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1. Introduction

One factor promoting endogenous growth is the supplpublic infrastructure that
complements the investments of the private se€toe.importance of infrastructure is
widely recognized, not least by the EU which pussae active programme to support
the investment activities of member states. Theécpgiroblem facing the EU is to
ensure that member states undertake an efficigat && infrastructural expenditure
that ensures the maximum rate of growth. The detexton of the level has to take
into account the full consequences of an infrastinecproject for the EU, not just the
direct benefits for the member state undertaking ittvestment. There are three
significant issues that confront this policy pragrae. First, infrastructural
investment has significant spill-overs across manstates. Second, mobility of the
tax base results in tax externalities between tleenber states, and between the
member states and the EU. Third, the EU is facel avidecision on how to allocate
support for infrastructural expenditure across thterent member states. This
interacts with the process of revenue-raising, \aitll the extent to which the projects
are financed jointly by the EU and member states.

The economic modelling of the impact of infrasttwme on economic growth
has focussed on the Barro (1990) model of publpeagiture as a public input and its
extensions (Chemt al. 2005, Turnovsky, 1999). This literature has ided the
concept of an optimal level of expenditure, and gklighted the deleterious effects
of both inadequate and excessive expenditure. Tdresenportant insights, but do not
address the spill-over issues that confront the IBfgastructural spill-overs between
member states can be positive, which occurs wh@nowvements in infrastructure in
one member state raise productivity in anothethey can be negative if they induce
relocation of capital between member states. lheeitase, it is important that the
consequences of spill-overs are addressed in tindethe role of productive public
expenditure can be fully understood. Ignoring eitftoem of spill-over will result in
an inefficient level and allocation of expenditure.

The financing of infrastructure in the Barro modethrough a simple tax on
output levied at the national level. The positiontihe EU is much more complex.
Each member state levies national taxes. Part edethtaxes are retained by the
member states, the remainder is remitted to, adidtriouted by, the EU. In economic
terms, if there is mobility of the tax base theerthare horizontal tax externalities
between member states, and a vertical tax extgrimiween member states and the
EU. These tax externalities have a key role in rd@teng the growth-maximizing
level of expenditure.

In this paper we construct multi-country extensiaf the Barro model of
productive public infrastructure. In addition, thenefits of infrastructure spill-over
between countries. The spill-over between couniges form of positive externality
which results in inefficient investment in infrastture if countries act independently.
If there are infrastructural externalities betweesuntries then the provision of
infrastructure will be inefficiently low when courgs do not coordinate policies. This
gives a role to a supra-national body, such afEtheto act as a coordinator of the
policies of individual governments. By ensuring #fécient level of infrastructural
investment it is possible for the supra-nationadlypto counter the externality and
obtain a higher rate of growth.



The results of the paper also show how capital$lbetween countries act to
equalize growth rates. The observation that cafidals reduce growth differentials
between countries has been made previously by RexinYuen (1997). They argued
that labour mobility equalized incomes across coesmtwhen there were human
capital externalities. We demonstrate that the fglf physical capital equalizes
the growth rate across countries. Similar issuee lagso been addressed by Bianconi
and Turnovsky (1997), but in a model that does lmte public infrastructure. A
substantial empirical literature has failed to fendonvincing link between the rate of
tax and the rate of economic growth. Our model e a possible explanation for
this: In a cross-section of countries the infragial externality and the flow of
capital equalize the growth rate across countegandless of the tax policy that each
country operates. This is not to say that taxatimes not matter. Actually, the
opposite is correct: Taxation is even more impdrtaan in a world without spill-
overs since additional public infrastructure in @oentry can raise the growth rate in
all. This holds if all countries are operating widgss than the optimum level of
infrastructure, as they will be in an equilibriunithout policy coordination.

Section 2 of the paper provides a brief review disgussion of evidence on
the link between taxation and economic growth. Aibaersion of the endogenous
growth model with a productive public input is ayrd in Section 3. Section 4
studies the role of a supra-national body in cowtiing the choices of individual
countries when there is an infrastructural extétynallhe analysis is extended to
incorporate capital mobility in Section 5. Concluss are given in Section 6. An
appendix provides the calculations that supportéialts reported in the main text.

2. Empirical Evidence

There is a considerable body of published work tmagstigates the link between the
level of taxation and the growth rate of gross dstmeproduct (GDP). Much of this
literature is summarized in Myles (2007). The casmns that can be drawn from
that literature are open to debate and interpmetatbut the essential issues can be
identified from considering some standard data.

Consider the data presented in Figures 1 andg2ré&il plots the growth rate
of US GDP and federal government tax revenue as@eptage of GDP since 1930.
Trend lines have been fitted to the time serieagusrdinary least squares. The two
trend lines show a steady rise in taxation (theeufipe) and a very slight decline in
the growth rate (the lower line). Although the aage of the growth rate is lower
after 1940, statistical tests on US data have faumdignificant between the average
rate of growth prior to 1942 and after 1942. Theadar the UK in Figure 2 tell a very
similar story. The trend lines show an increas&axation but, in contrast to the US,
an increase in the rate of growth. Over the longopps illustrated in these figures no
clear relationship between the average tax rate tardgrowth rate of GDP is
apparent.
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Figure1: US Tax and Growth Rates.
Source: US Department of Commerce: www.bea.doc.gov]
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Figure 2: UK Tax and Growth Rates.
Source: Feinstein (1972), UK Revenue Statistics, Econofnends

The interpretation of these figures must be cared carefully. There are two
reasons for this. First, a contrast between thedtxand the growth rate across time
cannot answer the counter-factual question "if satkad been lower, would growth
have been higher?" An answer to this question reguat least, a study involving a
range of countries with different regimes. Secah@re are substantive issues that
have to be resolved about the definition of thertd® that should enter into any such
comparison. In particular, economic theory focuseshe marginal rate of tax as the
determinant of behaviour but the figures employaherage rate of tax.

One route through which the first issue can berestd is to consider the
same data for a cross-section of countries. Thscgeh was pioneered by Plosser
(1993) who calculated the correlation between #te of growth of per capita GDP
and a range of variables for the OECD countrieg Simare of income and profit taxes
in GDP was found to have a correlation of -0.52hwithe growth rate of GDP.
However, Plosser warns against taking the coroelaéis evidence of causality and



presents several potential explanations for thd lat robustness in regression
equations: most policies operate through investmeolicies are complex and not
easily represented by variables in regressionspaifidies are highly correlated. Even
so, the work of Plosser is often cited as evidehaean increase in taxation leads to a
fall in the growth rate.

The left-hand panel of Figure 3 displays an uptlatersion of Chart 6 in
Plosser (1993) that extends the sample period ghrda 2004. The data points are
found by averaging the growth rate and the tax oas this period for each country.
A straight line fitted by least squares shows tlegative relationship between the
growth rate and the average tax rate. There aee ttountries that are unusual in this
data set: Korea (the only Asian Tiger in this saajpthe Czech Republic and the
Slovak Republic (both newly liberalized). These rimigs represent the three outliers
in the data set. The right-hand panel shows thecetif removing these outliers: the
negative relationship virtually vanishes (formallyis statistically insignificant). This
observation supports the claim that the negatilaiomship cannot be accepted until
it has been shown to survive the consideration Ibfredevant covariates in a
regression analysis.

