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Abstract

I attempt to establish whether positive international externalities generate an
incentive for cooperation between governments and how that incentive depends
on the degree of capital mobility between economies. I adopt a simple economic
model incorporating the international linkage of national economies.

Allowing for capital mobility does not destroy the incentive to cooperate,
since it does not affect optimal policies in the symmetric long run equilibrium. In
the short run, capital mobility triggers a ‘race to the bottom’ effect, which comes
in addition to the ‘free riding’ effect existing because of positive international
production spillovers. Thus, allowing for capital mobility intensifies the need to
cooperate.
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1. Introduction

A prominent feature of the present phase of the globalisation process is the increased
interconnection between economies: Domestic production decisions affect produc-
tion (hence, decisions as well) abroad. One may identify several episodes of positive
production spillovers between countries: building roads or ports in one country may
help companies in other countries to export their products. Developing a modern
telecommunication network (e.g. providing ADSL network access) may be of equal
importance.

The existence of international externalities should generate an incentive for in-
ternational cooperation between different governments: according to the literature,
in the presence of positive spillovers, players’ actions increase when switching from
an uncoordinated to a coordinated equilibrium'. As long as governments stay on the
rising part of the Laffer curve, such an increase implies a welfare improvement, pro-
viding governments an incentive to cooperate.

A second feature of modern economy is the record-high degree of capital mobil-
ity?. Investors allocate their capital on a global level (through either foreign direct
investments or portfolio investments) so as to attain the highest feasible returns. For
capital to be attracted, economies should offer high potential returns. Thus, govern-
ments adopt pro-capital policies and tend to refrain from any decisions investors
would dislike. Increasing capital taxation is an obvious disincentive to investors.
Governments are, thus, not able to take fiscal decisions without considering implica-
tions on capital mobility. Moreover, governments try to attract capital by decreasing
tax rates — a stand that may end in a ‘race to the bottom’ competition.

In the present paper, I try to answer how the existence and degree of tax competi-
tion influences the incentive to cooperate in a framework with international spillovers
from public services. The next section (section 2) summarizes related literature and
describes the present paper’s additions to it.

Section 3 describes the environment adopted in the paper. A technical approach
within a pure neoclassical growth framework is assumed. A public good, financed
by tax revenues, affects production positively both at home and abroad. I will also
assume some degree, 0, of capital mobility. The Competitive Decentralized Equilibri-
um will also be described. In order to incorporate the international linkage of national

1. For example, see the seminal paper of Cooper and John (1988).

2. According to UNCTAD, in 1990 FDI flows at world level were $201,6 billion and the global
stock was $1779,2 billion. In 2006 (before the onset of the financial crisis) FDI flows increased to
$1305,8 billion while their global stock reached $11998,8 billion. For more details see: http://stats.
unctad.org/FDI/TableViewer/table View.aspx?Reportld=899.
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economies, I adopt a form presented by Alesina & Wacziarg (1999)°, considering it as
more applicable to a standard Cobb-Douglas function.

I then (section 4) solve governments’ optimisation problem when they play Nash
to each other and when they cooperate, adopting a common tax rate (tax harmoniza-
tion). In both cases, I find the long run equilibrium values and study dynamics around
it. In the 5th section I compare the results of both cases and try to understand how
the difference between the two is affected by the degree of capital mobility. Finally,
section 6 summarizes the main results and suggests ideas for future research.

2. Relationship to the literature

The literature has concluded that international externalities generate an incentive for
international cooperation between governments. Philippopoulos and Economides
(2003) develop an endogenous growth model with public goods, comparing optimal
taxes in the Nash equilibrium and in the case of a cooperative solution. Epifani and
Gancia (2008) recently studied the effect of trade openness on the size of govern-
ments. Their claim is that “Since governments behaving non-cooperatively do not in-
ternalize the cost of taxation that trade imposes onto foreigners, they react to market
integration by increasing public spending”. The authors demonstrate that “when all
governments raise spending in response to more trade openness, the result is over-
provision of public goods”. In this context, international coordination of tax policies
may be welfare improving.

Recent literature has also explored the question whether, in the case of public
input provision, tax competition is good for growth. Following the seminal work of
Oates (1972), Zodrow and Mieszkowski (1986) demonstrated formally that public
services are inefficiently provided under tax competition. Local governments keep
tax rates low, hoping to expand the tax base. Noiset (1995) disagreed with them, not-
ing that while a higher tax rate itself drives out capital, the tax base may be expanded
if the revenue raised is spent on increasing capital’s productivity. Local governments
competing for capital may, thus, have an incentive to overprovide public inputs — a
possibility not considered in Zodrow and Mieszkowski. Matsumoto (1998) showed,
however, that potential overprovision is of limited importance, since it becomes in-
valid when relaxing Zodrow and Mieszkowski model’s silent assumption, that the
number of firms in each jurisdiction is fixed.

Becker and Rauscher (2007) present an interesting approach, building on the sem-
inal work of Lejour and Verbon (1997). They assume capital installation costs, mak-

3. Alesina and Wacziarg (1999) present a model with cross-country externalities, where output
depends on labor, private capital and the weighted product of public services across the world.
Governments impose a proportional tax on output to finance the provision of the public service.



190 C. SAVVIDIS, South-Eastern Europe Journal of Economics 2 (2010) 187-226

ing de-installation of capital more costly and thus allowing governments to exploit
an increasingly inelastic tax base. In such a framework, “an individual government
neglects the impact of its tax policy on the interest rate. If all countries do this, the as-
set market equilibrium collapses™. Policy cooperation may, thus, arise as a solution.
The authors suggest in their final remarks that “future research could aim at compar-
ing tax competition to a coordinated tax policy”.’

Koethenbuerger and Lockwood (2007) study the relationship between tax compe-
tition and growth in an endogenous growth model, where there are stochastic shocks
to productivity, and capital taxes fund a public good, which may be for final con-
sumption or an infrastructure input. They predict a negative relationship between
output volatility and growth, which they find consistent with the empirical evidence.

Philippopoulos and Kammas (2007) reexamine the quantitative welfare implica-
tion of international tax cooperation, incorporating an international public good in
a multi-country version of the general equilibrium model in Persson and Tabellini
(1992). Two types of cross-border spillovers arise: One generated by international
capital mobility and resulting in the problem of tax competition for mobile tax bases.
And a second, generated by the presence of international public goods and resulting
in the problem of free riding on other countries’ contribution. As they demonstrate,
while in the absence of international public goods, the welfare gain from cooperation
is small quantitatively, results change drastically once they introduce international
public goods. Their main conclusion is that the argument for international coopera-
tion becomes much stronger when there are public goods that extend beyond national
borders.

Hatfield (2006) illuminates how tax competition drives the districts of a federal
economy to choose better economic policies in their quest to acquire and keep capi-
tal, concluding that federalism leads to higher economic growth, in a framework of
endogenous growth with government services. Bjorvatn and G. Schjelderup (2000)
demonstrate that allowing for capital mobility in the presence of a locally provided
international public good, may not affect the need to cooperate in a symmetric equi-
librium.

Assuming a public infrastructure good (rather than a public consumption good)
and using a dynamic model, I will try to answer whether capital mobility works as
a substitute to cooperation or if it intensifies the need for it, i.e. how the existence
and degree of tax competition influences the incentive to cooperate in a framework
with international spillovers from public services. I will establish a simple econom-
ic model incorporating the international linkage of national economies, in order to

4. Becker and Rauscher (2007, p. 14).
5. Becker and Rauscher (2007, p. 18).
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check whether an incentive for cooperation in setting national policies exists. Imper-
fect capital mobility will also be assumed, in order to test its implications on fiscal
decisions. The present work is, hence, closer to the framework developed by Philip-
popoulos and Park (2002).

I differentiate from existing literature assuming a public infrastructure good rather
than a public consumption good. In the specific adopted framework, a ‘free riding’
effect arises, creating an incentive for governments to cooperate in choosing their tax
policies. Allowing for capital mobility, this gives birth to a ‘race to the bottom’ effect
and a ‘tax the foreigner effect’. The paper adds to the literature by putting together all
those effects under a dynamic framework and checking how the incentive for coop-
eration in setting national policies is affected.

3. The environment
3.1 A framework with international public services

Consider a continuous time model, where a given finite number of countries, n,
indexed by 1=1,2,...,n, exist. Production depends on a public production factor, G,
that is non-rival and non-excludable for all n economies — an international public
service. The extent of the externality goes beyond the frontiers of each country,
namely, there are cross-country externalities, so that each country benefits from
public goods produced in the rest of the world. Those externalities may be understood
as public infrastructures, benefiting the international linkage of the economies, such
as transport networks, harbours, airports etc.

In order to incorporate the international linkage of national economies, a form
presented by Alesina & Wacziarg (1999) is adopted.® Alternatively one may use
an additive function for the public good. This, however, results in symmetry to per
capita income depending directly on the number of economies sharing the public
good,” while this is not the case when using the product of national tax revenues.®
Obviously, by using logarithms one form may be transformed to the other. Alesina &
Wacziarg (1999) let:

n o
Y, = ALlj“K?H[(coiGi) n }

6. Alesina and Wacziarg (1999) present a model with cross-country externalities, where output
depends on labor, private capital and the weighted product of public services across the world.
Governments impose a proportional tax on output to finance the provision of the public service.
This formulation is adopted as more applicable to a standard Cobb-Douglas function.

7. In symmetry it turns out to be: G=(ntA)l/ k, which results in: y=[(nt)1*‘*A]l/ ’k.

8. In the latter case, the Nash tax rate proves to depend on the number of economies sharing the
externality. This, however, may be explained as a typical result of a free riding problem.
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In the present work a more general form will be adopted, where weights o; are used
as exponents — an assumption that is also in compliance with the needs of logarithmic
transformation.

