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Abstract

This dissertation includes three essays on public policy, the aim of which is to
better understand the economic mechanism behind the public policies. Chapter 2 works
on public budget, implicit transfer and productivity differences. Chapter 3 extends the
work of chapter 2 toward a fiscal competition model. Chapter 4 focuses on the

relationship between public inputs and foreign direct investments.

In chapter 2, we set up a model with two asymmetric regions, differing in
productivity, population being imperfectly mobile across regions while capital is
perfectly mobile. A single utilitarian central authority uses taxes for providing public
goods in each region. Looking at the optimal policies, we show that, when differences
in productivity levels are exogenous, the first best policy generates an implicit transfer
from the richer region to the poorer one as soon as capital is taxed. However, when
differences in productivity levels are generated by an agglomeration externality,
households are charged a higher tax in the poorer region, with the consequence that, if
capital is not taxed, the first best policy generates an implicit transfer from the poorer to

the richer region. Capital taxation narrows this implicit transfer.

In chapter 3 we extend the model to a decentralized setting with fiscal competition.

There are two jurisdictions, heterogeneous in private productivity, inter-jurisdictional
migration exists and is costly while capital is perfectly mobile. This part focusses on
the relationship between public revenue collection and public goods supply in the case
of fiscal competition. We keep the assumption that the jurisdictions are different in
private productivity and each jurisdiction has a planner maximizing the local welfare of
natives. In our model both tax on capital and labor are considered as the resource of

public revenue to finance public services, public transfer is cut off between
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jurisdictions. Then we work also on the model when the productivity difference

between jurisdictions is generated by the externality of labor.

Chapter 4 works on the relationship between public inputs and foreign direct
investment (FDI). Using ‘public inputs’, we look into details of how could the change
of public inputs affect FDI flows. When we talk about public input, it means that the
public goods can enter into the production process and influence the production
function. We look into the decomposition of how do fiscal policies influence FDI flow
through public inputs and what are the important economy characters that can influence

the effect of public inputs.
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Chapter 1 Introduction

This dissertation includes three essays related to fiscal policy studies. More
precisely, we look at governments using revenue collection (tax) and expenditures
(public goods) for influencing the economy (O'Sullivan and Sheffrin, 2003). In our
three essays, the governments are benevolent. They maximize the social welfare, taking

account of the fact that their fiscal choices influence the relocation of resources.

The choice of taxes and expenditures on public good may be analyzed from a
normative point of view, focusing on optimal tax policy. Important early contributors
are Ramsey (1927), who looked at the optimal repartition of taxes between various
assets; Samuelson (1954) about the optimal level of public good provision; Tiebout
(1956) about the decentralized provision of local public goods; Pigou who examined

the link between taxation and externalities (the polluter-payer principle).

It may also be analyzed from a positive point of view: which are the incentives to
tax and how do governments make their tax choice. From this point of view, an
important question is the existence of tax interactions and their consequences. In most
countries, the power to tax and to provide public goods is not restricted to the national
level. Local authorities usually provide local public goods for the agents located in their
constituency and have the power to tax, even when taxes are only a part of their

resources.

There may be interactions in these fiscal choices, each jurisdiction being
influenced by the other jurisdictions. The literature identifies several sources of
interactions. The most well-known is the mobility of fiscal assets, which reacts do
differences in taxes or local provision of public goods, flying out of jurisdictions where

taxes are high or publics are poorly provided and moving toward jurisdictions where
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taxes are low or public goods are well provided. The economic analysis of these
interactions has been largely developing since the seminal work of Zodrow and
Miezkowski (1986), Wilson (1986) and Wildasin (1988). Another well-known one is
yardstick competition (Besley and Case, 1995): knowing that an imperfectly informed
elector tries to infer the performance of local politicians comparing them to each other,

politicians who want to be re-elected mimick their neighbours.

Initially analyzed for jurisdictions within a country, fiscal interactions may also be
at work at the international level, between countries. The ongoing globalization of the
world economy and the economic integration in regions like Europe makes the mobility
of agents easier (above all capital) and countries more comparable, leading to rising

interactions among national public policies (Devereux and Griffith, 1998 and 2008).

Starting with theoretical models, the literature on fiscal interactions moved later
on to empirical analyses, the main aim being to prove the existence of these interactions
and to discriminate among competing theories explaining them. Two questions may be
asked: First, are there mobiles assets sensitive to differences in tax levels? More
precisely, capital being much more mobile than labor, this question leads to analyze the
sensitivity of firms to tax differentials. The second question is: are the tax chosen by
jurisdictions sensitive to the taxes charged by their direct competitors, usually their

neighbors?

Empirical studies trying to answer the first question are carried out at the
international level. Bolmstrom and Lipsey (1993) use US multinational data to study
the link between the size of the firms and the size of the foreign activities of these firms.
Head (1995) analyzed the decision of Japanese firms to invest in US and found out the
important agglomeration effects. Brainard (1997) investigates the choices between

exporting and producing locally using industry level data. Devereux and Griffith (1998)
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used the panel data of US multinationals and analyzed the factors that influence the
location decisions of multinational firms. Using data for Norwegian municipalities,
Carlsen (2005) found out that their mobility is systematically negatively related to tax
level among municipalities in Norway. Using panel data on 18 OECD countries and
measuring the extent of social welfare policies by Social over GDP ratio, G&g, Molana
and Montagna (2009) tried to study the role of social expenditure and the interaction
with corporate taxation in determining the destination of FDI flows. They found that

redistributive social welfare state policies are valued by multinationals.

As for the second question, it has attracted a lot of empirical studies. At the
infra-national level, we can cite Heyndels and VVuchelen, a pioneer paper in this field,
focusing on the Belgian municipalities; Bordignon, Derniglia and Revelli (2003) who
test the hypothesis of yardstick competition on Italian municipalities; Leprince,
Madiés and Paty (2007), which is one of the earliest empirical studies on the French
case ; Reulier and Rocaboy (2009), who examine this question at the level of French
regions; Gerard, Jayet and Paty (2010) who look at the impact of the regional division
of Belgium on tax interactions across Belgian municipalities; Cassette and alii (2012),
who look at interactions between French and German municipalities along the Rhine
valley. At the international level, among others, we can find Cassette and Paty (2008)
who look at tax interactions among Eastern and Wester European countries; Cassette
and alii (2013) who examine interactions generated by discretionary fiscal policies. The
report by the French Concil of Economic Analysis (Saint-Etienne and Le Cacheux,

2005) provides a good synthesis.

Most of the models of fiscal interactions make two important simplifying
assumptions. First, they make a symmetry assumption: at least ex ante, all the

jurisdictions share the same characteristics: same size, same production technologies,
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and same preferences of the local population. Second, they assume capital to be

perfectly mobile and population to be perfectly immobile.

In their recent review paper, Keen and Konrad (2012) note about the symmetry
assumption: “It is worth stressing how unrealistic it is. The implication, for instance,
is that there is no capital movement in equilibrium, and no gain from allowing capital
to move; indeed there is a loss, given the inefficient tax-setting (if border were closed,
each country would recognize the inelasticity of the tax base, and achieve the
first-best) from allowing capital to move at all. While the asymmetric case is thus

inherently more interesting, it is also much more complex.”

The assumption that population is perfectly immobile is also a useful assumption,
leading to a theoretical framework contrasting a perfectly mobile asset (capital) and a
perfectly immobile one (population). However, it does not help us answer an important
motive for fiscal policies aiming at attracting capital: providing jobs to a local
population which, without these jobs, would be led to migrate to other regions. This
motive cannot be neglected: In France and several other countries, it led governmental
authorities to make capital attraction as a component of their regional policies. But,
behind this motive, there is the fact that population is imperfectly mobile (it migrates, at
some cost, if there are not enough local jobs) and that this mobility interacts with capital
mobility (an inflow of capital provides new local jobs, lowering the incentive to out

migrate).

Some papers have relaxed the symmetry assumption. The earliest and probably
the most well-known is Bucovetsky (1991), who looks at jurisdiction differing in the
size of their local population and finds that the smallest jurisdiction attracts and
disproportionately large share of capital. Wilson (1991) and Peralta and Van Ypersele

(2005, 2006) examine the impact of differences in capital endowment and show that
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capital rich countries choose a less aggressive fiscal policy. Keen and Konrad (2012)

also briefly look at the impact of differences in the valuation of public goods.

Surprisingly, the consequences of differences in the productivity of jurisdictions
have never been analyzed. These differences are widespread and may be large: a
worker in lle de France earn a wage 20% higher than the average French wage. If we
make the reasonable assumption that differences in wages reflect differences in
productivity, the relative productivity differential between lle de France and the less
productive French region is probably around 25%. Moreover, these productivity
differentials may be a good reason for engaging in aggressive fiscal policies trying to

compensate the low productivity of a region by a lower level of taxation.

Then, it is natural to look at the links between productivity differentials, capital
attraction, the imperfect mobility of population, and fiscal policies. This perspective is

at the core of this dissertation.

Chapters 2 and 3 look at this question starting from a standard fiscal competition

model, where we introduce imperfect mobility of workers and productivity differentials.

Both chapter rest upon a similar framework. First, there is a productivity differential,
introduced as a shift in the global factors productivity, similar to Hicks neutral technical
product. This productivity may be purely exogenous and constant; or it may be
endogenously generated by agglomeration externalities. Second, we stick to the
standard assumption of fiscal competition model that the local public good is provided
by benevolent governments from the private good, with a constant rate of
transformation normalized to unity. However, because jurisdictions are not of fixed
size, we need to make an assumption on divisibility of the local public good. We make

the assumption of perfect divisibility. The reason behind this choice is that we do not
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want introduce in our model the consequences of scale economies which appear

implicitly when the public good is imperfectly divisible.

Third, residents are mobile, but have a personal preference in their location choice.
Similarly to Mayer (1993), we define this preference as a potential migrant cost or a
possible welfare lost. There could be several reasons for this preference, for example,
they enjoy the specific amenities provided by their preferred jurisdiction; or they have
developed strong relations shared with relatives and friends, as well as their social
network. Then, we assume that each worker has a willingness to pay for leaving in one
jurisdiction relative to the other. This willingness to pay would be compared to the
welfare difference resulting from local consumption of both the private and the public
good. If the welfare gap between jurisdictions is larger than the willingness to pay, the

worker chooses to migrate.

Chapter 2 adopts a normative point of view: which are the properties of an optimal
repartition of capital and population, how this outcome can be implemented using taxes,

which are the consequences of limits in tax setting?

In this chapter, the asymmetry and the fact that both fiscal assets are mobile (at
different degrees, however), leads us to look at a question usually neglected because it
does not make sense in a symmetric model: to which extent an optimal policy generates
implicit fiscal transfers between jurisdictions? By implicit transfer, we mean the fact
that, despite the governmental budget is balanced a the global level of the whole
economy, it may not be balanced at the level of the jurisdictions: some jurisdictions
generate more fiscal resources than the amount they need for covering the cost of
providing their local public good, and this excess is implicitly transferred to jurisdiction
that are not able to generate enough fiscal resources for providing their local public

good.
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These implicit transfers come from the fact that the taxes implementing an optimal
outcome must provide the right incentives to mobile agents for the repartition of these
agents across jurisdictions to be the optimal ones; while the optimal amount of local
public good provided in each jurisdiction follows the standard Samuelson rule. There is
no reason for the two mechanisms to lead to the same repartition of tax receipts and

expenditures, leading to implicit transfers.

We show that, when productivity differentials are purely exogenous,
implementation of a first best outcome implies implicit transfers from the most
productive (and richest) region to the less productive (and poorer one) as soon as capital
is taxed. However, this conclusion is not robust to the introduction of agglomeration

externalities.

When the global factors productivity increases with the population, we prove that
the Pigovian principle leads to tax inhabitants of the poorer region more than
inhabitants of the reacher region, because migrants from the poorer to the richer regions
generate a negative externality in the region they leave and a positive externality in the
region they enter. If capital is not taxed, we are led to the undesirable conclusion that
the households in the region must pay higher taxes than agents in the riche one,
generating an implicit transfer from the poor region to the rich one. Taxation of capital

may be needed for decreasing this implicit transfer.

Chapter 3 adopts a positive point of view, looking at the outcome of fiscal
competition between decentralized benevolent planners, each planner bewaring of the
welfare of the natives of its jurisdictions (who have a positive willingness to pay for

staying in the jurisdiction managed by the local planner).

The analysis of fiscal competition in this asymmetric setting leads to new and

interesting insights. The main one is that, starting from a first best outcome where

9
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capital is not taxed, when a complete set of taxes is available, jurisdictions have
different incentives to tax capital. The richest and most productive region has an
incentive to set a positive tax on capital, and then to benefit from a productivity rent
analogous to the Baldwin’s and Krugman’s agglomeration rent (Baldwin and Krugman,
2004). Conversely, the poorest and less productive region has an incentive to subsidize
capital, so as to compensate its disadvantage for being still able to attract capital; the

cost of these subsidies bears upon inhabitants.

This result provides an interesting explanation of the reason why poor regions
engage in capital attraction policies through the offer of subsidies. Note that it does not
imply that, at the Nash equilibrium, the poorest region subsidizes capital. If the richest
region taxes capital at a high enough level, the poorest region may only need to charge
a low enough but still positive tax on capital for attracting it, resulting in a Nash
equilibrium with positive tax in both regions. The type of equilibrium depends upon the
productivity differential and population mobility. The larger the productivity
differential and the lower the population mobility, the stronger are the incentives to tax
capital in the most productive region and to subsidize it in the least productive one, the
more likely is a Nash equilibrium where capital is subsidized in the poorest region and

taxed in the richest one.

Chapter 4 analyzes the link between capital mobility, provision of public goods
and taxation from a different point of view. We focus on a single small country and we
consider inflows of capital as foreign direct investment (FDI). FDI is generally
considered to be a useful resource that can bring in not only capital but also working
opportunities and technology, which is extensively competed by public authorities at
different levels. The very nice example is Asia. In the 1950s, South Korea, Hong Kong
and Singapore had actively attracted foreign investors, mainly from the U.S. More
recently, China, India, Vietham and almost all the other Asian countries have been

10
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engaging in the competition for investments from South Korea, Japan and all the other
investor countries. In China, the central government sets up special economic regions
and offers tax incentives or subsidies to attract more foreign companies. The
competition exists not only between countries, but also between different provinces
within China. In order to get not only capital investments, but also more working
opportunities and technology spillovers, the countries, even the regions within one

country, fight for FDI.

However, does a single tax policy works well for attracting FDI? Research on FDI
attraction widely considers tax policy and public good provision as double competition
factors (Bé&nasy-Qué&éand al. 2005). On the one hand, an increase in tax levels can
expel foreign capital out of the region; on the other hand, if the collected tax revenues
are used to finance the public goods in the host region, the increase in the supply of
public goods can attract capital. This process is widely accepted by the scholars and is
used directly in the empirical studies. However, a systematic theoretical analysis of the

mechanism behind this double competition is still absent.

The main aim of chapter 4 is to contribute to this analysis. We focus on
understanding the mechanism which is behind the influences of public input provision
on FDI inflow. There is no doubt that, in the traditional tax competition model, taxing
the mobile factor (capital) generates factor outflows and is a source of welfare
distortion. However, the effects of public goods can be analyzed differently. Public
goods can either be considered as a direct contributor to the welfare of residents, or as a
factor directly reducing the cost of production for multinationals (Kellenberg, 2003).
We take the assumption of Feehan (1998) that public goods can be considered as public
input, which enters the production function of all the sectors in the economy, which

implies that productivity is enhanced by the public input.

11
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Following the double competition theory, Chapter 4 focusses on uncovering the
detailed mechanisms of the influence of public inputs on FDI flows, and tries to find the
important economic characteristics determining the effect of public inputs. Contrary to
the previous two chapters, the public goods do not enter directly into the welfare

function of consumers, but into the production process of each sector in the economy.

A general equilibrium model with three sectors is used to analyze the influence of
public inputs on FDI flow: a sector providing public inputs from labor, financed by
public budgets; and two competitive sectors providing traded private goods, the first
one (agriculture) using labor and immobile land while the second one (manufacturing)
uses labor and perfectly mobile capital provided by foreign investors. This model is
used for analyzing the impact of an increase in public input provision under two main
assumptions about the taxes used for financing this public input: lump sum taxation,

taxation of capital income.

With this model, we can closely look at all the effects of policies using taxation for
providing a public input. Looking first at public input provision financed out of lump
sum taxation, we identify several mechanisms determining the effect of an increased
provision of public input on FDI. There is first an effect coming from the increase in the
marginal productivity of capital, which attracts new FDI, generates an increase in
wages and substitution of capital to labor. Second, there is an effect through
inter-sectoral transfers of labor. Third, there is an effect induced by the differential

effect of public input provision on productivity of labor in each sector.

Combining these mechanisms, we prove several conditions for an increase in
provision of the public input to generate an inflow of capital: when the public input is
small, when the elasticity of total factor productivity to the quantity of public input is

high enough in the agricultural sector, when the cost share of labor is high enough in the

12
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manufacturing sector, if the marginal rate of substitution is high enough in the

manufacturing sector.

Moving to the case where the public input is financed by a tax on capital income,
we have several additional effects. The most obvious one is that an increase in the tax
implies that the pre-tax return to capital must increase of the post-tax return to be still at
the international level. However, there are additional effects coming from the fact that
this change in the pre-tax return to capital changes the relative price of factors.
Combining these effects, we prove that, contrary to a well-establish belief, a decrease in

the tax rate charged on capital income may lead to a FDI outflow instead of an inflow.

The structure of the dissertation is the following: Chapter 1 is the general
introduction. Chapters 2 and 3 share the same basic model: where a local public good
used by households is provided by two asymmetric jurisdictions differing in their
productivity and inhabited by an imperfectly mobile population. Chapter 2 adopts a
normative point of view and characterizes the first and second best policies under
various assumptions, determining the implicit transfers between regions generated by
these policies. Chapter 3 uses the same basic model as chapter 2, but adopts a positive
point of view, examining fiscal competition between decentralized jurisdictions. In

chapter 4, we move to the question of the provision of a public input on capital flows.

13
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Chapter 2 Public Budgets, Productivity

Differences and Implicit Transfers

2.1 Introduction

Governments use fiscal policies for getting resources they normally use for
providing resources to households and firms. In a multi-regional context, the fiscal
policy choices result in a spatial repartition of resources generated by tax collection;
and choices for the provision of public goods generate a spatial repartition of public
expenditures. These two geographical repartitions have no reason to coincide with each
other, so that public policies generate transfers of resources across regions. Most of
these transfers are implicit, as they do not result from an explicit decision to transfer

public resources from one region to another.

The existence of these implicit transfers has been widely acknowledged by
scholars. Surprisingly, if research has often been questioning the logic and the
consequences of explicit transfers, e.g. systems of grants implemented by the central
government, very little attention has been paid to implicit transfers. Their logic, the

factors driving them, their consequences are ignored most of the time.

The source of these transfers is often attributed to the fact that central governments
cannot differentiate tax payers across regions, charging the same taxes wherever
taxpayers are located. However, even if central governments are allowed to
differentiate tax levels across regions, their choices may be constrained by the
economic consequences of this differentiation, which notably result from the
interregional mobility of assets. And interregional implicit transfers may be an

unwarranted consequence of these restrictions.
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This neglect of implicit transfers may be linked to the fact that most theoretical
models of tax policy work in a symmetric environment, all the regions being similar to
each other. It is only when we work in an asymmetric environment, some regions being
richer and other regions being poorer, that questions of transfers matter. In such an
asymmetric setting, two questions appear. First what is the relationship between the
spatial allotments of fiscal resources and public expenditures and which factors
influence the existence and the amount of implicit public transfers across regions?

Second, which is the impact of constraints making these public transfers impossible?

We notice that those two questions exist only in the asymmetric situation where
the regions are different in their private productivity. In the symmetric situation, it is
obvious that there will be identical treatment, identical distribution of resources and
no transfers between jurisdictions. Here in this paper, we will focus on an analysis

considering the asymmetric regions with different productivities.

In this chapter we are trying to answer the questions using a rather simple
framework where a central planner provides local public goods out of tax resources,
in a multiregional economy with two regions. Tax resources come from a personal tax
on workers and a linear tax on capital. The two regions differ in their productivity,
production using perfectly mobile capital and imperfectly mobile labor. Imperfect
mobility of workers is generated by preferences, which generate mobility costs when

a worker locates in a region that is not his best choice.

We first look at the central planner’s first best policy when productivity
differences between regions are purely exogenous. We show that, at the first best, as
soon as capital is taxed, the planner gets tax revenue higher (lower) than local
expenditures in the more (less) productive region; then, the public budget generates an

implicit transfer from the more productive region to the less productive one, and this
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transfer is not motivated by equity considerations. If the planner is not allowed to make
implicit transfers (local expenditures must be funded out of local tax revenues), the

only solution for reaching a first best outcome is not to tax capital.

Then we look at the central planner’s first best policy when productivity
differences come from agglomeration economics, which make production more
efficient in larger regions. The results are strikingly different: the application of the
Pigovian principle to the externalities generated by migrants lead to higher taxation of
households in the small (and less productive region) than in the large one, and then, if
capital is not taxed, the public budget generates a transfer from the less productive

region to the most productive one. For mitigating this transfer, one must tax capital.

Despite the different results, the same mechanism is at work. The mobility of
capital and households, and externalities, has constraints on the fiscal choices of the
central planner. In the first case, both capital and household tax levels are equalized
across regions. In the second case, the application of the Pigovian taxation leads to a
fixed interregional differential in household taxes. These constraints, jointly with the
consequences of the asymmetry in productivity on the repartition of capital, generate

differences in tax revenues that must be offset by transfers.

The structure of the chapter is organized as follows. Section 2 will be relative
literature reviews considering about previous research on optimal tax policy related to
tax choices and public goods two aspects, as well as the literature on fiscal equilibrium.
In section 3, a basic theoretical model is presented based on a series of economic
assumptions. Section 4 will have a purely exogenous asymmetry between regions for

single planner case with the single budget and the correctness of assumptions can also

be tested. After finding the initial equilibrium, an implementation research will be done.

The case with single planner with un-transferable public service will follow. Section 5
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examines the case of an asymmetry generated by agglomeration economics. Section 6

concludes.

2.2 Literature review

The two important aspects of fiscal policy theory are taxation and expenditure. On
the one hand, the standard theory of optimal taxation works on the tax system which
would maximize a social welfare function subject to a set of constraints (Mankiw,
Weinzierl and Yagan, 2009). They pointed out that in order to simplify the problem,
theoretical optimal taxation studies often assumed that all the residents has the same
preferences over consumption and leisure. Ever since 1920s, researches on optimal tax
policy are made by Ramsey (1927). Using a purely competitive system with no foreign
trade and neglecting the questions of distribution and the marginal utility difference, his
paper work on the problem of: whether given revenue should be financed by uniform
taxes or different rate of taxes. The conclusion shows that taxes should be imposed in
inverse proportion to the consumer’s elasticity of the good demand. Another important
fundamental work is contributed by James Mirrlees (1971). His work launched the
optimal tax models which can formalize the planner’s problem of dealing with
unobserved heterogeneity among taxpayers (the difference of ability and effort of the

taxpayers which will influence the income).