Average Pe
Average Pe Capita
Capita GDP Growtt
GDP Growtr7 1960-200445
1960-2004 4 * .
6 m °
3.5+ *
5 LR
1 " 2.5+
s " i o’ o,
3 2 * o
\.\\ 15 . .
24 - Fl. 14
14 . ] 0.5
O T T T 1 0 T T 1
0 10 20 30 40 0 10 20 30
Average Tax Rates Average Tax Rate

Figure 3: Real income growth and tax rates in OECD count8&0 -- 2004
Source: Penn World Table Version 6.2

The second issue is the definition of the appatpritax rate. The figures
above use a measure of the average rate but ecornbeary argues that it is the
marginal tax rate that matters for the degree efodion introduced into choices.
Using an average rate of tax to explain growth desscapture this important feature
of taxation. This issue was addressed by KoestkKanmendi (1989) who used IMF
data on 63 countries to construct measures ofibage tax rate and the marginal tax
rate. Their results are reported in Table 1. Tieldtle evidence of an effect of either
the average or the marginal tax rate upon the droate, but the marginal tax rate is
claimed to have an effect on the level of activithe tax rates are significant when
used as the sole regressor but become insignifishah the level of initial GDP is
included in the regression.



Variable A B C D
Constant 0.060 0.053 0.058 0.060
Average tax -0.074 -0.005
(-2.18) (-0.11)
Marginal tax -0.25 -0.011
(-1.87) (-087)
Initial GDP -0.052 -0.048
(-2.65) (-3.03)
Rz 0.072 0.05 0.17 0.18

Table 1: Regressions on marginal and average tax rates

Source: Koester and Kormendi (1989)

This methodology is also open to criticism sinteassumes a constant
marginal rate of tax despite significant changeshim tax systems in several of the
countries over the period of the data set. Theadsis an issue concerning aggregation
bias since the industrialized and non-industriglizeuntries may have very different
responses of growth to taxation. Easterly and Re{d93) employ several different
measures of the marginal rate of tax plus a rarigeher potential determinants of
growth (initial income, school enrolments, assadsims, revolutions and war
casualties). They conclude "The evidence thatdgesrmatter for economic growth is

disturbingly fragile".

The reasons for why no strong relationship is emidn the data are explored
in Slemrod (1995). Figure 4 provides an updateav\oé the data used by Slemrod.
The figure plots growth in per capita GDP againgstegnment expenditure as a
proportion of GDP for 78 countries in 2004 usingadiom the Penn World Tables.
As Slemrod observed there is no discernible pattethis data. If there were a strong
link between government and growth it should belent in the figure.
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Figure 4: Growth and government expenditure 2004.

Source: Penn World Tables Version 6.2

The main argument of Slemrod (1995) is that th&a da generated by the
interaction of two structural relationships. On tre hand, an increase in government



expenditure results in higher taxes implying furttistortions that reduce the growth
of GDP. On the other hand, growth in GDP affects ttemand for government
expenditure (for example, demand will increase iaghker's law applies). The
estimation methodology has not adequately resalliedsimultaneity between these
two relationships and therefore the estimated tmeffts do not represent the
underlying structural equations. Moreover, if teedl of government expenditure is
chosen to maximize the rate of growth then the dhtald exhibit little variation: if
the countries are similar the observations reptepemts clustered around the
maximum of the relationship. If there are any dgfeces in the relationship between
expenditure and growth across countries then, comebiwith an underlying
optimization process, this will make for an evessleneaningful relationship in the
data.

There is much evidence in favour of the arguméat the data reviewed
above demonstrates no significant effect of therta® upon the rate of growth. The
remainder of the paper is devoted to exploringettent to which the observation of
no link between taxation and growth in cross-coui@ta can be consistent with a
world in which taxation does affect economic growlhere are two components to
the ideas we explore. First, we adopt the idea femdogenous growth theory that
public sector expenditures are productive. In paldir, we consider expenditure to be
made on infrastructure that increases economicubuifherefore, taxation is not just
a cause of distortion but supports expenditure toatribute to output. It can be
expected that governments will exercise rationafityhe choice of the tax rate. This
is a formalization of the argument that the dateusth represent countries clustered
around an optimum. Second, we explore the existeheaemechanism through which
growth is endogenously equalized between countoesit least the differences are
reduced. In our modelling this occurs in two wasgsll-overs of the benefits of public
infrastructure between countries and the mobilftgapital. The consequence of these
mechanisms is that an increase in taxation in ooantcy can (in certain
circumstances) raise growth in all countries; heweoess-country comparisons taken
at one point in time will reveal no systematic tielaship. These comments agree
with a general perspective that what should beaexetl is not the differences in the
growth rates between countries but instead why traates have been so similar
over such large time spans.

3. Public Infrastructure

Endogenous growth can occur when capital and labmiaugmented by additional
inputs in a production function that otherwise has-increasing returns to scale. One
interesting case for understanding the link betwg@rernment policy and growth is
when the additional input is a public good or pabinfrastructure financed by
taxation. The need for public infrastructure to o private capital in production
provides a positive role for public expenditure andirect mechanism through which
policy can affect growth. Introducing infrastruaysermits an analysis of the optimal
level of public expenditure in an endogenous gronvddel.

This section first reviews the Barro (1990) modél productive public
expenditure. In this model public expenditure maficed by a tax on output. We then
introduce the approach we adopt to analyze exidasaby re-phrasing the analysis as
a comparison across balanced growth paths witk agan the private capital input.



Public infrastructure can be introduced by assgmtinat the production
function for the representative firm at tim@akes the form

Y, = AL9KAGHY, 1)

whereA is a positive constant an@, is the quantity of public infrastructure. The
form of this production function ensures that thare constant returns to scale in
labour, L;, and private capitalK, , for the firm given a fixed level of public

infrastructure. Although returns are decreasingrieate capital as the level of capital
is increased for fixed levels of labour and pulitiput, there are constant returns to

scale in public input and private capital togetiren: a fixed level ofL, , this property

of constant returns to scale in the other two isguermits endogenous growth to
occur.

