~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Madden, John Robert; Groenewold, Nicolaas; Hagger, Alfred James

Conference Paper
Competitive Federalism: A Bargain-Theoretic General
Equilibrium Approach

40th Congress of the European Regional Science Association: "European Monetary Union and
Regional Policy", August 29 - September 1, 2000, Barcelona, Spain

Provided in Cooperation with:
European Regional Science Association (ERSA)

Suggested Citation: Madden, John Robert; Groenewold, Nicolaas; Hagger, Alfred James (2000) :
Competitive Federalism: A Bargain-Theoretic General Equilibrium Approach, 40th Congress of the
European Regional Science Association: "European Monetary Union and Regional Policy", August 29
- September 1, 2000, Barcelona, Spain, European Regional Science Association (ERSA), Louvain-la-
Neuve

This Version is available at:
https://hdl.handle.net/10419/114937

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/114937
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

COMPETITIVE FEDERALISM: A BARGAIN-THEORETIC GENERAL
EQUILIBRIUM APPROACH

by

Nicolaas Groenewold 2°, Alfred J Hagger ® and John R M adden ?

Centre for Regional Economic Analyss, ® Department of Economics,
Univerdgty of Tasmania, Universty of Western Audralia,
GPO Box 252-90 Nedlands, WA 6009
Hobart, Tas. 7001 Audralia
Audralia ngroenew@ecel .uwa.edu.au
j.r.madden@utas.edu.au

Paper presented to the 40" Congress of the European Regional Science Association
Barcelona, 29 August - 1 September, 2000

Abstract: Both conventional computable general equilibrium (CGE) models and game-theoretic models
have been widely used in examining federal syssems. There has been little attempt, however, at linking
such models. This paper describes initial work on a project aimed at developing a political-economy
CGE framework to examine fiscal federalism in Augralia. Within this model we examine the incentive
system that motivates the governments at various levels and eval uate their optimal policy choicesin the
equilibrium of the political economy.

Embedded in the overall political-economy model are two linked sub-models a conventional
multiregional CGE model of the economic sphere of the federation, and a game-theoretic (GT) model of
the political sphere. Taxes and expenditures of each government are exogenous to the CGE model, but
endogenous to the GT model. Policy makers decisions as to optimal fiscal policies are determined in the
GT model in the light of outcomes from the economic sphere. In other words, policy choices are made
to achieve s multaneous equilibrium in both of the two sub-models.

This paper describes our initial modelling steps. We devel op a non-numerical political-economy model.
The general equilibrium (GE) component of the model has been designed to enable it to be transformed
eadly into a CGE model. The GE component of the model covers two regions, each of which contains a
single industry producing a private and a public good, a representative household and a regional
government. A federal government is added subsequently to the model. The GT component assumes
that each regional government chooses its fiscal variables so as to maximize an objective function
appropriate to its jurisdiction, with the fiscal variables of the other jurisdiction treated as parameters of
the problem. Thus we have a two-player competitive game with a government’'s pay off function
represented by their objective function. The reaction functions for each government are the first-order
conditions arising from the government maximizing its pay off.



1. Introduction®

This paper describes the firg seps in developing a modelling framework capable of
handling fiscal federal quedions within the context of competitive federalism.
Computable general equilibrium (CGE) models form one good approach for examining
such issues. There are many examples of sudies usng regional and multiregional CGE
models to look at fiscal federalism issues. See for example, Jones and Whalley (1989),
Dixon, Madden and Peter (1993), Madden (1993), Morgan, Mutti and Rickman (1996)
and Nechyba (1997).

However, conventional CGE models contain little, if any, optimizing-behaviour
theory relating to economic decison-making by governments. This imposes a clear
limitation on such models for analysing competitive federaliam.

An alternative modelling method would be to follow that developed by game-
theorists who have analysed decison-making by governments in a political federation in
terms of a non-cooperative, drategic-form game. Examples of this approach can be
found in Mintz and Tulkens (1986), Wildasn (1988), Hoyt (1993) and Laussel and Le
Breton (1998).

A way forward in combining the above two approaches was shown by Pant
(1997) who analysed tariff determination by means of a "mini" one-region CGE model
on to which a relationship serving to endogenise tariff decison-making by the
government, had been grafted. We intend to develop a smilar idea for analysng fiscal
federaliam. In this paper we take the firs sep by describing and analysing a smple two-
region GE model in which maximisng behaviour is extended to regional governments.
The model put forward here is of an analytical type, but will be calibrated as a CGE
model in due course. We call this aregional political-economy GE (PEGE) model. We
proceed in two stages. In the first we set out a PEGE model for a single region. This
allows usto establish notation and develop results and intuition which carry over in large
part to the two-region model, the development of which congtitutes the second stage of
the work we report.

