parents in country ¢ {0, 2, €'} realized
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Figure 2: Average Labor Income Tax Rates in the Continental Europe and United Kingdom
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Note: The United Kingdom has a less progressive labor income tax code, with a lower average labor income tax rate,
when compared to the Continental Europe.
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Figure 3: Human Capital Investment Decisions of Households

6 x 10
- = -UK, Unskilled
ol UK, Skilled |
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Al —— CE, Skilled

Human Capital Investment

0 002 0.04 0.06 0.08
Asset

Note: Households living in the United Kingdom have higher incentives to invest in the human capital of their offspring
conditional on skill level, thanks to the country’s high skill premium and low labor income tax rate. Moreover, public
education spending in the United Kingdom is lower, leaving more room for investment in children. On the other
hand, investment by households in the Continental Europe is lower, since public education expenditures are high and
the market incentives are lower (low skill premium and high labor income tax rates). The skilled parents invest more
(conditional on assets) than the unskilled parents, since they have higher labor income.

Figure 4: Differences in the Value of Living in the United Kingdom versus Continental Europe

1 T T T : :
0_5\ CEis preferred

UK is preferred

mm | ow Ability, Unskilled
=@= |ow Ability, Skilled

s High Ability, Unskilled
5 =@= High Ability, Skilled

0 2 4 6 8 10 12

Asset
KVC!‘B.gC a ;OI‘ IHCOHIC

Note: The y-axis represents the differences in the value of living in the Continental Europe and living in the United
Kingdom. A positive value implies that a household of a given characteristic prefers living in the Continental Europe.
Overall, the skilled labor force prefers the United Kingdom, while households whose offspring is of low ability prefer
living in the Continental Europe. The differences between living in the United Kingdom and Continental Europe
vanish as assets increase.
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Figure 5: Average Labor Income Tax Rates in the Nash Equilibrium
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Note: In the Nash equilibrium, the United Kingdom uses a more progressive labor income tax code than the Conti-
nental Europe does.

Figure 6: Progressivity Wedge in the Status Quo and in the Nash Equilibrium
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Note: Following Guvenen et al. (2013), progressivity wedge is defined as 1 — 17(05) for kK = 2,3,...5. The
— 7(0.

interpretation is as follows: In the Nash equilibrium, a household living in the United Kingdom, whose labor earning
is two times the average earning in the economy, earns 25 percent less than in a flat-tax system. An analogous worker
earns 12 percent less, if he resides in the Continental Europe. In the status quo, the wedges are 8 and 10 percent
respectively, in the United Kingdom and Continental Europe.
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A Long-Term Changes in Tax Rates

Since the analysis conducted in the paper is a steady-state analysis, the aggregate statistics in
2000 might be the outcome of government policies in previous years. In this section, I document
long-term changes in tax rates in the UK and CE presented in Figures in Mendoza and Tesar (2005)
and an OECD report (2012)Eg|

There is a consistent trend of a higher capital income tax rate (F igure and lower labor income
tax rate (Figure |8) in the United Kingdom compared to France, Italy, and Germany. Moreover,
top combined statutory personal income tax rates (an indication of the degree of progressiveness in

labor income tax code) shows similar patterns in 1980s as it does in 2000 across countries (Figure

[9).

Figure 7: Capital Income Tax Rates in Europe Figure 8: Labor Income Tax Rates in Europe
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Fig. 1. Capital income tax rates in France, Germany, Italy and the UK: 1965-1996.

Figure 9: Trends in Top Labor Income Tax Rates in OECD Countries

Figure S.2. Top combined statutory personal income tax rate’ 2
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1. The sum of the central and sub-central top rates in PIT rate schedule, inclusive of surtaxes and adjusted fo:
deductibility of sub-central or other income taxes from the central tax base where applicable.

2. Countries are ranked by decreasing top statutory rates in 2010.

* 24-country average. The top rate is not applicable in the Czech Republic, Estonia, Hungary, Poland, the

Slovak Republic, Slovenia, and not available for Chile, Iceland, Korea and Turkey.

“* 27-country average. The top rate is not applicable in the Czech Republic, Estonia, Poland, the Slovak Republic,

Slovenia, and not available for Chile and Korea.

Source: OECD Tax Database Tables 1.1, 1.2 and 1.3 (www.oecd.org/ctp/taxdatabase).

1 the

38Figure Iﬂ and are from Mendoza and Tesar (2005), and Figure El from OECD.
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B Summary Statistics of Continental European Countries

In the quantitative exercises, I analyze the tax competition between the UK and Continental
European countries comprising France, Italy, Germany, and Spain. These are the countries in the
European Union with comparable GDP per capita so that I could focus more on the economic
incentives for households to move between the two regions. Moreover, the selected four countries
have relatively higher labor (more progressive) income tax rates, and lower capital income tax rates
than the UK. In getting the composite measures of macroeconomic outcomes and tax policies in
the CE, I use weighted averages of these countries, where weights are obtained from the GDP and

population of individual countries.