The analysis of Barro (1990) assumes that pubfrastructure is financed by
a tax upon output. Assuming that capital does mpretiate, the profit level of the
firm is

7% =[1- 7] ALTOKEIGET - K ~wiLy, 2)
where r; is the interest ratey; the wage rate, andthe tax rate. The government
budget constraint requires that tax revenue finsutioe public infrastructure, so

Now assume that labour supply is constantat forlall t and that the economy's
representative consumer has preferences descrybe ltility function

© C79-1
u=ypgt - 4
t§1 1-o ( )

This specific form of utility is adopted to pernaih explicit solution for the growth
path. The optimality condition for intertemporalate is

oU/oC onnd
90 - Gt ©

aU/aCHl t_ﬂ

which can be combined with the input choices offthe to show that the growth rate
of consumption is related to the tax rate by

% = ﬁ1/0[1+ [1- r]aA]/”r[l_”]/“]l/a -1. 6)

The result in (6) demonstrates the two channelsutiir which the tax rate
affects the growth rate of consumption. Taxationuced the growth rate of
consumption through the terir-7 which represents the effect on the marginal netur
of capital reducing the amount of capital used. Therate increases growth through

the termr[l_“]/“ which represents the gains through the provisfdhepublic input.
Further insight into these effects can be obtaimgglotting the relationship

between the tax rate and consumption growth. Thishown in Figure 5 under the
assumption thaA = 1,a = 0.5, = 0.95 andr = 0.5. The figure displays two notable



features. First, for low levels of the public inghe rate of growth is negative, so a
positive tax rate is required for there to be comstion growth. Second, the
relationship between growth and the tax rate is-monotonic: there is a tax rate
which maximizes the growth rate of consumption.
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Figure5: Tax Rate and Consumption Growth

Differentiation of (6) determines the tax rate ttimaaximizes consumption
growth as

r=1-a. (7

For the values in the figure, this optimal tax reste = 0.5. To see what this tax rate
implies, observe that

A Y
3G, G
using G, =7Y; and7 =1-a . Hence, the tax rate that maximizes consumptrowt

ensures that the marginal product of the publiwinp equal to 1 which is also its
marginal cost.

=[1-4] (8)

The analysis of growth described above works ssfadly for this particular
form of the model. However, it is difficult to geadize the approach to more
complex settings in a way that permits explicitutess to be derived. As a
consequence we adopt a different approach in thehireg that follows. The basis of
this approach is that instead of looking at theaghopath from an arbitrary starting
point we instead focus on balanced growth pathendla balanced growth path all
real variables grow at the same rate, so it caimteepreted as describing the process
of growth in the long-run.

We model the consumer as choosing a balanced lymath given the path of
tax rates announced by the government. The governinen chooses the path of tax
rates to maximize consumer welfare. If the taxigadtionary the resulting growth
rate will not be first-best optimal. We see thislgsis as the dynamic equivalent of
maximizing welfare in a standard static Diamond+Mes type framework. In
characterizing the equilibrium we exploit two eqlences. The first equivalence is



that between the market equilibrium and the outcarien the consumer chooses the
path of capital directly. This is a standard resh#it has been widely exploited to
simplify the derivation of the path of capital anmuiation in growth models. The
second is that, in the long-run, the outcome wih consumer choosing the path for
capital is equivalent to the consumer directly g the rate of growth of the
capital stock on the balanced growth path. The vadgmce holds provided the
economy always tends to a balanced growth pat@epty that we assume is applies
to the economies we study.

We now make two changes to the specification & Barro model to
demonstrate this methodology. First, we assumegbtaernment spending is funded
from a tax levied on the private capital input. &et, we assume that public
infrastructure and private capital depreciate i @ ratesog = Oand o =20

respectively. Under these assumptions the budgestti@nt of the government, or the
law of motion for public infrastructure, at tinhés

G =[1- ]G4 + 1K, . (9)

The firm belongs to a representative infinitelyeldzhousehold whose preferences are
from this point described by an instantaneous tutifunction, U, =InC,. The

household maximizes the infinite discounted streduntility
maxU = Y 8'InC,, (10)
t=0

subject to the sequence of intertemporal budgettcaints,
Y, =Gy + Ky —[1- ¢ ~ 1)K, (11)
and with the sequence of taxes and governmensinficture taken as given.

We focus on balanced growth path equilibria, aleviych the tax rate is
constant and all real variables grow at the sameteaat rate. The first step is to show
that whenK; grows at a constant rafeand taxes are constant the law of motion for

G, also converges to growth at the same constantAaseime that the private capital
stock grows at ratg from time O with capital stock,. Recursive substitution into
(9) gives

G = [1_ 5G]Gt + 1Ky
=[1-5]"Gy + '—éo[l_ O] ™K (12)

From the relation
Keai =[1+ ¥] ™7 Ko, (13)

it follows that

t | t[1-4,
1- 36| g = WL+ 3| =5
an[ G] t+1-i O[ vi—x 1+y

g Lty
Mo s s - -] (14)




Hence,

1+
Grag =[1-05] Gy + 1K, y+ é}'/ kl” y[™-1-5 ]Hl]

G
1+y 1+y
1-0- " G, - 1K +IK, 15
[ G] {O Oy+5e} t+1y_'_5(3 ( )

From (15) it can be seen that the effect of thiainievels disappears with time, and
for t large enough

G or ity (16)
Kt y+og
In particular, this result is consistent with theats balanced budget constraint
G=1K; if 05 =1. When the economy is on the balanced growth patime O it
must be the case that

1+y

Gy =1K )
0 Oy+ds

(17)

The level of consumption at tinteif the balanced growth path is achieved
with capital K, is

C =i+ /| AKEGE —Koly+ i +1]). (18)
This gives the objective of the household as
r?a}lx i Jis In([1+ % [AKgG(lJ_“ ~Koly+dx + r]]) (19)
Vi t=0

The household takes government actions as givem whtmizing so the values of
and G, are treated as fixed in the choice of the balargedith path. The objective

function can be rearranged as

r?SXZ/J’ a1} ) £ in{acg el - koly+ i +1])

[ —’3] y) [1 1ﬂ]| (AKchl)_[7 - Ko[y+ Oy + T]) (20)

Assuming an interior solution exists, the necessandition for the choice ofis

B _ Ko -0 21
e /-] AKEGE —Kly+ o +1] &)

Solving this gives

1-a
1+y= E{A{%} +1-0g — r] : (22)
0

The expression in (22) determines the balancedtyrpath chosen by the household
in response to the tax rate and level of publicasifucture selected by the



government. This equation summarizes the behawbuhe private sector in the
model.

There are two alternatives ways of modelling ti®ice problem of the
government. Either the government can chaogemaximizey, or it can choose to
maximizeU taking into account the effect obny. In both cases the chosen value of
t and the level of government infrastructure aratesl by (22). It is now shown that
these two options are, in fact, equivalent. Regearent of the objective function
with further substitution from (22) gives

Y SRR VR S POV L)
Vg ) g | o) /{KJ ym

Since only the first term depends upon policy imstents and is itself an increasing
function ofy, it follows that maximizing is equivalent to maximizing.

Using (22) and (17) the growth-maximizing tax ratéves

—-a

1-a 1
AlL- a][ {A—T+l 5Kﬂ :r”{ﬂ{Aﬁr+l—5K}—l+JG} . (29

One special case can be explicitly solved. Withdepreciation of private and public
capital,

r=[A1-afe, (25)

so the optimal tax rate increases as the elastiditgutput with respect to public
infrastructure increases. For the general resufant be seen that the optimal tax rate

is decreasing i , increasing indy , and decreasing i Hence, the more patient is

the household the lower should be the optimal take rsupporting public
infrastructure.