Production function in country j will, hence, be of the form: Y=AK,"L;"* G;',
where 0<a<1, Y; the only good produced, A; the level of technology in country j, K;
and L; the employed amounts of capital and labor, respectively and G; the amount of
the international public service affecting economy j.” There is no trade between coun-
tries and private agents cannot work abroad. There is however one more international
linkage, as individuals are allowed to invest either at home or abroad,'® with the latter
decision bearing some extra cost.!!

3.2 The problem of the representative agent

Each country is populated by ‘immortal’ (i.e. with infinite planning horizon) identical
private agents, who get utility by consuming a single good. For individual 1 it will be:

Ui =In(Cy) (D

Since only one good exists, there are no prices. All markets work perfectly competi-
tively. Private agents in each economy possess amounts of capital, K, and labour, L,
through which the single good is produced, according to the function:

yi=Ak'G"™ (2)

For reasons of simplicity labour force is normalized to unity at the economy’s level
and assumed to be constant over time (i.e. each agent owns one unit of labour at any
point of time);'? thus per capita values (denoted by small letters) will equal absolute
values.

A representative private agent, h, in country j wishes to maximize utility inter-
temporally, choosing its consumption level under the restriction of its income and
allocating its assets either at home, By;; or abroad By Net return for agent h of

9. This formulation assumes that the flow of government purchases, G, enters into the production
function. Including a stock of accumulated public capital may be more realistic. For reasons of
simplicity, however, the focus will be on ‘flow’ government purchases.

10. Note that physical capital, in fact, remains immobile: Once households decide to invest in an
economy, physical capital may not be moved. Private assets, however, may be allocated abroad.

11. In the real world perfect capital mobility is usually not the case. There are several ‘barriers’ to
capital mobility, including imperfect information, administrative fees, differing regulations, inabili-
ty to directly control capital invested abroad etc. Note, however, that the costs of foreign investment
may themselves be regarded as policy instrument, as is the case in the literature on capital controls.
For an analysis in a political economy context, see Alesina and Tabellini (1989).

12. This is possible due to constant returns to scale. See also Barro & Sala-i-Martin (1995), ch. 2.
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country j for his foreign investment will be: Ry; ¢ = By (1 — 2 byir), where 0 denotes

‘mobility costs’'® and r; the interest rate in the foreign economy. The prlvate agent’s
budget constraint at any point of time will be: wiLy; + rBy;; + Ry, = BhJJ +th .
Cyj, where r; denotes the interest rate in economy j, C; the chosen consumption level,
w; wages in economy j and a dot over a variable symbolizes time derivative. Let By,

denote total assets belonging to household h of economy j, By; = By, + By .

3.3 The problem of government

In each country there is also a benevolent government, that taxes domestic produc-
tion to finance the provision of the public production factor. At any point of time, the
level of the public production factor depends on public spending in all n economies:

GJ:ilj< o) = H(Ty) 3)

where 0 < 1; = 1 is the tax rate imposed by government in economy j on domestic

per capita income Z wij=1,0 <oy < 1Viand o;; <o) Vi+#j. The weight o

i=1

represents the extent to which public spending in country i affects the level of the
public factor in country j. Trying to focus on capital mobility’s policy, I will focus on
the case of two countries (j and f). I assume governments adopt the source taxation
principal, i.e. government taxes domestic and foreign investors at the same rate. The
sequence of moves is as follows: first national governments choose their tax policy;
then private agents make their consumption-investment choices.'* Policy responsi-
bilities and the sequence of moves are taken as given.

3.4 The World Competitive Decentralized Equilibrium
Household’s maximization problem will be:

max O][ln(chj)e‘pt]dt S.t.w. +rbh”+bhjf( —gbhj’szbhﬁchj,
0

Chj» bpjs

where the parameter p > 0 is the rate of time preference and prices, public goods and
tax policy are taken as given. At economy level maximization yields to:

13. For illustrative tractability L instead of 6 will be used.

14. Because of the timing, therezls no credibility problem vis-a-vis the private sector in the choice of
the capital tax rate. Persson and Tabellini (1999) provide an extensive discussion of these credibility
problems and of how the timing assumed here could be enforced through the design of political
institutions that delegate policymaking to an elected official.
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éj
— = rj — p (4)
¢

b, =-1 (5)

There is also a transversality condition, which states that the value of assets in terms
of current utility should approach zero as time approaches infinity:

lim (2 be ™) =0 (6)

In Appendix A it is proved that the budget constraint at the economy level will be:

(in) ()
20

bj:wj+rjbj+ i

A representative firm h in country j tries to maximize profits choosing the ratio of
capital to labour employed" and taking prices, public goods and tax policy as given.
The maximization problem will, hence, be:

T {th [(1 —T ) ARG —w = (1 + 8)khi]} ’

7 hj

where the parameter 6«0 is the rate of capital depreciation. At country level profit
maximization yields to:

r=a(l-1,)AG k" -5 (8)

]

Given constant returns to scale there will be no profits at any point of time:
o l-a
wi=(1-a)(1-1)AKG] ®)
In each economy, government should set the tax rate in order to finance the public
production factor, satisfying both economies’ budget constraint:

.

G;= (ijj)wj (Tfyf)l_ J (3a)
JEON

G, = (Tfo)mf (ijj) (3b)

15. Remember that labour force is normalized to unity at economy’s level.
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A World Competitive Decentralized Equilibrium16 (WCDE) can now be character-
ized. This is for any feasible national fiscal policies as summarized by the national
tax rates, t; and ;.

Definition 1

In the World Competitive Decentralized Equilibrium and for any feasible national
tax rate: (i) all private agents maximize utility, (ii) all constraints are satisfied, (iii)
all markets clear.

In country j there are six unknown variables (G, b;, k;, ¢;, 1; and w;), which will be
determined by equations (3a), (4), (5), (7), (8) and (9). Equations (3a), (5) and (7),
however, include also r, k. and G, which will be determined by the corresponding
system of equations in country f. Finally, there is also the global constraint, demand-
ing capital stock in all economies to equal the sum of all economies’ assets:

kj+kf:bj+bf (10)

Thus, the problem entails 6*2 equations (i.e. equations (3), (4), (7), (8) and (9) for both
countries, the arbitrage condition (5) and the global constraint (10) that will determine
values for 6*2 variables. In the symmetric case these equations give closed-form ana-
lytical solutions for equilibrium allocations as functions of national tax rates, t;.

4. Determination of national tax policies

In this section national policies will be endogenized. Initially, national tax rates, Tj
and tf, will be determined by a Nash game among benevolent national governments,
which try to intertemporally maximize utility in their country. In choosing tj na-
tional government in country j takes into account economy j’s constraints in a WCDE
(specified above). Then I will solve for the case governments cooperate to choose a
common tax rate, T, in order to intertemporally maximize global utility.

4.1 Non-cooperative (Nash) national policies

Government in country j chooses tj to maximize utility subject to its own constraints
in a WCDE. In doing so, it takes into account the behaviour of domestic agents, it
takes as given 1y, c,, k; and their shadow prices and plays Stackelberg vis-a-vis private
agents. Government in country j tries to:

0

ma j[ln(c j)efpt ]dt s.t. equations (2) - (9) above

T.
oo

16. The term ‘competitive’ suggest that prices are taken as given, while the term ‘decentralized’ that
private agents may not internalize externalities. For a more detailed presentation see Blanchard and
Fischer (1989, p. 76).
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Without loss of generality, the focus will be on Symmetric Nash Equilibria (SNE)
in national policy rules'’. Symmetry implies countries may differ ex-ante, but af-
ter determining policy strategies they become identical, i.e. they will be symmet-
ric ex-post. Thus, in equilibrium, t=t/~1, and hence c¢/=c~c, k=k~k. The extent of
the contribution of domestic infrastructure will be common for both countries, i.e.
o;;=or~0. The extent of the external contribution of domestic infrastructure in for-
eign production functions will also be common, i.e. ®;=w=1-0. An obvious real-
istic assumption would be that ®>1-0 < ©>0.5, i.e. domestic infrastructure affects
the economy more strongly than foreign infrastructure does. Invoking symmetry into
the first order conditions resulting from government’s maximization problem yields
Proposition 1, below.

Proposition 1

A Symmetric Nash Equilibrium (SNE) in national tax policies and the associated
World Competitive Decentralized Equilibrium is summarized by equations (1la) —
(11f) below. Equation (11a) determines the Nash tax rate, denoted as 0<t*<1, which
is unique.

f [1 +1‘T‘*(1 - m)}(vk 4 auc){(l )

ao+(1-a)(l-

L RSV §

at+(l1-a)(l-w) k k
{2(1—(0)(1—(1—r)(vk+ocuc)+ocvk[(1—oc)(2w—l)—r]}=0 (11a)
k=b=w+rk-c (11b)
%zoc(l—t)%—é—p (11c)
X:p—r%(l—a)(l—r { |:ow)+(1—oc) (1- :|+20L(1—oc)(l—t)(l—o))———OLH
\'% \"
1‘; }{ [1-(1-0)(20-1)]+40(1 - )(l—r)(l—co)%% i (11d)
Ezl—ll—{a(l—t)l—S—Zp} (11e)
Hopocp k
lim (e "vk) =0 (11f)

t—oo

Proof: See Appendix B

17. This is a standard practice in the literature. For example see Kehoe (1987, p. 361)
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Variables are transformed in order to reduce the dynamic dimensionality of the model

and facilitate analytical tractability. Let: ¢ = pk, z= < and Y= L Appendix C it is
\"

shown that system (11a)-(11f) is equivalent to the folilowing:

T ety e w e e~ - T - )1+ aya)
(1-o- r)(Ar‘*“)%x]%[sz(r@ — 1)+ Es:(T—T)[Esi(s:s — T) = s:(T— T9)]+[(1 —T)

(AT Y =8 = 2]5:(T° = T)s:(s1 = T) + 53 (T = DH{so{ls:(T = T) + 51 (s: = T)]

1= = (0=t T - (= DT =T = s)} +sissb (1= D5~ D) (12a)
§=z—(1—a)(1—r)A%xr“%—p (12b)
% = $ p —%$+ (1-a)(1 = T)A%T %L {tfa+(1 - o)1 +ayz)]-(1-a)

[a(20 = 1)+ (1 = @)(1 + oyz) [} T = (200 — 1)(1 = )] (12¢)
%z%—z—%$+2p+(l—oc)(l—r)A%x’cl% (12d)
1@(e'ﬂl$> =0 (12¢)

af:((ll__ao;()(ll__ma;), T=1-a, si=(1-0)2(1 - o)+ a]A%,

where 1° = (1 - a)

=1+ 1% —w))s =21 - a)(1 - @)A%s,

;%[o& 2(1 - @)(1-0)]

and € =s,(1 +ayz)(T — T°)[s;oyz(T —T)+s,(ss —T)] .