Plenty of researches on optimal taxation are development based on this two
benchmark researches. The relationship between optimal taxation and resources is also
studied by the previous scholars. For example one of most prominent result in dynamic
optimal taxation model is that the capital income should not be taxed (Chamley, 1986
and Judd, 1985). However, there are also other scholars argued for the justification of
capital taxation (Conesa, Kitao, and Krueger, 2009). Besides, taxation and capital

follow are taken by the scholars (Jorgenson and Yun 1986) in a very practical way.
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Generally speaking, the optimal taxation researches are very practical that even data of
company level are used to support the theoretical researches (Brunori, 1997). Our
research will be taken in a more general way which will employ a simple general
equilibrium model. Our target is not to give the most appropriate policy suggestion but

to better understand the mechanism of the fiscal budget and fiscal choices.

As we said in the beginning, the other important branch of fiscal policy study is
public expenditure. The development this area of researches are started by Musgrave
(1939) and Samuelson (1954). They pointed out that for the question of the provision of
public goods, comparing to private sector, it’s hard to find the optimal suggestion for
the authorities. Tiebout (1956) worked on a model where every consumer has their
specific preference corresponding to the level of a single public goods provide by the
jurisdictions. His work is a great contribution to fiscal policy research and becomes the
fundamental benchmark for further fiscal competition researches. There are series of
researchers following, for example Pauly (1976) generate the question of whether there
is equilibrium and of actual empirical implications. Then the relationship between
taxation, fiscal expenditures and property values are generated after (Oates, 1969,
Gronberg, 1979). Goldstein and Pauly (1980) developed the model in the situation that
Tiebout-type migration is taken into account and showed that the estimated effects of

personal characteristics would generally be biased.

Instead of simply offering fiscal policy suggestions for the authorities, our work
will focus on analyzing the equilibrium when productivity asymmetry exists between
jurisdictions. In the multi-jurisdiction economy, productivity difference could force the
single central planner to make asymmetric policy choices in each jurisdiction. These
policies could possibly generate explicit fiscal transfer between jurisdictions. Fiscal
transfer is nothing new in the previous researches. The fiscal transfer studies have
non-doubtable relationship with fiscal decentralization. One strand of the literature
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argues that fiscal decentralization could generate a common-pool problem that the
governments' expenditure and revenue responsibilities are not adequately balanced
(Ehdaie, 1994; Rodden, 2003). The imbalance is the main reason for the authorities to
implement fiscal transfer. Scholars studied not only the fiscal transfers between
jurisdiction s in the same level, but also the fiscal transfer between central government
and local authorities. Most of the fiscal transfer researches are empirical and are taken

in certain cases concerning specific countries.

For example the case of Germany, Ring (2002) notes that ecological functions are
incorporated into the intergovernmental fiscal relations at the local level through
conditional grants. Buettner (2009) uses a large panel of German municipalities to
investigate the dynamic fiscal policy adjustment and the role of fiscal equalization in
maintaining fiscal balance. The paper also compares the German case with the result of
US case (Buettner and Wildasin, 2006). For the case of Canada, Courchene and Melvin
(1980) indicate that the federal government is still committed to approximate fiscal
equality. Dean (1986) works on the financial arrangement between the Government of
the Northwest Territories and the Canadian government. Rangarajan and Srivastava
(2004) examine the relevance and applicability of inter-governmental transfers in
Canada and introduced this into another widely researched country: India. Govinda
Rao (2003) looks at the incentivizing fiscal transfers in India and finds out that the
incentive-linked transfers are too small to the fiscal performance, as well as uncover the
design problem in the fiscal system of India federation. Rangarajan and Srivastava
(2008) dedicate to reform India’s fiscal transfer system concerning both vertical and

horizontal imbalances.

However, we notice that firstly the fiscal transfer researches often focus on
empirical research using large amount of data. Furthermore, the fiscal transfer studies
are usually closely related to the theory of fiscal equalization. The aim of fiscal
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equalization is to eliminating differences in net fiscal benefits and reducing the degree
of inequality (Blochliger and Charbit 2008). The efficiency of fiscal equalization has
long been questioned (Oakland 1994). Different from the fiscal equalization target, our
model will focus on the single purpose of maximizing the social welfare and then look
at whether the fiscal transfer will be generated by this simple requirement under the

assumption of asymmetric private productivities.

2.3 Model

In this paper, we consider an economy with two regions, inhabited by a continuum
of L inhabitants providing labor and consuming a private good and a publicly provided
good. All the inhabitants share the same preferences for both goods. However, they
differ from each other with respect to their preferences across regions. Each inhabitant
has a specific willingness to pay for residing in region 2 instead of region 1. This

willingness to pay is randomly distributed across the whole population.

In each region, the private good is produced from labor and capital using a
constant return to scale technology. Labor is supplied by the individuals living in the
region. There is a global fixed stock of perfectly mobile capital K, choosing to locate in
the region where its return is highest. The property of capital is evenly shared over the

whole population.

A planner produces the publicly provided good from the private good, at a
constant unit rate of transformation. Production is financed out of taxes. The planner is
able to use both a per capita tax on inhabitants and a proportional tax on capital invested

in each region. Tax levels may differ across regions.
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2.3.1 Workers

There is a continuum of L = 1 workers. L, workers choose to stay in region 1,
L, workers choose to stay in region 2, with L; + L, = L = 1. Every worker supplies
one labor unit and holds a fixed amount of capital, k. Therefore, the net income of a
worker staying in region i is w; + pk — t;, where w; is the wage in region i, p is the

after tax rate of return to capital and t; is the income tax in region i.

This net income is used for consumption of a private monetary good so that, in

region i, private consumption is

ci = w; +pk —1;

Moreover, a worker staying in region i benefits from consumption of a publicly
provided good z;. Workers are endowed with preferences represented by the following

utility function (for worker I):

Vii =U(ci,z) + my

U(cy, zi) = ¢+ u(zy)

where

my = W

my; =0

u; is the willingness to pay of worker | for staying in region 1 instead of region 2.

Workers differ from each other with respect to their preferences across regions,

and then that u varies across workers. The cumulative distribution function of u is
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A(w): R - ]0,1]

with 0 < dA/du < o and A(0) = 0.5. Therefore, for every u € R, A(u) is the
number of workers whose willingness to pay for staying in region 1 instead of region 2

is below u. The shape of the function A(u) is represented in Figure 1.

Figure 1. cumulative distribution function of willingness to pay

A

Alw)

The inverse function of A(u) is M(1): for every [ € ]0,1[, M (1) is the maximal
value of u for the group of | workers whose willingness to pay for staying in region 1

instead of region 2 is lowest.

Workers are mobile across regions and choose the location where their utility is

highest. Then, the choice of an individual whose willingness to pay u is:

i=1 iff U(cy,zy) +u>U(cy2y) © u>AU0

i=2 iff U(cy,z1) +u<U(cy,zy) © u< AU

where AU = U(c,,2,) — U(cq,2,). Therefore, L, = A(AU) workers choose region 2
while L; =1 — A(AU) choose region 1. Equivalently, for L, workers to choose

region 2, the utility differential must be AU = M(L,)
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2.3.2 Production of the private good

The private good is produced by private firms combining labor and capital using a

constant return to scale technology. In region i, the production function is

F(K;, L) = 6; F(K;,L;) = 6; Lif (k;)

where K; is the capital input, L; is the labor input, k; = K;/L;, F(K;,L;) is an
homogenous production function while f(k;) is a concave increasing function
meeting the Inada conditions; 6; is an efficiency parameter, which differs across
regions. Without loss of generality, we assume that 6, = 1 and that production is more

efficient in region 2, so that 6, = 6 > 1.

Sometimes, we will need the following property:

Single crossing property: Whatever 8 > 1 and 6 > 0, the curves y = f'(k) and

y = 0f'(k + &) cross once.

There is a fixed capital stock of capital available for production in both regions, K,

so that

K1 +K2 = L1k1 +L2k2 = K

Capital is perfectly mobile across region and then the post-tax return to capital, p,

is the same in both regions:

p=f'(k))—t; =0f"(ky) — t;

Where t; is the tax rate on capital in region i.
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2.3.3 Public good provision

We assume the publicly provided good to be divisible® and that there are no
spillovers: for every consumer in region i to consume the quantity z; of publicly
provided goods, the government must provide the global quantity Z; = L;z; in the
region. The publicly provided good is produced from the private good with a

one-to-one rate of transformation.

A single planner provides the good in both regions, using both the tax on

households and the tax on capital. The total amount of taxes collected in region i is
Lit; + Kit; = Li(7; + kity)

where t; is the amount of the tax on workers and t; is the rate of the tax on capital.

The central planner balances his whole budget:
L1zy + Lyzy = Ly(Tq + kitq) + Ly (T2 + katy)
2.3.4 Welfare

The central planner maximizes the total welfare for all the residents in both

regions. Then he maximizes the standard utilitarian welfare function:

1
W= j iy + u(ziwy) + muyal
0

where i(l) is the location of agent |I.

! This assumption has been made because, with an indivisible public good, the largest region has an

advantage in the provision of public good. We do not want our results to be driven by this advantage.
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Straightforwardly, as workers are homogenous with respect to their contribution
to production and the utility they derive from consumption, all the workers staying in
region 1 must have a higher willingness to pay for staying in that region than the
workers staying in region 2. Then, if there are L; workers inregion 1 and L, workers
in region 2 (with L; + L, = 1), for all the workers staying in region 1 (resp. region 2)
we have u > M(L,) (resp. u < M(L,)). Then, knowing that m,; = u; and m,; = 0,

we can rewrite W as:

W = Lqi[c; + u(z))] + Ly[c, + u(zy)]+ | M(Ddl
Ly

which, up to the constant f015 M (1)dl, may also be written as:
W = Li[cy + u(z)] + Ly[c; + u(z;)] — QL) (1.1)
Where Q(L;) = [,2M(Ddl

Note Q(L,) may be interpreted as an aggregated migration cost. Let us assume
that, initially, all the workers are located in the region they prefer: the 0.5 migrants with
u > 0 are in region 1 while the 0.5 workers with u < 0 are in region 2. Then, taking
account of the utility differential generated by consumption, AU, workers relocate. For
a worker with willingness to pay u, the migration cost is |u|. And, aggregating over all

the migrating workers, we get the aggregated migration cost Q(L,).
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2.4 Central planner taxation choice

2.4.1 First best optimum

At a first best optimum, the central planner determines the repartitions of
population and capital across regions and the levels of public and private consumption,

maximizing W under the following constraints:

Lif(ky) + L0f (kp) = Li(cy + 1) + Lp(c; + 22) (1.2)
Liky + Lk, =k (1.3)
L,=L—1, (1.4)

The first constraint is the budget constraint: the global level of production equals
the global level of consumption. The second and third constraints describe the spatial

repartitions of the global fixed stocks or capital and population.

In appendix 2.1, we prove the following proposition:

Proposition 2.1: at the optimal outcome the following equalities hold:

9f'(k2) = f’(k1)

u'(z1) =u'(z) =1

M(Ly) = 0[f (ky) — kof "(kp)] — [f (k) + ko f ' (ky)]

The first equality tells us that, at the first best optimum, the marginal

productivity of capital is equalized across regions.
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The second equality is the standard Samuelson rule: in both regions, the marginal
rate of substitution of the private good to the publicly provided good equals the
marginal rate of transformation, which equals unity. Together with the assumption
that u(z;) meets the Inada conditions, it implies that both regions should provide the

same amount of public good, z; = z, = z, with u'(z) = 1.

As for the third equation, we know that M(L,) is the willingness to pay of the
marginal migrant. 6[f(k,) — k,f'(k,)] is the marginal productivity of labor in
region 2, while f(k;) — k,f'(k,) is the marginal productivity of labor in region 1.
Therefore, the third condition tells us that the marginal migrant (who can be located in
either region) has a willingness to pay for staying in region 1 equal to the productivity
differential between region 2 and region 1: the preference for region 1 exactly

compensates the loss in productivity.

2.4.2 Equilibrium and implementation

In this section, we look at the possibility to implement the first best optimum
defined above as equilibrium in an economy where the central planner uses the per
capita tax on labor and the proportional tax on capital as policy instruments. The
central planner starts, choosing his tax policy. Then, the workers freely choose their

location and capital freely splits across regions, taking account of the taxes.

For region i, the central planer levies taxes on capital, t;, and on households, ;.
Capital and workers choose their own location based on the taxes. At equilibrium, the

following conditions are met:
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p=f'(ky) —t; =0f"(ky) — t; (1.5)
Zy+Z, =Lyzy + Lyzy = Ly(tq + kqty) + Ly (T, + kyty) (1.6)
M(L;) = c; +u(zz) — ¢; —u(z) (1.7)

The first equation tells us that when capital is perfectly mobile, the after tax

returns to capital must be the same across regions.

The second equation is the global public budget constraint faced by the planner.

The third equation tells us that, when migrants are perfectly mobile, the marginal
migrant is indifferent living in either region, so that his marginal willingness to pay,

M(L,), equals his utility differential: c, + u(z,) — ¢; — u(z).

Furthermore, consumption is determined by the private budget constraints:

c1 = f(ky) — kaf' (k1) + pk — 14

c; = 0f (ky) — ko 0f'(ky) + pk — 7,

Let us now compare the conditions for equilibrium and the conditions for a first

best optimum. Propositions 2.2, 2.3, 2.4 are proved in appendix 2.2:

Proposition 2.2: For equalizing marginal productivities, the planner has to tax

capital at the same rate in both regions: t;, =t, =t

At the first best optimum, the marginal productivity of capital must be same in
both regions. On the other hand, at equilibrium with perfectly mobile capital, the

post-tax returns to capital must be the same in both regions. Therefore, for
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equilibrium to coincide with the first best optimum, the central planner has to tax

capital at the same rate in both regions.

Proposition 2.3: The choice made by the marginal migrant implies that he must be

charged the same head tax in both regions: 7, =17, =1

At equilibrium, the marginal migrant equalizes his willingness to pay to the
utility differential between regions. In order for this utility differential not to be

modified by taxation, head taxes must be the same in both regions.

It’s easy to see the central planner can implement the first best outcome as an
equilibrium for every tax package equalizing both taxes in both regions (t; =1, =t
and t; =t, =t) and meeting the public budget constraint, which in that case

becomes

z=1+kt
where z is the optimal quantity of the publicly provided good, which is the same in
both regions (z, = z, = z, with u'(z) = 1). Then, the planner can choose any level
of one of the taxes, say t; =t, =t (resp. 1, = 7, = 1), and choose the other tax,
say T, =T, =71 (resp. t; = t, = t), S0 as to meet his budget constraint. Comparing
cost of providing the public goods in both regions and the revenue of taxation, we get

the following proposition (see the proof in appendix 2.3):

Proposition 2.4: If equilibrium implements the first best optimum and capital is
positively taxed, more taxes per capita will be collected in the more productive region

than in the less productive region, so that providing the same level of public good in
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both regions implies a transfer of resources from the more productive to the less

productive one.

2.4.3 Single planner case with no public transfer

Since proposition 2.4 implies that there may be an implicit transfer between
regions, what happens when this transfer is not allowed? Let us first note that if
ty=t, =0 then z;, =z, =z =1, =1,, SO that the head tax collected in each
region exactly covers the cost of the publicly provided good and there is no transfer

between regions.

Then an equilibrium where the publicly provided good is funded out of the head
tax only does not need any transfer. Moreover, this equilibrium is the only one
implementing the first best outcome without transfers, for a simple reason: we proved
in Proposition 2.4 that, for every strictly positive level of capital taxation, at the first
best outcome, there is an implicit transfer. Then, not allowing transfers generates a
binding constraint which prevents implementing the first best outcome as soon as

capital is taxed.

Let us note that this necessity of not taxing capital when we do not allow for
public interregional transfers differs from the standard result that decentralized
jurisdictions must not tax perfectly mobile capital. In our model, capital is perfectly
mobile across jurisdictions, obliging the central planner to tax capital at the same rate
in both regions for capital taxation not to be distortive. But the global capital stock is
fixed and then, at an efficient outcome, the common tax rate is undetermined. It is
explicitly for not generating transfers that capital must not be taxed, because capital is
concentrated in the most productive region and, jointly with the obligation to tax

capital at the same rate in both concentration, as soon as capital is effectively taxed,
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this concentration of the tax based generates a concentration of the tax revenue that

must be compensated by an implicit transfer.

2.4.4 Limits on the tax on capital

What happens if the planner is obliged to tax capital? If the planner is allowed to
make implicit transfers between regions, the obligation to tax capital does not prevent
the planner to implement a first best outcome. However, as noted above,
implementing the first best outcome becomes impossible without transfers if the tax
on capital is strictly positive. Looking for a second best optimum, we find the

following proposition, proved in Appendix 2.4:

Proposition 2.5: If the central planner is obliged to set a strictly positive tax on
capital, t; = t, =t > 0, he still provides the optimal amount of public good in both
regions (z; = z, = z, with u'(z) = 1), which leads him to levy a higher labor tax in
region 1 than in region 2. There are more inhabitants in the more productive region
than at the first best outcome and the unevenness between regions is larger the higher

the capital tax rate.

Then, being obliged to tax capital, the planner chooses a second best policy

which exacerbates the inequalities between regions.

2.4.5 Limits on the head tax

Then we consider the symmetric case: what happens if the planner faces an
upward limit on household taxation, implying that he cannot finance the whole cost of

the public goods out of household taxes? We still look at the case where the planner is
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not allowed to make transfers between regions. The constraint on household taxation

is:
T1ST
Tzs‘l_'

with 7 <z, where z is the first best level of public good (u'(z) =1). In

Appendix 2.5, we prove the following proposition:

Proposition 2.6: If the planner faces an upward limit on household taxation, T,
implying that he cannot finance the whole cost of the public goods out of household
taxes, in both regions he underprovides the public good with respect to the first best.

Moreover, a tighter limitation (d7 < 0) implies:

e Higher capital tax rates in both regions (dt; > 0, dt, > 0)

e A higher increase of the capital tax rate in the less productive region (dt; —
dt, > 0).

e A lower endowment in capital per worker in the less productive region (dk,; < 0)

e Alower level of public good provision in the less productive region (dz; < 0)

We are unable to sign the impact on capital per worker and public good provision

in the most productive region.

2.5 Agglomeration externalities

In this chapter, we no longer consider that the total factor productivity in each
region is fixed. We look at the case where there is an agglomeration externality, the

total factor productivity being an increasing function of the population of the region.
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2.5.1 The agglomeration externality

We introduce an agglomeration externality in a very simple way: in each region,

the efficiency parameter, 6;, is an increasing function of the size of the labor force:

6, =0(Ly)

where 6 is a convex increasing function: 6'(L;) > 0 and 6"(L;) > 0. Note that,
now, there is no longer any ex-ante asymmetry between the two regions: if
L, =L, =1/2,then 6, =0, = 6(1/2). However, if agglomeration externalities are
strong enough, mobile workers may tend to agglomerate in one region, leading to an

ex-post asymmetric outcome.

2.5.2 Welfare analysis with an agglomeration externality

The maximization problem determining the first best outcome is the same as in
section 2.4.1. The central planner chooses the repartitions of population and capital
across regions and the levels of public and private consumption, maximizing W under
the constraints (1.1), (1.2) and (1.3). The only difference is that now, we have to take
account of the fact that, in each region, total factor productivity depends upon

population, 8; = 6(L;).

The characteristics of the optimal outcome are derived in Appendix 2.6. We

again find the equality of marginal productivities of capital:

91f'(k1) = Hzf’(kz)

and the Samuelson rule:

u'(z)) =u'(z)=1> 2z, =2
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However, the condition for an optimal repartition of the population changes. It is

now:

M(Lz) =0, [f(kz) - sz’(kz)] - 91[f(k1) - k1f’(k1)]
+ [L20"5f (ky) — L16'1f (ky)]

Compared to the expression of Proposition 2.1, we now have an additional term,
L,6',f (k) — L,0',f (k,). What happens is that, compared to the case of fixed total
factor productivities, the introduction of agglomeration externalities generates an
additional effect of migration. A migrant moving from region 2 to region 1 generates
a decrease in the production of workers located in region 2, measured by L,0',f (k3),
and in increase in region 1, measured by L,0';f(k,), hence a productivity
differential L,0',f(ky) — L,0',f(k,). Therefore, the willingness to pay of the
marginal migrant M(L,), has now to compensate for both the differential in marginal

productivity of the migrant and his impact on the production of the economy.

Let us note that the symmetric outcome (L; =L, =0.5 and k; =k, = k)
meets the first order conditions. However, it may not be an optimum, because of the
non-concavity induced by the externality. Then, beyond the first order conditions, we
also have to look at second order conditions. Maximizing W with respect to k,, ks,
z, and z, for given L,, one finds the welfare function W(L,). In appendix 1.6, we

prove that, for L, = L, = 0.5:

0*W(Ly) 20'f(k)[ , n?
aLZZ = " A +2(1—T])A+4—k2

where A = LiZ—, = 0.52—, is the elasticity with respect to population of the

kf')

marginal increase in the agglomeration externality and n = 0

is the elasticity of

26’ 92w (Ly)

f ) being positive, L2
2

production function with respect to capital. The ratio o
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has the same sign has the bracketed term, which is a quadratic expression. The

determinant of this quadratic expression is

sest-w - e -l

Two cases must be distinguished:

2k 2k 2w

o When A’<0 &1 € [—,——], -— >0 for whatever A.
- 2

2
2k 2k 1 OW 0 for A€ [A1,4,] and

e When A’>0 & n ¢ [2k+1'2k—1]1 aL,? —

azw
L, >0 for

A¢[A;,A], with 4, =2(n—1)—A and 4, =2(n—1) + A

Then, as soon as the elasticity with respect to population of the marginal increase
in the agglomeration externality, A, is high enough (A > A4,), we are sure that
atw

oz 0 whatever 7, and then the symmetric outcome is a local minimum. The first
2

best outcome is necessarily asymmetric. From now on, we will focus on asymmetric

outcomes.
2.5.3 Equilibrium and implementation

As in section 2.4.3, we look at the possibility to implement the first best
optimum defined above as equilibrium in an economy where the central planner uses
the per capita tax on labor and the proportional tax on capital as policy instruments.

At equilibrium, the conditions (5), (6) and (7) defined in section 4.3 still hold.

In Appendix 2.7, we prove the following proposition:

Proposition 2.7: A policy implementing the first best optimum is characterized by:
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zy,=2,=2z with u'(z) =1

tlztzzt

Ty — Ty = At = L,0',f (ky) — L,16', f (ky)

zZ = L1T1 + L2T2 + kt

Comparing to the case of fixed total factor productivities (Propositions 2.2 and
2.3), there is an important difference: the planner no longer equalizes the taxes paid by
households across regions. When total factor productivities were fixed, taxes were
equalized so as not to distort the location choice of the marginal migrant. As noted
above, when there are agglomeration externalities, migration generates externalities, as
it decreases the productivity of all the workers located in the origin region and increases
the productivity of all the workers located in the destination region. For a move from
region 1 to region 2, the net effect of these externalities is L,0',f (k,) — L10"1f (k).
Following the Pigovian rule, the differential in household taxes must compensate for

these externalities, hence the equality 7, — 7, = L,0',f (ky) — L10'1f (k).

When the first best outcome to be implemented is asymmetric, this application of
the Pigovian principle has an important, and maybe undesirable, feature. Without loss
of generality, let us assume that the largest region is region 2, so that L, > 0.5 > L4,
which implies 6, > 6, and 6, > 6';; and, using the equality 6,f’'(k,) = 01" (k,),
k, >k > k4, leadingto f(k,) > f(k,). Then,

T, — T, =A1>0

The implication of this inequality is that households leaving in the smaller and
poorer region (Region 1) pay more taxes than households leaving in the larger and

richer region (Region 2). This result is a direct consequence of the application of the
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Pigovian principle: a migrant moving from the largest and richest region to the smallest
and poorest one generates a larger decrease in the production of the large region than
the increase generated in the smaller region. Then, his global effect is negative and, for
compensating this negative effect, he has to pay higher taxes in the smaller and poorer
region. However, from an equity point of view, it may be undesirable, a point we will

be looking at more closely in the nest section.

