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1 Introduction

Wasteful tax competition is the main result of conventioamhlysis of strategic
interaction among local governments. To compete for mdaders, governments
set their taxes suboptimally low and forego provision oflmugoods (see Wilson
and Wildasin (2004) or Zodrow and Mieszkowski (1986) for diteonal” models).
However, the result is not robust to the introduction of &r@dsts and imperfect
competition in the analysis. In various new economic gealgyanodels that incor-
porate such features, tax competition for mobile factoasideto a tax "race to the
top" between countries rather than to the bottom. Due to howwdket effects, the
mobile factor is willing to accept a higher tax rate in the vy that hosts a large
market. As a result, governments that host an agglomeratssibly set higher
taxes.

At the local level, the differences between the traditioaatl NEG-models are
likely to be more pronounced. Typically, local governmefatse higher factor mo-
bility and lower trade costs between them than national goaents do. As a
consequence, the policy that local governments set can $taveger repelling

effects on economic activity, but at the same time, coréspery outcomes are
more likely. The potential of wasteful government behavias led many authors
to investigate spatial patterns consistent with wastedlitp competition. There is
some evidence of spatial patterns in local governmentgjéuspending and taxing
using spatial econometrics. However, the estimated iftyeocompetition varies

by the type of tax or expenditure and by sample (Besley and €888, Brueckner

and Saavedra, 2001; Bordignon et al., 2003; Solé Ollé, 2008rsfand Elhorst,

2005). Popular motivations behind the empirical modelstaxerate mimicking

and yardstick competition, but rarely new economic gedgyapodels (Brueck-

ner, 2003). Nevertheless, recent empirical evidence stmtsagglomeration rents
play a major role in tax setting. Firstly, there is directdmnce that economically
larger regions more easily attract or retain firms given aréde& (Koh and Riedel,
2010; Head et al., 1999; Devereux et al., 2007; Brulhart e2@07; Jofre-Monseny
and Solé Ollé, 2007). Secondly, the size of a region postiaffects the tax rate
the local government sets (Jofre-Monseny and Solé Ollé8;200arlot and Paty,
2007; Hill, 2008).

To study theory that is consistent with the evidence on aggtation and local
policy competition, this paper develops a new economic ggaty framework that
focuses on local governments. In contrast to models indjoyanternational com-
petition, we model local governments as welfare-maxingaabsidizers of foot-
loose firms. Local governments are endowed with a centraliyosdget and face
a trade-off between attracting firms and providing publiodm This expenditure
perspective yields spillovers of policies, which change $krategic nature of the
policy competition. Moreover, we allow the local governnseto set policy simul-
taneously, which is more in accordance with the intranatipolitical organization



of many countries. To our knowledge, this paper is one of tseth examine policy
competition among local governments with centralizedsgfaty, 2008).

1.1 Local policy competition: policy effects and strategic situation

The seminal article of Baldwin and Krugman (2004) examinésrivational com-
petition in tax rates using agglomeration rents. The ctusgght taken from the
new economic geography models is that real factor rewaehigher in the core,
and therefore the mobile factor can be taxed without flediegegion. The govern-
ment objective function assigns a positive weight to taxenere, and the revenue
is raised with a tax over the mobile factor’s reward. Baldwial &rugman use a
Stackelberg equilibrium and argue that the core’s govemrexeploits the real re-
ward difference between the regions to set a higher tax hate the periphery’s
government does. The tax rate is so low, however, that irdéfe peripheral gov-
ernment from effectively undercutting the core’s tax rate astealing” the core.
Baldwin and Krugman "conjecture that [their] results hold bread range of mod-
els" next to the footloose entrepreneur model they use. Abauraf modification
have indeed confirmed the intuition. For instance, imcotepgglomeration mod-
els (Borck and Pfluger, 2006), two-factor models (Kind et2000), and models
of welfare-maximizing instead of Leviathan governmentadéma and Wooton,
2000) show that economically large regions exploit the benassociated with co-
location. The emerging literature of tax competition timgdrporates the possibility
of agglomeration is surveyed in chapter 15 and 16 of Baldwal.€R003).

The results of the model of Baldwin and Krugman differ onceeggoments use
tax revenue for expenditure, instead of consuming it. Whkinganto account the
goals of levying taxes, taxation does not necessarily difte mobile factors’ de-
cisions adversely. Brakman et al. (2002) argue that fisc&y relevant because
there may be productive effects of government expenditudarazestment. In par-
ticular, Brakman et al. show that increasing returns in muiptiods production or
productivity-enhancing public investment may foster aggtration, offsetting the
repelling effects of taxes used to finance expenditure.vige, Commendatore
et al. (2008) show that taxation decreases demand and tbo®pes spreading of
economic activity while productive public expenditure neyncentrate it, making
the outcome of government policy ambiguous on balance. @erisg the effects
of government spending is in line with the general equilibrinature of new eco-
nomic geography models. Abandoning the Leviathan motiveimbination with
modeling real effects of government expenditure yields nesults in this paper.
Given the high level of integration of local economies, tegults of such expendi-
ture are felt in neighboring regions. Such interdependenalso affect policy for-
mation. This result is also much in line with the central naggsof new economic
geography models - that regions are not independent ecesomi