The four unknown variables (t, z, y, and @) will, hence, be determined at any point of
time, in a Symmetric Nash Equilibrium, by equations (12a)-(12d), the initial condi-
tion for ¢,=pk, and transversality condition (12¢).

4.1.1. Long — run equilibrium
Definition 2
Define the long run equilibrium as a Balanced Growth Path where both capital and
consumption grow at the same constant positive rate.
From equation (11c) I find out that in order for consumption to grow at a constant

rate, (1 -T)% should also be constant. Given that in symmetry %Z(A’Cl'“)é, I conclude
that the tax rate should also be constant in the Balanced Growth Path. Let denote the
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Balanced Growth Path values in the Symmetric Long-run Nash Equilibrium (SLNE)
of (1, z, v and @) by (1%, 2%, y® and ¢%). Appendix D proves that in the long run equi-
librium it will be:

ow + (1 —a)(l—w)

U= T T ey — o) (13a)
2 =(1-0)(1-T)A%(T") % +p (13b)
s_aw+(l-o)(l-w) 1
B o(l —m) 7 (13¢)
s _ ol — ) s
Tlaora-oi-w)” TP 7 (13d)

Now I will check whether the resulting Balanced Growth Path solution is well-de-
fined. A well-defined Balanced Growth Path requires: i) z* to be positive and grow at
a constant rate, ii) the economy to grow, iii) 0<t°<1 and iv) transversality condition
to hold.

Proposition 2

o 1+(l—-a)(l-2w)[an+(1—-a)1-
l—oan+(l1-o)(l-w)| a+(1—-a)l-
essary and sufficient to determine a unique Symmetrlc Long-run Nash Equilibrium
(SLNE) in national policies. This will be summarized by equation (13b) and the tax
rate that solves equation (13a), which supports a unique, well-defined Balanced

Condition

[(1 (x)A] >p+6 is nec-

Growth Path, where capital and consumption grow at a constant positive rate, de-
scribed by equation (13e) below. Intertemporal utility attained will be described by
equation (13f).

gf=a(l—T)A%(T) %-8—p (13e)

U = #[pln(co) + 5]+ U, (139)

Proof: For t*=(1-a) aoi’):( = az(l O;) it is obviously 0<t’<l. For z’=(1-o)(1-

1 1-0 . C\S 1
r$)A/’ () % +p, capital’s growth rate will be: g$=<%>$ =<§> =a(1 -r$)A%‘ ()
e -0-p. Thus positive growth asks for: a(l -r$)A%’ () o >0tpe A [

+py
1+(1-a)l-2w) a+(1—-o)l—-w) '
(I—a)rw+o(l-oy(l—m) ] e+’ (1-o)l-2m)- Iransversality  con-
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dition asks for: 1{;13o1<e’pt$>=0. Using values found in the Appendix D, I get:

¢ o(l —w) o(l —w)
v ocm+(1—a)(l—m)[aw+(1—a)(l—m)

z>+p]!, which is constant. Thus
the transversality condition will hold. Finally, at the long run equilibrium it will
be: <%>$=g$, thus, cS=cye*". Using equation (1) one may get intertemporal utility:

f | 1n(c$)e”"]dt=§ [pln(cy)+g*]+U,. Q.E.D.

0

The degree of capital mobility does not affect the long run Nash tax equilibrium,
since the Balanced Growth Path values t° and z* do not depend on the parameter
value 0. As capital stock (k) increases, its social value (v) becomes infinitesimall'®
and the importance of capital mobility diminishes. Note that this result is related to
the transversality condition and not to the assumption of symmetry (is still present in
an asymmetric framework).

4.1.2 Transitional dynamics

In Appendix E the system (12a)-(12d) is linearized around the Balanced Growth Path
described by equations (13a)-(13d). After some algebra one ends up with the follow-
ing system:

’C=‘C$+(TO-T$)€7<%>$t (14a)
=251y T)vae ) (14b)
vy aeevae U L L eevale™ (140)
=05 H(To-T)Vare (7 H[(6-0%)-(To-T%)Var ] €M (14d)

where v,,, v3;, v4; and A; are constants described in Technical Appendix E.

18. Note that %ZMkﬁsz, thus V$ks=%z, which is some constant. In the long run, capital (k) will

increase (the economy grows), but its social value (v) will decrease enough to guarantee that vk

$
remains equal to % As k—N, it should be v—0, i.e. in the long-run it becomes infinitesimal.
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Proposition 3

The long run tax rate and the associated equilibrium are locally indeterminate. The
degree of capital mobility will not affect economies’ Balanced Growth Path in the long
run. Solving backwards, to get a value for the Nash tax rate in the first period, proves
that this will be affected by the degree of capital mobility. Moreover, through the initial
Nash tax rate the degree of capital mobility also affects transitional dynamics.

Proof: See Appendix E

The long run equilibrium proves to be indeterminate, i.e. there are infinite trajectories
leading to it. The only predetermined variable in the specific framework is ¢ — the
product of capital stock, k, with the auxiliary variable related to the Euler equation, p.
In the rest of this section, I use ¢, to determine an initial value for the Nash tax rate.
Initial values for the two other variables, y, and z,, are also taken into consideration
(in order to assure that all related conditions are satisfied), but they are not specifically
determined. The specific trajectory economies end up on in the long run equilibrium
cannot be pinpointed.

%>$(17$ — T,)e ", i.e. T increases for T,<t® while it
decreases in the opposite case, converging to t° in the long run. At the end of Appendix
E one may check that 1, depends on a set of parameter values, involving the degree of
capital mobility, 0, the productivity of private capital, a, the extent of external contri-
bution of foreign countries’ infrastructure to the domestic economy, 1-, the level of
technology, A, initial values of the private capital stock, ko, the current value shadow
price of households’ consumption1', p,, values at the long run Nash equilibrium for
the growth rate®, g%, the tax rate, 1°, and, through z, and vy, the shadow parameters, z°,
y® and @®. Given the non-linear form of equation determining 10, it will be more con-
venient to check whether 1, is greater or lower than t* through numerical simulations.
For reasonable parameter values numerical result 1 will hold.

According to equation (14a): © = (

Numerical result 1

The Nash tax rate will initially be lower than its long run value as long as the extent
of external contribution of foreign countries’public spending to the domestic econo-
my, 1-w, is clearly lower than the contribution of domestic public spending, w. The
opposite will hold, however, for @ values higher but close to 0.5.

19. Remember that o=pk, i.e. an initial value for o, implies initial values for ko and p,. Through v,
0o determines T,.

20. This works through v»;, which determines z,.
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Proof: See Appendix F. Note that in order y, to be well defined, it should be ¢¢>@%+v,,(T,-
‘S
TV (T L1 _2\)". 0ED.
DLy vt s Vo Y e

Equation (1la) may also be written as: [1 +l=0_ 0))](1 +ayz)[(1-a)
ao?f((ll__a";z(ll O g+ da-ni-alY ea- 03)(1 —a - T)(1+oyz) + of(1

—a)(2w —1)—T]} = 0 In the absence of capltal mobility (i.e. for 8 — «) it asks for:

ow+ (1 —-o)(1 - w)
oa+(1-oa)l-wm)

*=(1-0) , 1.e. it will be equal to the long run Nash rate in the

presence of capital mobility1%'. Thus, numerical result 1 predicts that, in most of the
cases, in the presence of capital mobility the Nash tax rate will initially be lower than
the Nash tax rate in the absence of it. In the special (rather not realistic) case where
the extent of external contribution of foreign countries’ infrastructure to the domestic
economy is almost equal to the contribution of domestic infrastructure, the Nash tax
rate in the presence of capital mobility will initially be higher than the Nash tax rate
in the absence of it. The rationale of this finding is related to the work of two opposite
effects.

Capital mobility initiates a ‘race to the bottom’ — a rather famous result in the

literature1?2. Note that for ©>(1-a)(2w-1)2* in symmetry S <() i.e. by lowering the

tax rate, private capital stock will increase. A higher tax rate has a negative direct
effect on the domestic interest rate, while it will not affect directly the interest rate
abroad. On the other hand, as Sorensen (2000, p. 439) notes, “by raising spending on
infrastructure, a government can attract mobile capital because a better infrastructure
increases the profitability of domestic investment”. The former effect counterweights
the latter for ©™(1-a)(2w-1). Thus, governments have an incentive to choose a lower
tax rate in order to attract capital — an observation similar to the one made by Noiset
(1995).

The second effect at work here is probably related to what Persson and Tabellini
(1992, p. 694) call the ‘tax the foreigner’ effect, which “tends to push the tax rate
on capital above the Pareto efficient frontier”. A rise in the domestic tax will have a

21. This result is also found in the running working paper (Savvidis H. “International positive
production externalities under a transfer payment scheme — the case for cooperation”) examining
a similar framework without capital mobility but with the addition of transfer payments between
governments.