Most economies with regional governments also have a national or federa
government. In our examination of an economy with two regions we begin by

congdering a model with only regional governments. We derive and explore the nature



of the solution for this model both with and without government optimisation. We then
introduce a rudimentary federal government and consder two cases, in the firg the
federal government carries out a lump-sum transfer of resources from one regional
government to another and in the second it imposes lump-sum income taxes on
households and uses this revenue to make transfers to regional governments. We
compare the solution with and without the federal government transfers and conclude
that optimising regional governments change their own tax rates to offset the effects on
their citizens of the federal government action. But this offsetting action is only partial
gnce the regional governments have access only to digtorting payroll taxes so that any
attempt to offset lump-sum transfers or lump-sum income taxes generates changesin the
other endogenous variables of the sysem such as employment, consumption and
government expenditure. These “secondary” effects imply that the federal government
will be able to influence the optimum which each regional government can achieve for its
own region.

The gructure of the paper is asfollows. We begin our account by presenting, in
section 2, a one-region GE model which we use as our garting point and go on in
section 3 to describe its converson to a one-region PEGE model by adding optimisng
government behaviour. In sections 4 and 5 we undertake the corresponding discussion
for the two-region GE and PEGE models which were constructed from the one-region
versons. In section 6 the model is extended to incorporate a federal government.

Conclusions are presented in the final section.

2. The Oneregion CCGE Mode

We begin with a one-region GE model in which there are households, firmsand a
regional government. The firms produce a single good using labour.  Households
supply the labour which firms require. Labour isin fixed supply and we assume that the
wage adjudts to clear the labour market. The output of the good is sold to the
households and, after codtless transformation into a second good, to the regional
government. The regional government finances its purchases of the second good by
imposing a payroll tax on the firms and digributes its purchases, free of charge, to the
households.

Both households and firms are optimizers - the representative household chooses

its purchases of the good so as to maximize utility subject to an income congraint, with



the product-price and income taken as parameters, while the representative firm chooses
its purchases of labour services so as to maximize profits subject to a production
function congraint, with the product-price and the wage-rate taken as parameters. Each
house hold has an equal share in the firmsin itsregion and the firms digribute al profits
to households.

Condder the representative household firs. It maximises utility subject to a
budget congraint. Utility depends on the consumption of the private good, C, and the
government-provided good, G. We assume that the utility function is additively
separable in itstwo arguments so that it may be written as.

1) 1=u(Cc)+V(G).
We assume that U and V have the following properties.

U0, V>0
U@<0, V&<0
limt UC=¥
C®0

limit V¢=¥
G® 0

Utility is maximised subject to a budget congraint which constrains consumption to

(2)

equal income which, in turn, consgsts of wage income and profit income:
3 PC=M=p+WL,
where P denotes the price of the consumption good, M denotes income, p denotes
profits, W the wage rate and L labour supply. The household takes both W and p (and
therefore M) asgiven. There is therefore only one feasble solution to the household's
problem:
4 C=M/P.

Condder now the representative firm's problem.  The firm maximises profit, p,
defined by:
5) p=P(C+G)—WL(1+T),
where G is the amount of the firm's output supplied to the government and T is the
payroll tax rate. We assume that production takes place only if profits are pogtive.
Note that we have assumed that the firm sells its output to the government and the
private sector at the same price. Since the firm transforms output from C to G

cogledy, any difference between the price charged to the government and the price



charged to private consumers would be inconsstent with profit maximisation. The firm
is assumed to produce output with a single factor, labour, according to the production
function:

6) 0O=L?%, O<ax<l1

where O isreal output:

(7) O=C+G.

A necessary and sufficient condition for profit maximisation is the sandard marginal-
productivity condition:

(8) aPL*=W(@1+T).

This condition determines employment (labour demand) for given P, W and T. Output
supplied isthen determined via the production function (6).

Equilibrium in the labour market requires equality between demand for |abour (or
employment, L) and the fixed supply of labour, L :
(9 L=L.

The final component of the model relates to the government. It is assumed to
satisfy the budget condraint:

(10) PG=WLT

where the left-hand sde measures the value of government expenditure and the right-
hand sde revenue. The government budget condraint implies that the government
cannot treat both T and G as ingruments. We assume that it treats T as its policy
ingrument and adjusts G to satisfy (10). G istherefore treated as endogenousand T as
exogenousin our GE model.