Let us also note that the planner has one degree of freedom: he can choose t
(= t; = t,) arbitrarily and, once t has been chosen, t; and t, are determined by the

last two equations of Proposition 2.7, hence:

Ty =z — kt + (L2)?6",f (ky) — L1L,0" 1 f (k1)

T, =z —kt — L1L,0",f (ky) + (L1)?6"1f (k1)

2.5.4 Transfers

The per capita tax revenue in each region is

R1=T1+k1t=Z—(k—k1)t+L2AT

R2=T2+k2t=Z—(k—k2)t—L1AT

with At = L,0",f (k) — L16'1f (kq)

As noted above, when the first best outcome to be implemented is asymmetric,

region 2 being the largest one, we have:

T1— T, =At >0

so that households leaving in the smaller and poorer region (Region 1) pay more taxes

than households leaving in the larger and richer region (Region 2).
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Then, if the planner chooses not to tax capital (¢t = 0), R, =7, > 7, = R, and
per capita tax revenue is higher in the smaller and poorer region 1 than in the larger and

richer region 2, generating an implicit transfer from the poorer region to the richer one.

However:
de—k k<0
dt ~ 1
dRZ—k k>0
dt ~ 2

so that introducing taxation of capital decreases the per capita tax revenue in the poorer
region and increases it in the richer one, reducing the level of implicit transfers from the
poorer to the richer region: the central planner uses the fact that the capital is

disproportionately located in region 2.

The transfers will be reversed if R; < R,, which implies

At

>
-

2.6 Conclusion

The central message of our analysis is a fairly simple one: in an economy where
there are several regions, even if he is able to differentiate tax levels or tax rates
between regions, efficiency considerations may limit the freedom of the central planner
to use this differentiated taxation. These limits may come from interregional mobility
of tax bases, as taxation must not distort the location choice of data base and/or may

need to internalize externalities generated by the mobility of tax bases.
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Then, for the central planner, the mobility of tax bases is constraining in two ways:
it determines the interregional repartition of tax bases and it constraints the choice of
tax levels or tax rates charged on these tax bases. The result of this double constraint is
that the spatial repartition of tax revenues may not coincide with the spatial repartition
of spatial expenditures, generating implicit transfers in the welfare system. The nature
and the direction of these transfers depend upon the type of constraints imposed on the
planner. In some cases, these implicit transfers may have undesirable characteristics,

for example when a poor regions pay for a rich one.

However, despite the constraint he faces, the planner may still have some degrees
of freedom in the choice of the tax menu. For example, in the model of this paper, the
planner is still able to choose the repartition of tax revenues between capital taxation
and household taxations. The planner may be using this menu for manipulating implicit
transfers. For example, in the examples of this paper, the concentration of capital in the
most productive region and the constraint that taxes on capital must be equalized across
regions generate concentrated tax revenues in the richest region. Then, lower taxation
of capital lowers the impact of the concentration of capital on interregional transfers. In
the first situation described in this paper (exogenous productivity), this leads the
planner not to tax capital if he is unable to make transfers. On the contrary, in the
second situation, the planner may want to use capital taxation for compensating the
distortion resulting from the fiscal internalization of agglomeration externalities

generated by migration.
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Appendix Chapter 2

Appendix 2.1

The central planner solves the following problem:

Max Ly[c; + u(z;)] + La[cy + u(zy)] — 2(L,)

S.tLif(ky) + Ly0f (ky) = Li(cy + z1) + La(cy + 23) A
lel + szz = k E
L1 + L2 = 1

Hence the Lagrangian:

Yi == Ly)lc; +ulz)] + Ly[c, +ulzy)] —02(Ly) + A[(1 — L) (f(ky) — ¢y —
z1) + Ly(0f (ky) — ¢ — 25)] — §[(1 — Lp)ky + Lok, — K]

Differentiating the Lagrangian with respect to z,, z,, ¢, ¢,, kq, k, and L,, and

rearranging, we get the following first order conditions:

u'(z1) =u'(z) =1

f’(k1) = Hf’(kz)
M(Lz) = Qf(kz) - f(kl) - f(kz - k1)

= e[f(kz) - sz’(kz)] - [f(k1) - k1f’(k1)]

Appendix 2.2

Looking at firms, at equilibrium with perfectly mobile capital, post tax returns to

capital are equalized across regions:
42
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p=1f'(k)—t;=06f"(k;) — t;

We know that, at the first best optimum, marginal productivity is the same in

both regions.

Hf'(kz) = f’(kl)

For both equalities to hold simultaneously, we need to have t; = t,

Now, looking at households, at equilibrium, the willingness to pay of the

marginal households equals the utility differential:

M(Ly) = ¢c; + u(zy) — ¢; —u(zy)

Knowing that at the first best optimum, z; = z,, and using the expressions for

consumption, we get:

M(Ly) = c; — ¢y = 0[f (k) — kof (k)] — [f (k) — ki f ' (k)] + 11 — 13

Furthermore, from Proposition 2.1, we know that

M(Lz) = H[f(kz) - sz'(kz)] - [f(k1) - k1fl(k1)]

For an equilibrium to implement the first best optimum, both equalities must
hold simultaneously, hence t; = t,. The planner charges the same taxes on labor in

both regions.
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Appendix 2.3

Knowing that ® > 1, f'(ky) = 6f'(k,) implies f'(ky) > f'(k,) and then,
knowing that f"'(k;) <0, k; <k,. Moreover, k; <k, and the equalities

ky <k <k,

Tax revenue per capita is R; = 7; + kqt; inregion 1 and R, = 7, + k,t,. The
central planner charging the same tax rate at capital t; = t, =t and the same head

tax t; = 7, = 7, We get:

t>O$R1=T+k1t<T+k2t=R2

Moreover, knowing that z; =z, = z, the global public budget constraint

implies:

z=T1+ kt

Which, knowing that k; < k < k,, implies:

t>0=>R, <z<R,

Then, as soon as the central planner taxes capital, per capita tax revenue in
region 1 is not high enough for covering per capital public expenditures, the
difference being R; — z < 0; at the same time, per capita tax revenue in region 2 is
higher than capital public expenditures, the difference being R, —z > 0. Then, the

planner implicitly transfers tax revenue from region 2 to region 1.
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Appendix 2.4

Now we consider the case where the central planner cannot tax capital at a lower

rate than t, this constraint being binding in both regions, so that t; = t, = t.

When transfers between regions are not allowed, the planner’s second best

program maximizes W under the following constraints:

c1tz;=flky) + (k= k)(f'(ky) — )

C2 + 2, = 0f(ky) + (k — ky)(0f ' (ky) — t)

fllky) —t=0f"(ky) —t = f'(ky) = 0f"(k)

M(Ly) = c; + u(zz) — ¢; —u(z)

L1k1 + L2k2 = k

The Lagrangian of this program is:

Yy = Li[cy +u(z)] + La[cy + u(z2)] — Q(Ly) — Aylcq + 2 — (k) —
(k= k) (f'(ky) = )] = Azlea + 25 — 0f (k3) — (k — k) (0f (ko) — )] —
plLiky + Lok, — k] = {[f"(ky) — 0f" (k)] = Elcy + ulzy) — ¢; —ulzy) — M(L,)]

Differentiating the Lagrangian with respect to z;, z,, ¢, ¢,, k4, k, and L,, and

rearranging, we get the following first order conditions:

=L, — A=A —Li=>2A4=+L; A, =L,—¢

u'(z) =u'(z) =12z, =2z,=zwithu'(z) =1

pLy = A4[t + (k — k) f" (k)] — {f"(ky)
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ULy = [t + (k — kz)0f" (k2)] + C0f" (k)

M(Ly) —EM'(Ly) = ¢ — ¢; — p(ky — ky)

Note that, when z, = z, = z, the migration constraint becomes M(L,) = ¢, — ¢;

and then the last condition becomes

EM'(Ly) = p(ky — ky)

The planner is still following the Samuelson rule, providing the same quantity of

public good in both regions, z; = z, = z with u’(z) = 1. Then,

Z=T1+k1t=T2+k2t=>T1_T2=(k2_k1)t>0

the later inequality being the consequence of the fact that capital is charge the
same tax rate in both regions, which implies f'(k;) = 6f'(k,) and then, 6 being

above unity, k; < k,.

The first order conditions imply that, for any given t, k;, k, and L, solve the

following system of equations:

M(Lz) = ef(kz) - f(k1) - (kz - k1)(f’(k1) —t)

Hf’(kz) = f,(k1)

(1 — LZ)kl + szz = k

Differentiating this system or equations with respect to t, k,, k, and L,, after

some straightforward calculations, we get:
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dL, ky—ky
dt D
with
D= M'(L,) - (k= kD[f" (ky) — 6f" (k)] . (ky — k)" (k)Of" (k)

Li6f" (k2) + Lof"" (k1) Li6f" (kz) + Lof"" (k1)

Under the single crossing property, we have " (k) —0f"(k,) < 0, implying

D > 0 and then

dL,

—>0
dt

The higher the tax rate the central planner has to charge on capital, the higher the

population of region 2, the larger the disequilibrium between regions.

Appendix 2.5

Let us now consider the case of an upward limit on the labor tax, 7, < 7 < z and
T, < T < z,with u'(2), so that the planner is no longer able to rest upon households for
financing the production of the public good. Now, the planner is maximizing W under

the following constraints:

c1 2y = flky) + (k= k) (f'(ky) — £1)

C; + 2, = 0f(ky) + (k — k) (0f ' (ky) — t3)

f'(ky) =ty =6f"(ky) — ¢,

M(Ly) = ¢c; + u(z;) — ¢; —u(z)

lel + L2k2 = k

Zq <T+ kltl
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Ys = Li[cy + u(z)] + La[c; + u(z2)] — QL) — A4lcq + 2 — k) —
(k= k) (f" (k) —t)] — Azxlep + 2, — 0f (kp) — (k — k) (0f ' (kp) — t2)] —
ilLiky + Loky — k] = C[f " (k) — tg — 0f " (kp) + t5] — &lc, +ulzy) — ¢4 —

w(z1) — ML) —n1(z1 — T — kqty) = 12(2, — T — kyty)

Differentiating the Lagrangian with respect to z;, z,, ¢, ¢3, k1, k3, t;, t, and

L,, and rearranging, we get the following first order conditions for a second best

outcome:
§=L— 4
=4 — Ly

W' (z) — DA =m

(W'(z2) = DAz =1,

{=Mk— (A1 + 11k,

(=M + Ak, — A2k

ply = 2u'(z)ty + nikqf" (kq)

pL, = Au’(z)t; + n2k,0f" (k)

M(L3) = [c; + u(z2)] — [c1 + u(zy)]

EM'(Ly) = u(ky — ky)
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c1t2z; = flky) + (k= k) (f ' (ky) — t1)

Cp + 2z = 0f(ky) + (k= ky)(0f " (k) —t3)

fllk) =ty =0f"(kp) — t,

Zl = 7,_'+ kltl

Zy = f+k2t2

Note that, now,

1

uI(Zl) == 1+_> 1
A

uI(Zz) == 1+n_2> 1
Az

Thése de Yingchan Luo, Lille 1, 2014

and then the planner is no longer following the standard Samuelson rule;

compared to the first best, he is underproviding the public good in both regions.

Differentiating this system with respect to all the unknowns and after some tedious

calculations, we get the following derivatives

dt, F,
—=—=<0
dt F
dt, F,
—=—=<0
dt F
dtl dtz _ F]_ - FZ
dt df  F
dk, E,
—=—>0
dt D;F
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dk, E,

dt ~ D,F

dz F + k,F
1 1)

dat =~ F
dt ~F
dL, _ 1 (LlEl L2E2>
dt ~ k,—k,\D;F = D,F

With :
Ay = M'(Ly)k;Liu'" (z)) < 0
Ay = M'(Ly)k,Lou" (2,) < 0
By = (ky — k)?kyf"" (ky)u'" (z1) > 0
B, = (ky — k)%k,0f" (k)u" (z,) > 0
Dy = —(ky, — k)2 f" (k)Of" (ky) + LyM' (L) f" (ky) + LiM'(Ly)0f" (k,) < 0
Dy = —(ky — k)?f"(k)Of" (ky) + LoM' (L) f" (ky) + LiM'(Ly)0f" (ky) < 0

F = [kyko(B1B; — A1B; — A3B1) — (ky(Ay — By) + ky(A; — By)) (ky — k)% +
(ky — k1)4] >0

Fl = kZ(AlBZ +AZBl - BlBZ) - (kZ - kl)z(Bl _Al _AZ) <0
FZ = kl(AlBZ +AZBl - BlBZ) - (kZ - kl)z(BZ _Al _AZ) <0
F]_ - FZ < 0

Ey = LyM'(Ly)(F, — Fy) — (ky — ky)?0f " (kp)Fy < 0
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E;, = LlM,(LZ)(Fl - Fz) - (kz - k1)2f”(k1)F2
Appendix 2.6

We will work in two stages. First, we look at the optimal choice of z;, z,, ¢,
c,, kq, k, for L, given, hence population-dependent welfare function W(L,). Then,

we look at the first and second order conditions for the maximization of W(L,).

The problem is similar to Appendix 2.1. L, being given, the planner maximizes

W with respectto z,, z,, c¢q, ¢3, kq, ko, under the following constraints:
L1601 f (k1) + Ly6,f (k3) = Lyi(cq + 1) + Ly(c + 23)
Liky + Lok, =k

hence the Lagrangian:

Yg = L1(C1 + u(Z1)) + L, (Cz + u(Zz)) —02(Ly) + A[L161f (kq) + Lp0,f (k) —
Li(c1 + z1) — Ly(cp + z)] — §[Liky + Lok, — K

Differentiating the Lagrangian with respect to z,, z,, ¢;, ¢, ki, k,, and

rearranging, we get the following first order conditions:
elfl(k1) = ezfl(kz)
u'(z1) =u'(zx) =1

We again find the equality of marginal productivities and the Samuelson rule, the

later implying z, = z; = z with u'(z) = 1.
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The solution to this problem leads to a solution correspondence, W (L,). Then, we
maximize W(L,). Knowing that 6, =6(L;) =6(1—-1L,) and 6, =6(L,) and
using the envelope theorem, we get the first order condition:

oL, oL, 2 +u(zz) — cp —u(zy) + A[LL0" (L) f (k) + 0(Lo) f(ky) — c; —

zy — Lif(k)0'(L1) — O(L)f (k) + 1 +21] — &E(ky — k) — M(Ly) =0

which simplifies to:

M(Ly) = 0,[f (k) — kof (k)] — 04[f (ky) — ke f " (ko] + [L,60"5f (k) —
L6 f (k)]

Where 6’y = 0'(L;) and 8', = 6'(L,)

Let us note that the symmetric outcome, L, = L, = 0.5, which implies 8, =
0, = 6(0.5), 8’y =0', = 6'(0.5) and k,; = k, = k, obviously meets this first order

condition.

Because the function 6(L) is not concave, we have to beware of the second order

aW(Lz)

condition. Differentiating —— with respect to L,, we get:

=20 = 0, [f (k) — kof (k)] + BalF (ko) — £ (Ue0) — ko " (k)] S +
6's[f (k) = ks f' Uer)] = 6L Gka) = £ Uer) — keaf " Ge)] G2+ 60'2f (ko) +

dk,

L29”2f(k2) + L2 Zf (kZ)_ + 9 lf(kl) + Lleulf(kl) - Ll lf (kl)

dk1

M'(L2)

And then, using the solution to the first order conditions:
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62 ! ! ! 14 ! ! !
T07 = 20'2f (k) = a0'af (ko) + 128”2 f (ko) + 28"+ (ky) — ka8'4f" (hy) +

L,0" f (k) — M'(Ly) +

[L260"2f" (k) = B2k f" (k2)]

02" (ko) (k1 —k2)+Lo[0' o f (ko) +6" 1 f' (ky)]
Ly01f" (k) +L162f" (k2)

91f”(k1)(k1—k2)—L1[9’2f’(k2)+9’1f’(k1)]
LaO1f" (kq)+L162f"" (k3)

+[01k,f" (k1) — L10"1f" (k)]

At the symmetric outcome, L, =L, =0.5, 6, =6, =6(0.5), 68', =0', =

6'(0.5) and k; = k, = k, and assuming that M’(0.5) = 0, this derivative simplifies

to:
TR = 0L U0 +0"f () + (T2 — k) 6'f (k)

Where 6 = 6(0.5), 8’ = 6'(0.5) and 8" = 6"(0.5). This expression may also

be written as

W _ g 0" L (010 4\ 1
L% 0'f (k) [4 + o’ + (9"f(k) 4k) fk)

29 (k)
s [AZ +2(1-nA+L

where A = Lleg—, =0. 59—, is the elasticity with respect to population of the

kf' (k)

marginal increase in the agglomeration externality and n = 0

is the elasticity of

production function with respect to capital.

! 2
The ratio ZGT{C(R) being positive, ZL—M; has the same sign as the quadratic
2
polynomial A% +2(1 —n)A + ~. The discriminant of this polynomial is

oo
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Two cases must be distinguished:

2k 2k 2w
2k+1,2k_1], L7 > 0 whatever A.

e When A< 0& €|

2k 2k a*w 2w
< -
2k 2kl oL, — 0 for A €[A,4,] and TR 0 for

A& [A,A,],with A, =2(n—1)—A and A, =2(n—1)+A

e When A2>0&n¢]|

Then, as soon as the elasticity with respect to population of the marginal increase

in the agglomeration externality, A, is high enough (A > A,), we are sure that

0w
dLy2

> 0 whatever 7, and then the symmetric outcome is a local minimum. The first

best outcome is necessarily asymmetric.

Appendix 2.7

We look at the case of an asymmetric first best outcome; without loss of
generality, we can assume that the largest (and most productive) region is region 2:

L, > 0.5.

We know from Appendix 2.6 that, at the first best outcome, the following first

order conditions must be met:

0,f"(ky) = 01" (kz) (A7.1)

u(z) =u(z))=1=>2z,=2,=2z with u'(z) =1

M(Lz) =0, [f(kz) - sz’(kz)] - 91[f(k1) - k1f’(k1)] + [L29'2f(k2) -
L16"1f (k)] (A7.2)

When the planner charges taxes t;, t,, t; and t,, as in Appendix 2.2, at

equilibrium, the following conditions must be met:

p=1f"(k))—t;=0f"(ky) — t; (47.3)
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M(L;) = ¢c; + u(z;) — ¢; —u(z) (A7.4)

For the equilibrium to implement the first best optimum, (A7.1), (A7.2), (A7.3)
and (A7.4) must hold simultaneously. (A7.1) and (A7.3) jointly imply t; =t,.
Knowing that at the first best optimum, z, = z, = z, and using the expressions for

consumption, (A7.4) becomes:

M(Ly) = c; — ¢ = 0[f (kp) — kaof "(kp)] — 01[f (ky) — ke f (kD] + 71 — T2

And then, using (A7.2):

Ty — Ty = Lp0',f (ky) — L,6'1f (kq)

Then, a policy implementing the first best is characterized by:

zy =2z, =2z with u'(z) =1

t,=t, =t

Ty — Ty = Lp0',f (ky) — L16'1f (kq)

zZ = L1T1 + L2T2 + kt
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Chapter 3 Fiscal competition with imperfect

migration and asymmetric productivity

3.1 Introduction

In chapter 2, we looked at the single central planner case and found that, as soon as
the planner taxes capital, at the first best optimum there is an implicit public transfer
from the most productive jurisdiction to the less productive one. In this chapter, we
look at what happens when governance is decentralized, each region being governed by
a local planner, so that there is fiscal competition: each local government makes its
choice taking account of the choices made by the other government and the mobility of

fiscal assets.

Standard fiscal competition models have been widely studied ever since 1980s.
Most of them share two bass characteristics. First, capital is a useful resource freely
moving across countries while labor is immobile. Second, all the jurisdictions share the

same basic characteristics, and particularly the same technologies.

In this chapter, we relax both these assumptions: as in Chapter 2, workers are
imperfectly mobile and the production of the private good is more efficient in one of the
jurisdictions compared to the other. The difference with Chapter 2 is that, instead of a
central planner managing both jurisdictions, we have two independent authorities, one
for each jurisdiction, instead of the single central planner. Then, the objective of this
chapter is twofold. First, it is an extension of Chapter 2, where we look at the
consequences of fiscal decentralization in an economy where population is mobile
between two jurisdictions differing in their productivity level; these consequences are

examined both when the jurisdictions can tax both capital and workers and when they
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are restricted. Second, it is an extension of the standard fiscal competition, where we

relax the assumptions of households’ immobility and identical technologies.

The structure of the paper is organized as follows. Section 2 is a brief review of the
literature on fiscal and tax competition. Section 3 presents the model. The main results
are presented in section 4. Then, in section 5, we look at an extension, where
differences in productivity levels are endogenous generated by an agglomeration

externality. Section 6 concludes.

3.2 Literature review

Since the seminal work of Tiebout (1956), the literature on the decentralized
provision of local public goods has been strongly developing. Early contributions were
neglecting fiscal interactions between decentralized jurisdictions. The analysis of these
interactions started with Zodrow and Mieszkowski (1986) and Wilson (1986), further

developed by Wildasin (1988) and many other scholars.

The standard model developed by the literature has a set of decentralized
jurisdictions with immobile households, perfectly mobile capital, a private public good
produced under constant returns combining capital and labor, and benevolent local
planners who use capital taxation for providing a local public good. The perfect
mobility of capital generates fiscal interactions across jurisdictions, as capital reacts to
a tax increase in a jurisdiction flying out to other jurisdictions. These interactions are
not internalized by the local planner, leading to the popular result that fiscal

competition leads to under provision of local public goods.

The standard fiscal competition model is a symmetric one, with all the
jurisdictions sharing the same underlying characteristics: same size, same technology

for producing both the private and the public good, same preferences of the inhabitants.
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There are very few papers dealing with asymmetries. The most well-known one is
Wilson (1991), who considers differences in size and finds that the smallest
jurisdictions charge a lower capital tax rate than the largest one, and then attracts more
capital per worker. We do not know of any paper looking at the consequences of

differences in productivity.

There is a much larger literature looking at fiscal interactions when population is
mobile: Boadway (1982), Brown and Oates (1987), Wildasin (1991), Arthur, Richard
and Emilson (2000), Bucovetsky (2010). An important point examined in this literature
is the impact of population mobility on decentralized redistribution: when the
population is mobile, rich households tend to move to locations where there is few
redistribution whole poor households tends to move to locations where redistribution is
high. The consequence is that decentralized redistribution becomes difficult or even
impossible because jurisdictions hosting the poor population are not able to get the
fiscal resources needed for redistribution. However, this literature neglects the mobility
of capital and then is not looking at the simultaneous impact of capital and population

mobility.

Wildasin emphasized in 2011 that difference in the degree of mobility of different
types of factors of production matter. It is we are looking at in this paper, jointly with

differences in productivity levels.

3.3 Basic Model

Our model has the same basic structure as in chapter 2. There are two regions,
inhabited by a continuum of L =1 inhabitants providing labor and consuming a
private good and a publicly provided good. Private goods are produced by two primary
factors: capital and labor. The production function has constant return to scale. Capital

is perfectly mobile while labor is imperfectly mobile. Inhabitants in different
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jurisdictions have the same preferences for goods but different preferences for locations.