22. For an insightful model see Persson and Tabellini (1995)

23. Through numerical simulations one may check that this will hold for reasonable parameter
values.
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direct negative impact on the after tax income of foreign owners, i.e. governments
may ‘export’ taxation. Foreign investors will share a burden of the increase in tax
revenues, giving government an incentive to choose higher tax rate.

Overall, the ‘race to the bottom’ effect will usually prevail, resulting in a lower
Nash tax rate. For o values close to 0.5, however, governments may end up choos-
ing a higher Nash tax rate, with the latter effect being stronger than the former. The
rationale is that for o values close to 0.5, the relative importance of the capital flight
decreases, since production abroad has a strong impact (through foreign infrastruc-
ture) on the domestic economy. Yet, this is a rather extreme case, since it actually
assumes e.g. that a road in Athens affects equally production in Greece and Germany.

4.1.3 Comparative dynamics

According to equation (13a), the Nash tax rate in the Balanced Growth Path will be
equal to the Nash tax rate in the case of no capital mobility, depending on ® and a. In
the transitional path the Nash tax rate will be described by equation (14a), depending
on the Balanced Growth Path Nash tax rate, 1°, the Balanced Growth Path growth
rate, g°, and the initially chosen Nash tax rate, 1,. The latter depends on several pa-
rameter values, including 0, the degree of capital mobility. Note that equation (11a) is
the only one where the specific parameter is present. The degree of capital mobility
will directly dictate only the initial Nash tax rate, 1, and through it will also affect the
rest variables of the dynamic system. In the long run, however, it will not have any
influence.

Figures1?* 1a — 1b describe the relationship between 1, and 0, for different values
of w. In figure 1a, the positive sloping lines describe how, for a given value of ® (0.6
or 0.7 or 0.8 or 0.9), the initial Nash tax rate, t,, increases as the degree of obstacles
to capital mobility, 0 increases as well (or as the degree of capital mobility decreases).
In the same figure, horizontal lines depict the level of the long run Nash tax rate for
different values of . As the degree of capital mobility decreases (i.e. as 0 increases),
the difference between the initial and the long run Nash tax rate decreases.

24. In all figures it is: 0=0.8, k,;=1, p=0=3% and g’=2.5%. Relationships described above, however,
hold also for other parameter values.
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Figure 1a. Initial and long run Nash tax rate for different degrees of capital mobility
and levels of o significantly higher than 0.5
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This is also obvious in figure 1b, where each line describes how the percentage differ-
s _
ence between the initial and the long run Nash tax rate, % , changes as the degree

of obstacles to capital mobility increases, for a given value of ®. For all ® values the
percentage difference deteriorates as the degree of capital mobility decreases (i.e. as
0 increases). Moreover there is no significant variation in the percentage difference
as o changes.

Figure 1b. The percentage difference between the initial and the long run Nash tax
rate for different degrees of capital mobility and levels of w significantly

higher than 0.5
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Figures 2a-2b describe the relationship between 1, and 6, for values of ® close to 0.5.
In figure 2a one may check that for ®=0.53 the initial Nash tax rate, 10, increases as
the degree of capital mobility decreases (or as 0 increases), converging to its long run
value, which is higher than the initial value. The same stands also for ®=0.52, but the
initial Nash tax rate differs even less than its long run value. On the other hand, for
®=0.51 the initial Nash tax rate is higher than its long run value, converging to it (i.e.
decreasing) as the degree of capital mobility decreases (or as 0 increases). For ®=0.5,
the difference between the initial and the long run Nash tax rate increases. In figure

2b the four lines describe how the percentage difference between the initial and the
long run Nash tax rate,% , changes as the degree of obstacles to capital mobility

increases, for a given value of . For ®=0.53 and ®=0.52 the difference is positive
and decreases with 0, while for ®=0.51 and ®=0.5 it is negative and increases with 6.

Figure 2a. Initial and long run Nash tax rate for different degrees of capital mobility
and levels of o close to 0.5
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Figure 2b. The percentage difference between initial and long run Nash tax rate for
different degrees of capital mobility and levels of o close to 0.5
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The rationale of the above findings is that as capital mobility obstacles increase, the
initial Nash tax rate converges to the value it has in the case of no capital mobility
(which is equal to the long run Nash tax rate when private capital is mobile), with the
‘race to the bottom’ effect (or the prevailing ‘tax the foreigner’ effect in the extreme
case of o close to 0.5) diminishing. On the other hand, as private capital becomes
more mobile, the ‘race to the bottom’ effect (or the ‘tax the foreigner’ effect) intensi-
fies.

The initial Nash tax rate, t,, decreases as the extent of external contribution of
foreign countries’ infrastructure to the domestic economy, 1-m, increases. Indeed in
figure 3 we see that, no matter the degree of capital mobility, 0, the initial Nash tax
rate, 1, decreases as foreign infrastructure becomes more important for the domestic
economy, i.e. as 1-o increases. In the same figure one may also see that the long run
Nash tax rate (which does not depend on the degree of capital mobility) also de-
creases with 1-w. Again, the difference between the initial Nash tax rate and its long
run value (the black line) increases for higher 6 values, while for 1-o close to 0.5 the
initial Nash tax rate is higher than its long run value.

Figure 3. Initial and long run Nash tax rate for different levels of external contribu-
tion of foreign infrastructure to the domestic economy
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Numerical Result 2

The initial Nash tax rate, t,, differs more from its long run value, as private capital is
more mobile. Thus, as long as it is lower than it, it increases with 6, while in case ini-
tial Nash tax rate, t,, is higher than the long run Nash tax rate, ©° (for @ values close
to 0.5) it decreases with 6. Moreover the initial Nash tax rate, 10, depends negatively
on the extent of foreign public spending contribution to the domestic economy, 1-w.

Proof: See results of numerical simulations presented in figures above. Q.E.D.
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Cooperative national policies

Consider now the benchmark case, where all governments cooperate to choose a
common tax rate, T, in order to intertemporally maximize utility for both countries,
given economies’ budget constraint and decisions of private sector in each economy.

o

The maximization problem will be: max f [In(cj)e ™+ In(cr)e ™]dt, s.t. equations

0
of the WDCE (equations (2) - (9) above). The focus will be on Symmetric Coopera-
tive Solutions in national policy rules. That is, economies may differ ex ante but they
become identical ex post. Invoking symmetry into the FOC’s, after some algebra
(shown in Appendix G) one ends up with Proposition 4, below.

Proposition 4

A Symmetric Cooperative Solution (SCS) in national tax policies is summarized by
equations (15a)-(15f) below. Equation (15a) determines a unique tax rate, denoted as
0<7 <1. Cooperative national policies are not affected at all by the degree of capital
mobility.

Proof: See Appendix G. There will also be the Euler equation (15b), the budget constraint (15c)
and the transversality condition (15f). Note that in equations (15a)-(15f) the coefficient of capital
mobility, 6, is absent. Q.E.D.

T=1-0 (152)
%=a(1-r)%-8-p (15b)
K tmlse (15¢)
%=p+5-(l-r)% (15d)
%: L Lot (15¢)
lim(kve *)=0 (15%)

In this case, the optimal tax rate is independent of the degree of capital mobility,
0, and the external contribution of foreign countries’ infrastructure to the domestic
economy, 1-m. Optimal tax rate is just equal to the rate of public factor’s productivity,
1-a. This is actually Barro’s (1990) well-known solution for the tax rate. The optimal
tax rate is non-state contingent, i.e. it doesn’t change over time. This result, however,
is not universal, coming from the specific form adopted for the production function
(Cobb-Douglas) and economy’s budget constraint (linear).
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Let denote the Balanced Growth Path values in the Symmetric Long-run Cooper-
ative Solution (SLCS) of (t, ¢, k) by (T, ¢,k). According to Definition 2 a well-defined
Balanced Growth Path requires: i) ¢ & k to be positive and grow at the same rate, ii)
the economy to grow, iii) 0<T<1 and iv) transversality condition to hold.

After some algebra (see Appendix H), the dynamic system described above gener-
ates the following equations:

T=1-0 (15a)
g:ko[(l_a)(l_T)(A%1-u)é+p]e[a<1%)(A%‘*“%us—p]t (16a)
’Ezkoe[au—%)(A?*“%z-a—p]t (16b)
As it is also shown in Appendix H, for this system it will always be: %Z(l-a) (1-7T)

(A:El'“)éﬂLp, 1.e. there will be no transitional dynamics, as in all AK models. Econo-

mies either start on the Balanced Growth Path or ‘jump’ to it.

Proposition 5

Condition aZA%‘ (1-a) L >d+p is necessary and sufficient to determine a Symmetric
Long-run Cooperative Solution (SLCS) in national policies. This will be summarized
by equations (16a) and (16b) and the tax rate solving equation (15a), which is not af-
fected by the degree of capital mobility. This tax rate supports a unique, well-defined
balanced growth path, in which capital and consumption grow at a constant positive
rate, described by equation (17a) below.