Note that the consumption function, (4), and the definitions of household income
and profits, (3) and (5), together imply that PG = WLT which is the government budget
condraint, (10). Hence, one of the equations of the model is redundant and we eliminate
the government budget congtraint.

We are therefore left with seven equations, (3) — (9) which can be reduced to the
following three by subgtitution:

(11) PG=WLT
(12) aPL*'=W(1+T)
(13) C=L°-G



The variablesare now C,G,W, L,T. Wetreat C, W and G as endogenous and P, L and
T as exogenous. Further, we choose units so that P = 1, thus treating output as the
numeraire.
From (12) with P= 1 we can obtain the solution for W intermsof L and T as
aL*!
1+T
Subgtituting (14) and P=1in (11) we get the solution for G as.

14 W=

@l o (T 0o
(15) G—gl_ﬂ_gLT—(aL )gHTB

Finally, from (6), (7) and (15) we get the solution for C intermsof L and T as:

(16) C=L°- (aE)S:%g

Thusall three endogenous variables are affected by both T and L . Anincreasein
L will clearly increase output and will, in turn, increase both C and G. It will depress
the wage snce, with declining marginal product of labour, a larger labour force will be
employed by profit-maximisng firms only if the gross wage rate falls. A risein T will
also depress the wage (by approximately the same proportion as the increase in the tax
rate). It will leave the level of output unchanged and therefore affect only the
digribution of output between C and G. A higher tax rate resultsin arise in G at the

expense of C.2

3. The One-region PEGE M odel

The model developed in section 2 assumes that the government’s policy
ingrument, T, isexogenous to the model. While it isquite conventional to derive private
behaviour from maximisng assumptions while assuming government behaviour to be
exogenous, we have argued above that this is inconssent and we now extend the
assumption of maximisation to government behaviour and in so doing move from the
one-region GE model to the corresponding one-region PEGE model.

The firgd dep is to decide on the government’s objective. The literature in
regional economics identifies various objectives of regional government policy.
Common examples with counterparts in this model are employment and real output.

However, in the present model these are effectively fixed by the exogenous labour supply



and cannot therefore be influenced by government action, making them unsuitable as
objectives of government policy. An alternative is consumption, which appears suitable
gnce it is subject to government influence and it isa source of utility. However, it isnot
the only source of utility — the government also influences household welfare via
government-provided goods. Thus we take the government’s objective function as the
maximised value of the household’s utility, i.e. equation (1) with C and G evaluated at
their utility-maximisng levels.

The condraints facing the government are assumed to be the structure of the
economy as captured by the model set out in the previous section. Hence, we replace C
and G by their solutions derived in section 2. Thus there is some asymmetry in the way
in which households, firms and government are treated: the government knows the way
in which households and firmswill react to changesin T and G but we assume that firms
and households take T and G as given and ignore the government’s own maximisng
behaviour.

There are two variables which may be used for government instrument, viz.,, T
and G. However, as pointed out in the previous section, the government is subject to a
budget congraint which precludes it from usng both independently. We assume
arbitrarily but for reasons of convenience that the government uses T as its insgrument
and that it allows G to vary to satisfy its budget congraint, equation (10).

The government’ s objective is, therefore to choose T to maximise:

1) | =U(C)+V(G)
subject to the equations of the GE model. Subgtituting for C and G using the solutions

from the GE model, reduces the problem to an unconstrained one of choosing T to

maximise:
é- T U é— T u
(17) 1=Ug®-a® 1+t Veal® ———
& 1+Da & @@+Ny

The firgt-order condition may be rewritten to give:

daseT
1
(18) aLdeL TE{V u¢=0

Since aL® — d geLTQ> 0, (18) impliesthat at the optimum:
7}

(19) V(=Uc



The optimal T will be positive and (under reasonable conditions) lessthan unity.

To show that it will be postive we argue as follows. With a postive labour
supply, output will be pogtive so that, given the properties of the utility function, (19)
can be satisfied only if both C and G are postive so that both U' and V' are finite. With
G positive the government’ s budget congtraint ensuresthat T will be postive.