This model of public infrastructure illustratesemse in which there can be an
optimal level of government expenditure in an ersfmgys growth model. The
analysis shows how a study of the optimal tax caie be undertaken by considering
choice over different balanced growth paths. We ni@welop this technique in the
context of a world economy with infrastructural extalities between countries.

4. Infrastructural Spill-Over

This section analyzes a model that incorporatessiructural spill-overs between
countries. The results show that uncoordinated opdition by countries will lead to
under-investment in infrastructure. This providesle for a supra-national body to
coordinate the decisions of individual countriesasoto secure an increase in the
growth rate. We develop these results by retaitiiegfocus upon the comparison of
balanced growth paths.



The model of the previous section is extended taudti-country setting in
which production benefits from positive externalticreated by global infrastructure.
For countryl at timet the level of output is given by

-a

Y, = AKg lrere] (26)

The measure of global infrastructure at time; , is defined as the total public

investment in infrastructurel, =G, +G;;, where G, is the public investment in
infrastructure in all countries other tharThe infrastructural externality is generated
by the termc_ait appearing here. The interpretation is that bobfagtructure within a
country (the term involvings;; in (26)) and the total level of infrastructuregtterm

involving T ) are relevant.

We focus on balanced growth paths along whichredll variables in all
countries grow at the same rate and the tax ragesamstant over time. The equality
of the growth rates across countries here is infhosi@ace the law of motion of the
public capital in one country only ensures thatdh@wth rates of the stock of public
and private capital are equal in that country,thaete is no reason of why the growth
rates should be equal across countries. If we didmpose this assumption then the
output of one country would eventually become aabity small relative to the output
of the other. An extension to the model that erstine endogenous equalization of
the growth rates is presented in the next section.

When the growth rates in the countries are ecplahg the balanced growth
path; grows at the same constant rate as all othevegglbles, so that at any time
t

. r, [° o 1°
G TP =G| =+ | =Go[1+y[| 2] . 27
it t I{Git} O[ V] {GO ( )
The level of consumption at tintéf the balanced growth path is reached with cépita
stock K is

1-a

Yo,
b g e 2| —iolyrael 28
0

This gives the objective of the household as

1-a

. P
maxy At In| [L+y]'| AKE G{i} ~Koly+o¢ +1] |, (29)
{y} t=0 GO

which is the same as in the closed economy cask,tetal factor productivity now
augmented by the facto[fo /Go]p[l_”]. Therefore, we immediately obtain the
expression for the chosen growth rate in the ogen@ny with externalities,



pli-al [1-a]
1+y= ﬁHg} {%} +1-G - r] | (30)
0 0

where G, is related toK, through (17), andy = G, +G, . Using this expression we
obtain for the lifetime utility function

[1-a]
o P
U=Ya8n 1+ AKg!GO{h} ] ~Koly+6x +71]
t=0 Go

:ﬁmm y)+[1__1ﬁ]{m(xo)+m(%ﬂ , (31)

as in the closed economy case. Thus, for the govenh maximizing the welfare of
the representative household is equivalent to miaxagthe growth rate.

4.1 Independent Choice

A government that does not internalize the extésnahooseg to maximizey, taking
Ko and C_50 as given. The growth-maximizing tax rate is detasd implicitly by the
solution to the pair of equations

ho 11ty _ G, /K,

r=[1 a]{ 3 1+5K+r}{1 p¢(y,r)+§0/Ko] (32)

B 60 /Kq pli-a] Y

y=. 1+m oy, 1) +1-9¢ -1 |-1, (33)
1+y

where ¢(y, 1) Ty+5<3 :

From this point we assume that the world consitsvo countries. Along the
balanced growth path all real variables in bothntoes grow at the same constant
rate,y. The governments do not coordinate their choiceés, so each government
maximizes only the welfare of its representativaudehold. We assume that the
discount rates and depreciation rates are equas&the countries. Furthermore, we
assume that the technologies and the endowmemnigigountries are such that both
countries have the same rate of growth. The latsumption only holds if the
technologies and the endowments in two countrigsfga certain relationship. This
relationship is met if we assume symmetry betweercountries

In Figure 6 a symmetric equilibrium without coardiion between countries is
illustrated. Denote the technology levels in the wountries byA and A, and the
initial capital stocks when the balanced growththdatachieved byK, and K. The
values of the parameters used for the simulatien /ar= 0.9,p = 0.5,a = 0.5,
0k =0 =02, A=A=05, Ky=K,=2. The solid curve depicts the utility-
maximizing growth rate (the optimal choice of thévate sector) given the tax rate
and level of public infrastructure and is, therefaldetermined by the fundamentals of



the economy -- endowments, preferences, and tlougption technology. The dashed
curve describes the optimal choice of the tax bgtéhe government. The equilibrium

occurs at the intersection of these two curves. €aresee that the equilibrium tax
rate is too low: with a higher tax rate higher gtioywand, hence, higher welfare can be
achieved. This is a consequence of the externaldggted by the infrastructural spill-

over.
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Figure 6: Optimal tax rate without coordination
r=7=021, y=y=0.042.

4.2 Coordination between Two Countries

We showed in the previous section that without do@tion the equilibrium growth
rate is below the efficient level: when choosing tax rate, and hence when choosing
the level of public investment, each governmenbigs the positive externality of the
investment in its own country upon the productiatyd growth in the other country.
In this section we show that the efficient rate gsbwth can be achieved via
coordination.

Assume that the two governments coordinate theiicips by choosing
simultaneously their tax rates to maximize the sdithe welfare of the representative
households. This optimization can be written asgoliewing:

ma W+u(p)sty=7. (34)

wherey and y are implicitly defined by

_ 1p[-a] [1-a]
y=p A{Hﬁ} [r yljg} +1-9¢ -1 |-1, (35)
G




pli-a] _ li-d]
7:[3[3{% ﬂio} {f _1+y } +1-9, —f}l. (36)
Z—-KO y+ 56

The optimization can be stated equivalently?aaf(y, with y=y. When the two
r,T

countries are identical the necessary condition gamplifies to

[1-a]
r = poelalfg - a]{r le:L :; } . (37)
G

Plotting (37) along with the equation fprproduces Figure 7, which uses the same
values for the model parameters as for Figure @ritbe seen that the coordinated tax
rate is higher than in the case without coordimatend the growth rate is the highest
that can be achieved in the economy with the gifterdamentals. As expected,
coordination achieves the efficient outcome.
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Figure 7: Coordinated choice of optimal tax rate
r=7=037, y=y=0.052.

4.3 Redistribution

In this section we consider the possibility of mention by a supra-national body
that collects and redistributes tax revenues betwbe countries. The interaction
between the central body and the national goverhisemodelled as the following
multi-stage game. At the first stage the supraemali body announces what share of
the tax revenues will be collected from each nafiaqgovernment for a centralized
fund. At the second stage the national governmeim®se optimal tax rates. At the
third stage the supra-national body announces Hewvcentralized fund will be
divided between the two countries. Finally, theestynents are made and production
takes place. There is no coordination between whertational governments at any
stage.