Each inhabitant has a specific willingness to pay for residing in region 2 instead of

region 1, which is randomly distributed in [—oo, +00].

Each worker inelastically supplies one unit of labor, hence a total quantity of labor
equaling L = 1. There is a fixed stock of perfectly mobile capital K, choosing to locate
in the region where its return is higher. The property of capital is evenly shared over the
whole population. Public goods are financed by the collection of tax on both capital and

inhabitants settled in the local region.

There are L; workers staying in jurisdiction i, with L; + L, = L = 1. The net
income of a worker staying in jurisdiction i is w; + pk — t;, where w; is the local
wage, p the after tax rate of return to capital, k is the fixed amount of capital and t;
the tax paid by households in jurisdiction i. This income is used for consumption of a

private monetary good in jurisdiction i.

Workers staying in jurisdiction i benefit from consumption of a publicly
provided good. This good is perfectly divisible and the quantity per worker is z;.
Workers are endowed with preferences represented by the following utility function
(for worker 1): V; = U(c;, z;) + m;;,where my; = p;, my; =0 and U(c;, z;) = ¢; +
u(z;). (u; is the willingness to pay of worker [ for staying in jurisdiction 1 instead of

jurisdiction 2.

Workers are mobile across jurisdictions and choose the location where their utility

is highest. Then, the choice of an individual whose willingness to pay u is:

i=1iff U(cy,z) +u>U(cy,2z,) © u>AU

i=2iff U(cy,z2) +u<U(cy,z,) @ u<AU
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where AU = U(cy,2z,) — U(cq,2,) . Therefore, L, = A(AU) workers choose
jurisdiction 2 while L, = 1 — A(AU) workers choose jurisdiction 1. The function A is
increasing from R to [0,1], with A(—%) =0, A(0) = 0.5 and A(+w) =1. The
assumption A(0) = 0.5 implies that half the workers prefer to leave in jurisdiction 1 in
the sense that their willingness to pay for staying in jurisdiction 1 instead of jurisdiction
2 is positive; and half the workers prefer to leave in jurisdiction 2 in the sense that their

willingness to pay for staying in jurisdiction 1 instead of jurisdiction 2 is negative

The inverse function of A is AU = M(L,), where M(L,) may be interpreted as
the migration cost of the marginal migrant (who is indifferent between the two
jurisdictions) when there are L, on jurisdiction 2. The assumptions we make on A
imply that M is an increasing function from [0,1] to R, with M(0) = —c0, M(0.5) =
0 and M(1) = oo.

The private good is produced by firms combining labor and capital using a

constant returns to scale technology. In jurisdiction i, the production function is

F(K;, L) = 6; F(K;,L;) = 6; Lif (k;)

where K; is the capital input, L; is the labor input, k; = K;/L;, F(K;,L;) is an
homogenous production function while f(k;) is a concave increasing function
meeting the Inada conditions; 6; is an efficiency parameter, which may differ across
regions. Without loss of generality, we assume that 6, = 1 and that production is more

efficient in jurisdiction 2, so that8, = 8 > 6, = 1.

There is a fixed capital stock of capital available for production in both

jurisdictions, K, so that

K]_ +K2 == lel +L2k2 == K
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Capital is perfectly mobile across jurisdictions and then the post-tax return to

capital, p, is the same in both jurisdictions:

p=7f"(k))—t;=06f"(k;) — t;

where ¢; is the tax rate on capital in jurisdiction i.

In each jurisdiction, the local public good is provided by a local government out of

taxes on both capital and households. The public budget constraint of government i is

Z; =T + kiti

where t; is the tax paid by each household and t; the tax rate charged on capital

invested in the jurisdiction.

Each local government only takes account of the welfare of its “natives”. Natives
are households who started leaving in the jurisdiction, this starting period leading them
to prefer leaving there. Then, natives from region 1 are households who have a negative
willingness to pay for staying in region 2 instead of region 1, while natives from region
2 are households who have a positive willingness to pay for staying in region 2 instead
of region 1. Assumptions made earlier on about the distribution of willingness to pay

imply that each jurisdiction has 0.5 natives.

In the standard situation we will be working on, production is more efficient in
region 2 than in region 1 (6 > 1) and then attracts more workers (L, > 0.5), so that
there are L, — 0.5 migrants, id est natives from region 1 who choose to work in region
2. Then, taking account of migration costs, the aggregate welfare of the natives from
region 1 is

Wi = Ly[cg + u(z)] + (0.5 — L) [c; + u(z)] — Q(Ly)
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where?

L;
L) = | M@l
0,5

is the aggregate migration cost of the migrants from region 1 to region 1.

Conversely, all the natives from region 2 work in region 2, so that they do not bear

any migration cost and their aggregate welfare is
Wz = O.S[CZ + u(Zz)]

Note that, by construction, the aggregate welfare of the whole economy is the sum
of the aggregate welfares of both categories of natives, W = W, + W,, where W is the

global welfare function maximized by the central planner in Chapter 2.

3.4 Equilibrium

This section is devoted to the analysis of the Nash equilibria of a standard fiscal
competition between the two jurisdictions. We will compare these equilibria with the

optimal outcomes presented in the previous chapters.
3.4.1 Equilibrium when all the tax instruments are available

In each jurisdiction, the local government has to choose three quantities: the
per-capita tax on workers, the tax rate on capital, and the quantity of local public good
to be provided. These three quantities are linked to each other by the public budget

constraint, and then only two of them can be used as strategic instruments. Here, we

2 See Chapter 2, section 2.3.4 for the derivation of this expression.
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focus on the case where the strategic instruments are the quantity of local public good,
z;, provided by the jurisdiction and the tax on capital, t;, the level of the tax paid by
households being determined by the local public budget constraint. Then, the strategy

of government i is characterized by the package (t;,z;)

The equilibrium with perfect mobility of capital and imperfect mobility of

households is determined by the following systems of equations:

¢1 = flky) = kaf () + pk — T4 3.1)
ca = 0F (ky) — ko0f" (k3) + pk — 15 (3.2)
M(Ly) = c; +u(zy) — ¢, — u(z;) (3.3)
p=f"(k)—t; (3.4)
p=0f"(ky) —t; (3.5)
z =1, + kit (3.6)
2, = T, + kyty (3.7)
(1—Lpky + Lok, = k (3.8)

Equations (3.1) and (3.2) are the private budget constraints. Equation (3.3) tells
that the marginal migrant is indifferent between residing in either region. Equations
(3.4) and (3.5) result from equalization of post-tax capital returns across jurisdictions.
Equations (3.6) and (3.7) are the public budget constraints. Equation (3.8) is the

constraint imposed by the fixed stock of capital.

This system has eight equations and 12 unknowns: Once all the four tax levels

(t1, ty, T, and t,) are known, the other equilibrium quantities are determined by the
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following system of 8 equations with 8 unknowns (c,, kq, 24, t1, T1, C3, K3, Z3, ty,
T,, L,,and p). Then, once both capital tax rates (¢t; and t,) and quantities of local
public goods (z; and z,) are known, the system determines all the other equilibrium
quantities. Then, for determining the best reply of jurisdiction 1 (resp jurisdiction 2)
to the package (t,,z,) (resp (t;,z;)) choosen by jurisdiction 2 (resp jurisdiction 1),
we solve (2.1) to (2.8) for t, and z, (resp t; and z;) given, adding two equations
resulting from the optimization of its welfare function by jurisdiction 1 (resp

jurisdiction 2).

The best reply of jurisdiction 1 to the package (t,,z,) chosen by jurisdiction 2

is the package (t;,z;) maximizing the jurisdiction’s welfare function:
Wy = Ly[e; +u(z)] + (0.5 — Ly)[c, + u(z2)] — Q(Ly)
under the constraints (3.1) to (3.8).

Similarly, the best reply of jurisdiction 2 to the package (t;,z;) chosen by

jurisdiction 1 is the package (t,, z,) maximizing the jurisdiction’s welfare function:
WZ = 0.5[C2 + u(Zz)]
under the same constraints, (3.1) to (3.8).

Let us first look at the best reply by jurisdiction 1. We write z,,, for the first
best quantity of public good, (u'(z,,:) = 1). In Appendix 3.1, we prove the following

proposition:

Proposition 3.1: At the best reply by jurisdiction 1, the values of ¢, kq, 74, t1, C3,

k,, 75, Ly, and p solve the equations (3.1) to (3.8) together with the equality

Z1 = Zopt
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and the equation:

o= LiM'(Ly)[Ly(ky — kq)Of" (k) + (Ly — Lu'(2,)t,]
VT ' (z)ty — Ly(k, — k)Of" (k) (ks — ki) + 2L1L,M'(Ly)

Let us now look at the best reply by jurisdiction 2. In Appendix 3.2, we prove the

following proposition:

Proposition 3.2: At the best reply by jurisdiction 2, the values of ¢y, ky, z1, ¢3, ko,

t,, T2, Lo, and p solve the equations (3.1) to (3.8) together with the equality

Zy = Zopt

and the equation:

LiLyM'(Ly) (ke — k) f"(kq)
(ky — ky)[Ly(ky — kq)f"(ke) +w' (2] — LiM' (L)

t2=

A direct consequence of Propositions 3.1 and 3.2 is that, at Nash equilibrium, both
jurisdictions choose to provide the first best quantity of local public good. This is a
direct consequence of the fact that they are unrestricted in their ability to tax households,
who are the only agents who benefit from the local public good. Then, the jurisdictions
are able to compare the marginal utility of an extra unit of local public good and its cost

using households’ taxation, leading them to meet the Samuelson rule.

What about taxation at the Nash equilibrium? It is impossible to have direct
evidence combining Propositions 3.1 and 3.2. However, we can have indirect evidence
looking at the incentives to change the capital tax rate when the economy is at its first
best outcome. Let us remind that, from Chapter 2, we know that the first best outcome

can be implemented taxing the households only for providing the local public good:
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u'(z)) =u'(z) =1, t; =t, =0, and then 7, =7, = z,,,. Using the reduced
welfare functions® W, (t;) and W,(t,), these incentives can be determined looking
at the signs of the derivatives dW, /dt, and dW,/dt,. In Appendix 3.3, we prove the

following proposition:

Proposition 3.3: At the first best outcome (u'(z;) = u'(z,) =1, t; =t, =0, and
then 7, =1, = z,,, ), jurisdiction 1 has an incentive to subsidize capital
(dW, /dt, < 0) while jurisdiction 2 has an incentive to tax capital (dW,/dt, > 0).
Following these incentives leads to a decrease in the difference in capital per worker
ratios, k, — k,. However, this incentive cannot no lead to a lower capital per worker

ratio in jurisdiction 2 compared to jurisdiction 1.

Then, jurisdiction 1 (the less productive region) has an incentive to subsidize
capital while jurisdiction 2 (the most productive region) has an incentive to tax capital.

Where this difference in behavior does come from?

Let us remind that, whatever happens, both jurisdictions choose to provide the
same quantity of local public good, the first best one. Then, expenditures on the local
public good are fixed and changing the level of the tax on capital implies changing the
repartition of the budget between tax receipts (or expenditures) from the capital tax and
tax receipts from the households. In this context, increasing the capital tax rate has two
effects. The direct and obvious one is that the local post-tax rate of return to capital

decreases, leading capital to flow out from the jurisdiction until returns are equalized

3 W,(t,) is the welfare level of jurisdiction 1 when it provides the optimal quantity of local public
good (z; = z,,,) and taxes capital at the rate t,. Similarly, W,(t,) is the welfare level of jurisdiction 1

when it provides the optimal quantity of local public good (z, = z,,.) and taxes capital at the rate ¢,.
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across regions. In the expression of the derivative of the welfare function with respect
to the tax rate?, dW;/dt; = Aiik; —u;;, this effect is measured by the second
term, —u; ;, where p;; is the Lagrange multiplier of the constraint on post-tax returns

to capital.

There is however an indirect and less obvious effect. If the increase in the tax rate
does not generate too large a capital flow out of the jurisdiction, it allows the local
government to decrease the tax on households. Then, the private consumption of local
households evolves under the influence of two forces: the decrease generated by the
capital outflow depressing wages and the increase generated by the lower tax charged
by the local government. The net effect is measured by the first term of dW,/dt;,
Aiiki, where 2;; is the multiplier of the private budget constraint; it is positive. Note
that both effects are influenced by the mobility of households, who react to the changes
in welfare by migrating, leading to a reduction of the tax base in the jurisdiction they

leave and an enlargement of the same tax base in the jurisdiction they enter.

The difference of behavior between jurisdictions depends upon the respective
impacts of both effects. In the less productive jurisdiction (jurisdiction 1), the
detrimental effect of increased capital taxation dominates its beneficial effect. Or, the
other way round, subsidizing capital attracts enough capital for the wages of local
workers to increase more than the extra amount of capital they pay for covering these
subsidies, so that subsidizing capital is attractive. In the most productive jurisdiction, it
is the opposite. The detrimental effect of increasing the tax on capital is dominated by

its beneficial effect and then taxation is attractive.

* See appendices 1 and 2.
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Property 3 does not imply that, at Nash equilibrium, jurisdiction 1 subsidizes
capital while jurisdiction 2 taxes capital. The reason is simple: jurisdiction 1 subsidizes
capital for attracting more capital. However, what mainly matters for attracting capital
is the tax differential between jurisdictions 1 and 2. If jurisdiction 2 follows its intensive,
increasing its capital tax rate, the tax differential increases and then, with a larger tax
differential, jurisdiction 1 has a lower incentive to decrease its tax rate. The final result
may be positive tax rates in both jurisdictions, with a lower tax in jurisdiction 1

compared to jurisdiction 2.

We can illustrate this point with some simulations. We choose the following

simple specifications:

- For the utility of the local public good: u(z) = z“

- For the production function: f(k) = k#

Ly

- For the migration function: yln1 )
L2

Figure 2 presents the best reply function of each jurisdiction for a standard
configuration of the parameters®. The blue line is the best reply function of jurisdiction
1, while the red line is the best reply function of jurisdiction 2. As expected from
Property 3, jurisdiction 1 choosing a negative tax rate when jurisdiction 2 does not tax
capital, the best reply of jurisdiction 1 intersects the horizontal axis on the left hand side;
and jurisdiction 2 choosing a positive tax rate when jurisdiction 1 does not tax capital,

the best reply of jurisdiction 2 intersects the vertical axis above the origin.

® For this simulation, the values of the parameters are @ = 0.5, § = 1/3, y = 2. The total
population is L = 1 and the global capital stock is k = 1.
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Figure 2: Response functions, base scenario

0,40 -
Jurisdiction 1
035 -

0,30 |

0,25 - Jurisdiction 2

As expected (despite a complete formal proof is not available), both best reply
functions are upward sloping: when one of the jurisdictions increases its capital tax rate,
capital flows toward the other jurisdiction, allowing it to increase its tax rate. In
Figure 2, the Nash equilibrium corresponds to a negative tax rate by jurisdiction 1 and a
positive tax rate by jurisdiction 2. Then, the incentives for subsidizing capital in the less

productive jurisdiction and taxing it the most productive jurisdiction are still at work.

Figure 3 displays the response functions when the population is more mobile®.
There is almost no change in the best reply by jurisdiction 2 (in fact a very small

downward shift), while the best reply by jurisdiction 1 has shifted to the right.

® The only change with respect to Figure 2 is the value of y, which changes from y =2 to y = 1.
A lower value of y corresponds to lower migration costs and then to a higher mobility of population. In
the limit, when y = 0, there are no migration costs and the population is perfectly mobile. And, when

y = oo, migration costs are so high that the population is perfectly immobile.
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Figure 3: Response functions, higher mobility
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This shift is easy to understand. If jurisdiction 1 decreases its tax rate for attracting
capital, as the quantity of local public good stays at its optimal level, it has to increase
the tax paid by household and then to depress there private consumption. If households
are more mobile, more households migrate to region 2, generating a higher welfare loss
due to aggregate migration costs. Then, the welfare gain from a capital subsidy (or a
low tax rate on capital) is lower and the jurisdiction chooses a higher tax rate on capital

than when the population is perfectly mobile.

The straightforward consequence of this shift is that the Nash equilibrium moves
to the right and, at Nash equilibrium, both taxes may be positive, as it is the case in

Figure 3.

Conversely, a decrease in households’ mobility increases the incentives of
jurisdiction 1 to decrease its capital tax rate, as a less mobile population generates lower
welfare losses due to migration. Figure 4 illustrates this situation’. The lower mobility

of households generates a leftward shift of the best reply by jurisdiction 1 with the

" The only change with respect to Figures 2 and 3 is again the value of y, which isnow y = 5.
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consequence that the Nash equilibrium is more asymmetric than is the base scenario of
figure 2, with a higher subsidy rate by jurisdiction 1 and a lower subsidy rate by

jurisdiction 2.

Figure 4: Response functions, lower mobility

0,40 -

Jurisdiction 1
0,35 -

Jurisdiction 2

This impact of workers mobility clearly appears when we compare the two
extreme situations, perfect mobility and perfect immobility. Workers are perfectly
mobile when there are no migration costs: M(L,) = M'(L,) = 0, whatever L,.
Conversely, whorkers are perfectly immobile when migration costs are infinite.
Therefore, as soon as L, differs from 0.5, M(L,) is infinity. More precisely,
M(L,) = —co for L, < 0.5, M(L,) = +o for L, > 0.5, and M'(L,) = +o for

LZ = 05

Straightforwardly, when M(L,) = M'(L,) =0, Properties 1 and 2 imply
t; =t, = 0. With perfectly mobile workers, the incentives to tax or subsidize
disappear and the first best outcome is a Nash equilibrium. It is interesting to note that
we are in a situation where both fiscal assets are perfectly mobile, but one of them

only is taxed.
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Conversely, when workers are perfectly immobile, L, = 0.5 whatever the
difference in consumption level, ¢, —c; and M'(0.5) = +o. At t; =t, =0, the

first order derivatives of the reduced welfare functions are:

d_W1 _ _1 (ko — k)Of"(k2)
dt;  4[0f"(ky) + f"(ky)]

<0

A,
dt,

_1 (ko — k) f" (k1) 0
410f"(kz) + f"(ky)]

So that, as in the general case, jurisdiction 1 has an incentive to subsidize capital
and jurisdiction 2 has an incentive to tax it. These incentives are confirmed by the
expressions of taxes at Nash equilibrium. Using Properties 1 and 2, we find that, when
L, = 0.5 and, M'(0.5) = +oo:

(ko = k12)9f"(kz) <0

t1:

(ky — ko) f" (k1) -0

t2=_ 2

Then, the incentives to subsidize capital in the less productive jurisdiction and to
tax it in the most productive jurisdiction look to be highest when workers are perfectly

mobile. However, some asymmetry between jurisdictions must exist.

This observation leads us to examine the role of productive asymmetries between
jurisdictions. Clearly, some asymmetry is needed for jurisdictions to have incentives
for taxing or subsidizing capital. More precisely, in the limiting case where there is no
difference in productivity levels, 8 = 1, both regions are perfectly similar, and we are
led to look at a symmetric equilibrium, witht; =t,. But, when, 8 =1, t; =¢t,
implies f'(k;) = f'(k,) and then k; = k,. Now, looking at the first best outcome
(t; =t, =0), k; =k, implies that the derivatives of the reduced welfare functions

are zero: dW,/dt; = dW,/dt, = 0. Then, when there is no difference in

72

© 2014 Tous droits réservés. doc.univ-lille1.fr



© 2014 Tous droits réservés.

Thése de Yingchan Luo, Lille 1, 2014

productivity, the incentives to tax or subsidize capital disappear and the first best is

still an optimum.

Then, we can expect smaller differences in productivity levels to lead to tax
levels closer to zero in both jurisdictions, and closer to each other. Figure 5 illustrates

this point.

Figure 5: Response functions, small difference in productivity levels

0,40 -

0,35 - Jurisdiction 1

0,30 |

0,25 -
Jurisdiction 2

In the scenario used for building Figure 5, the productivity differential is much
lower® than in the base scenario of Figure 2. The consequence is a rightward shift of
the best reply curve of jurisdiction 1, a backward shift of the best reply curve of

jurisdiction 2, and Nash equilibrium where both tax rates are much closer to zero.

Conversely, for large productivity differentials, we expect much higher capital
tax rates in the most productive region. The productive advantage of region 2 results
in an agglomeration rent of the Baldwin and Krugman type (see Baldwin and

Krugman, 2004). When this productive advantage is very large, capital is reluctant to

8 More precisely, 6 has decreased from 6 =2 to 6 = 1.5, all the other parameters being
unchanged. Let us remind that there is no productivity differential when 8 = 1.
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fly out of the jurisdiction and then less mobile. Then, it accepts higher tax levels,
which allows the jurisdiction to set higher capital taxes and results in an upward shift

of its best reply curve.

The consequences of a larger productivity differential are more ambiguous for
the less productive jurisdiction. Jurisdiction needs to compensate its productive
disadvantage with a high tax differential: the levels of its capital tax must be much
lower than the level chosen by jurisdiction 2 for jurisdiction 1 to be able to attract
capital. The consequence is a leftward shift of its best reply function. But this leftward
shift does not necessarily lead jurisdiction 1 to subsidize capital, for a simple reason:
when the tax level is very high in jurisdiction 2, even a positive tax in jurisdiction (but

close enough to 0) may be enough for the tax differential to be large.

A formal proof of this conjecture is not available because the interactions
between the variables lead to highly complex expressions of the derivatives of the
best reply functions with respect to the parameters, which are not interpretable.
However, they can be illustrated easily. In the scenario used for building Figure 6, the

productivity differential is higher® than in the base scenario of Figure 2.

% More precisely, 6 has increased from 6 = 2 to 8 = 3, all the other parameters being unchanged.
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Figure 6: Response functions, large difference in productivity levels
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As expected, the consequence is a leftward shift of the best reply curve of
jurisdiction 1, and an upward shift of the best reply curve of jurisdiction 2. At Nash
equilibrium, compared to Figure 2, the tax rate is much higher in jurisdiction 2 and

much less negative in jurisdiction 1.

In the scenario used for building Figure 6, the productivity differential is much

higher'® than in the scenario of Figure 5.
3.4.2 Equilibrium when there are constraints on capital taxation

In this section, we briefly look at what happens when the choice of the tax rate
on capital is constrained. It is natural to look at a constraint applying similarly to both
jurisdictions (t; = t, = t). Moreover, knowing that a central planner implements the
first best with a zero tax rate on capital, a natural question is to examine how the
decentralized jurisdictions react when they are not allowed to tax capital: t = 0, and

19 The value of 8 is now 6 = 4, all the other parameters being unchanged.

75

doc.univ-lille1.fr



© 2014 Tous droits réservés.

Thése de Yingchan Luo, Lille 1, 2014

Let us note that, in Appendices 1 and 2, the fact that at its best reply each
jurisdiction provides the first best quantity of local public good (z; = z,,,) has been
proved for every choice of the capital tax rate and then this property still holds when
the jurisdiction is constrained. This result has a strong implication: when jurisdictions
are not allowed to tax capital, as soon as both jurisdictions are constrained, the
equilibrium is determined by the system of equations (3.1) to (3.8) jointly with the
equalities t; =t, =t and z; = z, = z,,, (or, equivalently, u'(z;) = u'(z,) = 1).
But, when t = 0, the solution to this system of equations is a first best optimum.
Then, it is possible to implement the first best by not allowing jurisdictions to tax

capital.