We argue that T will be less than unity as long as the labour share in output is
greater than 50%. From the definition of profits, equation (5), the product-market
clearing condition, (7), and the production function, (6), our assumption that in
equilibrium profits must be postive impliesthat:

[

T<—-1
WL

Ta

It follows that the optimal T will be less than unity so long as VI;/E islessthan 2 at the

optimum, i.e. so long asthe optimal labour-share exceeds 0.5.°

4. The Two-Region GE M odel

We turn now to the two-region models which correspond with the one-region
models presented in sections 2 and 3, respectively. In this section we develop the two-
region counterpart of the GE model presented in section 2. In the next section we
convert this into a PEGE model thus obtaining the two-region counterpart of the one-
region PECGE model of section 3.

4.1 The Mode

At the outset we need to make assumptions about the nature of inter-regional
relations. We assume that each regional economy isidentical to the one-region one we
et out in section 2 except that we allow the possbility of inter-regional migration so that
regional labour supplies are not fixed. Insead, we assume that the national |abour force
is fixed and that households migrate (costlesdy) between regions in response to inter-
regional wage differentials. In equilibrium, therefore, the wage is equalised across
regions.

It may be argued that our modelling of households is inconsgstent — households
are assumed to choose their consumption to maximise a utility function dependent on
both C and G but make their location decison based only on W — in effect on C alone. A



theoretically preferable alternative would be to assume that households choose their
location to maximise the same utility function as is used to motivate their consumption
choice. Inthat case the equilibrium condition for inter-regional migration would be

U(Cy) + V(Gy) = U(Cy) + V(Gy)
where subscripts refer to regions. While preferable theoretically, this would greatly
complicate the analyss. Not only does it introduce four endogenous variables, it also
makes the equilibrium dependent on the form of the utility function. At this sage we use
the smpler assumption of wage inter-regiona wage equality in the interests of
tractability.

We assume that households resde in the region in which they work and they
receive government goods provided by the regional government in that area. We
therefore abgtract from inter-regional spillovers in the provison of government goods.
We further assume that the ownership of firmsis not inter-regionally transferable so that
firms are owned by households living in the region in which the firm is located and that
househol ds receive profit digributions only from firmsin the region in which they live.

Under these assumptions the two regional economies are replicas of the sngle-
region economy of section 2 except for inter-regional labour flows. Hence equations
(11), (12) and (13) apply to both regions (with the fixed labour supply assumption
relaxed and P = 1):

(20) G, =W.LT, i=1,2
(21) al*'=w,(1+T) i=12
(22) C =L°-G, i=12

To these equations we add:
(23) L,+L,=L,and
(24) Wi=W,
where L isnational employment.

Relationships (20) — (24) condtitute our two-region GE model. Thisis a st of
eight relationships in eleven variables The eleven variables are: L, G (i=1,2), W,
(i=1,2), L; (i=1,2), C (i=1,2) and T; (i=1,2). Wetake L and T; (i=1,2) as exogenous
leaving G (i=1,2), W; (i=1,2), G (i=1,2) and L; (i=1,2), as the eight endogenous

variables.



4.2 The Solutions
The solutions given by the model for L; (i=1,2) can be obtained from (21), (23)
and (24):

(25) L,=
1+

L
d+T, 0
1+7T, 5

The solution for L, can be obtained from (25) by using L, =L -L,:
L
B
ad+T, 0
G,
Having obtained the solution for L, the solution for W, (in terms of L,) can be obtained
from (21):

(26) L,=
1+

aLa- 1
@27 W, =—
1+T,

From (24) it followsthat the resulting expresson will also be the solution for W5.
To obtain the solution for G; (again, intermsof L;) we use (20) and (21) to get:
al, .,

ol S
(L+T)

Similarly the solution for G, (intermsof L,) is

(28) G, =

afT, L
@+T,)
Finally, we obtain the solutions for C; and C, (interms of L; and L, respectively). From
(20), (22) and (27) we get:

(29) G,=

1+(1- a)T, 0

aL¥! i
30 C.=L*-TW.L,=L%-T, —2 L, =7 Lol?
( ) 1 1 1YVl 1 11_'_.|.1 1 % 1+T1 1

Arguing along the same lines we get the solution for C,:

11+ (1- a)T, 0, ,
(31) Cz=i¥'|—z
T 1+T,

4.3 The Multipliers
While we are not interested in the GE model per se, we derive several multipliers

at this sage of the analysis since they will be useful in the analyss of the two-region
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PEGE model to be developed in the next section. Besdes, they can be used to throw
some light on the implications of moving from the single-region to the two-region model.
Multipliers can be derived for each of the endogenous variables with respect to each of
the exogenous variables but, given the nature of our interess, we redrict the derivation
to multipliersfor the region-1 variables with respect to T,. Similar results can be derived
for the second region.