Aggregate Statistics Table [11] presents the summary statistics for the four Continental Euro-
pean countries that I analyze in the main part of the paper. Most of data are from IMF, OECD,
and a series of papers under the project Cross Sectional Facts for Economists published in 2011@
The intergenerational persistence in schooling measures are taken from Causa and Johansson (2009)
who use 2005 OECD data to obtain a percentage increase in probability of a child going to college

when his father is a college graduate rather than upper-secondary educated.

Table 11: Summary Statistics of Continental European Countries

France Germany Italy Spain

GDP per capita® $25,972 $26,090 $24,669 $22,359
Skill Premium® - 1.38 1.51 1.48
Intergen. Schooling Persistence® 0.18 - 0.30 0.21
Gini of Labor Earning® - 0.35 0.34 0.40
% College Graduates? 22 % 24% 9% 22.6%
Tertiary Educ. Exp.(% GDP)4 1.32% 1.08% 0.83% 0.89%
Public Spending 1.13% 0.94% 0.70% 0.72%
Private Spending 0.18% 0.15% 0.13% 0.17%
Average Hours Worked? 0.333 0.307 0.388 0.363
Relative Weights 0.25 0.35 0.24 0.16

& IMF

P Cross Sectional Facts for Economists (2011)
¢ Causa and Johansson (2009)

4 OECD

Labor Income Taxation Figure [10|plot the labor income tax functions

T(y) =1-ao <Z> -

39SQummary of the project is presented in Krueger, et al (2010). Moreover, I obtain data for individual countries
from Blundell and Etheridge (2010), Fuchs-Schuendeln, et al. (2010), Jappelli and Pistaferri (2010), and Pijoan-Mas
and Sanchez-Marcos (2010) which summarize macroeconomic facts in Britain, Germany, Italy, and Spain, respectively.
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of the individual Continental European countries which are imputed using top marginal income tax
rates and thresholds at multiples of average labor earnings (7), following the procedure described in
Guvenen et al (2013). These countries have progressive labor income tax schedules with Germany

having the highest labor income tax rates and France, the most progressive.

Figure 10: Average Labor Income Tax Rates in Continental European countries
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Capital Income Taxation In Table capital income tax rates in individual Continental Eu-
ropean countries are reported. There are several ways of calculating capital income tax rates. Since
different capital incomes are taxed at different rates, it is difficult to find a single measure of capital
income tax rates. Here, I use tax rates reported in Carey and Tchilinguirian (2000) who apply the
methodology presented in Mendoza et al. (1994) to find average effective tax rates between the
years of 1991 and 1997.

Mendoza et al. calculates effective tax rates by dividing sum of corporate income and personal

capital income taxes by net operating surplus.

Table 12: Capital Income Tax Rates in Continental European Countries

Country Capital Income Tax Rate
France 26.8
Germany 25.1
Italy 33.1
Spain 21.5

C Computation of the Nash Equilibrium

I describe the computation procedure of finding the Nash equilibrium tax systems. The govern-
ments in this model maximize the steady-state welfare of households by choosing labor income

tax function parameters, ag and aj, and a capital income tax rate 7. Let ag € {ao1, ..., aom} and
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ay € {ai1,...,a1n}. Since I need to find the best responses taking as given the other country’s tax

rates, | iteratively find the tax parameters that maximize steady-state welfare of households in each

country and satisfy the government budget balance constraint.

1.

10.

11.

12.

13.

Fix Country 2’s tax system ({a?, a?, 72}).

. Fix Country 1’s labor income tax parameters, {aj,a}}.
. Guess a capital income tax rate for Country 1, 7}.
. Guess an after-tax return to capital R.

. Guess aggregate moments in the economy: the wages w'(f), average labor earnings 7° (nec-

essary since labor income tax code is a function of average earnings in the economy), and

population ratio (since per capita budget constraint has to be satisfied).

. Solve household problems (both countries).

Aggregate and check if the guesses for wages, average labor earnings, and population size

coincide.

. If they do, check if the bond market clears.

- If not, go back to Step 4, and update guesses for wages, average labor earnings, and

population ratio.

. If the bond market clears, check if the government budget constraint is satisfied.

- If the bond market does not clear, go back to Step 3, and update the guess for the

after-tax return to capital.

If the government budget constraint is satisfied, then go back to Step 2, and repeat the

procedure for the next set of labor income tax parameters in Country 1.
- If not, go back to Step 3, and make a new guess for the capital income tax rate.

Find the level of {a},al} and the budget-balancing T,% that maximize the steady-state welfare
of households in Country 1 (Best Response).

Taking as given the tax system of Country 1, repeat the procedure (Steps 1 through 11) for
Country 2.

Iterate until the tax systems arrive at a fixed point.
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