Note that, for this implementation of the first best by a constraint on business
taxation, the constraint must be an equality constraint. An equality constraint will
not work. If jurisdictions are not allowed to subsidize capital (t; =t =0 and
t, =t = 0), jurisdiction 2 will never be constrained as, at Nash equilibrium, it always
chooses a positive tax rate. And jurisdiction 1 will be constrained only when, at Nash
equilibrium, it subsidizes capital. If jurisdictions are not allowed to tax capital
(t;<t=0 and t, <t=0), the constraint can never be binding on both
jurisdictions. This assertion is straightforward when, at unconstrained Nash
equilibrium, jurisdiction 1 subsidizes capital, implying that it is unconstrained.
However, even when at the unconstrained Nash equilibrium both jurisdiction tax
capital, at the constrained Nash equilibrium, jurisdiction 1 subsidizes capital. This is a
direct consequence of Proposition 3.3: when t; =t, = 0, jurisdiction 1 is better off
subsidizing capital so that, at a constrained Nash equilibrium where the constraint

t, < 0 is binding for jurisdiction 2, jurisdiction 1 chooses a negative tax rate.
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3.4.3 Equilibrium when there are constraints on workers’ taxation

Let us now examine what happens when jurisdictions are limited in their capacity
to tax households. More precisely, we assume that there is an upward limit in the level
of the household tax. As before, it is natural to look at a constraint applying similarly

to both jurisdictions: 7; <7 and 7, < 7.

A first consequence of the constraint is that a constrained jurisdiction only has one
strategic instrument. When the constraint is binding, the tax on households is fixed by
the constraint. Then, the tax on capital and the quantity of local public good are linked
to each other by the budget constraint. We adopt the standard framework of fiscal
competition models, choosing the tax on capital as the strategic instrument, the quantity

of local public good resulting from the budget constraint.

Let us first look at the best reply by jurisdiction 1. In Appendix 3.4, we prove the

following proposition:

Proposition 3.4: When the constraint t; < 7 is binding (t; = 7), at its best reply,
jurisdiction 1 sets u'(z;) > 1 and then under provides the local public good. The
values of ¢y, ki, 2z, t1, ¢y, ko, z,, L,, and p solve the equations (3.1) to (3.8)

together with the equation:

_ LiM'(Ly) (katka—2u'(z)ka)L10f (k) +(Ly—L)u'(z)t, (4 1 Y
M= TG M )~k Ua-k8r (k) - (2] ( _uf(zl)) fer f (kea)

Let us now look at the best reply by jurisdiction 2. In Appendix 3.5, we prove the

following proposition:

Proposition 3.5: When the constraint t, < T is binding (r, = 7), at its best reply,

jurisdiction 2 sets u'(z,) > 1 and then under provides the local public good. The
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values of ¢y, kq, z;, ¢y, ky, z,, t,, Ly, and p solve the equations (3.1) to (3.8)

together with the equation:

_ LyM'(Ly) (ur(zp)ky—k)f" (k1) (11 "
tz = u'(zz) (ky—k)[u'(z)t1+(k—k1)f"(k)]-L1M'(L3) (1 u’(ZZ)) kzef (kZ)

A straightforward consequence of Propositions 3.4 and 3.5 is that, as soon as they
are constrained on the level of household’s taxation, both jurisdictions underprovide
the local public good. We are back to the standard outcome of fiscal competition. When
jurisdictions are constrained on households’ taxation, increasing the quantity of local
public good provided by the jurisdiction is costly because it implies a higher tax level
on capital and generates a capital fly toward the competing jurisdiction. Then,

jurisdictions arbitrate between provision of the public good and taxation of capital.

The consequences of the constraint depend upon its intensity. Let us note the
capital tax rates at the unconstrained Nash equilibrium as t¥ for jurisdiction 1 and ¢t
for jurisdiction 2. From the analysis of section 3.4.3, we know that tV < t¥, where t¥
is always positive and tV may be negative. Moreover, we know that the quantity of
capital per worker is higher in jurisdiction 2: k; < k,. Then, k;tY < k,t¥, so that
Ty = Zopt — kit > Zope — koty =75 : at the unconstrained Nash equilibrium,
households are charged higher taxes in jurisdiction 1 than in jurisdiction 2. The
consequence is that, when T < 7¥, but not too low, only jurisdiction 1 is constrained.

When 7 is low enough, both jurisdictions are constrained.

Let us look at the situation where only jurisdiction 1 is constrained. Then, for
jurisdiction 2, the best reply is still given by Proposition 3.2, and then the best response
function is unchanged. As for jurisdiction 1, its best reply is given by Proposition 3.4. A
soon as the constraint is binding for jurisdiction 1, the local planner has to arbitrate

between the quantity of local public good it provides and the tax rate charged on capital.
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Compared to the first best outcome, it is likely to decrease the quantity of local public

good and to increase the rate of the tax on capital.

Figure 7 illustrates this situation. We start from the base scenario of Figure 2, and
we introduce the constraint 7; < 7 = z,, | = 1,2. Let us remind that, in the base
scenario, at the Nash equilibrium, jurisdiction 1 subsidizes capital while jurisdiction 2
taxes it. Because jurisdiction 2 always taxes capital, it never needs to tax households
more than T = z,,, and then it is never constrained. Its response function (the red line

on Figure 7) is unchanged.

Figure 7: Response functions, constraint on the tax on households

0,40 -
f urisdiction 1
0,35 |

Jurisdiction 2

Conversely, when it subsidizes capital, jurisdiction 1 taxes households at a higher
level than T = z,,¢, so that the constraint will be binding. Then, as soon as the
unconstrained best reply is t; < 0 (the dotted blue line), the constraint generates a
shift of this best reply to the right (the plain blue line), together with a decrease of the
provision of local public good (the pink line). Jurisdiction 1 does not stop immediately
subsidizing capital: it shares the missing resources between lower subsidies to firms

and a lower level of local public good.
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The consequence is that the Nash equilibrium moves along the unconstrained best
reply curve of jurisdiction 2, with higher tax rates on capital (or, equivalently, lower

subsidies) for both jurisdictions.

3.5 Equilibrium with agglomeration economies

We now move to the analysis of fiscal competition when differences in
productivity levels are generated by an agglomeration externality. More precisely, as
in Chapter 2, we assume that, in each region i = 1,2, the production function is
Y, =0(L)F(K; L;) where F(K; L;) is a constant returns to scale production
function function and the efficiency parameter 6(L;) is an increasing function of the
size of the region, measured by its population. Using per capita quantities, this

production function may be written as y; = 6(L;)f (k;).

The system of equilibrium equations becomes:

c1 = 01f (k) — k101f" (ky) + pk — 14 (3.1
¢, = 0,f (k) — ko051 (k3) + pk — 1, (3.2)
M(Ly) = ¢ +u(z) — ¢; — u(z;) (3.3)
p=0.f"(k)) -t (3.4)
p=0yf"(ks) —t; (3.5)
z, =T, + kity (3.6)
Zp = 15 + kyt, (3.7
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(1 - LZ)kl + L2k2 == k (3.8’)

Where, for simplicity, 6; = 6(L;) and 6'; = 6'(L;)

We make the same assumption as in section 3.4 about the strategic instruments:
the strategic instruments are the quantity of local public good, z;, provided by the
jurisdiction and the tax on capital, t;, the level of the tax paid by households being
determined by the local public budget constraint. Then, the strategy of government i is

characterized by the package (t;,z;)

Our model is now completely symmetric: a priori, both regions share the same
characteristics. Of course, this symmetry does not exclude dissymmetric outcomes as
increasing returns to scale may generate a concentration of capital and population in
one region. Without loss of generality we assume that, at a dissymmetric outcome,
region 1 is the smallest and least productive one while region 2 is the largest and most

productive one.

The best reply of jurisdiction 1 to the package (t,,z,) chosen by jurisdiction 2

is the package (t;,z;) maximizing the jurisdiction’s welfare function:

Wi = Ly[cr + u(z)] + (0.5 — L) [c; + u(z)] — Q(Ly)

under the constraints (3.1”) to (3.8”).

Similarly, the best reply of jurisdiction 2 to the package (t;,z;) chosen by
jurisdiction 1 is the tax package (t,,z,) maximizing the jurisdiction’s welfare

function:

W, = 0.5[c, + u(z,)]
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under the same constraints, (3.1”) to (3.8”).

Let us first look at the best reply by jurisdiction 1 (the smallest one). In

Appendix 3.6, we prove the following proposition:

Proposition 3.6: At the best reply by jurisdiction 1, the values of ¢y, ky, 71, t;, Cy,

k,, T,, L,, and p solve the equations (3.1°) to (3.8”) together with the equality
Z1 = Zopt

and the equation:

t; =

LiM' (L)[(1-2L)u' (22)to+ (ko —K) 62 f" (k)| +[f (ko) — (ko= K) ' (k)| [u' (22)t = (ko —k1) 62 f"(k2)|L16' 2
2Ly LoyM! (L) +[u! (z2)tp— (ko —k) 02 f" (k) (ka—k1)—[f (k2)— (ko —K) f ' (k2)]L2 0",

Let us now look at the best reply by jurisdiction 2. In Appendix 3.7, we prove the

following proposition:

Proposition 3.7: At the best reply by jurisdiction 2, the values of ¢y, ky, z1, ¢3, ko,

ts, T, Ly, and p solve the equations (3.1°) to (3.8°) together with the equality
Zy = Zopt
and the equation:

_ [(ka=K)O' 1 f' (k1)=0" 2 f (k) |Lou' (z1)t1—[Lp0' 5 f (k) +L1 (8" 1 f (k1) +M' (L)) (k—k1)6: 1" (k1)
LiM' (Ly)—[u' (z)t1+(k—k1)01 f" (k)] (ka—k)+[f (k) +k—k)f' (k)]L16"¢

t,

As in the case without agglomeration externalities, both jurisdictions choose to

provide the first best quantity of local public good.
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What about Nash equilibrium? Taking account of the symmetry of the problem,
we can expect the existence of a symmetric Nash equilibrium, where both jurisdictions
charge the same tax on capital (t; =t,), leading to the same capital endowment
(k;y = k, = k) and the same population (L; = L, = 0.5). Propositions 3.6 and 3.7
imply that this Nash equilibrium exists, with zero taxation of capital: t; = t, = 0. The

question is now: is this equilibrium stable? Are there other Nash equilibria?

As for the first question, the complexity of the response functions prevents
proposing a general answer. Simulations always lead to the conclusion that the
symmetric Nash equilibrium is stable. Figure 7 illustrates this situation. The basic
functions and parameters are the same we used for the base situation illustrated in
Figure 2. The only difference is the efficiency function, which takes the form
O(L;) =14+ {L;. When ¢ =0, there are no agglomeration externalities and, the

higher ¢, the stronger are agglomeration externalities. For figure 7, we have ¢ = 3.

Clearly, the symmetric Nash equilibrium is stable. Each jurisdiction reacts to a
deviation by its competitor choosing a lower tax rate than the other jurisdiction.

Hence, a race back toward the equilibrium zero tax rate.

Figure 7: Response functions with agglomeration externalities
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We suspect this result to be fairly general. Indeed, as noted in the previous
section, the best response of each jurisdiction is an increasing function of the tax rate

chosen by its competitor: a higher tax rate in jurisdiction j relaxes the constraint
0,f" (ki) —t; = 6;f'(k;) — t;, faced by jurisdiction i, allowing it to charge a higher
tax rate. Moreover, we expect this increase to be lower than its competitor, so that,

along the reaction function of jurisdiction i, dt;/dt; < 1, which leads to the situation

described in Figure 7 and then to the unicity and the stability of the Nash equilibrium.

3.6 Conclusion

This chapter complements chapter 2 looking at the consequence of the
decentralization of public decision, each jurisdiction being managed by a local
government choosing the taxes to charge and the quantity of local public good to

provide; local governments are utilitarian and take care of the welfare of their natives.

Our most important result is that the interaction between households’ mobility
and productivity differentials generate divergent incentives between jurisdictions.
Starting from a situation where capital is not taxed by any jurisdiction, the less
productive jurisdiction has an incentive to subsidize capital while the most productive
jurisdiction has an incentive to tax capital. These incentives are stronger the less

mobile are the workers and the larger the productivity differential.

However, these incentives do not imply that, at Nash equilibrium, capital is
subsidized in the less productive jurisdiction and taxed in the most productive one.
The interaction between jurisdictions modifies incentives and, facing a competitor
taxing capital, the less productive jurisdiction does not necessarily subsidize capital: a

low but positive tax rate may be enough for attracting capital. Then, depending upon
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the productivity differential and the mobility of households, at Nash equilibrium the

less productive jurisdiction may be taxing or subsidizing households.

Another important result is that, if jurisdictions provide the first best efficient
quantity of public good as long as they are freely able to choose the tax they charge
on households, this is no longer the case when they are constrained. In that case, we
are back to the results from the standard fiscal competition models. A binding
constraint on households’ taxation leads to under provision of the local public good.
The constrained jurisdiction chooses a compromise between charging a higher tax on
capital for compensating the loss in revenues generated by the constraint and a
providing a lower quantity of local public good. When only the less productive
jurisdiction is constrained, the constraint leads to an increase in taxes on capital

charged by both jurisdictions.

A third important result is that, if the productivity differential is endogenously
generated by an agglomeration externality, there is a symmetric Nash equilibrium
without taxation of capital and this equilibrium looks stable. In Chapter 2, we found
that there may be dissymmetric optimal outcomes: if the agglomeration externality is
strong enough, global welfare is maximized when a jurisdiction is smaller (and less
productive), the other jurisdiction being larger (and more productive). The stability of
the Nash equilibrium implies that it is impossible to generate such a dissymmetric

outcome with decentralized jurisdictions.

There is still some work to carry out. It would be useful to provide a more
complete characterization of the levels of mobility and productivity differentials
leading to subsidies to capital in the less productive jurisdiction. The case of
productivity differences generated by an agglomeration externality is still to be

developed, with more complete analyses and the introduction on restrictions to taxes.
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Appendix chapter 3

Appendix 3.1

The Lagrangian of the maximization problem determining the best reply function

of jurisdiction 1 is:

Y = Lilcy +u(z)] + (Lz — 0.5)[c + u(zp)] — 2(L2) — Ag1lcq — f (k) +
kyif'(ky) — pk + 11 1 = Aiplep = 0f (ka) + ka0f " (kp) — pk + 72] — paalp —
(k) + t1] — paalp — 0f ' (ka) + t2] —viglzg — 11 — katy] = vialz, — 75 —

kyty] — &ilca +u(zy) — g —ulzy) — M(Lp)] — i[Liky + Lok, — k]

Hence the first order conditions:

ar;
dC1

=L —4;+6, =0

ar;
dCZ

=L2—0.5—212—51=0

ar;

dTl

= _111 +V11 = O

dry

22 (L +&Du'(z1) —v41 =0
1

2 = (L= 05— £/ (2) = iy = 0
Z—le = = kif"" (k) + paq (k1) + vty — 4Ly =0
Z_Z = _Alzkzef”(kz) + U1z 9f”(k2) +vt, =L, =0

av.
d_pl = (A1 + )k —py — 12 =0
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dy.

d_t;l =Vi1ky —p11 =0

ay; ’

d_L: = Cy + u(ZZ) —C1 — u(zl) - M(LZ) + ElM (LZ) - gl(kz - kl) =0

Instead of looking immediately at the solution of all these first order conditions,
we will be working in two stages. In a first stage, we consider t; as a parameter and
then we ignore the first order condition dY;/dt; = vy1ky — ;1 = 0. The value
function of this first stage is a reduced welfare function, W, (t;). At its best reply,

jurisdiction 1 maximizes W, (t,) and then, using the envelope theorem.

dVT/1 dy;
dt, =d_tl =vVi11ky — Uy =0

In the first stage, for t; given, the first order conditions lead to

Vi1 = A
$1=M1— Ly
112 = 05 - 111

Vi, = (0.5 = A1)u’(z,)

t12 = 0.5k — py4

u'(z) = 1

A1 (b = by f" (k1)) + paq [ (k) =Ly =0

(0.5 — A1) (W' (z2)t; — k201" (k3)) + (0.5k — pyq1) 0f" (k) —{1L, =0

(A1 = LM'(Ly) = (1(ky — kyq)
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The condition u'(z;) = 1 implies that, whatever the value of t;, at its best reply,

jurisdiction 1 chooses to provide the first best quantity of local public good, z; = z,,.

Then, solving the last three equations, we get

doi = 1 2Ly M' (L) A+(ky—k)[u' (z2)ta =Ly (kz—k1)Of" (k)| f" (k1)
117 2 (kg =k [ (22)ta f" (g )~t1 0 F" (k) — (kp—k1 ) O " ey ) f" (e ]+ M (L) A

(A3.1.1)
with A = L,f"(ky) + L,6f"(ky)
Moving to the second stage, we start from the equation
A1 (b — ki f" (k1)) + paa f"(ke) = Ly =0
may be written as
[Cep = key) Uy f" (o) — 1) + LM (L)1 A1 — (kg — ko) f"(kdugy = Li*M' (Ly)
and then as

(kZ - kl)f"(kl)(klzll - :ull) = L12M’(L2) - [LlM,(LZ) - (kZ - kl)tl]){ll

aw, _ dr,

Knowing that
dt, dt,

= Vi1ky — 1 = A1k — g1, We get:

dw, Li*M'(Ly) + [(ky — k )ty — LiM' (L)) 244
dt, (ky — k1) f" (k1)

And, using (Al1.1), after standard calculations:

aw;

dt,

1 [u'(z2)t;—L1 (ka—k1)0f"(k2)|(kp—kq)t1—LaM' (L2)[L1 (ky—k1)OF" (ko) +(Ly—L)u’ (z2)t,—2t41 L]
2 (kz—k)[u!' (Z2)t2 f" (k1) —t10f" (kz)—(kp—k1)Of" (k) f"(k2)]+M' (L3)A

(A3.1.2)
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Then, at the best response of jurisdiction 1, this derivative being zero, the

following equality is met:

[u'(z2)t; — Li(ky — kq)Of"(k)1(ky — kq)ty = LiM'(Ly)[Lq (ky — k)Of"(ky) +
(Lz — Lu'(z2)t; — 2t4L,]

which may also be written as:

LM’ (Lp)[L1 (kz—k1)Of"(k1)+(Lz—L)u’ (z2)t;]

b= [u!(zz)t, =Ly (ky—kq)Of" (k)| (ky—kq)+2L1 Ly M' (L)

(A3.1.3)

Reminding that z; = z,,,, adding (A3.1.3), to the equations (3.1) to (3.8), we get
a system of 9 equations determining the values of the 9 unknowns t,, c;, kq, 71, €2,
k,, z,, L,, and p at a best response of jurisdiction 1 to the tax package (t;,7,)

chosen by jurisdiction 2.

Appendix 3.2

The Lagrangian of the maximization problem determining the best reply function

of jurisdiction 2 is:

Y, = 0.5[c; + u(zy)] — Apiler — f(ky) + kaf (k1) — pk + 11 ] — Apzlc, —
0f (k) + ko0f'(k2) — pk + 12] — poaqlp — f'(ke) + t1] — poalp — 0f ' (k) + t5] —
Va1lz — T — kyty] —vpplzy — 12 — katy] — &alep +ulzz) — ¢ —ulzy) —

M(Ly)] — Go[Liky + Lok, — k]

Hence the first order conditions:

day;

d_cj:—ﬂu"‘fz:()

day;
d—cz=0.5—ﬂzz—fz=0
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av,

ar, —Aa2 + V2 =0

Z_Z =&u'(z) —vy;; =0

Z_Z =(0.5-8)u'(z3) = v, =0

Z—Z = —Ay1kif"(ky) + pzq f'(ky) +voity — L1 =0
Z_Z = —Ayok, OF"(ky) + ppp 0" (ky) + vopty — Ly = 0
2_1;2 = (A21 + A22)k — pz1 = piz2 = 0

2_2 = Voky = fiz2 = 0

Z_Z = &M (Ly) — {o(ky — k) =0

We will be using the same two stages method as in Appendix 3.1. In a first stage,
we consider t, as a parameter and then we ignore the first order condition
dY,/dt, = v,,k, — u,, = 0. The value function of this first stage is a reduced welfare
function, W,(t,). At its best reply, jurisdiction 2 maximizes W,(t,) and then, using

the envelope theorem,

dVT/Z dy,
dt, = d_t2= Vooky — U =0

In the first stage, for t, given, the first order conditions lead to

A1 =&, =05— 15

Vo = Agp
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Va1 = (0.5 — Ay)u' (z)

Uzy = 0.5k — 11y,

W' (z,) = 1

(0.5k — paa) f"(ky) + (0.5 — A22) (W' (2)ty — k1 f" (k1)) = (5Ly
(U22 — A22ka)0f " (k3) + Aaaty = GoL,

Za(ky — ky) = (0.5 — Ap)M' (L)

The equality u'(z,) =1 implies that jurisdiction 2 provides the first best

quantity of local public good, z, = z,;.
Then, solving the last three equations, we get

[La(kp—k)f" (k) +u' (21)t1](ka—k1)0f" (ko) -M'(Lp)A

Az2 = 2{(ey—ky)[(ka—ley) " (k1) Of" (ko) +u (1)1 6" () —to f " (k1)1 —M' (Ly) A}

(A3.2.1)

Where, as in Appendix 3.1, A = L,f"(ky) + L,0f"(k;)

Moving to the second stage, we start from the equation

(Haz — Ap2k2)O0f"(ky) + Agaty = (oL,

may be written as

2(ky — kq)Of"(k2) (Aa2ky — p2p) = 2[(ky — k)t + LoM' (L)) A5, — LM (L)

KI’IOWIng that aw, = % = szkz — Uz = Azzkz — Uz, we get
dt, dt,

dW,  2[(ky = k1)ty + LoM' (L)) Az — LM (L)
dt, 2(ky = k1)0f" (k2)
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And, using (A2.1), after standard calculations:

aw, _ l{(kz—k1)[L2(kz—k1)f"(k1)+u'(Z1)t1]—L1M'(L2)}t2—L1L2M'(Lz)(k2—k1)f"(k1)
dt, 2 (kp=k)[(kp=k1)f"(k)Of" (k) +u' (z)t10f" (k) —to f"(k1)]-M'(L3)A

(A3.2.2)

Then, at the best response of jurisdiction 2, this derivative being zero, the

following equality is met:

{(ky = kD[Lp(ky — k) f"(ky) +u'(z)t1] — LiM'(Lp)}ty = LiL,M' (L) (ky —
k) f" (k)

which may also be written as:

L1L2M’(L2)(k2_k1)f”(k1) (A3 2 3)

ta = (kp=k)[Ly(ky—kq)f"(k)+u'(z1)t1]-L1M' (L3)

Reminding that z, = z,,,, adding (A3.2.2) to the equations (3.1) to (3.8), we geta
system of 9 equations determining the values of the 9 unknowns c;, kq, z;, ¢3, ky, t,,
T,, Lo, and p at a best response of jurisdiction 2 to the tax package (t;,7;) chosen by

jurisdiction 1.

Appendix 3.3

Let us remind that, in Chapter 2, we proved that, even when in each region the
public good must be provided using local tax collection, the central planner can
implement the first best outcome using the taxation of households only for providing

the public good: u'(z;) = u'(z;) =1, t; = t; = 0,and then 7; = T, = Zp,.