We assume that a fractighof the tax revenue is collected by the supra-

national body from the first country (and a fraoti@ from the second country), and a
fractionu (1 —u for the second country) of the total amount caéddds returned to
the national government. Thus, the law of motiothef public capital is

Grag =[1- 05 ]G; +[1- OJrsaK g + 141, (38)

where Q,,; = 6r,1K4q + 07,1 K(41. Thus, if the balanced growth path is achieved
fromt=0

1 _
Gy = y: JVG [1- 6+ gk, + Guiiy). (39)

Since the households take the public capital imrest into production as given, the
optimization problem for each household is the samsein the case without
redistribution solved in the previous section. Thile welfare-maximizing growth
rate is determined by

pli-al [1-a]
y:ﬁ{,{i} {&} +1- 0, —r}—l, (40)
GO K 0

where nowG, is defined by (39), and
r0:G0+c_;0:TKO+ﬂ20. (41)

We assume that the redistribution is costlesshabthe total public investment is not
changed.

Maximization of welfare by the government leadghe implicit solution for
the optimal tax rate,

r=fi-a] Y -145 +1|1-p—T0__ |7 _H” Ko (42)
B Ky + 7K 1-6+6u K,

Similarly, the second country's optimal tax rate is

A R _ L oll-4] Ko
e R A ey Aaee 7 L S

It can be seen from (42) and (43) that by correrdﬂyosing(ﬁﬁ,y) it is possible to

induce the efficient levels of the national taxesatwhen there is no cooperation
between the governments.

This is illustrated in Figure 8. A comparison withe no coordination case
shows that the redistribution results in a shifttiloé curve describing the optimal
choice of the government, and this shift can beustdfd so that the resulting
equilibrium is the one with the highest growth rate. the same outcome as with
coordination. Note that to achieve thlsand & must be negative: the central body
announces subsidies to public investment in infuasiire. Such a policy is typical for
correction of inefficiency in the presence of pesitexternalities.
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Figure 8: Equilibrium with redistribution
6=60=-065, u=05.

5. Capital Mobility

A limitation of the analysis in the previous sentiwas the assumption that both
countries would be on the same balanced growth péils assumption was required
because the model lacked a mechanism that wouldagie® the equalization of
growth rates. Any asymmetry between the countriesldvimply that the GDP per
capita of one country would eventually become in$icant relative to the other. This
is unsatisfactory since growth paths are similapiiactice so the model needs an
endogenous mechanism that ensures the equalite @frowth rates.

The process we use to ensure the equality of bathgrowth paths is to allow
capital to be mobile between countries. As the stms relocate capital to seek the
highest after-tax return the outcome will ensurat tthe growth rates in the two
countries are the same. If the growth rates aralema then the countries impose an
additional dynamic externality on each: if one doymaises its tax rate it will affect
the growth rates of all countries.

In this section the model is extended to allow dmmsumers in the two
countries to relocate capital costlessly. ket(k;) denote the stock of capital owned

by the "domestic" ("foreign") consumer. With petfeapital mobility each consumer
will choose to invest in the country where the iafgéex return on investment is higher.
We assume that the tax on capital is collectedhat destination, and the output
produced in each country is divided between theitwestors proportionally to their
capital investments.

Let A D[O,l] denote the fraction ok; invested in the home country and
1- 2, 0[07] denote the fraction d, invested there. Then



Ky = Ak, +1- 2 Jk, - (44)
Similarly, for the foreign country
Ky =[1=AJk + Ak, (45)

Razin and Yuen (1997) hypothesized that capitabihtp across countries
ensures equalization of the growth rates along lhaanced growth path, and
illustrated this result in a two-country framewarkendogenous growth with a human
capital input. In what follows we show that a semitesult holds in our model. The
law of motion of the public capital in the foreigountry is

G =[1- 861G, + TI_[l‘/‘t]kHl + /Tth+1J : (46)
Let the capital stock owned by domestic investdys,grow at a constant raje and

that owned by foreign investork,, grows at ratey . Assuming the tax rate and the

share of domestic investment are constant, andtiiigr in (46), we obtain the
following:

G = [1- G ][1- G6 G + 71— ATk + Ak |+ 7{[1= ks + A
14p —
y+0g / koﬂ

Aty 1, 1ty S e
| P Al e Y Tl 1 @

= [1—56]t+1|:(_;0 - f{ yl:é{; [1—)I]k0 +

Dividing both sides bk, ,

€t+ _11-9 t+ 1 - 1+y _ _ 1+ —-
A

Kesg 1+y Ko y+dg
t+1 _
vl Y Ko | Ty, 1Y 5 (48)
y+og Ko | 1+y y+3s

It can be seen that in the long run the first teonverges to zero and the second term
is constant if and only ify =y. Thus, in the balanced growth path equilibrium the
long-run growth rates for the two countries mustdapial. Also, if the balanced
growth path is achieved &t 0 then

— _ 1+y P
Gy =T 1-Alkg + AKg|- 49
0 y+ 5(3 [[ ] 0 0] ( )
Similarly, for the home country it must be the ctest
1+y ==
Gy=r1 Akg +1- A [Ko |- 50
e e ) (50)

The allocation of capital across the countrieshesen by each consumer to
maximize their utility. An interior solution fot corresponds to equalized net returns,
SO



alk, +_[1—/T_]E0h_r dko+afl-Alko Yo _
Akg +[1-A kg Ko kg +al1-2]ky Ko

If the tax rates and the fundamentals are suchthieaeft-hand side of (51) is greater
than the right-hand sidege. the domestic net return to domestically-ownedtabajs
higher that the foreign net return, thern 1, the home consumer invests all his capital
at home. Conversely, if this left-hand side is |egsthe foreign net returns are higher
than the domestic ones thén= 0, and the home consumer invests all his capital
abroad. The solution for the foreign consumer’smjaiation problem is similar. Note
that in every case we consider each consumer chabge allocation of capital
between countries taking the decision of other gores, as well as the tax rates and
public capital inputs in both countries, as given.

(51)

5.1 Non-cooper ative equilibrium

When the two governments do not cooperate theyl&meously choose the tax rates
to maximize the welfare of their own consumers eguivalently, the growth rates of
their economies. Consider the decision of the déimgevernment, assuming that the
optimal allocation of capital by the domestic inegsis in the interior. The
government does not internalize the externality eimoboseg to maximizey, taking

ko, Ko, T, andG, as given. However, each government realizes thahbice of tax
will affect the capital allocation decisions of @stors in both countries.

Thus, the home government's objective is to maamimplicitly defined by

pli-al
1+ﬂ{ oy, 1 [Ako+[1 A]kod #.7)

+[1-0¢ |- -7[1- 1]

+[1-A]z{1+¢(y, r)pkg [1—1]%1}”[1‘“]{% f[_i"_ﬁ]kj_a' 2

where ¢(y,7)=1 ,andi and A solve (51) and the counterpart of the latter for

1+y
I
the foreign investor.

There is no need to impose the equality of thevgroates: in equilibrium this
is ensured by the optimal choice of capital allmraby the consumers. However, the
equilibrium growth rate, in general, is not effiticbecause the externalities are not
internalized even with mobile capital.