Proof: See Appendix H

o=a(1-T)AST Y p.§ (17a)
Combining equations (17a) and (1) one gets:

U= é[pln(co)+§]+U0 (17b)

5. Non-cooperative versus cooperative outcome

When governments cooperate, they internalise the externality created by the effect
public spending in economy f has on economy j’s production function. This is actual-
ly the incentive governments have to cooperate, as declared by Proposition 6, below.
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Proposition 6

The optimal tax rate and the associated growth rate in Symmetric Long-run Coop-
erative Solution (SLCS) will be higher than the optimal tax rate and the associated
growth rate in Symmetric Long-run Nash Equilibrium (SLNE), T >7T*. At SLCS util-
ity attained will always be higher than in the case of SLNE. The merits of cooperation
will increase, as the external contribution of foreign countries’public spending to the
domestic economy, -, intensifies.

a(l —a)l—-om)
a+(l1-a)l—-m)

A(T-1°) _
(1 —w)

Proof: Itis T— t° = >0 < T > T, where

_ (1-a)a’ (T -1°)
T lor(d-)(I-o)f T a(l-w)

> 0. Also check that at the long run equilibrium both and

g® depend positively on the tax rate (Tand T°, respectively) as long as it is lower than 1-a (i.e.
P .9_§_ %71*%1—0(—76 9g° _ Vo(asy-y, 1—o =T .

the productivity of G): e A%t — and o A7 (1) — Given that

T = 1-a > t°=1-0>1° one may conclude that g > g*>g®. From equations (13f) and (17b) one gets:

= cs_ Lo~ C TS T 3§: . 8g$:3§ at’ . ot’
U-U'= ra (g—¢%) >0, ie. U>U". Finally, check that Y 0, while 30 30 9. >0, since Y
=(1-a) o ">0 and <I-.. Thus 8_§_8_g'°‘*<0 and oU-UY)_ 1 a(Agi_g%)>0

o+ (l-a)l—-w) ’ > W oW (l-w) p*o(l-w) ™

O.E.D.

On top of the ‘free riding’ effect arising from the existence of the common public
good in countries’ production function, there are also two other effects at work: the
‘race to the bottom’ effect and the ‘tax the foreigner’ effect. As explained above (sec-
tion 3), while the former results in a lower Nash tax rate, the latter pushes it in the op-
posite direction. For reasonable parameter values the ‘race to the bottom’ will prevail,
resulting in a lower Nash tax rate in the presence of capital mobility.

In the special case of 1-w being close to 0.5, the Nash tax rate in the presence of
capital mobility will initially be higher than the Nash tax rate chosen in the absence
of it (but never higher than the cooperative solution). Only then, capital mobility
may serve as a partial substitute of cooperation. Even in that case, however, capital
mobility does not affect the tax rate in the long run: Both ‘race to the bottom’ and ‘tax
the foreigner’ effects fade out, while the ‘free riding effect’ still works, resulting in a
Nash tax rate (whether capital is mobile or not) lower than the cooperative solution
(Proposition 6). The two effects diminish, because capital’s social value (v) becomes
infinitesimal in the long run, as already discussed. Governments’ incentive to attract
capital from neighboring economies by lowering the tax rate or to “export” taxation
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by increasing it becomes insignificant, while the incentive to “free ride” foreign pub-
lic services remains intact.

Proposition 7

In the presence of capital mobility, the tax rate chosen when governments play Nash
to each other will always be lower than the one chosen when they cooperate.

Proof: In Appendix E. it is shown that initial Nash tax rate, t,, will be described by equation:
%[1+1?Ta(l-m)](1+azo\vo)(to-t$)=(l-ro)(l-a)kLO(Atol'“)%x {2(1-o)(1-a-ty)(1+azyw,)ta[(1-a)
(20-1)-1,]}. Let Ty > T. According to eq. (15a) and Proposition 6, it is: T =1-a > 1, thus it will
also be: 1,>1*. The left hand side of the equation determining t, will, thus, be positive and giv-
en that (1—r0)(1—a)k%(Arol'“)%‘>0, expression 2(1-o)(1-0-1,)(1+0z,y,)+ta[(1-0)(2m-1)-1,] should
be positive as well. It is ©<l<2w®-1<1. For 1,>1-a it should also be: t,>(1-a)(2w-1)<a[(1-0)
(2w-1)-1,]<0. However, it will also be: 2(1-o)(1-0-1,)(1+0z,y,) <0, thus the right hand side of the
expression will not be positive. Given that Nash tax rate will converge to ¥, which is lower than T
(Proposition 6), the tax rate when governments play Nash to each other will always be lower than

T.0.E.D.

The degree of capital mobility, 0, affects transitional dynamics when governments
play Nash to each other, but not when they cooperate. Thus, 0 affects the differ-
ence between the tax rate governments choose when they cooperate and the one they
choose when they do not during transitional dynamics.

Numerical result 3

For reasonable parameter values, the difference between the initially chosen Nash
tax rate and the cooperative solution depends positively on the degree of capital
mobility (i.e. it depends negatively to 6). The opposite will hold, for o values higher
but close to 0.5. In the long run, however, the above difference is independent of the
degree of capital mobility.

Proof: As proved above, when governments cooperate there are no transitional dynamics. Econo-
mies either start on or ‘jump’ to the Balanced Growth Path, where the degree of capital mobility,
0, does not have any effect. On the contrary, the chosen tax rate when governments play Nash to
each other depends on 0 as it converges to its long run value. According to numerical results 2, the
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initial Nash tax rate, t,, differs more from its long run value, as private capital is more mobile (i.e.
for lower 0 values). Thus, as long as it is lower than it, it increases with 0, while in case initial Nash
tax rate, T,, is higher than the long run Nash tax rate, t° (for ® values higher but close to 0.5 — see
numerical result 1) it decreases with 6. Q.E.D.

The intuition behind these findings is that as capital becomes more mobile, ‘race to
the bottom” and ‘tax the foreigner’ effects intensify. In the case of reasonable pa-
rameter values, the first effect prevails, resulting in a lower tax rate. In the extreme
case of ® higher but close to 0.5, however, the latter effect prevails, resulting in a
higher tax rate, which is still lower than the one chosen when governments cooperate
(Proposition 7).

6. Conclusion

Previous sections demonstrate that, in the presence of capital mobility, governments
have an incentive to cooperate in setting tax policy, when economies are interlinked
through some positive production spillover effect. Moreover, the merits of coopera-
tion will increase as the external contribution of foreign countries’ public spending to
the domestic economy intensifies (Proposition 6). As Cooper and John (1988) proved
in their seminal paper, in the presence of positive spillovers, players’ actions increase
when switching from an uncoordinated to a coordinated equilibrium. Allowing capi-
talists to invest abroad (i.e. capital mobility) doesn’t destroy the incentive to cooper-
ate, since it does not affect optimal policies in the symmetric long run equilibrium.
As economies grow and capital stock increases, its social value diminishes and the
degree of capital mobility does not affect optimal policies. It affects, however, transi-
tional dynamics when governments play Nash to each other.

When capital is allowed to move between economies, governments start with a
tax rate different to the one chosen in the absence of capital mobility. That difference
depends positively on the degree of capital mobility (numerical result 2) and, for
reasonable parameter values (o clearly higher than 0.5), it results to a tax rate even
lower than the one in the Symmetric Long-run Nash Equilibrium (numerical result
1). The intuition is that, in the short run, capital mobility triggers a ‘race to the bot-
tom’ effect, which comes in addition to the ‘free riding’ effect existing in the specific
outline (because of positive international production spillovers). Allowing for capital
mobility does not work as an alternative to cooperation - on the contrary it intensifies
the need to cooperate.

This argument stands, obviously, only for the specific framework studied here.
It may, in no way, be understood as a general result against capital mobility. Even if
one allows for international production externalities, capital mobility may have util-
ity enhancing effects for specific economic groups, e.g. by affecting the net return to
private capital. In the present framework households own both private capital and
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labour. By adopting a more sophisticated framework one may allow for different
economic groups (e.g. capitalists and workers) and study how capital mobility affects
their net income under either benevolent or partisan governments.

7. Appendix

A. Economy s budget constraint

Per capita net return for agent h of country j for his foreign investment may be writ-

. thf_ :I'f_rj<__Ql'f_rj>:rf_rjrf+l'j :I‘?—I'j2
ten as: L. bhj,f(rf 5 b= (I A ) 5 8 Also
remember that: b, =b,, +b,. . by, =b,-b,; =b, - 9 , hence private agent’s budget
: . — [URB SIS Vil O (ri—1) .
constraint becomes: ¢, +b,=w,+1(b,- ) )+ o —wj+rjbhj+2—e. Given

normalization of labor force to unity it will be b=b,;. At the economy level one gets:

(i — )

b=w+rb+ 8 S

B. Symmetric Nash Equilibrium
Utility maximization by the government in country j results in a current value Ham-
(re— 1)

iltonian of the form: J=In(c)+pc,(r-p)+v,[w;tb;r;- CJ+2—9]’ where p; and v; are

multipliers associated with equations (4) & (7), respectively. The first-order condi-

tions (FOC’s) with respect to 1, k; and ¢; may now be derived.

aJ; or; E)WJ or; — 7T, dr; Or;
a’cJ Ve < WS5, +V[ bla’c (E)’cj'arj

Technical Appendix A it is shown that, after some algebra, one ends up with: %[H

Optimization asks for: )]=0. In

vk tapo)(1-0) 2 LSS et (10 (1-0) - 2(1-0)(1-a-0)

(vk+apc)t+avk[(1 -a)(203- 1)-t]}=0.

Remember that k—b+ (r -1p). In symmetry r=r; and thus k=b,. Thus, it will be:
k=b=wtrk-c,.

Euler equation should also hold: %Za(l—r)%—é—p

Turn to the second First Order Condition, which asks for: = pv;-v;. Through some

J;
ab;
algebra (Technical Appendix B) one ends up with: ——p r-—(l-(x)(l-r){j [ao+(1-0)
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(1-o)]2a(1-a)(1-0(1-0) S-L oL (1:0) 3 (2 (1w 20- 1] 40(1-0) (10
(1-o) 2L}

The last FOC in symmetry yields to: %:ﬁ i ;11 -[a(1 r) -0-2p]. Finally, the

transversality condition should also be satisfied: thm(e Pyk)=0.