Combining these equalities with (A3.1.3), and knowing that t; = t, implies

k, —ky > 0, we get:

aw, _ 1 Ly *M' (Ly) (ka—k1)6f" (k2)
dtq 2M' (L)[L160f" (k) +Laf"(k)]—(k2—k1)20f" (k1) f" (k2)

<0
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aw, 1 LyiLyM' (Ly) (ka2 —k1)f" (k1)

a6y 2 MO0 )+ Laf (e —ka k)2 (k)8 ) O

Then, starting from the first best, jurisdiction 1 has an incentive to subsidize

capital, while jurisdiction 2 has an incentive to tax capital.

However, when jurisdiction 1 subsidizes capital (t; < 0) and jurisdiction 2 taxes

capital (t, > 0), equality of post-tax returns to capital implies

Of' (k) —f'(ky) =t,—t; >0

When t; = t,, the fact that region 2 is more productive (8 > 1) implies that its
capital per worker ratio is higher: k, — k; > 0. The fact that now 6f'(k,) — f'(k,)
becomes positive implies that the difference k, — k,; decreases. Is it possible to have

an inversion of the difference in ratios, k, — k; < 0?

For answering this question, let us examine the derivatives of the reduced
welfare function when k; = k,. Knowing that, at their best reply, both jurisdictions
choose to provide the optimal quantity of local public good, (A3.1.2) and (A3.2.2)
become

dWy Ly 2tiL, — (L, — Lt
dty 2 L,0f"(kz) + Lpf"(kq)

aw,
dt,

Lit,
L,0f"(ky) + Lpf"(ky)

1
2

The equalities k; =k, and O6f'(k,) — f'(k,) =t, —t, imply t, —t; >0.
Therefore, both jurisdictions providing the same optimal quantity of local public good
(z1 = 23 = Zop), the lower taxation of capital by jurisdiction 1 implies a higher
taxation of households (7, = zgpr — kit > Zope — kot = 72). But kg =k, also
implies the equality of pre-tax incomes across jurisdictions and then, with a higher

households tax and the same level of local public goods, utility derived from
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consumption is lower an jurisdiction 1, implying that some workers move to
jurisdiction 2, so that L, < L,. Then, the derivative dW,/dt, is ambiguous in sign,

as its numerator is the difference between two positive terms.

However, the derivative dW,/dt, is unambiguously negative. Then,
jurisdiction 2, which has an incentive to increase its tax rate on capital when
t; = t, = 0, has an incentive to decrease it when t, > 0 and the difference t, —t;
is high enough for capital per worker ratios to be equalized across jurisdictions. This
change in sign implies that, for jurisdiction 2 to be at its best reply, k, —k; must be

still positive.

Appendix 3.4

The Lagrangian is the same as in Appendix 3.1, but now, when the constraint is
binding, T, = T and the first order condition dY;/dt; = v{; —A;; = 0 disappears.

Then, the system of first order conditions is

Li =241 +6=0

L,—05—-2,,—-& =0

(Li +&)u'(z;) —vi1 =0

(L =05 —¢&)u'(z) —v12 =10

—Arakaf" (kg + pag f (k) +viaty — 4Ly =0
—A12k0f" " (ky) + tqp Of" (k) + vigt, — L, =0
M1+ A2k —p41 — 12 =0

—p11 +Vvi1ky =0
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§1M'(Ly) — i (ky — k1) =0
After straightforward calculations, these first order conditions lead to :
$1=A11 — Ly
A1z = 0.5 — 244
Vi = (0.5 = 4, )u'(z2)
U1 = V11K = AU (21) Ky
Ui = 0.5k — puy; = 0.5k — vk, = 0.5k — A,u'(21)k,
Vi1 = AU’ (21)
Gi(ky — k1) = §M'(Ly) = (A1 — L1)M' (L)
{[(w'(z1) = Dkyf" (k1) + u' (z)t1)(ky — ky) = LiM' (L)} = =L L{M'(L,)

{[(ky —u'(z)k)Of" (k) — u'(z2)t,](ky — k1) — LM (Ly)}A11 = 0.5(k, —
k) [(ky —K)Of""(ky) —u'(z2)t,] — LiL,M'(Ly)

When the constraint 7, < 7 is binding, the first order derivative dY;/dt, =
Vi1 — A1q, 1S positive at 7, = T (the jurisdiction would be better off with a higher
value of 7, = 7) and then v;; > A;,, with the consequence that u'(z,) = v;1/4:1 >

1,sothat z; < z,y,: jurisdiction 1 underprovides the local public good.

Then, dividing the last two equations term by term, we get

[(kz—u’(Z1)k1)9f"(k2)—u’(Zz)tz](kz—kl)—LzM’(Lz) _
[/ (z1) Dk f"(k)+u (z1)t1](kp—k)-L1M' (L3)

0.5(kz—k1)[(ka—K)Of"(k2)—u' (z2)t|—L1 LM (Ly)

—L1?M'(Ly)
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which simplifies to:

(k1+k2—Zu,(Zl)kl)Llef"(kz)'l'(Lz—Ll)u,(ZZ)tz _ 2L1L2M,(L2)—(k2—kl)[(kz—k)Gf"(kz)—u,(Zz)tz]

W' (z)-Dkyf" (k) +u' (21t LiM'(Ly)

and may be written as

_ LM (L) (kq+ky—2u'(z)k)L160f"(k2)+(Ly—L)u' (2)t, _ _ 1 "
b= u'(z1) 2L1LyM'(Ly)—(kz—k1)[(kz—k)Of" (k) —u' (22)t,] ( u’(zl)) o f(Fer)
Appendix 3.5

The Lagrangian is the same as in Appendix 3.2, but now, when the constraint is
binding, T, = T and the first order condition dY,/dt, = v,, — 1,, = 0 disappears.

Then, the system of first order conditions is

—A1+& =0

0.5_122_52=0

$u'(z) — v =0

(0.5 =&)u'(z3) = v, =0

—Ap1kif""(ky) + po1 f'(ky) + Vo1t — Ly = 0

—Apoky Of " (ky) + pop Of'(ky) + vaat, — (L, = 0

(A21 + 2220k — pipg —pp2 =0

—Uzz + Vazk, =0

§aM'(Ly) — Go(ky — k1) =0

After straightforward calculations, these first order conditions lead to:
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&, =21 =05-1,,

Va1 = §u'(z1) = (0.5 — A32)u'(21)

Vaz = AU’ (22)

Haz = Vaoky = 255U’ (23)k;

Uy = 0.5k — uy, = 0.5k — A,,u'(2,)k,
(o(ky — ki) = &M (Ly) = (0.5 = 2,,)M' (L)

2{(ky — k[ (z2)ky — k) f" (k1) +u'(z)t,] — LiM' (L)} Az, = (ky —
k) (z)t + (k= ky)f" (k)] — LiM'(Ly)

2{(ky; — kD[ (z2) — Dk,0f" (k) + u'(z2)t2] + LM’ (Ly)} A5, = LM’ (L)

When the constraint 7, < 7 is binding, we must have dY,/dt, = vy, — A5, >
0 at 7, = T (the jurisdiction would be better off with a higher value of 7, = 7) so
that v,, > 4,5, and then u'(z;) = v,,/4;, > 1. This equality implies z, < z,,;:

jurisdiction 2 underprovides the local public good.

Then, dividing the last two equations term by term, we get

(ka—k)[(wr(z)ka—kq) " (k) +u' (z1)t1]1-L1M' (L) — (kz—kq)[u' (z1)t1+(k—kq)f" (k)] -L1M' (L)
(kp—k )W (z2)— Dk 0f" (k) +u' (z2)t2]+ LM (Ly) LyM'(Ly)

which simplifies to:

(W (z2)ka=K)f" (k1) _ (ke—k)[u' )t +(e—k)f" (k)] _ Ly
W' (z2) =Dk 81" (k) +u' (z2)t2 LaM'(L2) Ly

and may be written as
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_ LoM'(Ly) (u(z5)kz—K)f" (k1) (1 - —-2— "
tz = u'(zz) (kpy—k)[u'(z)t1+k—k1)f"(k)]-L1M'(L3) (1 u’(ZZ)) kzef (kZ)
Appendix 3.6

The Lagrangian of the maximization problem determining the best reply function

of jurisdiction 1 is:

Y; = Ly[cy +u(z)] + (Ly — 0.5)[c, + u(z)] — 2(Ly) — Aqqlcy — 01 f (ky) +
k011" (k1) — pk + 711 = A1zlc; — 0, (k) + ko051 (k) — pk + T5] — paalp —
01" (ky) + t1] — puialp — 02f ' (ky) + t5] —viqlze — 711 — kqty] — vialzy — 7 —
koty] — & ey +ulzy) — ¢ —ulzy) — M(Ly)] — ¢ [Liky + Lok, — k]

Hence the first order conditions:

ﬁ=L1—211+€1=0

dC1

ar;
dCZ

=L2—0.5—212—51=0

av;
“L=—A+v;,=0
dt, 11 11

dry

22 (Ly +&Du'(z1) —v41 =0
1

24— (L, — 0.5 — &)U (22) — V12 = 0

dZZ

dy; 12} 14

d—ki = —A11k1 61 f" (k1) + p116, " (ky) +viats — L =0
dy; r 12}

d_k: = —/112k292f (kz) + Uiz 92f (kZ) + V12t2 - €1L2 =0

av.
d_pl = (A1 + A1)k —pyg — 12 =0
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2_2 =Vi1ky —p11 =0
Z_Z = ¢ +u(zy) — cp —ulzy) — M(Ly) + A1 [f (k1) — kaf'(k1)]6'1 + A1 (k2) —

kof (kD102 + parf' (k)01 + panf' (kp)6'y + M (Ly) — $y(ky — ky) =0

These first order conditions lead to

Vi1 = A4
$1=M1— Ly
112 = 05 - 111

vy, = (0.5 — A;)u'(z,)

U12 = 0.5k — pq4

u'(zy) =1

Hi1 = Vi1k1 = 41Kk

A1ty = {1y

0.5[u'(z2)t; — (ky — k)O,f" (k)] — [u'(22)t; — (kg — k10> f"(k2)] A1 = (1L,

f1(k2 - k1) =
—LyM'(Ly) + A11{M"(L2) + f(k)0'y — [f (kz) — (kg — k1) f'(k2)16"2} +
0.5[f (kz) — (k2 — k) f'(k2)]0";

The condition u'(z;) = 1 implies that, whatever the value of t;, at its best reply,

jurisdiction 1 chooses to provide the first best quantity of local public good, z; = z,,.
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The last two equations may be written as:

[t1L, +u'(22) L1ty — Ly(ky — k) O2f"(k2)]A11 = 0.5L4 [u'(22)t, — (ky —
k)o,f" (k)]

{LiM'(Ly) — t1(ky — kq) + Ly f (k)01 — Li[f (kp) — (ky — k) f'(k2)]0'23A11 =
LiLiM'(L;) — 0.5L [f (k3) — (ky — k) f'(k2)]0;

leading to:

1 t1Lp+u’(22)Lity—L1(ka—k1)6, " (K2) _
A1 0.5Lq [u' (z2)t;—(k—k)0, f"(k2)]

LiM' (L) =ty (ky—k1)+L1 f(k1)0' 1 —Lq[f (k) —(kp—k1)f' (k2)]6’ >
L1L1M'(L2)=0.5Ly [f(k2)—(ko—k)f' (k2)]0';

Then, reorganizing terms and after straightforward calculations, we get

t1=

LiM' (L)[(1-2L)u' ()t + (ko —K) 62 f" (k)| +[f (k) — (ko= K) ' (k)] [u' (22)t = (ko —k1) 62 f"(k2)|L16' 2
2Ly LoyM! (L) +[u! (z2)tp— (ko —k) 02 f" (k) (ka—k1)—[f (k2)— (ko —K) f ' (k2)]L2 0",

Appendix 3.7

The Lagrangian of the maximization problem determining the best reply function

of jurisdiction 2 is:

Y; = 0.5[cy + u(z;)] — Az1[c; — 01f (ky) + k101 f"(ky) — pk + 71 | = Apz[c —
021 (k2) + ko051 (ky) — pk + T3] — poqlp — 01f " (k1) + t1] — uazlp — 0,1 (k) +
t]l = vailzr — 11 — kqtq] —vazlzy — 15 — ko] — Solcp +u(zy) — ¢p —u(zy) —

M(L2)] = $a[Liky + Lok — k]

Hence the first order conditions:
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av,

2, = tat&H=0

E=05—Ipn—§=0

2_2: —Aaz V2 =0

Z_Z =&u'(z1) — v =0

Z_Z =(0.5-8)u'(z3) = v, =0

2—2 = —Ap1k101f"(ky) + p2101f" (ky) + vorty — Ly = 0

Z—Z = —Apoky 05" (k) + Upp05 " (ky) + Voot — (L = 0

2_1;2 = (A21 + A22)k = pz1 = piz2 = 0

Z_Zz = Vaoky — 22 =0

o = Anlf (k) = ko' (k)10's + Az [f (ko) = b f ' (kD102 + piaa f (ke)O's +

oo f ' (k2)0'y + &M (L) — $o(ky —ky) =0

These first order conditions lead to

A1 =& =05— 15

Voo = Agp

Va1 = (0.5 — A)u’(z4)

U1 = 0.5k — Hoo = 0.5k — kzlzz
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u'(z;) =1

Uzz = Vazky = A5k,

Axaty = (5L,

Aga[u'(z )ty + (ky — k)01 f" (k)] — 0.5[u'(z))t; + (k — k)0, f" (k)] = —{5Lq

2{f (k2)0', — [f (k1) + (kg — k) f'(k1)]0"y — M'(Lp)}A2, + [f (k) + (k —
k)f' (k)]0'y + M'(Ly) = 285(ky — ky)

The condition u'(z,) = 1 implies that, whatever the value of t, at its best reply,

jurisdiction 2 chooses to provide the first best quantity of local public good, z, = z,y;.

The last two equations may be written as:

{Lo[u' (z)ty + (ky — k)01 f" (k)] + t;L13225; = Ly[u'(z)t + (k — kq) 01 f" (k)]

{LoM'(Ly) + ta(ky — kq) + [f (ky) + (ky — k) f'(k1)1L,0"1 — Ly f (k)0'23225, =
[f (ky) + (k= k) f'(k)]L,60"1 + LM (L)

so that:
1 _ Lz[u’(z1)t1+(k2—k1)91f"(k1)]+t2L1 _
2222 La[u'(z1)ty+(k—k1)01 f" (k1]

LoM' (Lp)+ty (ka—k1)+[f (k1) +(ky—k1)f' (k1)|L260"1—Lof (k2)6'»
[f(k)+k—k)f (k1)]L20" 1+LM'(Ly)

Then, reorganizing terms and after straightforward calculations, we get

_ [(ky=K)O' 1 (k1)—0" 2 f (ko) |Lou' (21)t1—[L28" 2 f (k) +L1 (0 1 f (k1) +M' (L2))](k—k1)01f" (k1)

t2 LiM'(L)—[u' (z1)t1+(k=k1)01 f" (k)] (kz—k1)+[f (k1) +(k—k1) f' (k1)]L16"4
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Chapter 4 Public inputs and foreign direct

Investments

4.1 Introduction

Foreign direct investment is considered to play an undoubtable significant role in
the development of countries. Back to 1950s, the successful development of several
Asian countries (for example Singapore) benefited from the presence of multinational
corporations. FDI is considered to bring not only capital investment, but also working
opportunities and technology transfers to the host countries. Competition between
regions in their effort to attract FDI has been intensive since then. Research over FDI
attraction factors has become a hot topic too. A government can take different fiscal

policies to attract foreign direct investment.

There are different kinds of policies used to attract FDI such as tax rate changes,
direct subsidies or public goods. Subsidies can be considered as negative taxes. Tax
competition is generally accepted as a misleading way which would generate an under
provision of public goods (D. Wildasin, 1988). Similarly, subsidies are a common
policy which could also raise the risk of a ‘race to the bottom’ (J. Bruckner, 2002). The
combination of tax competition and public goods provision is known as “double

competition” (Bénasy-Qué&éet al. 2005).

The standard research on how to attract FDI started with tax competition: the
authorities use taxes as policy instrument to compete for capital. Zodrow and
Mieszkowski (1986) introduced the canonical model of tax competition. Based on the
assumption that an optimal combination of public and private goods is reached in a

closed economy, the model illustrated that capital mobility leads to a sub-optimal

104

doc.univ-lille1.fr



© 2014 Tous droits réservés.

Thése de Yingchan Luo, Lille 1, 2014

provision of public goods. An important question is generated from the conclusion here:

is one-sided research over tax competition enough? Obviously, the answer is no. Public
goods such as transportation infrastructures, educations might influence the FDI flow.
How? If the public goods act as an input in the private good production, the government
could use the tax collected to provide such goods, and public choices will be definitely
changed. In the previous literature, the positive impact of public goods on FDI
attraction is widely accepted. However, the systematical theoretical analysis of how

public goods affect FDI flow is absent in most of the previous papers.

There are several theoretical studies over the relationship between public goods
and FDI which are incomplete. On the one hand, lower taxation gives higher capital
revenue which will attract FDI inflow. On the other hand, authorities use the collected
tax to provide public goods which may have positive effect on productivities, which
will also be attractive for FDI. However, systematically research on ‘how do public
goods affect FDI flows’ is absent and worth to be worked with. The aim of our paper is

to contribute to fill this gap. Several questions are tackled:

How do public goods affect FDI flow? Are there specific conditions for public
goods to attract foreign capital? Could public goods be detrimental for FDI? What are

the mechanisms behind?

In order to answer these questions, we use a simple general equilibrium model of a
small open economy with three sectors and a public input. The basic structure is similar
to Kellenberg’s (2003) model and Haaland and Wooton’s (1999) general equilibrium
framework, which has been developed from Markusen and Venables’ partial
equilibrium model (1999). We take the assumption of a small open economy with
several sectors and assume that public goods are produced in one of the sectors and

used in other ones. However, when introducing the public goods into the model, we
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take the method of Ishizawa (1991) and Altenburg (1992), but not Kellenberg’s way of
considering public goods as a direct reduce on the cost of the foreign firms. Instead of
taking “public provided private goods” or a constant resource to reduce production
costs, we consider public goods as imparting increasing returns to scale to the economy,
which is called “factor augmenting public input”. This assumption can represent the
positive effect of public goods over productivities and is similar to a Hicksian technical
change (the ratio between primary factors does not change). We set up our general

equilibrium model following the structure of Jones (1965).

Assuming that the public goods are financed by fiscal revenue collected by taxes,
it is worth to look at different cases. We first consider the non-distortionary case: the
provision of the public inputs is financed by lump-sum taxation. Then we look at the
case when public inputs are financed by a tax on foreign capital revenue. This
assumption will connect the tax policy directly to the mobile factor of our model
(capital) and could generate distortions. This assumption is more related to the double

competition research and is worth to be closely looked at.

One of the main assumptions of this kind of research is the mobility of factors. As
discussed before, in the traditional fiscal competition model, capital is considered to be
the single mobile factor while other factors (land or labor) are fixed. Other papers made
the assumption that both capital and labor are mobile (Burbidge and Myers, 1994;
Wilson, 1997). Different from the previous two chapters, we focus here on the
relationship between public inputs and capital flows. Therefore we follow the usual
assumption of fiscal competition model where only one factor is internationally mobile:

capital.

The paper will include the following parts: section 2 is a brief literature review.

Section 3 describes the basic model. Section 4 analyses the case with a lump-sum tax.
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In this part, the effects of public inputs on FDI are disentangled, and the optimality rule
for provision of the Hicksian public input in the present of FDI is derived. Section 5

studies the case with a tax on capital income. Finally section 6 is the conclusion.

4.2 Literature review

As part of an open and effective international economic system, foreign direct
investment (FDI) is often regarded as an important factor that drives economic growth
both for the countries of origin and countries of destination. Its contributions, however,
do not appear so automatic and are not distributed evenly across countries, sectors and
local communities. The importance of FDI for economic development and its
unbalanced distribution have led to substantial recent interest by the international
economics literature to theoretically and empirically investigate the determinants of

FDI (Faeth, 2009).

Various theories have been developed since the 1960s to explain FDI. These
theories proclaim a number of determinants that could explain foreign direct
investment flows, such as ownership advantages of the company, cost reduction,
barriers to entry, availabilities of resources, etc. The main theoretical framework
includes two important branches: the partial equilibrium analysis of FDI decision and
location (Hartman, 1984 and 1985; Slemrod, 1990; Froot and Stein, 1991; Swenson,
1994; Desai, Foley and Hines, 2004, etc.) and the General equilibrium analysis of FDI
decision and location (Carr, Markusen and Maskus, 2001; Eckholm, Forslid, and
Markusen, 2003 ; Bergstrand and Egger, 2007, etc.). Meantime, the empirical
applications mostly use econometric models to asses the relevance of «presupposed
determinants >>in attracting FDI in various countries (Deichmann et al., 2003; Asiedu,
2006; Dunning and Lundan, 2008; Cheung and Qian, 2009; Mohamed and
Sidiropoulos, 2010, etc.).
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Public goods and FDI

In the literature, a lot of works have been done to study how exogenous
macroeconomic factors affect the FDI decisions of the firms using partial equilibrium
firm-level or country-level framework. This is because that it is difficult for a general
equilibrium model to be tied back to microeconomic decision. The concern with
evidence from partial equilibrium models is that they ignore important long-run
general-equilibrium factors that affect FDI decisions and locations. This can then lead

to omitted variable bias in the empirical specification.

Furthermore, researchers have paid a lot of attentions on the influence of
environmental variables such as, institutions, taxes, etc. Public goods are often ignored
in the analysis. However, if a country has good quality infrastructure attracts more FDI,
(Vijayakumar et al., 2010), it may be expected that there is a strong relationship
between this determinant and FDI. But the conclusions are not unanimous, since
significant positive relations have been found, while others do not find any statistical
evidence that infrastructure attracts FDI (Cleeve, 2008; Mohamed and Sidiropoulos,
2010). The latter finding may be due to the fact that the authors were working with a
small scale sample made up of countries with fairly similar structures, and the causality
problem between tax, infrastructures, and FDI are not quit well treated in these

applications.

Cleeve (2008) used an indicator of the education and skills level of the population
in the study, but he did not obtain conclusive results for this indicator either, maybe

because of the small variability in the illiteracy rates of the countries in the sample.

As a matter of fact, the relations among tax, infrastructures and FDI are quite
complicated in economics. An obvious hypothesis is that higher taxes discourage FDI,

but the literature on tax competition underlines the possible compensation of high
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taxation by the provision of public goods. Therefore, some of the more well-placed
articles in the literature have highlighted why such a number may be quite misleading.
As these papers point out, the effects of taxes on FDI can vary substantially by type of

taxes, measurement of FDI activity, and tax treatment in the host and parent countries.

And in the literature, compare to the richly developed empirical researches, the
theoretical research over the relationship between public goods and FDI is incomplete.
For example, Kellenberg’s discussion paper in 2003 worked on this topic which
analyzed the direct and indirect effects of public inputs on the cost of multinationals.
However, there are several unclear parts in his research: The research focus on
multinational choice instead of government policy. The equilibriums are defined by
graphics directly while the mechanisms behind are not clear. Bénassy-Qué&é& (2005)
presented a working paper on ‘Tax Competition and Public Input’ which tried to review
the double function of tax and public service. Using the data of investments from US to
18 EU countries, the paper proved empirically that for some countries like France and
Germany, high tax-high public service mode works. However, the theoretical model
based on the change of marginal substitution rate between public goods and private

goods. The specific positive effects of public goods are not clearly illustrated.