In Figure 9 the completely symmetric equilibriunittwmobile capital when
the governments do not coordinate their tax chisidkustrated for the same values of
the model parameters as in the previous numeriaaiples. One can see that the
equilibrium tax rates are even lower than in thecaordination case with immobile
capital, because of the tax competition effectheg@vernment cuts their tax rate in
order to attract capital from abroad. Thus, capitabbility in the absence of
coordination exacerbates the inefficiency causethbyexternality.
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Figure 9: Optimal tax rate without coordination, with mobdapital
r=7=01487, y =y =0.0259

5.2 Cooperative equilibrium

If the two governments cooperate in choosing tdkesequilibrium outcome can be
improved. The efficient equilibrium growth rateashieved when the externalities are
internalized, i.e. the two governments choose their tax rates sametiusly to
maximize the sum of the two welfare functions.

This is equivalent to solving

@,gfy, (53)

wherey is implicitly defined by

y= ﬂ{/m{u Tk, +1- A]ko]}p[l“’]{r 1oy r

Tl Ak, +[1- 1 ko | y+ 0,

+[1-0¢]-A-t[1- 1]

¥ [1—A]ﬂ[1+ rlik, +[1-1 ]Eolrla]{f“—y}q +1, (54)

T Ak, +[1- ]k y+ 0,

5.3 Non-cooperative equilibrium with redistribution

As in the case of immobile capital considered ia firevious section, a policy of
intervention by a supra-national government caniesxehthe first-best outcome
through correction of the externality. The intertren is again modelled as a multi-
stage game. Since the households take the pulpliakenvestment into production as



given, the optimization problem for the househ@dhe same as in the case without
redistribution. We assume that the central bodg maibalanced budget.

Under the redistribution scheme along the balagcedth path

1 _
Gy = y: ;’G [1-6+gulicy +Buris), (55)
Go = 5 [1-8 + el o + -], (56)
where
Ko = kg +[1- A |k (57)
and
Ko = Akg +[1-AlKo. (58)
The domestic government choosde maximizey implicitly defined by
60 ,0[1—0’] 1-a
R L o ol M
+[1-0¢ -4 -7[1-1]
Pl AJAl 1 2V r)ko +fi-2Jo s & [ (59)
Go Akg +[1-Alkg '
where

é(y.7)= yl:;_/e {[1—9+9,u]r+§/ﬁ%}. (60)

0

The foreign government faces a similar optimization

By choosing{@,?, ,u} the supra-national body can shift the reactiorcfions

of the two governments so that the equilibrium choof taxes coincides with the
first-best outcome. There is no closed-form sohjtibut we can characterize it
gualitatively. Since the externality from publicvestment is positive, in the non-
cooperative equilibrium the taxes will be set tow.| In addition, capital mobility will
cause tax competition between the governments, hvhidl result in even lower
taxes. To achieve efficiency the supra-nationalyhoekds to encourage higher taxes,
which requiresd and @ to be negative. Once the supra-national body amresuthat

it will subsidize public investment in each countilye governments set higher taxes.
After that the subsidies are claimed back. Fig@edémonstrates that the maximum
growth rate can be achieved by this process.
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Figure 10: Effect of central body, with mobile capital
71=T7=0361 6=6=-127.

6. Conclusions

There is no convincing empirical evidence of atrefeship between taxation and
economic growth in cross-country data. We haveeddhbat the lack of a relationship
is not inconsistent with the growth rate being @ased by additional public sector
expenditure. The explanation offered to resolve #@gbparent contradiction is that
public sector expenditure is productive, that thare spill-overs of the benefits of
public infrastructure between countries, and thaital is internationally mobile.
These mechanisms make it possible for an increatation in one country to raise
the growth rate in all countries. This effect wilbt be apparent in cross-country
comparisons taken at one point.

This argument is reflected in the summary of rissolesented in Table 2. This
reports the growth rate for the two models of imiebapital and mobile capital for
a range of values of the fractiéhof the tax revenue collected by the supra-national
body. The first observation is that with no interten (¢ = 0) the growth rate is
below the maximum level. With immobile capital thisflects the inefficiency
resulting from the spill-over of infrastructure. & growth rate with no intervention is
even lower when capital is mobile because thistesean additional externality. The
rate of growth is increased whérbecomes negative since this provides an incentive
for the countries to increase their tax rates.

@ -14 | -12 | -10| 08| -06f -04 -02 O 0.2 0.4

Immobile | 0.039| 0.045] 0.049| 0.051| 0.052| 0.050| 0.047| 0.042| 0.034| 0.025

Mobile 0.052| 0.052| 0.051] 0.048| 0.045| 0.042| 0.034| 0.026| 0.017| 0.006

Table 2: Growth rate and intervention



The policy implications of our analysis are thdhaugh public expenditure
can assist growth there is no guarantee that thienalplevel of growth will be
achieved. The design of public expenditure haske into account the infrastructure
externalities and the capital flows. If the choiagsindividual countries are not
coordinated then the outcome will be inefficiendagrowth will not be welfare-
maximizing. A coordinating body, such as the Eussp€ommission, has a role to
play in attaining an efficient level of expenditusa public infrastructure. This role
involves supporting the expenditure decisions afividual countries to raise the
overall level of expenditure.

Appendix
The Appendix provides the derivation of the resulied in the main text.
A4.1 Independent Choice

A government that does not internalize the extésnehooseg to maximizey, taking
Ko andG, as given. The resulting valuejois given by

= pli-al
y:[,’[ 1+%} [¢(y, r)l_” +1-9¢ —r] -1, (A1)
whereg(y,7)=1 ™V Total differentiation gives
G
1 Gyl Ko P2 _
—dy=AN1+—3—2 Y9 i
g A{+¢(w)} ol
o PL-a]l Codg i dé |, A2
1+ G0/ Ko Ko ¢ rl-al ¢ a (#2)
#(y.7)

Using (A1) this can be re-written as the following:

1 [1-561[1-67]{1*/ o+t

—+ { -p 60/50 } dy

B 1+ vy + 6] #(y.7)+Gy/ Ky

o1ty _ G, /K, __|dr

o[ e g B [T o

Thus, the growth-maximizing tax rate is determinegblicitly by the solution to the
pair of equations

A b _ G, /K,
r=[1 a]{ 5 1+5K+r}{1 p¢(y,r)+§0/Ko] (A4)




— pli-a]
y= 'B! 1+%} oy, T +1- 5 —r} -1. (A5)

If the world consists of two countries the equililn tax rates and the growth
rate solve the following system of equations (assgnthe discount rates and
depreciation rates are equal across the countries):

1+y T K,
r=[1-al| —=-1+J6, +7||1-p———"— |, A6
[ ]{ 3 ) erNTKJ (A6)
_ 1+y i K, |
T=11-a| —-1+J, +7 | 1- — |, A7
[ ]{[J, B e (A7)
- qpl-a] i
y=ﬂ[b{1+ﬁ} [r 1ty }+1—5K -7 -1, (A8)
Ko y+0g

and

— pl1-a] [1-a] pli-a] [1-a]
A{ +ﬁ} {r 1+y} —TZK{H@} {f 1+y} ~7. (A9)
TKO y+ JG Z—-KO y+5G

The last equality is obtained from the equalityhef two growth rates. This implies an
additional restriction on the fundamentaﬂA, A Ko, Ko}. In other words, to achieve

the balanced growth path a certain relationshipvéen the technologies and the
endowments in two countries must hold. These cmmditare met if we assume

symmetry between the countries in the senseAvat , andK, = K.