Condgder L, firsd. The multiplier for L, with respect to T, can be derived by
taking the partial derivative of (25) with respect to T, to get:

N B.-
b e st alf
X & T &
@ = : b:LB”’?”l% £ %<0,
ﬂTl ﬂTl é 1 Tsz(] 1+T2ﬂ

where the negative sgn follows immediately from the fact that b = 1/(a-1) and the
redriction that 0 < a < 1 s0 that b < 0. Since output is monotonically related to
employment, arisein T, reduces not only employment in the region but also output.

The multiplier for W; with respect to T, follows from the following expresson

for W, which follows from the equilibrium condition that W; = W:

a a-1 _ a . a
W, =W, = LAt = L-L
T 1+T2( 1)

0 that

W, _i ala- )i | el L0 g
el e LR -

where the sign of the multiplier again follows from the regtrictions on a (and the sgn of

(33)

the multiplier for L;). Hence atax risein region 1 depresseswages in both regions.
The effect on G; of a change in the tax rate in region 1 follows from the

differentiation of (28) with repect to T, to give:

1G, a . atT, LI,
34 = L2+ L
(34) M, (@+T1)? (+T1,) ' 9T,

We have aready edtablished that fL./T, is< 0. Fromthisit follow that the second term

in (34) is negative (assuming once again that T, and T, are postive). The fird term,
however, is pogtive. Consequently, unlike the multipliers of L; and W, with respect to

T, the Sgn of the multiplier of G; with respect to T, isindeterminate.
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Finally consder the effects of a tax change on consumption expenditure. From
(20), (21) and (22) we have:
o lrl-ar)
1+T,

0 that

T[Cl a.Li a (1' a.) I 1 0._. a-1 ﬂLl
35 =- + al <0
(39) 1T, (1 +T, )2 g 1+T, 4 ! 1T,

where the negative Sgn follows from the redriction that 0 < a < 1 and the sgn of
ML/,

Recall that in the 1-region GE model, arise in the payroll tax rate leaves output
unaffected (Snce it is determined by the fixed supply of Iabour) but reduces the wage and
redistributes output from consumption to the government good. In the present region, in
contradt, output is also affected. Thisis because arise in region 1's tax rate “initidly”
depresses the wage in region 1, causing labour to migrate to region 2 in search of higher
wages. This reduces employment and output in region 1 and increases employment and
output in region 2. The effect in region 1, therefore, is both to reduce output and to
redigtribute output from C to G. These effects ensure an unambiguous effect on C; but
produce an ambiguous effect on G, as shown by the multipliersin equations (34) and
(35).

The effects of the tax rise on wages and employment are illustrated in Figures 1
and 2. Figure 1 shows the initial equilibrium. The length of the horizontal axis, 0,0,
represents the fixed national labour supply. Wages are measured up the vertical axes —
W, aong the left-hand axis and W, along the right-hand axis. The two curves are the
marginal product curves adjusted for the presence of the payroll tax. In equilibrium the
tax-adjused MPL mugt be equal to the wage in each region and the immigration
condition is that wages are equalised across the two regions. Hence equilibrium is
represented by the wage W1* = W,* where national employment is digtributed to the two
regions as O,E and EO, respectively.

In Figure 2 we show the effects of an increase in the tax rate in region 1 from T,
to T, which shiftsits MPL curve down to MPL/(1+T;’). The result is a reduction in the
wage rate from W* to Wy*’ which causes migration of labour to region 2 so that

employment in region 1 fallsto O,E’ and employment in region 2 increases by the same
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amount. The fall in the wage is amaller than in would be in the absence of migration in
which case the wage in region 1 would have fallen to W,*”. Thus, in the two-region
model, there are spillover effects on region 2 of a tax rise in region 1and, while region 2

“gains’ in terms of increased employment (and population), it “loses’ in terms of a lower

wage.

5. The Two-Region PEGE M odéel

We now extend the model of the previous section to include optimisation on the
part of the two regional governments and so move to the two-region PEGE model. We
assume, asin the one-region case, that each regional government choosesits own payroll
tax rate to maximise the welfare of its own citizens. We also assume that in solving its
maximisation problem each government is condrained by the set of relationships
condtituting the GE model determining consumption and government expenditure in its
own region. Each government is assumed to take the tax rate in the other region as

given o that the resulting equilibrium will be a Nash equilibrium.

5.1 The Optimizing Relationships

Our discusson of the relationships defining the regional governments optimal
tax-rates will be conducted throughout in terms of region 1. A parallel discusson holds
for region 2.