We already know that the double competition is widely accepted theoretically and
empirically. However, the more details of a systematically research on ‘how do public
goods affect FDI flow’ is absent and worth to be worked with. The decomposition of
the effect process needs to be closely observed. The important economic characteristics
which can influence the effect of public inputs on capital flows are worth to be defined.
Under what circumstances are the positive effects dominant? The aim of this chapter is

to contribute to fill these gaps.
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4.3 Basic model

Let us assume a small economy open to international trade and capital flows.

There are three sectors which produce three goods:

e S, isthe agricultural sector; its output is called X,.
e Sy isthe manufacturing sector; its output is called Xy;.

e S isthe public service sector; its output is called G.

Both agricultural and manufacturing products are internationally traded. G is the

amount of the public input which is produced in the public service sector.

There are several ways to model the production of public goods. The inputs in
public sector could be labor, land or capital, or an intermediate input. In our basic
model, we follow the standard practice by assuming that public goods are produced
with primary factors under a technology characterized by constant returns to scale. For
sake of simplicity, we assume that only labor is used (as public good mainly consists of

services):

G =F;(Lg) (4.1)

The public input is produced by the government and is made freely available to the
private-good industries. We start with the assumption of a lump-sum taxation to pay for
the production of the public good. This assumption will be extended to the case when

the public good is funded by a capital tax, which will be used as a policy instrument.

The public good enters the production function of other sectors. For example,
transportation infrastructure, information provision infrastructure or education will
influence the private-sector production functions. Kaizuka (1965) introduces a

production function with constant returns in all factors, including public input:
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Xi =F(L;,K;,G)

However this expression cannot represent the factor-augmenting effect of public
input over other factors. McMillan (1979) suggests a more realistic specification of the

production function as X; = F;(h;;,(G)L;, hix (G)K;).

Our model follows the assumption that the impact of additional public inputs fits
the Hicks-neutral technological change. We take Feehan’s (1998) way to model the
effect of the public good into the production functions of other sectors. In his model, the
impact of additional G is akin to Hicks-neural technological change, which can be
represented as a multiplying effect on production functions in both agriculture and

manufacturing sectors, as following:
XA = h(G)FA(LA'T') (42)

Xy = g(G)Fy(Ly, Ky) (4.3)

where L; is the labor used in sector j (L is the only input which is used in all three
sectors), T is the land resource within the economy which is used only in the
agricultural sector A; K, is the stock of foreign direct investments, only used in

manufacturing sector M.
F, and F), are constant returns to scale production functions.

h(G) and g(G) denote the Hicksian impact of G on the production functions of
the agricultural and the manufacturing sectors. The function h(G) and g(G) are
supposed to be positive, strictly increasing and concave. Moreover, we assume that

they are continuously twice differentiable:

<0

2 2
dh(©) 0, ChE) _ o and W@ 0, d2g(G)
dG dG? dG dG?
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Labor and land are nationally and internationally immobile resources (with a fixed

endowment), while capital is internationally mobile (but nationally immobile).

Let us assume that there is perfect competition in both agriculture and
manufacturing sectors. With the small open economy assumption, the good prices in
each sector are exogenous and fixed on international markets. Considering the

agriculture products as the numéaire, we have:

Pp=P =1 (4.4)

The country is considered as small on the international market of capital as well.

The capital income equals its international level:

r=r* (4.6)

Let us define the elasticity of function h (g) with respect to G. This elasticity

describes the intensity of the effect of the public good G on the production in sector A

(M):
_dh(G) G 47
47 dG h(G) (4.7)
dg(G) G
The input-output coefficients (from profit maximization) are:
Aig = Cll'A(W, t,G) i = L,T (49)
apy = apyw,r,6) i=LK (4.10)
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Under perfect competition, producers have zero profit and the cost equals the price.

Furthermore, with the small and open economy assumption, the price of tradable

products equals its international level. Therefore, we get:

aLAW + aTAt = P_A = 1 (4‘11)
aLMW + aKMT'* = m (412)
aLGW = PG (413)

Since labor is the unique input in the constant returns to scale public service sector,

we can assume that a;; = 1 without any loss of generality. Therefore, we have:

w =P, (4.14)

The full employment assumption ensures that:

AraXa + aArmXm + aLGG =1L (415)
aTAxA = T (4’16)
aKMxM = Kl\tl (4’17)

In order to answer the questions raised in the introduction, we will use the

variation form of the model.

With Hicks-Allen elasticity of substitution, the changes of the input-output ratios

can be expressed as following:

n
4., = gl Wi —E. -C
aij—Zth Oin*Wn — Ej G
h=1
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The hat form represents the change rate of the variables (X = ‘i—x).

i and h denote the primary factors (L, K or T), and j denotes the sector (A or M).
n is the total number of private factors.
wy, is the income of factor h.

8;; denotes the factor cost share of factor i insector j (i = L,K,T and j = A, M).

o). is the Hicks-Allen elasticity between factor i and h in sector j.

The homogeneity condition is:

n
6n; -0l =0
hj Yin
h=1

The full variation form of zero profit and full employment conditions is given in

Appendix 4.1.

In spite of its simplicity, this basic model is enough to analyze the effects of a
change in the public good amount on the whole economy, especially on foreign direct
investments. We will start with a lump-sum tax, and then we will move to the case of a

public good which is financed by a tax on capital income.
4.4 The case of a lump-sum tax

4.4.1 Decomposition of the effect of public input over FDI

When the public service is financed by a lump-sum tax, the government budget

constraint equation is:

114

© 2014 Tous droits réservés. doc.univ-lille1.fr



Thése de Yingchan Luo, Lille 1, 2014

P;.G =TR (4.18)
with TR being the lump-sum transfer.

The amount of public good decided by the government, G, is the policy instrument.
Let us look at how the wage rate, the land rent and the capital flows react to a change in

the amount of the public good G.

First, we can get the relationship between the change rate of the wage rate and the

public good (see Appendix 4.2):

Ey -
w=—8 (4.19)

eLM

As Ey, > 0 and 6,,, > 0, we always have :—M > 0.
LM

This means that any additional amount of the public service (G > 0) always
increases the wage rate in the economy (w > 0). This is because it raises the domestic
marginal product of labor and capital in sector M. The domestic capital revenue goes
up: r > r*. This extra revenue attracts foreign capital into the economy, which also
raises the marginal product of labor. The wage rate increases further while the domestic
marginal productivity of capital goes back to its international level r*. Therefore, labor

reaps all the additional product of M due to the additional amount of G.

Then, let us look at how the land rent reacts to a public good change. The
Appendix 4.3 gives the relationship between the change rates of land rent and public
goods:

26 (4.20)
HTA

. 0,, E Ei N\ . E Ey\O;4
t=( LA Em A)Gz(A M) LA

HTA HLM QTA HLA HLM
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The impact of a public good change on the land income depends on the sign

of (:—A - ;—M). There are two effects at the same time. First, any increase of G acts as
LA LM

an Hicksian technical progress, which raises the land income t (in proportion to :—A). At
LA
the same time, it increases the wage rate w, which comes into conflict with the land
income (in proportion to HE—M). The final effect on t will depend on the strength of these
LM

two forces.

If the public good has a stronger effect in sector A than in sector M (E4 > E) and
sector M is more labour-intensive than sector A (64 < 8.y), then land income will

rise as a final result of the increase in G.

Let us now focus on the effect of a public good variation on foreign capital flows,

K, Under the lump-sum tax assumption, we get the following equation (see Appendix

4.5):
M A
= _ ~ |9k AL (EM )ALA oLr
Ky =G.|—.E + 4.21
M O " A O ) Ay Ora ( )
a b c

A.; denotes the ratio of total labor used in sector j (%), and 6;; is the factor cost

share of factor i insectorj (i =L,K,Mand j = A,T,G).

There are three effects working on foreign direct investment flows when the

amount of public service increases.

First effect: a (always positive).
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This is an indirect effect of the increase in the marginal productivity of capital. It
works through a change in factor prices. We have already seen that any additional
amount of G raises the domestic marginal product of labor and capital in sector M. The
wage rate increases while foreign capital flows into the country. This FDI inflow brings
the domestic marginal productivity of capital back to its international level r* and
raises further the marginal product of labor. (This is why labor reaps all the additional

product of M due to the additional amount of G, as expressed by the equation:

w= :—M(?.) What does the additional amount of foreign capital become? As the ratio
LM

wi/r increases (the price of labor goes up relative to the price of capital), firms want to
substitute capital for labor. More units of capital are used per unit of labor, which
relaxes the constraint on output due to the fixed amount of labor in M and lets more M
output to be produced. More foreign direct investment will be attracted into the host

country.
Second effect: b (always negative).

Any expansion of G requires more labor. This labor is taken from sector M only.

This is because sector M has a variable and internationally mobile specific factor,
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whereas sector A has a fixed and internationally immobile specific factor'*. The decline
of labor in sector M decreases the marginal product of capital, which makes capital
flow out of the country. (These outflows of both labor and capital induce a decline of

sector M’s output.)
Third effect: ¢ (ambiguous: can be positive or negative).

More public input G raises the marginal product of labor in both sectors, A and M,

but not in the same proportion. It increases by E, in sector A and by :—M in sector M.
LM

If Ep < :—M, then labor moves from sector A towards sector M. This increases the
LM

marginal product of capital in sector M and foreign capital flows into the country.

(Sector’s M output increases.)

If Ep, > :—M, labor moves from sector M towards sector A. The marginal product
LM

of capital decreases, making capital flow out of the country. (Sector’s M output

decreases.)

11| et us assume that sector G takes labor from both sectors, M and A. In both sectors, the marginal
product of labor increases, while the marginal product of the specific factor decreases. As capital is
internationally mobile, it flows out, which reduces the marginal product of labor in sector M back to its
initial level. This does not happen in sector A, as land is internationally immobile. Therefore, labor
moves from sector M to sector A until the marginal products of labor and land come back to their initial

level in A. Finally, all the labor needed by sector G comes from sector M and sector A is not affected.
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With regard to the effect of an increase in G on the output of the manufacturing

sector, Appendix 4.4 gives us the following expression:

M A
- = Ok Aig (EM ) ALa OfT
Xy=G.|0xy.—.E,;, — — ——FE,|——+E 4.22
M K OLm M ALm OLm 4 Am Ora * - ( )
a b c

The first three effects (a, b and c) are closely linked to the three above described
effects’?. The fourth effect (d) is the (positive) Hicksian productivity effect of the

public input G on M’s outputls.
4.4.2 Some propositions

Several propositions can be drawn from these results.

Proposition 4.1: If the size of the government is small enough, then any increase in the

amount of public good will attract foreign direct investments into the country.

12 With regard to effect a, recall that more public input increases the ratio w/r. Firms substitute
capital for labour and more units of capital are used per unit of labour, which relaxes the constraint due to
the fixed amount of labour in M and increases M’s output. However, because the increase of public input
also reduces the capital requirement per unit of output, this positive effect on output is partly offset.

Therefore, the variation of output in sector M is less than the variation of capital.

3 While having a direct effect on M’s output, the variations of G have no direct effect on M’s

capital. This is because any increase in G reduces the capital requirement for each unit of M’s output
(axm<0).
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The size of the government can be captured by the ratio of total labor used in

sector G: A;; (= LTG). Equation (4.21) tells us that:

: ) E Apact.  EmA
G OLm Ota OLm

Let us call T, the right-hand side of the inequality.

If the size of the government is small enough (less than the threshold I'), any
increase of the public good will attract FDI inflow. However, if the size of the
government, in terms of employment, exceeds the threshold I, then any additional of

public good will make FDI flow out of the country:

K, , E Apaots  EyA
b0 iF > 1y = (B )l i
G OLm OTa OLm

This is explained by the effect b in equation (4.21).

The policy suggestion deduced from proposition 4.1 is that the government should
be aware of its size when considering a policy of public input provision to attract FDI.

A very large public sector could be detrimental for attracting foreign capital.

Proposition 4.2: When the elasticity of the Hicksian impact function g with respect to
the public input in the multinational sector (E,,) is large enough, any increase of public

services will attract foreign capital.

According to equation (4.21), the effect of the public input over FDI also depends

on the elasticity E,;. (Recall that E, = di(aa)%m.) This elasticity describes the

intensity of the effect of the public good G on the production in sector M.
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This elasticity must be high enough in order for the public input to have an
attractive effect on FDI. It is only if the output of M is enough sensitive to the public

input G that any increase in G will attract FDI:

ALaotr
< ] EabLm—g ~+AL60Lm
é>0 IfEM> 1 O‘A (=FEM)
oM Ay g +EACLT
LKLM 074

If the production function of the manufacturing sector does not react enough to G

(Ey < Tgy), then any increase in G will drive the international capital out of the

domestic country (% < 0).

In a similar way, the sensitivity of sector A to the public input G, i.e E,, also

matters.

Proposition 4.3: If the elasticity of the Hicksian impact function h with respect to the
public input in the agricultural sector (E,) is too large, then any increase in G will be

detrimental to FDI.
From equation (4.21), we get the following condition:

Kj, . E Am 6 ALG ALm 6
<0 if By >0 (1+ LMﬂO-M>_ﬂﬂﬂ

' A LK A
LM ArLa oiT ALm ALa ofT

Letus call T, the right-hand side of the inequality. FDI will decline as a result of
an additional amount of G if the production function of the agricultural sector A reacts
too much to G, i.e. if its elasticity E, exceeds the threshold I,. This is explained by
effect ¢ in equation (4.21). We have seen that more public input G raises the marginal
product of labor in both sectors, A and M, but not in the same proportion. If it increases

more in sector A than in sector M (E4 > I,4), then labor moves from sector M towards
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sector A. The marginal product of capital decreases, making capital flow out of the

country.

Therefore, when the government makes a policy choice to attract FDI, it should
closely look at the characteristics of the private sectors, especially at their sensitivity to

the public input.

Besides the sensitivity of the private sectors to the public input, there are other

characteristics that influence the effect of G on FDI. One of them is the unit cost of

labor in the multinational sector 6,y (=:'a%), which also represents the labor
M-AM

intensity in sector M.

Proposition 4.4: The more labor intensive the manufacturing sector, the more likely

the benefits of an increase in G on FDI.

¥ M A

M : o1k ALMOTA+ALAGLT

M>0i0f 0, > Ey (=T

Z LM MGOTAtEahincty M (=Ty)

The policy suggestion deduced from proposition 4.4 is that the government should
take into account the labor intensity of the multinational sector when considering a
policy of public goods to attract FDI. In an economy with a very capital intensive
manufacturing sector (small 6,,,, at least smaller than I',,), any policy supplying

more public input will be detrimental for attracting foreign capital.

4.4.3 First best optimum with lump-sum taxation

This sector provides an analysis of the optimality rule for provision of the

Hicksian public input in the presence of FDI and a lump-sum tax.

122

doc.univ-lille1.fr



© 2014 Tous droits réservés.

Thése de Yingchan Luo, Lille 1, 2014

Recall that under the assumption of a small open economy, the prices of the
products are exogenous. The demand for agricultural and manufactured goods are D,

and D,,. The income (Y)-expenditure equation is:

Dy +Py.Dy=Y=X,+Py.Xy+P;.G—1".K—TR (4.23)

where TR is the lump-sum taxation.

The government’s public budget constraint is:

P,.G =TR (4.24)

Since the prices are fixed, the variation of the real income (dy) equals to the

variation of the national income (dY):

dTR (4.25)

Because of the small country assumption, the rental rate of capital, r*, is

exogenous (dr* = 0). The variation form of the public budget constraints is:

P;.dG + G.dP; = dTR (4.26)

In variation form, the full employment of labor is:

dL, +dLy +dL; =dL =0 (4.27)

We know that the production functions are:

XA = h(G)FA (LA' T' )

Xu = g(G)Fy(Ly, Ky)
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G =Fg(Lg)
In variation form, we get:

dX, = Fy(La, T). W' (G). dG + h(a).‘”’%if’”. dLy + h(G).22A%4D g

dXy = Fy (L, K). g'(G).dG + g(G).%L:K).dLM +g(6).22ulld gy

dG = dLg (4.28)

After extracting dL, and dL,, from these equations and substituting them into
(4.27), assuming that land is immobile and that its endowment is fixed (dT = 0), using
(4.25), (4.26) and the perfect competition conditions, we get the variation of the real

income, dy.

As dy = 0 at the optimum, we finally obtain the following first-best optimality

condition:
X Py.X
E,. (EA) + EM.< MG M) =P, (4.29)

Or, using the definitions of the E;:
0X, 0Xy .
(%> + Py. <_OG ) = P; (4.29))

This expression is consistent with the Kaizuka (1965) first-best optimality
condition for public good provision and offers a clear insight as to the marginal benefit
and cost of an extra public input. The left-hand side of (4.29) is the marginal social

benefit of the public input G. It is the sum of the value of the marginal products of G
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across sectors: any extra public input adds to the real income by increasing outputs (in

value) across sectors in proportion to their elasticity with respect to G.

P; measures the opportunity cost of G (i.e the change in value of the private goods

production resulting from a withdrawal of labor to make one unit of G).

The condition (4.29) tells us that the public input G should be used up to the point
where its marginal social benefit equals to its marginal social cost (or opportunity
cost, P;). This optimal rule for provision of public input is the same as in Feehan (1998)
with no FDI. The presence of FDI does not change the rule to achieve the optimal G in
the lump-sum tax case. However, this will change when the public good provision is

financed by a tax on capital.

4.5 Financing the public input by a tax on capital income

4.5.1 Decomposition of the effect of public input over FDI

Let now assume that the public input is financed through a tax levied on capital

income r - Ky;. The government’s budget constraint is:
P.-G=1-1K} (4.30)

Where T is the tax rate (0 < 7 < 1). This tax rate creates a wedge between the
national and the international rates of return on capital. The arbitrage condition ensures

that

r-l-o=r" (4.31)

At the equilibrium, the domestic net rate of return to capital is equal to the
international rate of return to capital. The domestic gross rate of return is given by
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*

_ r
(-7

r (4.32)

Given the assumption of a small open economy, r* can be considered as given.

The variation form of (4.32) is

T

1-1

7= T (4.33)
Using (4.14), (4.30) and (4.32), the government’s budget constraint in variation

form can be expressed as

T —

W+6=f+(1_T)f+K;;, (4.34)

The tax on capital income 7 is now the policy instrument. The government
controls the tax rate to influence the amount of public input, which serves as an indirect

instrument. The question is now: how does a variation of the tax rate influence FDI?

Equation (4.34) can be rewritten as

_ 1
T (-1)

(o))

t+ Ky —w (4.35)

Contrary to the lump-sum tax case, a variation of the amount of public input is not
due to a tax modification only, but also on the induced changes of foreign capital and

the wage rate. The details will be explained below.

In Appendix 4.6 we calculate the expression of Kj;:
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o= (L OLm gk |p _ _ e Oxm
KM - (1—.(2) ) ((1—T).(9LM+EM)) ) OLm ) EA,J/I w ALm ) %J T OLm T
a a b,

Em

M _ g

OLm 4

C
A

r.0KkM (14 g, | 2adrt (4.36)

OLm ALm OTa

c’
with
P {“ﬁ P (E_M_E> ’LA&AT}
(HLM + EM) HLM M ALM GLM 4 ALM GTA

Any increase of T provides more tax, and more public input can be financed and
produced. This triggers the same three mechanisms as in the case when the public input

G is financed by a lump-sum tax (terms a, b and c in equation (4.36)).

However, an increase of t has also many additional effects as it changes the

relative price of factors.

1) In sector M, it lowers the domestic net return to capital, which becomes less
than the international rate: (1 —t).r < r*. This makes capital go out of the country
(K3, < 0). It is expressed by term (a’) in equation (4.36). The outflow of FDI raises the
marginal product of capital (therefore the domestic rental cost of capital r), and

decreases the marginal product of labor in sector M (therefore the wage rate): 1, w].

This fall of the wage rate w induced by the increase of t gives rise to other capital

flow movements through its effects on both sectors A and G.

Before examining these effects in A and G, let us first determine the net result of
an increase in T in sector M. This net result is the combination of effects (a) and (a”).

Let us recall that effect (a) is caused by the additional amount of G (financed by the
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increased tax). By raising the domestic marginal product of capital and labor, it attracts
capital into the country (I?,\\*;, > 0). This FDI inflow makes the domestic marginal
product of capital decline and raises further the marginal product of labor. The wage

rate goes up (w1), whereas the rental cost of capital goes back to its initial level.

If effect (a) is larger than effect (a’) [ T < Ey/1 + Ey in equation (36)], then
more capital is coming into the country than going out of it. As the wage rate rises
relative to the rate of return to capital (w/r?), firms in sector M substitute the incoming

capital for labor.

If effect (a’) is larger than effect (a) [ T > E) /1 + E), in equation (4.36)], then
more capital is going out of the country than coming into it. As the wage rate declines
relative to the rate of return to capital (w/r|), firms in sector M substitute labor to the

lost capital.

2) In sector G, the fall of the wage rate w induced by the increase of t relaxes the

government’s budget constraint [see equation (4.35): G = ﬁf + Ky, — w]. This

enables the government to provide more public input by taking labor from sector M.
This withdrawal of labor from sector M reduces the marginal product of capital and

drives more capital away (term b’ in equation (4.36)).

3) In sector A, the same fall of the wage rate w induced by the increase of t puts
up the rental price of land (t1). This increase of the rental price t is accentuated by the
rise of the marginal product of land since more public input has been made available by
the falling wage rate (relaxed budget constraint). This raises sector A’s profitability and
therefore its demand for labor. As sector A takes labor from sector M, the marginal
product of capital declines and more capital flows out of the country (term ¢’ in

equation (4.36)).
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Moreover, with a public input financed by a tax levied on capital income, there is
also a multiplier effect, as revealed by the term ﬁ in equation (4.36). Any movement

of capital changes the tax base, the government’s budget constraint and thus the amount

t + K;, — W]. Let us take

of public input available for firms [equation (4.35): G = 1T

1-7)
the example of a capital inflow. A capital inflow widens the tax base and augments the
available amount of public input G. This extra public input triggers the same three
mechanisms (a), (b) and (c) as in the case of a lump-sum tax (as revealed by Q), except
that the variations are now smaller'*. If the net effect of (a), (b) and (c) is positive, then

more capital flows into the country, widening again the tax base... The final result is an

infinite geometric series whose common ratio is Q.

Of course, the absolute value of Q has to be less than one in order for the series to
converge to a finite sum (this ensures the existence of a multiplier effect: ﬁ > 1 and

the stability of the model).
Let us make this assumption fromnow on: -1 < Q < 1.
Several results can be drawn from equation (4.36).

Proposition 4.5: a decrease of a capital income tax does not always attract FDI

inflow.

 The induced increase of the wage rate tightens the government’s budget constraint and leads to a

reduced final amount of public input G.
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A popular view, especially for developing countries, is that tax reductions can be
used as a fiscal policy to attract FDI. The rationale is the following: if the government
reduces tax rates on foreign enterprises, they earn more and will prefer to invest in the
host country. However, our model tells us that this proposition may not be true when a

public input is financed by capital taxation.

ng, is ambiguous in (4.36). Especially, this sign can be

This is because the sign of

positive. Since —-1<Q<1 (convergence of the geometric series) and

OLm

—————— > (), a necessary and sufficient condition is:
(1-1).(0Lm+Em)

M
LK [Ey —1.(1+ Ey)] = 22 (14 7.280) 4

OLm Am’ "M

A
(E—M—EA—T.ZK—M.[l-l-EA]) hadir 5 g

"ALm 14

This condition can be fulfilled for different values of the parameters.