C. Variables’ transformation

L)
2

r]+(1 -1)(1- a) {2(1—0))(1—(1—r)(1+a\|/z)+a[(1—a)

Given that vk#0, equation (11a) may be written as: —~-[1+ 1 &a(l-m)](Ha\yz)

ow + (1 - a)(l

[(1-a) a+(1—o)l-—

(2w-1)-1]}=0. After some algebra (Technical Appendix C) one gets: {[z+

Vo re wt G- ni—a (F00-D0-0)(tey(-a-0AT) g g [

T)+E8,(T-1)][Es (54-1)-5,(T-T9) ] +H[(1-T)(AT") -5-2]5,(1%-1) [, (5,-T) +s4(1-T)]}
{5, {[85(t-T )8, (54D [1-1-(r-1) L BT |- (1-r)(e-19) (578 8,8, E(1-T)(s,- )},

where 19, T, s, s,, 5, 8, and & are defined in Technical Appendix C.

From eq. (11e) and (11d) one gets: % = % - l, which after some algebra (again

Technical Appendix C) becomes: % = $—+p-l 1 +(AT) e =L 1= T 1-a oc {t[a+(1-w)
(1+ayz)]-(1-a)[a(2e-1)+(1-m) (1+a\|/z)]}[ -Qo-1)(1-a)] ™.

From eq. (11b) and (11e) one gets: % =+ - %$+2p+(l-a)(l-r)%-z
z _

Z

=z—(l—a)(1—r)%—p.

vku >=lim<e“"£>=0
2 t=oo v

°|°' 3:|':

k_ 1
ko y
Also, from eq. (11¢) and (11b) one gets: % %

Finally, the transversality condition may be written as: tlim(e_pl
— 00

D. Symmetric Long-run Nash Equilibrium
From equation (12a) one gets, after some algebra (Technical Appendix D):

. o+ (1 —o)(1—w)
=) o1 —w) -

At the Balanced Growth Path it should be: ——O & 75%-(1-a)(1 r$)( ) -p=0 and given

that <F> =[(r$)1'“A]E one ends up with: Z$=(1-0L)(1-’E$)AA (%) 7/*+p>0.
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The growth rate should be positive, thus it will be: hm( K

t—o0

) =0. Given that T=0 at

the Balanced Growth Path, it will also be: 152( BRaIt{S ) =0, where RHS is defined in

Technical Appendix C. It is a%?s <z %)RHS. Given that %=0 at the Balanced

Growth Path, it should also be %=O. In that case, at the Balanced Growth Path it

: ¢ _ P | 11 YV _ 11 _
is also - =0. For =0 it will be: W-Z$-??+2p+(l-(x)(l-r$)<£> =0 & Jror

#wLp. Moreover: %=0 & (1-0)(1+oy®z®)(1-a-1%)=a[1*-(2w-1)(1-a)], which for t=1°

o+ (1 —a)(l—-w) |

o(l —w) A and

yields to: \|/$z$=[r$-(2u)-1)(1-(1)](1-&))‘1(1-a—r$)'1-% e yi=

_ ol -~ )
A ws+p‘i"P$[am+(1—a)(1 ®)

seppi e

E. Linearization around the Balanced Growth Path

In Technical Appendix E, I use Taylor approximation to linearize the system de-
scribed by equations (12a)-(12d) around the Balanced Growth Path described by
equations (13a)-(13d).

It proves to be the case that there are two positive and two negative eigenvalues.
The auxiliary variable ¢ will be the only predetermined value. According to Blan-
chard and Kahn (1980) if the number of the positive eigenvalues is less than the
number of non-predetermined variables (which is the case here), there is infinity of
solutions, i.e. local indeterminacy.

Linearization yields to:
T:‘C$+(’C0-’C$)€7(%)ﬁ
=725+t TV, o (A

Y=Y (T TV o () 1+ (\(i:)‘ﬂ) (#%-k3)[((Po'(P$)‘(T0‘T$)V41] M

O=@%+(1,-T%)Vy, e_(%>St H(Pg-9*)-(T4-T°) V4] ™

where v,,, v;;, v,, and A, are constants described in Technical Appendix E.

To get a solution for the first period (t=0), an initial condition for the predetermined
variable, @0, is assumed and then the system is solved backwards. One easily gets:
=2 H(1-T°)v,, and \|10=\|l$+V31(To-t$)+[(p0-(p$-V41(‘EO-’C$)] (\l" ) (—% o _‘7‘3) Note that giv-
( L 1$ -A,) 4%, Using initial

en y,>0, it should be: (p0>V41(rO-r$)-[\|/$+v3](ro-r$)] (\I! )2
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conditions for z and y in (11a) and setting t=0 one gets: % [1+ 1 & % (1-0)](1+0z,y,)

() =(1-T)(1-0) 1 (AT, ) (2(1-0)(1-ort ) (1 azye) o (1-0)o-1)-5 ]}, from

which the initial value for 1 (1,) may be derived. Note that parameter 0 (determining
the degree of capital mobility) is present in the above equation. Thus, the degree of
capital mobility affects t0. From the dynamic system above, one may conclude that,
through 10, 6 affects also transitional dynamics.

F. Calculation of initial Nash tax rate

Let 0=1, p=06=3%, a=0.8 and k,=1. Remember that at the Balanced Growth Path

it will be: g$=a(1-t$)<%)$-8-p, where (%)ﬂ;:[A(Tﬂ;)l'“]é. One may, hence, get A as a

: 43+ s
function of the above parameter values, 1* and g*: AZ%( g o & 7 Eﬁ

). For

the above parameter values and g%=2.5% one gets: A=#(0.10625 13—25)"-8. Given

o+ (1 —o)(1 —w)
a+(1-o)l—-wm)

that t°=(1-0) , A may be specified for specific values of ®. Setting

different values for ® one may get the corresponding values of 1* (second column in
Table 1).

One may also get specific values for z°, y*, 0%, v,,, (), (¥ )%, (¥ ,)%, (9%, (W,,)%,
v, vy, and A,. Now the equation system (14a) — (14d) may be written as a function of
time, and initial values 1, and ¢@,.

Setting t=0 in equation (14b) yields to: z,=z%tv,,(t,~t*), i.e. a function relating
7, to 1,. One may also get a similar function from equation (14c), relating y, and t,.
Using these two functions one may transform equation (11a) into an (non-linear)
expression relating t, to ¢,. Thus, for any initial value of ¢, one may get values for 1,.

Finally, remember that y,, z, and ¢, should all be positive numbers. Using re-
lationship \41()=\|1$+V31(To-rﬂ*)+[(p0-(p$-v4l(ro-rﬂ‘)](W—i)2 %%-7\3), for any o and t, value

¢ 9z
one may find some specific value of ¢, for which y=0. Note that y, depends positive-
ly on ¢,. Thus, letting ¢, be 0.01 higher than the value nullifying the above expression
guarantees that y,>0. Numerical simulations also confirm that ¢, >0 and z,>0. For ¢,
values just specified, one may use numerical simulations to finally get 7, (3d column
in Table 1).



C. SAVVIDIS, South-Eastern Europe Journal of Economics 2 (2010) 187-226 215

Table 1

T° To
w=0.9 0.180 0.174
w=0.8 0.162 0.153
w=0.7 0.144 0.137
w=0.6 0.127 0.123
w=0.57 0.122 0.12
w=0.55 0.119 0.117

w=0.505 0.11190211 0.11190221

where 0=1, p=0=3%, 0=0.8, k=1, g=2.5% and ¢, large enough to get y,>0

Check, also, that for ®=0.5 it will be: T$=%I—g and eq. (11a) becomes: %(HO.Sl?Ta)

(I azgy,) (1, e)=(1-7)(1-0) 1 (AT, ) “[(1-a-t ) (1Hazgyy)l-om)] o [(1-5)(1-0) 7

(Arol'“)%“r%O.S%](l-a—ro)=ro[a(1-ro)(l-a)klo(Aro“‘)%t(1+azowo)'1+%0.5]>0, thus

1,<l-0. It also may be written as: [(l-ro)(l-(x)%(Atol‘“)%’+%é0.5](1+a)(r$-ro)=-
0

aro(l-ro)(l-a)kio(Arol-a)%azo v, (1+0Zyy,)"'<0, thus 1,>75.

G. Symmetric Cooperative Solution

Utility maximization results in a current value Hamiltonian of the form:

I's — I i I — Iy ’
J=1n(cj)+1n(cf)+vj [Wﬁgbﬁ%-cj]+pjcj(rj-p)+vf[wf+rfbf+ ( 20 ) -¢;| tpcdrep).

First-order conditions with respect to 7, bj, bf, ¢j and cf may now be derived.
After some algebra (Technical Appendix F) I prove that in symmetry it should be:

T=I-a (a)
T=pta-(l-0 (b)
e ) ©

H. Symmetric Long-run Cooperative Solution

Given that equation (15a) assures the optimal tax rate is constant over time, equation
(15b) yields to:
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c=c,el® =430t which transforms eq. (15¢) to: %Z(l-r)%-&% elet-mA-3p) o
- Coe[a(lf‘c)%fsfp]t Co )
(1-a)(1 -1 +p (1-a)(1-10)Y +p

Equation (15d) yields to: V:VOG[‘H—B_(I_I)%]t. Thus, transversality condition requires:

el 9ok (-

lim(kve*)=0 2 Vo lim{e 10— w4 +o}}-
o (1—a)(1-D)Y +p =
. ky)v=0 < k =

( = .
(1-a)(1-1)Y +p (1Ta)(1-r~)%+p

At the long run equilibrium it should be: %:% © %Z[(I-G)(l-%)%+p].