The government of region 1 chooses T; to maximise:
(36) 1,=U(C))+V(G))
subject to the solutions for C; and G, derived from the GE model in section 4, equations
(28) and (30) with L ; replaced by the expresson in (25) and T, and L treated as
parameters. The firg-order condition for this problemis.

@) T_yedS,yveCiog

1-l—l-l 1 1-l—l-l
The terms C,/1T, and 1G,/Y[T, are Smply the relevant multipliers derived from the GE
model in the previous section. On subgtituting these expressons, equations (34) and

(35), the firg-order condition for the government’ s problem can be written as
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a%Utlchi+V(11I'1W1l’J .
(38 UG Vo=t R
WlLl/(1+ Tl) 1-l’Tl

The coefficient of fL./{T, on the right-hand side of (38) is positive and we have

seen in section 4 that L./T, itself is negative so that the right-hand sde of the
condition for the optimal value of T, isnegative. Hence at the optimum U’ <V"'.

The requirement that U' < V' at the optimum is in contrast to the single-region
case Where the government’s maximising condition is that U' and V' are equal.* In the
case without inter-regional migration T determines only the divison of a given output
between C and G. Hence, an increase in tax increases G and decreases C by the same
amount o that at the optimum the welfare benefit of the increase in G (V') must be
exactly offset by the welfare foregone from lost consumption (U).

Once inter-regional migration is permitted there is an additional effect of a tax
change. Now a change in tax affects not just the distribution of given output between C
and G but affects the level of output itself. In particular, an increase in T, results not
only in a shift of output from C; to G; but also in a reduction in output in region 1.
Hence the cogt in terms of consumption foregone of a given increase in G is greater than
it is in the no-migration case 0 that at the welfare optimum the welfare effects are
balanced only if U' < V".

In the sngle-region case we argued that the optimal tax rate is postive (3nce G
is poditive at the optimum) and, under reasonable conditions, less than unity. The same
argument may be applied to the present model so that we may conclude that the optimal
payroll taxesratesfall between 0 and 1.

The complete two-region PEGE model consgts of 10 equations. two optimality
conditions of the form of (38) and the solution equations for L, G;, C; and W, given by
equations (25)-(31). The system has 10 endogenous variables (Ti, Gi, Ci, Li and W;,
i=1,2) with a single exogenous variable, L.

Before turning, in section 6, to an examination of the reaction of optimising
regional governments to the policy actions of a federal government, we briefly explore
the effects within the present model of a shock to national labour supply, L .

We concentrate on the effects on employment in region 1. From the solution for
L1, equation (25), it follows that
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T, 1T,

(39) dL,

where the partial derivatives are smply the multipliers for L, with respect to L , T, and

T.. It follows from ingpection of equation (25) that the first of these, fLJ/fL , is
pogtive, from our analyss in section 4 that the second is negative and, again, from
equation (25) that the third is podtive. That is arise in national labour force increases
employment in both regions in the absence of regional government action and a tax rise
in one region results in the movement of employment from that region to the other.
Hence the firg term in (39) will tend to increase employment in region 1 but the effects

of the others on dL; depend on the regional governments reactions.

The government in region 1 observes the “immediate” effect of an increase in L
being an increase in employment in its own region which is accompanied by an increase
in output and in consumption. To maintain its optimality condition it will need to
increase G, to balance the effect on household welfare of the increase in C,. This does
not necessarily require an increase in the payroll tax rate snce the tax base will have risen
with the increase in output.® Hence, the equilibrium effects on the regional tax ratesis
indeterminate and will depend on the precise formsof U and V. A smilar argument may

be applied to region 2.

6. The Two-Region PEGE Model with a Federal Government

The PEGE model developed in the two preceding sections has two optimizing
regional governments but no federal government. We now introduce a federa
government which uses its authority to modify the equilibrium generated by the regional
governments optimizing strategy. We consder two posshilities.

The firg isthat the federal government takes from one regional government some
of the output which it has purchased for distribution to households in its region and gives
it to the other regional government. The second possbility is that the federa
government imposes a lump-sum tax on households in both regions and uses the
combined proceeds to purchase outputs of the transformed from the two regional
governments. The output so purchased it then distributes, on a lump-sum bas's, directly

to householdsin each of the two regions.
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6.1 Lump-sum Inter-governmental Transfers

Denote the output transferred to the government of region 1 by the federal
government by TR; and the output transferred to the government of region 2 by TR,.
They satidy:

(400 TR, +TR,=0
We add this relationship to the relationships of the GE model and treat TR; (i=1,2) as
exogenous.