A4.2 Coordination between Two Countries

Assuming symmetry wittA= A, 7=T and Ko = Ky, the optimization simplifies to

[1-a]
max= 3 Azp[l‘”]{rﬂ} +1-8, -1 |-1. (A10)
{r} y+9dg
This gives the necessary condition f@s
14y
r = a2elalfg - a][r 4 } . (A11)
y+og

A4.3 Redistribution
The law of motion of the public capital is

Gra =[1- 351G, +[1- OlraKia + 1211, (A12)

where Q. = 0r,,,K4 +07,,1K,4, . Iterating with respect tbyields

t .
G =[1-05]" Gy + ,;0[1_ 6] - OlrenK i + Q0] (A13)



and if the capital stock grows at a constant paite both countries, whereas the tax
rates and redistribution rates are constant,

t . .
Gua =[1-36] G0 + 2[1- 6] [1-6lao + 2o+ /™

:[1-ae]t+1[eo Y - g+ g, + - 1]
Y+

s Y (11— 0+ Gy + B, (A14)
y+og
Thus, if the balanced growth path is achieved ften®
Go =Y [[1- 6+ QulKy + BuTK,). (A15)
y+0og

Since the households take the public capital imrest into production as given, the
optimization problem for the household is the saa® in the case without
redistribution. Thus, the welfare-maximizing grow#te is determined by

pli-a] [t-a]
Y= EHF_} {G_} +1-0, - r} -1, (AL6)
G0 KO

where
r0:G0 +c_':'0:TKO+ﬂ20. (A17)

A government that does not internalize the extéynehooses: to maximize
y, taking Ko and G, as given. Now

= pli-a]
y= ,3! 1+ C;%;//Krﬂ oy, T +1- ¢ —r} -1, (A18)
where
a(y, r):%:%[[1—9+9u]r+§uf%} (A19)
0 G 0

Total differentiation gives

= pli-a] 1 =
Lay= 1+G°/K°} Bly.r)e ——1"’%0/‘:(]0 E—Z‘;—@[l—a]% ~dr
#(v.7)

— [1—0’] - —
T Gyl Ky |” ol Go/Kq
-l a]/{H@’y } ol * p&(y,r)+50/Ko}



1_9+0/J dA 1_5(3

x| dr — — —-dr. (A20)
[1—0+«9,u]r+§,ufio [ A+ o]
0
We therefore obtain the implicit solution for thetional tax rate,
r=fi-a] ¥Y 146 41| 1-p—TR0_ |7 Ko (A21)
ﬂ TKO+TK0 1_0"'8/,/ KO

Similarly, the second country's optimal tax rate is

A R _ L oll-4] Ko
r=[1 a]{ 5 1+5K+r}[1 0 _} r1_§+§[1_y] < (A22)

AS5. Capital Mobility
The law of motion of the public capital in the faye country is

Graa = [1- % [G, + 7= A Jkas + Ak, (A23)
Let the capital stock owned by domestic investdys,grow at a constant rafe and

that owned by foreign investorE,, growth at ratey . Assuming the tax rate and the

share of domestic investment are constant, andtigr in (A23), we obtain the
following:

Gy =1~ 5G]|Il_ %G1+ flll_/‘]kt + Ak ”+ flll_/‘]ktﬂ + /TRHlJ

s ]tﬂ[ao _ T{

+y 1+y —
1- Ak, + Ak
V+5G[ ]ko y+0dg Oﬂ

Ay 1, 1YY - o
| Sl e Y Tl 1| 20

Dividing both sides by, ,

— t+1 _
ST {_1‘5_6} 1 GO—T{ Y - Ak -2 /TIZO}
ki L1+V ] ko y+9dc V+0c

t+1 _
+T![1—)I] 1ty ﬁ{“y} Ay (A25)

y+39s ko 1+ V+3

The first term converges to zero and the secomd igiconstant if and only iy =y .
If the balanced growth path is achieved at0

1+y =
o [IL- ATk, + 7. (A26)

C_50=f

Similarly, for the home country it must be the ctss



-7 ko). (A27)

With capital flows the budget constraint of therdstic consumer becomes

C, = f(kt Y, + [1%"]“‘ Y, +[1- 0y [k — Ak, = F[1- Alk, — Koy, (A28)
t t

and along the balanced growth path

c :[1+y1{ff0 v+ ko vo+[1—aK]ko—mko—fll—ﬂko—[w]ko}
0 0

=[1+)]'co, (A29)
where
Cy ={Aﬁ+[1—/1]£+[1—5}<]—m —f[l—/l]—[1+y]}ko, (A30)
KO KO
and
= ~ _p—l—a
Yo _ o Lo A31
Ko Ak0+|1—/T||Z0_GO_ ’ (A31)
N r o _ _ _l-a
Yo|__ G [l (A32)
Ko | Ako+[1-Alko [ Go |
The lifetime utility of the home consumer is
u =§0ﬁt In(C)=1" [ ! ]2 n(L+y). (A33)

Assume that two consumers simultaneously choosalkbeation of capital and after
that simultaneously choose the optimal growth r@tdving backwards we first solve
the first-order condition foy. For the home consumer we have

U_ 1 193G, B 1
oy 1-BCy oy [1-pP1+y’

Co=- 20 L = Ll e, (24

and, substituting this back into the utility furasti

1 1-8 1
A n(1+ (1 A35
o= et ) e ).
Now differentiation with respect togives
du 1 1 dy (A36)

A [-pPreydr



For the interior solution this is equal to zeraorr(A34)

1-p _ S
- 11+ =_Y
ﬂ[ v/l o
P Yo -
=20 +1-A] =2 +[1- ok |- A -T[1-A]-[1+ )], (A37)
Ko Ko
so that
1 Y, \7
“+yl=2A-2+[1- 2|2 +[1-0¢ |-A -T[1-A]. A38
ARl SR EAR A (x39)
Differentiation gives
ld_}/:ﬁ—i—r+f—jh%+[l_/]]i%
Bdl K, K, Ko Ko Ko Ko

_adkg +.[1‘/T_]‘Zoi_r_[/wo+”[1'/‘]koi—f}. (A39)

- Ako +|_1_/T]R0 KO A_RO +a[1_/]]k0 KO
This equation is expressed as the difference irretatns. Thus, an interior solution
for A corresponds to the equalized net returns. Ifakedtes and the fundamentals are
such that this difference is positiviee. domestic net returns to domestically-owned
capital thent = 1, the home consumer invests all his capitddoabe. Conversely, if

this difference is negative,e. the foreign net returns are higher than the démes
ones therd = 0, and the home consumer invests all his capitedad.