The Balanced Growth Path described by T=1-a, E=k0[(1-a)(1-7f)%+p] eloa - —p-3}

and Ezkoe[o‘(l % P2 where %Z(A% I-a) %, will be unique, determined only by pre-

determined values (A, a, p, 6 and k;). For a(l-%)%>6+p & uZ[A(l-(x)l‘“]&>8+p it

will be §=%>0, thus ‘real’ variables will grow at the same, constant, positive rate.
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Technical Appendix
A.

. On Y ok; 1 %_ G 1,1
Itis: 52 ~a? (1)1 (2 81: & 5e 1)1 e =)0y (- (x)a Seman
ak1 d‘kar—ll—i

J-(1-a)y; and 5+ 90 =y (1) (1-0) 52 1)

Tt will be: k=b, +b; =b, -~ Also it is b=b, +b, ; & by =b-", thus I finally get:
2 .. 2 . ok; a(r;—r
kj=bj+§(rj-rf). Similarly I get: kf=bf-§(rj-rf). It will, thus, be: 6 9 <8’cjf> nd

ok _2 d(rn—r)_ 3k

8’Ej 0 aT_i aTj.

Using equation (3b) in (3a) one gets: G; o =afl —oj=of (1 A | o)l1=@)
(k@ (1 =)= ei =0 will, hence, be: [1+(1-a)(1-0-0)] &3 ~o/(1-

k

a) (1-0- cof)]}: L (o) a{:(k v Lyipi+(1-a)(1-o- mf)]ki

£ [1H(1-0)(l-op0)l g3 (-wa;gm-waa—Tj(k—jE)-[lﬂl-a)(l-coj-cof)]k—

ot
ok,
aT;’
Thus it will be: —;M—;[a(lr)%(l a)( A 20 Lok, o L-a(l-a)(1-
T, © aT; G ot ar

)
D (g SRS [1+(1—a)(1—(o~0))]+a(1—r»)ﬁ(l—a)(l—w)(—+—)+a(1—a)
Wi, Gt ot ki 0 i O V', kK

(153 (1-0) (10 G =1 (1-m)1-0)lo(1-0)(1-0r0)] a1 +(1-a)(1-0;

o)f)]}-k—f(l-a)(l-rf)(l-cof), which in symmetry becomes: glé' =% %[(1 o)(2m-1)-1]
f j

(S 1-(1-)2o-D]+a(1-0)(1-0)(1-0) L1}

an L . . or¢ arj aWJ
Now ot G, °an be determined and through it, one gets arj’ at,’ ot
_ oW, or I — T or; O, aWJ arj
oW | . -
Note that, since b=k o (r -1,), it will be: 9T, b, 20 e (aq;j aTJ) oT; BTj
r, (5= ar, arf ) converting the First Order Condition to: p.c or; 4 tvil5- aW] on
STJ it R T, oT; 8’[7J

rJ E)rJ arf _
T (et IO
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In symmetry, it will be r=r; and the First Order Condition will finally be given by:

arJ aw, or;. aG; ok;
g tar =0 o e [(1-00-0)(5 g 5e -0
LGJ; _
T, Gj—l] 0.
B.
ak arj arf akf arf ak 8rj o Vi
b, e(ab-'ab )3 (ab-'ab “ab, and g, mu-a)(-1)q
1 1 ok j 8rf 8Gf 1 ka
( ab G ko ) and a(l a)(1-t t) ( 9. Gk b LX), After some Algebra one
ok, {Q[H(l-a)(l-w--w a(l-a) (L +-D)[(10) Y (o) +H(11) Y (1o =2
ob; ‘2 jr ki ki I k; i Pk, £ 2

[1+(1—a>(1—mj—oaf)]+a(1-a>k%[(1-q)%(l-wj)m—ra%j(l—cof)].

In symmetry this will be: % Q{[1+(1 a)(1-2m)]+2a(1-a)(1-1)(1 (o)}
(2 [1+(1-0)(1-20) Ha(l-0)(1-00-0) L L1 and %g’é 11{%[‘“‘)”1‘“)

(1-0)}+2a(1-0)(1-a)(1-0) - } {5 [1+(1-a)(1-20)]+4a(l-0)(1-0)(1-0) - 1.

E)wJ ar;

+k

Thus, one gets: —(1 -a)(1 -r)% {% [ao+(1-a)(1-0)]+2a(1-0)(1-1)(1-o)

[1-(1-a)2w-1)]+4oa(1-a)(1-T)(1- 0)) }‘l and the second FOC becomes:

W|’~<
|

1
Ly
%Zp-r-%(l-a)(l-t){% [(m)+(1-a)(l-m)]+2a(l-a)(1-r)(l-m)%%-a%%(l-w}%} {%

[1-(1-(x)(2(o-1)]+4(x(1-(x)(l-r)(l-(o)%%}".

C.

% (101 uy(1-0) ey )

Eq. (11a) may be written as: %[H 1

-TH(I-T)(I-(})%% {2(1-m)(l-a-r)(1+awz)+a[(1-a)(2m-1)-r]}=0@a\yz{%[1+1jTa

o+ (1 —o)(l —w)

(1-o)][t-(1-0) 0 (=)= ]-(1-t)(l-a)%%Z(l-u))(l-a-r)}=(1-t)(1-a)%%
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am + (1 —a)(1 — )
a+(l—a)l —w

{(T-0)[2(1-)+(2 m-l)a]-[2(1-co)+a]t}-%[1+ 1 ;a (1-w)][t-

(I-0)].

2(l —o)+ o200 — 1
2(l-—o)+a

aw + (1 —o)(1 —w) am + (1 —o)(1 - )

) T e A e e L D

Let RHS={(1-t)(1- )”[

) (1-a)-T)[2(1-0)ta]- S [1+ 1

(1-03)]-(14)(1-0()2%% (1-w)(1-0-7)} .
Remember that in symmetry, 1-o, at any point of time, it will be: %ZA%‘I. Now

let: s,=(1-a)[2(1-0)+ta]A%, s2_2[1+ L(1-0)], s;=2(1-0)(1-0)A%, s,=

am + (1 —oa)(l —co)

a+(l—a)l —w It

[a+2(1-w)(1- a)]Taco)’ T=l-00 and 1@9=(1-0)

will be: RHS=[s,(1-1)11 (s, 70)-5,(t-19)][5,(v-1)-s,(1-1) 1 ““(F-0)]"  and

i RS =[5, (1)1t ﬁsl(sfr)] (il s (et (1)t Porsyt

LT s s (1) ot s el s s G

O ([t st T)(10) ot Fosps, ey Lo (1L v

k

R [s2<r@-r)+<1-r)fr1‘%s1<s4-r>][s2<r@-r)+<1-r>p“%s3(’f

-D)+(1 'T) k ft % (1) 52[51(17'34)—'_53(:E -D)]=1 %T % $){[s5(t- :E)+Sl(s4"c)] [1-t@-

(1) AT 1)) (58I T 74 Pss (50T),

From equation (11a) I get: (l-r)%r17%‘=sz(1+0c\|/z)(r-r@)[s3ou|fz(%-r)+sl (s,~D)] ™.
JRHS

{ ot 1

RHS &

Let E=s,(1+oyz)(1-1@)[s;0pz( T-1)+s,(s,-1)]". Now it will be: %= 1-1
[5,(1%-1)+&s,(T-1)] [&,SI(S4-T)-S2(‘C-’C@)]+% 5,(T-T)[,(3,-0)+s5(t-T)]} {5, {[55(1-T )ts,

(50Nt LT (1) (00) (5,05, s ,E(1-D)(5,- D))

v

Now, from eq. (11e) and (11d) one gets %:E $ %% (1-a)(1 r)AA

1:
v
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" 4{ [oo+(1-0)(1-0)][+2a(1-0)(1-1)(1-w)A a7 %L a\pz(l-a))%}{%[l-(l-a)
(2m-1)]+4a(1-a)A%r“%(1-m)(1-r)§}-‘. It is;5[1-(1-a)(2m-1)]+4a(1-a)A%r“%
(1-o)(1-0) =5 2(1-0)(1-a-1)(1 tayz) ta[(1-a)20-1)-T]} [2(1-0)(1 +ayz)-1-(1-0)
(1-20)]o[t-(1-0)(20-1)]  and %[aw+(1-a)(l-w)]+2a(1-a)(l-r)(l-m)A%cr1‘%l
-ayz(1-0) 9= [2(1-0)(1+ay2)-1-(1-a)(1-20)] {t[o+(1-0)(1+ayz)]-(1-0)[eo-
D+(1-0)(1+ayz)]} {2(1-0) (1-0-1)(1+ayz)+a[(1-a)2o-1)-t]}, thus one gets:

$ Jj-l-p ——+(A Yel=T 10 crot(l-o)(1+ayz)]-(1-a)[a2o-1)+(1-o)
(I+ayz)]} [t-(2o-1)(1-0)] "

Equation (11a) requires: RHS=ayz, thus R;IS aRaI;IS Z%Jr%.
twill be: £=1—=7T 1 111 1 ~o0)(1-7)(1-
Now it will be: - {[Z+W 20 o 1= (20— 1)1 = )(1 a)(1-1)(1-o)(1+a

Vo) (1-0DAT) T L s, (005, (B-0llEs (505, E) (1D (AT -3-2)
$,(t@-T)[s,(8,-T)+55(1- T)]} {s,{[s;(t- T)+Sl(S4 -0)][1-1%(z- TC) ] (1-1)(t-1®)

(8578))}F8,8; E(1-T)(s,- )} .

D.