The question we now consder is How will afederal-government intervention of
the type now under discusson change the equilibrium generated by the two-region
PEGE model of sections 5 and 6 and, in particular, how are the regional governments
likely to react?

We focus on the two regional government optimising conditions of the form of
(38). We begin by noting that we need to digtinguish between the amount of output
purchased by regional government i and that distributed to the households in region i.
We continue to use the notation G; to refer to government purchases so that the amount
consumed by citizens of regioni isnow G; + TR;. With thisinterpretation of G; none of
the solution expressonsfor L, W;, C; and G; given by equations (25)-(31) is affected by
the introduction of the federal governments transfers. Hence the private sector will
respond to the federal government re-digtribution only if the regional governments
change their tax rates. Whether they do will be governed by their optimisng conditions.

Condgder case of region 1. Equation (38) may be written as

aLj C, 1L,
2 AT

Ve (1+T) L, 1T,
] e L
al; +aT1WL

(1+T1,)? T,

(41)

The optimisng T, must satisfy this condition both before and after a federal -government
intervention of the type described. Suppose that T, is the tax rate which satisfies the
condition before the lump-sum transfer. It will no longer satisfy (41) after the transfer
gnce the argument of V' isnow (G; + TR;) and if we assume that the transfer is from
region 2 to region 1 so that TRy > 0, we find that after the transfer V'/U" will be lessthan
the right-hand sde of (41) at the original taxes rates. Hence, the optimality condition

for region 1’'sgovernment isviolated at unchanged tax rates.
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To restore optimality it will need change its tax rate s0 as to increase C; or
reduce G; or both. Both of these will be achieved by a reduction in T;. The opposte is
true for region 2 since TR, will be negative. Hence the government in region 2 will need
to increase the payroll tax rate to restore optimality.

We can conclude, therefore, that the reactions of the regional government to the
federal government re-digtribution will move in the direction of offsetting the effects of
the transfer. Optimising regional governments will therefore undo (at least part of) the
actions of the federal government. But, they will not be able to completely undo the
federal government’s action snce that would require afal in G; equal to TR;. But the
tax change necessary to achieve the fall in G; will also increase C,, reducing U', so that
not all of the adjusgment can be in G,, some of the adjustment necessarily being in C;.
This reflects the fact that the federal government has available a lump-sum transfer while
the regional governments have only distorting payroll tax instruments.

The above argument contains two omissions which should be noted by way of
qualification. In the fird place, it ignores the fact that if TR, > 0, then TR, <0 and T,

(
will need to rise; the rise in T, will work againg the fall in T, asregards region 1's &:

ratio. Likewise, no account is taken of the fact that the fall in T, will work againg the
. , V(
risein T, asregardsregion 2's 0t

Secondly, no account istaken of the fact that both the fall in T, and therisein T,
will have effects on the right-hand sde of the equalities set out in (41) aswell as on the
left-hand sde.

6.2 Lump-sum Income Taxes and Transfers

We turn now to the second type of federal government intervention distingui shed
at the outset. Thisiswhere the federal government uses its authority to impose a lump-
sum income tax on households in each of the two regions. It then uses the proceeds of
the tax to purchase output of the transformed good from the regional governments.
Finally it digributesthis output directly to regional households on alump-sum bass.

Denote the lump-sum income tax imposed on householdsin regioni by F (i=1,2)
and the lump-sum transfers of the transformed good to households in region i, by GF
(i=1,2). Thesefour variablesare linked by the federal government’s budget congtraint:
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(42) F+F,=GF, +GF,

We continue to denote the output purchased by the regional government by G; so
that the regional government budget constraint remains as before:

Gi = TiWiL;

As in the lump-sum-trandfer case, the introduction of GF; does not affect the solutions
for Ci, G;, W; and L; at given payroll tax rates. The only change is that the amount of
government good consumed by residents of region i isnow (Gi+GF).