The solution for the foreign consumer is similar:

1dy _alio+i-dlke Yo __[Ao+afi-Alo Yo _
LAl Aky+[1-Alky Ko Ak +1-Alkg Ko |’

so thatA = 1 when the difference is positivé, = 0 when the difference is negative,

and A is between zero and one when the two net retumequalized. Note that each
consumer chooses his capital allocation takingdr@sion of other consumer, as well
as the tax rates and public capital inputs in lootimtries as given. Thus, in (A39) and
(A40)

1-a
Yo _ A{ S {hr} , (A41)
Ko | Akg+afl-Alko| Go

N o 0 1-a
Yo _z__ %o To . (A42)
KO /1k0 +|1_A|ko Go
Suppose} is in the interior. Then one can see from (A41) &42) thatA is also in
the interior i.f.f. Yy / Ko =Y,/ Ky. Therefore, interior solutions for bothand A may

exist for a particular combination of endowmentsl amoductivities. If the optimal
choice of A is zero, then it must be the case that in eqidilibrY, /Ky <Yy /K.

(A40)




Conversely, if the optimal choice of is one it must be the case that in equilibrium
Yo/ Ko >Yo/Kp.

A5.1 Non-cooper ative equilibrium
The domestic government's objective is to maximigeplicitly defined by

' (v, T)[/‘ko + [1‘/Tj‘zo]

+[1-0¢ |- -7[1- 1]

[1- A]Z{H AV T)[/‘kO_ +[-1 ]Ro]r[la]{ Go Ta] . (A43)

— pli-al
y=-1+ ﬂ{/} 1 So } oy, 1)

Go Akg +[1-Alkg
whereg(y,7)=1 Y andiandA solve
ko tli-T)o Yo Ao tafl-Ao %o _. (A44)
kg +[1-A kg Kq ko +all-Alky Ko
and
atko +fi-alko Yo Ao +ali-dlo Yo %o Yol (A45)
/‘ko +|.1_AJk0 KO /‘ko +a'[1_A]k0 KO KO KO
or
{)T:ODE>L},or{/T:1Dh<i}. (A46)
Ko Ko Ko Ko
Here, from the viewpoint of the domestic government
. o
Yo Gy
O =Adyr {1+ . P } , (A47)
s { G oD R ]
1-a
i = ;e
Yo _a_ G [, oo +i-1]) . (A48)
Ko | Akg+[1-Alkg Go

The foreign government choose® maximizey defined implicitly by

B G, pli-a] s
y:_1+ﬂPA{l+ ¢(V,T)[/TE0 +[1‘/‘]koﬂ o)

+1-o¢]-A -1f1- 7|



Mo +[1-7 kg

but, since it take§s, as given, from the viewpoint of the foreign govesnt

s oo G” (a9

- 0 (v, 7 ) Ak + [1- Alko PTe
\K(_O'A{Akof[i—ﬂl?o{“ il Go = ]” ’ (0
A Go PTe
K_o_AP(V’T){H¢(V,f)[/T|?o+[1—/l]koﬂ} | (A

There is no need to impose the equality of the gromates: in equilibrium this is
ensured by the optimal choice of capital allocatignthe consumers. However, the
equilibrium growth rate, in general, is not effiticbecause the externalities are not
internalized even with mobile capital.

A5.1.1Symmetric case: identical endowments and productivities
Consider the case wherd= A and k, =k,. The choice of the domestic and the

foreign investorsA and A , solve

aA+f-2]Yo _ _A+afi-A% __

A+1-7] K, A Ky (A52)

and
=AYy, A+all-dlY oY Yol (AS3)
A+[1-2] Kq A +al1- 2] K, Ko Ko
or
{)_I:ODYO >Y_} or{)l =100 < YO} (A54)
Ko Ko Ko Ko
Here
- ~ e
Yo_ A Go | To (A55)
Ko K&a|A+[1-A][ G| ’
- l-a
V2 -~ ~ r 1P
Yo_ Al G |To | (A56)
Ko Kkia|A+[1-1]| Gy |
<Y. < 7
In equmbrlumG——é, soﬁ L i.f.f. LI . Thus, there exists a
G T Ky>Kg A+[1-A > +[1-1]

completely symmetric equilibrium witm=7 and A=A =1/2. For the equilibrium



with interior 2 and 1 =1 it must be the case that <

, and for the equilibrium
with interiorZ and A =0 it must be the case that— >ﬁ.

The growth rate in the domestic country is detaediby

i = L —_i — — —7h =2

/3[1+y] /]K0+[1 A]KO+[1 5 )-m-rh-7], (A57)
and in the foreign country by

l vV :_i — L - —F) — -

ﬂ[1+y] p) KO+[1 )I]KO+[1 S |-tA -rf1-4A]. (A58)

Clearly, the completely symmetric equilibrium isnsgstent withy =y .

Ab5.2 Cooperative equilibrium
Herey is implicitly defined by

- _1+ﬁM1+ ffo po I, ey 1

rlAkg +[1— 4 Jko | Y+

+[1-0¢]|-1A-7[1- 1]

Vi /]]K[h ik, +fi-7 ]Rolr[l_a]{fﬂ}la} , (A59)

Ak +[1- A]ko] y+0s
and

- 0 1-a
Yo, 1y [, r[Tko +[1- ko) (A60)
Ko y+9dg Tl"ko + [1—/TJI20] ,
_ e 1-a
Yo Al MV gy f[’lk_o +f- 7| |” . (A61)
Ko y+ds | Tk +[1-Alko]

A5.3 Non-cooper ative equilibrium with redistribution

The domestic government choosde maximizey implicitly defined by
n G
Ply.7)Ako +[L- A ko]

+[1-0¢ -4 -7[1-1]

pli-al
yz—la{a 1 } F(y.r)



R e S ” 062

Go Ako +[1-Alkg
where
_1+y _ B _K_
#y.1)= Py {[1 6+ulr +Our Kﬂ’ (A63)
Y, 6 0 1-a
> = i 0 S
K_o - {5(% T){ﬁ 5(% r)[Ako + [1—71]120]} ] : (A64)
G, - 1-a

- 7 8 52 3 5
Ko /TEO + [1—/1]k0 50 ,

The foreign government choosgsto maximizey implicitly defined by

pli-a]
y=-1+ﬂ[/ﬁ{l+ " } (70 i

y.T)Ako +[1- ko]

+i-o¢]-tA -r-7]

[1 /]] 1+¢ Y, T [/1 ko [1 /]]ko]]o[l_a]{ Go . T_a}_ (A66)
Akg +[1- 4 [ko
where
)= [[1 6+ 801l +ol1- u]r—ﬂ (n67)
y+dg Ko
where now
N 0 1-a
h:p{ (.30 . [1_'_ ¢(y,r)[/1k0+[1—/]]ko]} } (A68)
Ko | Ako+[1-7 kg Go ’
_ o o
Yo _» = . %o . .
¢ ’{é(y’”{“ mu=| } o
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