Equation (12a) will be at the long run equilibrium:

L e T e DT =gy (O 10) (a2 (1-0t)
AP (1) 7] s, (10t 88 (T-19) 11655, (5,-1) -5, (P51 H (1) A Yo (1) ~7-5-7]
3105, (5,0 5y (1= D)} {8, {815 T )5, (5,1 [ 1701810 L= L L =Ty 1 )

(T5-1@)(s4-5,) }+8,5,E%(1-1%)(s,-T) }'=0, which for SZ{[S3(T$-:E)+SI(S4-T$)][I-T@-(T$-’C@)
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1TTO‘1;75;55]-(1-1:$)(r$-r@)(s3-sl)}+sls3E_,$(1-'c$)(s4-5);zé0 and &#£0, becomes:

s, (1) [ 1-1%)A(1%) %2-5-p] [3,(s,-1°)+84(1*- T )]=0. One solution may, hence, be:

am +(1—a)(1 —w)

ct(l-a)-o Solution a(1-t%)A%*(t%) “*=§+p is not accept-

’=1?=(1-0)

able, because in that case the growth rate of consumption will be zero. Finally, it may
be: 5,(5,-T)+5,(1%-T)=0 r$=1TTa [a+2(1-w)(1-0)-2(1-w)]=(1-a)(2o-1)>0. Note,

however, that in that case it will also be: (1-®)(1+ay®z%)(1-0-t%)=0[73-(2m-1)(1-a)]=0

o+ (1 —o)(1 —w)
a+(l—a)l —

& y¥78<0, which is not acceptable. Thus, t°=(1-a) , will be the

only valid solution.

In case &=0, given that (1-w)(1+tay’z®)(1-0-t°)=a[t*-2o-1)(1-a)], it will be:
[15-(20-1)(1-0)](t5-1@) (1-a-1%) " {(1-®) ' (1-0-1%) " a[15-(20-1)(1-a)]s;(T-1%)-s4( T
-T)+s,(s,-1%) } '=0 and since t°# (2w-1)(1-0) this again yields to: (t3-t@)(1-a-1%)'=0
e %=1,

Finally, for ©=t@ it will be: s2{[s3(r$-’f)+sl(s4-r$)][1-1@-(r$-r@)1jT°‘1;—fs]-(1-r$)

(T$-T@)(Sg-sl)}+5153§$(1-T$)(S4-%):Sz[ss(ﬁ-%)+51(S4-T$)](1-T@)Z-%(l-G)zA%‘(l-OJ)[(1+2

(1-a)(1-@)](1-1®)# 0.

E.

Linearizing the system described by equations (12a)-(12d) around the Balanced
Growth Path described by equations (13a)-(13d), produces the following Jacobian
-(£) 0 0 0

c
s (1—o)(1-w)

(AT¥ Yo 78 0 0

T am+ (1—a)(l— o)
matrix: J= o . R where it
(WT) (\I’z) (WW) <(p$>2 ?

- s 90 11
<(pT) ((P‘) (\l!$)2 (p$ Z$ ]
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will be:

(W 2VTAE) 4 (L 1020, (8 )Y (o SO i Ay

art),
- l-o+ao-1) a(l — o)
(W)= _77‘ (z°-p) a+2(l—w)(l—a) oao+(1-a)l—on) z*-(1-a)
e = 3 (A 1%<0,
e v (1=a)(1 - o)
((Pr)$_(P$[A (%) ]/ am + (1 —a)(l— )and (¢ )$ ( $>2 -@°.
It will be:
I=() 2100,)° gy (ﬁy oS (p} == (—) o7 [0+ Remember that: <
=$% thus: (y )$+— =- Exl+ ;Z)ltocto(f((f:ag (z%-p)<0, yielding to: |J|>0, thus

there will be either no, two or four positive eigenvalues.

$

~(£) - 0 0 0
(1—a)1-w) 1
— VI
‘ Z(Boco3+(1—0t)(1—oa)(AT s 0 0
Itis: [J-A|F0 < . _ _ v
(WT)$ <W2>$ (W‘P)S - ( )2 Y
- oy (P$ 11y
((PT) ((Pz) (wS)Z (P $ |
. L\ $ .
0 o (-g-x)(z&x){[(q;w)m]((}Zlfs-x)+(;$zl$ \}5 120, ,=-(£) <0, 1,77>0 while 4,
and A, will be the roots of: V'M(W@”#%H#%[(W )$ +?] =0 & A2-A[p-(z-p)
(1-o)+a(2o—-1) a(l —w) s (l-o)+ao(2o0—1)

e 2(-o)(1-ol @ Plmri—woi-o 2 Pl o 2i-0)(-q

-—o)+o2o-1) (l-o)+a(2o—1)

0. 1t will be: A~[p-2p) i 2(l—o)1-0)) ™ w20 —w)l—o) Pl
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a(l —w)
aw + (1 —a)(1—w)

7Z54p]>0, thus A,=0.5[p-(z"- p)( +§)1+oé§>2<? 13 VA and

e !

There will, hence, be two positive and two negative eigenvalues.

(1-w)(l—-a)
aw + (1 —o)(l —a)

The related eigenvectors to A,, will be: v, =1, V21=z$[A(T$)1'°‘]%‘

$

[z$+(%)$]-‘, Vol g 7 Ve U0 (§) T and v = {0

Pl %)2 O T @Vl W)™ () T (6] Ty o e

3.

The related eigenvector to A,, will be: v,,=0, v,,, v;,=1 and v,,, where v,, and v,, are

given by equations: (,)*v,,+(\ )$-z$+£LV =0 and (,)%v -i+(li-z$)
. z 22 7 <(P$)2 Z$ 42 z 22 (Wﬂ;)l Z$ (p$

v,,=0. The related eigenvector to A,, will be: v ,=v,,=0, v;;=1 and V43ZW(@f

$
A,)". Finally, for , it will be: v,=v,,=0, v,,=1 and V44:(w$)2(<;$zl$'7‘4)'1'

T T$ blehn
$ At Aat
o z| |z bivaue™ + byvne™
Thus, it will be: |~ |=| 7 |+ e .
\II W b1V3le ' +bze +b3e +b4e !
() (P$ b1V4le}”t + bz\/4ze}\Zt + I:)3V43e}LSt + b4V44eMt

Transversality condition asks for: tliﬁm(e"‘%>=0. It is A,-p<0, A,-p=z5-p>0, A,;-p<0

(l-w)+a(2o—1)
a+2(l—w)(l—o)P

and one may prove that A,-p=0.5[v/ A -(z%-p) 1>0, i.e., for the
transversality condition to be satisfied, it should be b,=b,=0. From initial conditions

one gets: b,=1,-1* & b,=[(0,-0°%)-(t,-t%)v,,1(v,;)". Thus, it will finally be:
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=t5+(1,-%) e (4
z=75+(1)-T°)V, € (e

. $ $ 2
i € NSl ("(;$) (é#-X3)[(<Po-<p$)-(ro-r$)v4l]e“‘

=%t TV, & U H(9y-0%)-(1,-t)v4 1] €™

First Order Conditions for the given current value Hamiltonian will be:

ﬂ— W, arl — I, 9r; O an arf — It
ot V= Vil gt Gorad I ”ua VG
or _re ar —

( 9T - ot )]+“*fo% 0

A . or; | OW; — I, 9dr; O ar; or; | OW
ab, PVirVi @ vilth gt g + 6 (ab, ab, TTHC5p, TVilPigp T 5p,

r,— 1 ,0r 9r o .
o (ap, ap, e gﬁﬂ N

a] _ ar; , Ow; —Tj 81}_31‘J ar; or; , OW;
Sbr VeV e Vb G (g e o Vi 0gh, o,

arj arf 8 .
- + It =pv.-v.
c )] Mtcf ab( pV_] V_]

aJ . 1 .
a—(:j:PMj-Mj Aad C—j-Vj+uj(rj-p)=Puj-uj
=ppe-fp © C%-VfJFHf(rf-P):PHf-Llf

ok, 2 a(ri—r) ok: _ 9k;
o6 e and Fr=T0

- and

o 1
=(Ajr)%‘ [% (f) ]/‘[1+‘1‘°"(1‘°°F“’f)]. After some Algebra one ends up with: ?) L=

o IO A=E=T 1 Z a1 DO+ 1-oro)) (e )]}

225

(@)
(b)

(©)
(d)

(e)
G,
k
2

o
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i

=0. This is a rather intuitive result: Changing the

which in symmetry' becomes: e

tax rate in both economies will not alter capital allocation.

109G, _10G;_11 d@_@_ll—a—r

G, ot G ot at ™Mt ot k T
Fmally, ow; _owr _ l-al-0a=1 hence: aW'+kar]—an k@—

ot Y « T ’ ot i 9T oT ot Y

In symmetry it will also be:

l—Tt—0Q
oT )

I—T—a+

Also in symmetry b=k; and b=k, Equation (a) now becomes: vy ot

ue

ll—a—1:+vy1—r—oc+ 11—0(—1::0 - yl—-=

a _
k T at HCY T K or (ktae=0 e

=1-0.

gb a(1-0 Y (1-o)(1-0) & L {8 [1-(1-0020- D +a(1-0)
(-0(-0)Y L7, %\g +hof =(l-a)(10 Y 12 oo+ (1-0)(1-0)]+20(1-0)(1-7)(1-0)

%}{%[1-(1-(1)(2(0-1)]+4(1(1-a)(l-r)(l-(o)%%}'1 and k-S 3“ +3Wf =(1-0)(1-7)(1-)

< m<

L [S201-a)(1-0) ]{%[1+(1-(x)(l-2w)]+4(x(1-(x)(1-r)(1-u))%%}“.
Equation (b) now becomes: %Zp-r-(l-a)(l-t)%{%[(xoa+(1-(x)(l-oo)]+2a(1-(x)(l-t)

(1-0) - 1--(1-0)[ +2a(1-0)(1-0) & - 15 [1-(1-0) 2o~ Ha(l-a)(1-1)(1-0) 1

=<

e %=p+8-(l-r)%. Finally, equation (c) yields to: %=ﬁ+p-% ﬁ-(r-p).

1. We assume that 0;=0;=0, where 0<1-0<0.5