The introduction of the lump-sum income tax does, however, change the
consumption of the private good since it reduces the amount of income households have
to spend. Private consumption expenditure is now

C=0-G-F=L"-TWiL; —-F

As in the previous case, condition (41) must hold both before and after the

federal government intervention.® Suppose, again, that T, isthe tax rate which satisfies

the condition before the federal government’s action. Will it continue to be optimal after
the federal government policy? The answer is® No” for two reasons. The first issmilar
to that given in the smpler case of a transfer — the new argument of V' is now G;+GF,
so that V' is now “too low” (assuming that GF; is postive). The second reason is that
the argument of U' isnow the original C; lessF; so that U’ is“too high” (assuming that F;
ispogtive). Both of these changesrequire arisein T, to restore optimality for region 1.
Thusin the tax and transfer case, the federal government not only provides goods
to the citizens of region 1 which skews the digribution of output towards the
government good (requiring an offsetting action by the regional government) but it also
raises taxes on the citizens of region 1 which further skews the allocation of output
towards the government good, requiring a further shrinking of the regional government
to maintain optimality for the citizens of region 1. The federal government essentially
does what the regional government also does — transform taxes into the government
good — and to maintain a welfare maximum the regional government reduces its
operations in response to the federal government’s attempt to redistribute output from
private consumption to government consumption and from one region to another. Asin
the smple trander case, the offsetting action of the regional governments will not be
perfect because of the differences in the nature of the instruments available at the two

levels of government.
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Exactly the same argument holds for region 2. Thus in the case of the
intervention now under discusson both regional governments will need to reduce their
labour tax if they are to remain in an optimal Stuation. Thisisin contragt to the case of
federal intervention analysed in section 6.1 where one regional tax needsto fall and the
other to rise.

It will be recalled that the argument developed in section 6.1 for the lump-sum-
transfer case of federal intervention was subject to two qualifications which were noted.
Similar qualifications apply here. Once again our argument ignores the effect of the fall
inT, (T,) onregion 1's (region 2's) Stuation, though here the effect will be supportive
rather than offsetting. Likewise no account is taken in the argument that both the fall in
T, and the fall in T, will have effects on the right-hand sde of the two relationships set
out in (41), aswell ason the left-hand sde.

8. Conclusions

This paper set out to build a small regional genera equilibrium (GE) model and
extend it to include optimisng behaviour on the part of regional governments. The
motivation for this research was the observation that sandard models assume optimising
behaviour on the part of private agents (firms and households) but assume government
behaviour to be exogenous. In this paper we assumed, indead, that regional
governments choose their policy ingruments so as to maximise the utility of the
representative household.

We darted by describing a single-region model in which the government raises
tax revenue from a payroll tax which it uses to purchase output from the firms and which
it provides free of charge to households. We derived the condition for optimal
government policy and found that it involves the equality of the marginal utility of the
private good and that of the government-provided good. This follows from the property
of the model that changes in the tax rate smply redistribute a given output from private
consumption to government consumption.

When the model was extended to two regions, the optimality condition was
adjusted to take account of the effects of inter-regional migration. In the two-region
model a change in tax not only shifts output from the private to the government sector
but also affects the total amount of output produced as workers migrate in response to

inter-regional wage differentials.
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The final section of the paper introduced a federal government which attempts to
change the digtribution of resources between the regions by lump-sum tax and transfer
mechanisms. We found that the optimising regional governments operate to frudrate the
redigributional aims of the federal government but they are only partially successful in
doing s0 Snce their taxes have allocational consequences. Hence, there is gill a
redigributional role for a federal government even though the posshbilities are more
limited and there may be unintentional consequences when they face optimisng regional
governments.

One of our proposed extensons of the work described here is to replace this
rudimentary treatment of the federal government with optimisng behaviour. In this

connection the work of Boadway and Keen (1997) will be taken as a sarting point.

NOTES

! The research reported in this paper was supported by a SPIRT Grant from the Australian Research Council.

2 The multiplier for G with respect to T isdG/dT = aL®(1/1+T?)>0. Since output isunaffected by arisein T, C
mug fall.

% To understand why a production-parameter congrains the feasble tax-rate, condder a case where the
equilibrium labour-share is 0.3. In that case a 200% tax on wages is condsent with postive profits — wages
will account for 30% of the value of output, taxesfor 60% of the value of output and profitswill gill be podtive
at 10% of the value of output. However, once the labour share risesto 0.5 a tax-rate of over 100% would reault
in negative profits, the posshility of which hasbeen ruled out.

* Note that if Iabour isnot inter-regionally mobile (i.e., TL./fT; = 0) condition (38) reducestoU' = V'

® The tax base isW,L, = [a/(1+T,)]O, which isclearly increasing in output, O,. However, since tax revenue is
Ti[a/(1+T,)]O; theincrease in tax does not absorb all the increase in the value of output.

® Note that C, also appears on the right-hand side of (41). However, in the derivation of (41) this was
introduced when aC,/L, was substituted for [(1+T(1-a)/(1+Ty)]aL,** which is not affected by the federal
intervention.
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