Let us for example consider the size of the government, as captured by the share of
total labor used in sector G: A;¢. The size of the government has to be less than a given
threshold in order for an income tax reduction to be detrimental for FDI (Tt <0 —

Ky < 0):

M S0 if ALg < Ty, With

T

__Mm (olk _ Ev _ o Okm Ava ofr
I, = (1”-2’2—5)'{““ AEy — 7. (1 + Ey)] + (eLM Ep— T 1+ EA]).ALM em}

It can be seen that, the larger the initial income tax rate T, the smaller the threshold
I7, and thus the smaller the size of the government has to be for the unconventional

result to happen.

130

doc.univ-lille1.fr



Thése de Yingchan Luo, Lille 1, 2014

A similar remark holds for the elasticity E, (elasticity of the Hicksian impact
function h with respect to the public input in the agricultural sector): the larger the
elasticity E4 (sensitivity of the production in sector A to the public input), the smaller
the threshold T, and thus the smaller the size of the government has to be. This is

explained by mechanisms (c) and (c’).

Note that the elasticity E,, has an opposite effect on the critical size of the
government: the larger it is, the larger I;;, and thus the larger the size of the

government can be.

To sum up, in opposition to the usual view, a capital income tax reduction can be

detrimental for FDI provided that:

® the size of the government is small

® the production of the agricultural sector is not very sensitive to the public
input

® the production of the manufacturing sector is very sensitive to the public
input

® the manufacturing sector M is labor intensive (high 6,,, and low 6k,,).

4.6 Conclusion

This chapter works specifically on the relationship between public inputs and FDI
flow. We follow the assumption that local public goods have multiply effect on
production function. In our basic model concerning only the public inputs, the products
of public goods sector affect the production function in the other two sectors
(agriculture sector and manufacturing sector). We start with the case when public goods

are financed by lump-sum tax.
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Our main conclusion is that we find the decompositions of the effect of public
input over capital flow. The results shows that if labor is the only shared factor among
all three sectors, the effect of public inputs over capital flow works throw three
sub-effects: the augmentation effect of public inputs, the labor outflow effect generated
by the expansion of public sector, and the substitute of labor between A and M sector.
The combination of these three effects decide whether the increase of public inputs
have positive or negative effect on capital inflow. Then we point out several important
economy factors which can influence the effect of public inputs over capital inflow. To
make sure a positive effect of public goods, the size of the public sector should be small
enough; the sensitivity of production function to public goods in M sector should be
large while that of A sector should be small; the labor intensity in M sector should be

large too.

Then we try to define the first best optimum and find that the public input G should
be used up to the point where its marginal social benefit equals to its marginal social

cost.

In the final part we work on a model when the public inputs are financed by a tax
on capital income. Now the fiscal instrument is taxation instead of public goods itself.
We get the similar conclusion and point out that the decrease of taxation on capital
won’t always help to attract FDI. These propositions are helpful for the authorities to

understand the mechanism of a fiscal policy and to make appropriate fiscal choices.
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Appendix chapter 4

Appendix 4.1

The Hicks-Allen elasticity of substitution &;; = Xj_; 6,07, Wp —E; -G

gives us the following ratio variation equations:

aLA = BLA(T&W‘l‘HTAO'fo_EAG\ (A4‘11)
Ara = O,40{rW + Opa0frt — E4G (A4.1.2)
P~ — M~ M 2 Ao M~ A

aLM —_ QLMO-LLW + HKMO-LKr - EMG - BLMO-LLW - EMG (A413)
P~ — M M - Ao M A

aKM —_ GLMO-KLW + HKMO-KKr - EMG - HLMO-KLW - EMG (A414‘)

With the small and open economic assumption, at the equilibrium, capital revenue

equals the international one, which can be considered to be fixed. There is always 7 =

0.

The homogeneity conditions Y5, 6 -al.’}l =0 are:
0.4011, + Ora0{r =0 (A4.1.5)
0.40(t + Oracfy =0 (A4.1.6)
O.m01L + Oxmork =0 (44.1.7)
0.m0Ky, + OxmoRk =0 (44.1.8)

The ratio variation forms of zero profit condition (equations 4.11-4.13) are:
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a

e T4 (Ars + ) =0
Pa

Py

(Gpa + W) +

a

AME Gy + W) +
Py

KM (aKM + 7"\.) ES 0
Py

6;; denotes the ratio cost of factor i for product in sector j

apaw
HLA -
Py
arat
0., =
TA P4
armw
[a] =
LM Py
_ akm?”
GKM - P
M

The equations can be expressed as:
HLAW + HTAf = —HLA&LA - HTAdTA (A419)

WHLM = —HLM&LM - QKMdKM (A4110)

Similarly, denote 4,; as the ratio of labour used in sector j, the ratio variation

forms to express the full employment condition (equations 4.14 to 4.16) are as

followed:

Qualdia + Raldpa + QA + EyApy + Qreire + XgAg =L =0 (A4.1.11)
Gra+x,=T=0 (A4.1.12)
Ay + %y =Ky (A4.1.13)
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argG
L

denote the labor share which

H _ araxa _ aLMX*m —
Wlth /1LA - L ) /1LM - I ,/1LG -

represents the share of total labor endowment L used by sector j.

The labor and land resource are constant in host country, so the change rate of

them are zero (L = 0 and T = 0).
Appendix 4.2

With the ratio form of our model, firstly we try to determine the reaction of wage

rate change over public goods changes.

Substitute a; and agy in equation (A4.1.10) with (A4.1.3) and (A4.1.4):

WHLM = _HLMaLM - HKMaKM
= _GLM(HLMO-II,\ZW - Emé) - 6’KM(HLMUII{VQV/‘\’ - EMG)

So that:

LM

~

W = (1+22) EyG (A44.2.1)

OLm

GKM)dh(G) G A
O.m’ dG h(G)

With equation (4.8), there is w = (1 +
With the definition of 6;; and the zero profit assumption, there is:

9LM +9KM = 1

Then (A2.1) can be changed into:
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Ey -
L (A4.2.2)

w =
BLM

EM>O,9LM>O=>9E—M>0

LM

IfG>0, w>0
Appendix 4.3

Substitute (A4.1.1), (A4.1.2) in to the ratio variation forms of zero profit

condition (A4.1.9), we get:

OLaW + Oppf = —0,4(0,40 AW + 074077t — EAG) — 074 (0,404 W + Opy0frt —

E,G)
Oral(1 + O,407F + Ora0f) = —0,aW (1 + 0,407, + 0740(%) + (Bpa + 674)EaG
t can be presented by the following equation:

_Bra (Brat6T4) ¢
fra (140407 +07a077)07a

-

With (44.1.6), there is 08,50/ = —81a0#r. The equation can be changed as:

A Ora ~ E
t=—Ap+4G
OTa OTa

Substitute W with (A4.2.2), there is:

. O Ew  Ex\. (Ex  Eu\0is -
- (_LA_M+_A>G - (_A__M>LAG (A4.3.1)
HTA HLM QTA HLA HLM HTA
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Appendix 4.4

Equation (A1.12) can be changed as the expression of the change rate of outputs

in sector A (Xa):

dg(6) G n
dc g(G)

~ A

Xy = —lrg = —0,00(7W — Op g0t + E,G = 0,400 (F — W) +

Substitute with w and £ with equation with (4.18), (4.19), there is:

e = A [(Ea _ Em\Orap _ Em g A _ o fradtr _ _
%4 = Oua0fr (52— 1) 524G — 32 G| + EaG = {[722E [(OumEa — O1aEw)
Ey] + E}G
60t ~
= {9 LAZLT [((OLmEs — OpaEM) — OraEy] + EA} G
LMYTA
OLa0fy A
(S (6,44, — Ey) + Ea} G (A4.4.1)
OLmOTA
A A R
- g, — e+ 1
Equation (A4.1.11) can be changed as:
Zalpa + Ry + GArg = —Apadpa — QryAiy — QreAie
QMALM = _QA/’{LA - G\ALG - aLAALA - aLMALM - a’LGALG (A442)

Since we have assumed a; ¢ = 1, there isalways 3;c =0

Substitute X, with (A4.4.1) into equation (A4.4.2):

XAy = Aratpa — GAg — padpa — ALy

138

doc.univ-lille1.fr



© 2014 Tous droits réservés.

Thése de Yingchan Luo, Lille 1, 2014

= [aTA LA]ALA — GAg — ArmALm
_ Ara A6 _ A M~ A~
Xy = —Qpy + [Ara — A4l T U= EyG — O yop W+ [HLAULLW +
LM LM
Ora0fit — EAG — 0 Oraotnt + E,G| 24 — g 2e
TAOLT A LAULTW TAO-TT AY T Ain

G Em & o 2 A A A
= EyG — QLMUL%,%G + (0,401 W + Ora0frt — Op a0y W — O oy ] T2 — ﬁ
G G S A
EnG — 0{LEnG + [(01401), — 0040(1)W + (Ora0ft — Oraotr)i] ﬁ B
Gie (A4.4.3)
ALm

(A1.6) can be changed as 8, 40/1 = —07407+

In equation (A44.3):

A A _ A A _
01,4071, — 0407 = —O7140[r — O 40/ =
A _ A
—Or407r = 00007
A
Oraoir

So (A4.3) can be changed as following:

~ W 72 ;2
Xy = EMG — O'LLEMG + [_O—LATW + Ofth] ﬁ —G ﬁ
=E..G — ocME..G - _eﬁ W EA G
=EnG — 0l EnG + [~0{tW + a7 ( W+ )] ALM
B OLaofr Ava
=EnG — 0{1EnG + [—oftW — W+ _GLTG)]

O1a OTa
=EuG — off Ey G + [~ ATl gy o 4 g iy T

014 Ora
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—(Ora + O 0)0f7 =

A
—0iT

A _ A A _ A _ A
— Ora0fr = Ora0ir + Op40(r = (B4 + OL4) 0T = o7

A A
— G

ALm

A A
G LG
ALm

A~ LG

ALm
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—r A Mg A ofr ~ | Ea _a Ay rAa A MG
_EMG_O—LLEMG_I_ [__W+_O-LTG)]__G_ (A4.4.4)

Ota Ota ALm ALm

With equation (4.20) # = -G

LM

S — A Mg A 1 EM ap, Ea _apa\iha _ phc
.XM —_ EMG - LLEMG + [_ 9 9 O-LTG + 9 O-LTG)] _/1 - GA_
TAYLM TA LM LM

~ A
= G [Ey + 2825 ol 4 (i—“; — E,)RAdr _ fue] (44.4.5)

OLm ALm Ota M

Appendix 4.5
Then we can define K*; by substitute (A4.4.5) into (A4.1.13):
f(\*M - dKM + 5C\M

=6, ,0M W —Ey,G + G[E Eu _pyhaol _ Jic y OxmEu ou
= O moxLW — EyG + G[Ey + (7— — E,) - + 0Lk]
OLm ALm Ota  ALm OLm

A
M Em A ArrEM Ara oir AL OkmMEM M
= OOy -G+ G(g— — Eg) = — ==+ == . 0j«]
LM LM O1a LM LM

arrEm Aa ofr Mg, Oxkm+Om)Em M

=¢[(—-E) =+ - —4+ =" """ 0
[ OLm 4) Aum 04 M OLm LK]

~TE A E Apa ot

_ G[_M_Gg(_ﬁ+(_M_EA)ﬁﬁ] (A4.5.1)
OLm ALm OLm ALm 1A

K*,, represents the relative variations of FDI. G has no direct effect on FDI.
Factor productivity increase has direct effect on output but since aky; act sensible to G,
capital requirement for each unit of products reduced according to the increase of G, the

direct effect of G over FDI relative variation disappears.
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Appendix 4.6

Now let us look at the case when public goods are bought by the government with
taxes on capital revenue. Similar with the lump-sum tax case, we will look at the ratio
variation form in order to define the relationship between the change rates of variables.

We have equation (4.36), (4.39):

T 4 TF N 1
T+ Ky W—(l_T)

A~

T+ Ky —w

The Hicks-Allen elasticity of substitution, zero profit constrains always exit:

For the agriculture section, the ratio variation equations stays the same as equation

(A4.1.1) and (A4.1.2)

dLA = HLAO'ﬁW + QTAO-lIfle - EA@ = HTAO-ZlT(f - W) - EAG (A461)
aTA = HLAO-LI,‘lTW + HTAO-'IéTf - EAG = HLAO-lIflT(W - f) - EAﬁ (A462)
QLAW + HTAf = —HLAdLA - HTAdTA (A4‘63)

For the manufacturing sector, since now # is represented by equation (4.25), the

ratio variation forms are changed as:

HLMW = —HLMﬁLM - QKMaKM - HKMTI'\' (A466)

Substitute (A1.1), (A1.2) into (A1.9), there is:
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OLaw + QTAf = —0p4014 — Oralra = E4G

Similarly, there is:

A~

HLMW + HKM‘?' = EMG

1

OLaW + Orat = By (5t + Ky — W)
O™ + Oxm? = Ey(——1% + Ky — W)

1-7)

Which shows that

(HLA + EA)W + HTAf = EA ﬁf + EAI?I\:;I

T

o 1 T \a» 2
(GLM + EM)W = (EM -1 HKM (1_1_))1- + EMKM
Full employment condition requires:

Apatia + Rala + QiyAiy + RyAoy + Qe + XA =L =0

(A4.1.13) can be rewritten as

Xy = —Arg = Opa0(r(E — W) + E4G

(A4.1.11) can be rewritten as

fAALA + fMALM + aLGALG = _aLAALA - dLMALM

(A4.6.12) gives us:
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(44.6.7)

(A4.6.8)

(44.6.9)

(A4.6.10)

(44.6.11)

(44.6.12)

(A4.1.11)

(A4.1.12)

(A4.1.13)

(A4.6.13)

(A4.6.14)
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— 1 T
EyKG + [Ey—— — Oy ]t
o=~ Pl-7 -t (44.6.15)
(Om + En)
(A4.6.11) and (A4.6.12) shows that:
P _ (BLatEn)
t =Ky Ora [EA M (6 pm+En)
.1 1 (OLa+E4) 1 T
i [EA Fr o (EM L — O 1T)] (A4.6.16)
Substitute (4.36), (44.6.1), (A4.6.4), (A44.6.13), (A4.6.15), (A4.6.16) into
(A4.6.14):

o _ o7 [(ALac?+AmoMOkm+ALg—ALMEM ALac?h
Aimxy = Ky {( O tEnn Ey + (AmEy — Arg) — 7 Eq—

A A M _
(6La+E4) }_l_lLT{(lLAG +Amo” Oxm+ALg ALMEM) (EM — OmT + ApEng — A —

M (6Lm+Em) - OLmM+EM
ALmo MHKMT) -
Aac [ OuatBa)
LA? [EA A (Ey eKMr)]} (A4.6.17)

With (A4.1.13) K}, = gy + Xy, Substitute with (4.36), (44.6.5), (A4.6.15),

(A4.6.17), we get the expression of the change rate of capital:

)

1 I:(ALAO'A+/1LM0'M6KM+/1LG_ALMEM) E. +
M

=% QLMO'M Epm
K { Ey — Epy +—2M
M M mt OLmM+EpM

OLM+EM Om+En M T Aim

ALac4 0 t  OpmoM
e Ew = A1) — 25 (Ey — By g2 )|} + = (2 (Byy — Oga?) —

Ota M (0Lm+Em) 1-7 "0 m+EM
A M
M Em 1 ALac?+ALmo" Okm+ALc—ALMEM
Omo™ T — Ey — (Em — Ogmt) +— [ ( (Em —
OLm+EM ALm OLM+EM

Apacf (Opa+E4)
OkmT™) +(AmEym — AL — ALMO-MHKMT) - ZATZ (Eq — (BLL;:+E;\4,,) (Em — HKMT))]}

In a clearer form, there is:
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K=t (amm)- (Ta)

{(E—M—EA—T.ZK—:.[HEA]).Mﬁ S A6 (7 4q Gn) g Ok g, (1) -

OLm L ALm OTa Am OLm OLm
7]} (A4.6.18)
with
OLm {( Em ) Aa Ofr  Ag M EM }
= . —E + o7 k. —— A4.6.19
(Opm + Em) (\BLm ALm Ot1a 7\LM LK OLm ( )

Substitute (A4.6.18) back into (A4.6.17):

o i 1 1 lLAO'A _ M _
M= OLm+Eym “(OLm+En)(1-02) [QTA)LLM (Ey = EaOum) + O Epy (07 +1)

A A
LGHLM] [ Lac? (Ey — OgmT — EpOpa — EqOgyt) + Oy Eyt(1 — GM) +

ALm OTalLMm
2
OuuaEr — 2 (O™ + 6100} (44.6.20)
LM
Substitute

(4.36), (A4.1.1), (A4.6.4), (A4.6.13), (44.6.15), (A4.6.16), (A4.6.19) into (A4.6.5):

_Em_
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M 2 M 2 M M 2
9LMGKLEM+EM _GLMUKLGKMT_GKMTEM_GLM GKLT_QLMJKLTEM_HLMEM_EM
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(OLmM+EM)(1-1T)
M M M
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OLM+EM OLmEn Ky + (OLm+EM)(1-T) T (44.6.21)

Substitute (A4.6.18), (A4.6.21) into (A4.1.13) Xy = Ifii\,[ — agm, We can get

the expression of Xy
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Conclusion

The analysis of fiscal policy has long been widely done by the scholars for
different levels of government and under different combinations of assumptions. This
research can help us to better understand the mechanism behind fiscal policies and
then to make appropriate policy suggestions to the governments. Our three parts of the
dissertation work separately on different topics in the fiscal policy field. Chapter 2
looks at the choice of a public budget in a multiregional setting with productivity
differences and imperfectly mobile labor, and examines the implicit transfers
generated by this budget. Chapter 3 works on a fiscal competition in the same type of
model, and explicits the circumstances leading a decentralized jurisdiction to
subsidize or tax capital. Chapter 4 analyzes the relationship between public inputs and
FDI inflow, examining the various impacts on FDI of a change in the provision of

public inputs.

In this conclusion, we will be starting from some of the main results of this

dissertation and looking at the developments they call for.

A first interesting result is the nature of implicit transfers between regions
generated by fiscal policies. In a context where productivity differentials are fully
exogenous, we find that, as soon as capital is taxed, implementing the first best
allocation implies an implicit transfer from the richest region to the poorest one. The
reason behind this transfer is that efficiency implies taxing both firms and households
at the same level across regions. Capital being over represented in the most productive
region, the taxation of capital at the same rate across regions generates more tax

resources in the most productive region, which must be compensated by a transfer.
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Let us note that this transfer appears when the central planner is purely utilitarian
and then is not motivated by any preference for redistribution. Then, the decision of
taxing capital, which may be driven by motives outside the model, implies implicit

redistribution for pure efficiency motives.

This result calls for two qualifications. First, it has been obtained in a context
where the public good is a pure consumption good and perfectly divisible. What
happens when the public good also contributes to production (it is also a public input,
to some extent)? What happens when the public good is imperfectly divisible? The
answer to these questions is left for further research. Second, it has been obtained in a
context where the planner faces no constraint on taxation. In chapter 2, we start
exploring the impact of a limitation on the power to tax households. We find that this
limitation exacerbates the inequality between regions, the endowment in capital per
worker and the level of public good provision being lower in the less productive
region while this region taxes capital at a higher level than in the most productive

region.

Third, this result has been obtained in a context where asymmetry between
regions comes from a purely exogenous productivity differential. In Chapter 2, we
start exploring what happens when the productivity differential is endogenously
generated by an agglomeration externality, the total factors productivity being an
increasing function of the population. We determine the conditions leading to an
asymmetric first best allocation and we characterize fiscal policies implementing this

first best optimum.

This policy internalizes the externality generated by migrants, who decrease the
productivity of the region they leave and increase the productivity of the region they

enter. This internalization reverses the result obtained when the productivity
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differential was purely exogenous: if capital tax rates are still equalized across regions,
workers now pay higher taxes in the poor region that in the rich one. If the planner
chooses not to tax capital, this higher taxation of households in the poor region
generates an implicit transfer to the rich one. Capital being overrepresented in the rich
region, the planner can use taxation of capital for decreasing the amount of this

implicit transfer and reaching a less unequal outcome.

It would be interesting to look at what happens when asymmetries are
endogenously generated by other mechanisms. Instead of an agglomeration
externality generated by the population, we can look at an agglomeration externality
generated by the local stock of capital. In that case, the application of the Pigovian
principle would probably lead to differentials in capital tax rates, with results that may
differ from the results obtained in Chapter. Another form of externality which is
worth exploring is a negative externality generated by outmigration: natives who
leave a jurisdiction decrease the welfare of stayers. This impact on the welfare of
stayers may come from the disorganization of family groups and social networks and
is often expressed as a source of concern by local policy makers. Looking at these

other forms of externality is left for further research.

A second important result comes out from Chapter 3, where we found that,
starting from a fist best allocation where capital is not taxed, the less productive
jurisdiction has an incentive to subsidize capital for compensating its disadvantage
while the most productive jurisdiction has an incentive to tax capital for benefitting

from an agglomeration rent.

This result provides a rationale for explaining the differences in taxation policies
between jurisdictions and the existence of attraction policies using capital subsidies. It

would be worth confronting it with empirical data from a country with large
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productivity differences between regions and a mobile population. Taking the case of
China as an example, population is mobile and productivity differences are really
large between different provinces or between different regions: South versus North,
East versus West. It is possible to look at the fiscal policies and fiscal transfers

between provinces or between regions.

However, we cannot neglect the specific hypothesis leading to this result. What
happens when the public good also contributes to production (it is also a public input,
to some extent)? What happens when the public good is imperfectly divisible? What
happens when the externality is generated by the stock of capital instead of the

population? The answer to these questions is left for further research.

In chapter 4, we focus on the relationship between public inputs and FDI flow.
We identify the effects of an increase in public inputs on capital flow: an indirect
effect of the increase in the marginal productivity of capital through a change in factor
prices; a labor outflow effect generated by the expansion of the sector producing
public goods; and the contribution of public inputs to the efficiency of production.
The final effect of public inputs on capital flows result from the combination of these

three effects.

Then, we find a first interesting result: the public sector must be small enough
for an increase in public inputs to attract FDI inflows. A very large public sector could
be detrimental for attracting foreign capital. Furthermore, if the Hicksian elasticity of
the impact function with respect to public inputs in the manufacturing sector needs to
be large enough for the effect of public inputs on a capital inflow to be positive, the
agriculture sector also matters. If the Hicksian elasticity in the agricultural sector is
large enough, even with a small elasticity in the manufacturing sector, the increase in

public inputs can still generate a capital inflow. The importance of the cost share of
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labor and the substitution rate between labor and capital in the manufacturing sector
are also considered. Both of them should be large enough to assure the positive effect

of public inputs on capital inflow.

Then the study is extended into the case when the public instrument is the
taxation which finances the public inputs instead of the public input itself. A very
interesting conclusion is that the decrease of tax would not always attract FDI inflow.
This conclusion could be a contradiction for the tax competition policy taken by a lot
of developing countries. Always taking the example of China, the government sets up
a lot of special trade areas all around the country and provides tax holidays to attract
FDI. This movement won’t always work. The characteristics of the whole economy

should be considered before making the decision.

The future improvement of the work could be that we extend the kind of taxation
using to finance public inputs. The possible choices could be tax on agriculture

products.
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