Next to being economically dependent, regions may intarapblicy-setting. In
the model of Baldwin and Krugman, the larger region has amirster advantage
in addition to the advantage stemming from its size. Thigvadl the larger region
to select a limit tax, and discourage the smaller region fsatting a competitive
tax! . When firms tend to agglomerate and the world is "lumpy", it islharspecify
simultaneous pure best response strategies. Often, whallesmegions compete
for the agglomeration, the larger region’s optimal resgasgo compete, in which
case the smaller region’s best response is not to compedeefbine, the dynamic
advantage of the large region simplifies the model conddier&Vhile such an
advantage may be justified by history or institutional adagas in international
competition, it is less realistic in local policy compaiiti. Local governments are
often elected simultaneously and can change policy yeHlmbte are no differences
in timing or legal status that ensure larger governmentpakty earlier or with
full commitment. Moreover, policy setting is a repeatedgass. If the policy game
is repeated, the Stackelberg follower may adopt rationalghing strategies that
affect the Stackelberg equilibrium (Cruz, 1975; Aoyagi, @P9

To solve the competition game, we argue for an equilibriurmired strategies,
because it relies less on simplifying assumptions. Firgtly mixed strategy profile
does not require priors on which government is the first mo&kso, the mixed
strategy equilibrium is robust to repetition because itssilagame-perfect solution
to the game of simultaneous moves. The mixed profile solutmrsists of both
governments specifying probabilities of playing everygble strategy. This solu-
tion concept allows governments strategy to depend on threrduspatial distribu-
tion of firms, instead of timing. Compared to a limit pricinguddrium, the pe-
ripheral government has some incentive to use its polidyungents. Effectively, it
forces the larger region’s government to increase firm tygriee benefits of which
spill over to other regions.

This paper contrasts the seminal article of Krugman and Bal@wa three ways.
Firstly, we look at local rather than national governmenliggocompetition. To
model a local government, we allow little discretion in tatteg, making expen-
diture decision the main government instrument insteade@Gunent expenditure
has explicit impacts in the economy, namely to subsidizesfiomto provide public
goods. Moreover, we introduce vertical linkages as anatlggiomeration mech-
anism between local economies. Because regions in one gamtrelatively in-
tegrated so large consumer price differences are not ofyviea model a need
for intermediate goods in the production function. Even mwbensumer prices do
not differ much throughout cities, a need for inputs asstires care about their
location. We assume inhabitants are relatively immobitel frm mobility deter-
mines the generation of cores and peripheries. Secondiyadel the government
as explicitly optimizing the utility of its inhabitants. Csidering their inhabitant’s

! Ludema and Wooton (2000) use a parallel requirement, namely that in a stable
birum, the core re-emerges as the core after the policies have been set.



welfare, governments are concerned with the impact of iisyaather than con-
suming the tax revenues themselves. Thirdly, as we solvinépolicy game, we
investigate the mixed strategy equilibrium as a solutiotho@. Mixed strategies
can relax some restricitive assumptions about the dynaofiitee game, in partic-
ular the first mover advantage and one-shot play.

The paper is set up as follows. First, in section 2, we lay loeiihodel of the econ-
omy, and we treat government policy as given. This sketclogs the economy
responds to changes in government policy, and in terms okgaeory, it shows
how strategy pairs pay off. In section 3, we endogenize gowent policy, and in-
vestigate the solutions to the strategic situation thaearin this economy. Section
4 concludes.

2 The economy

The model is based on a "footloose entrepreneur” model, dsesined in Forslid
and Ottaviano (2003). We adopt a setup where firms requier éitims’ products
as input for production. These ties through intermediatelgareate an agglomer-
ation force because it is useful for a firm to locate near psiirsuppliers, i.e. there
are benefits of co-location. As we are most interested indhkelts on policy com-
petition under agglomeration, we will solve the model farells of trade cost that
permit agglomeration. The vertical linkages provide anlaxation for economic
concentration that is alternative to the concentratiomlodt through migration. Us-
ing vertical linkages, the key to agglomeration becomes firability rather than
population mobility. Without population determining theesof regions, the model
relates to most literature in the introduction, that assugeyernments compete for
firms or capital, rather than residences.

The specific new economic geography model we use is a foetlengepreneur
model with vertical linkages (FEVL). In this model, firms &ruct their fixed
factor from inputs bought from other firms. This assumpti®mastrictive on the
technology used in firms. However, @slecisively show, this assumption retains
all qualitative results that emerge from a model where firgesintermediates in the
variable stage of production (i.e. the core-periphery rhadl vertical linkages).
Moreover, the conclusions regarding welfare analysis arg similar. Analytically,
the FEVL is far more tractable because it uses the numéraige\n the variable
stage of production, which greatly simplifies the price xeke This allows for ex-
plicit solution to nearly all of the model’s equations.

We will very briefly lay out the structure of the economy, andqeed to detail
in the following subsection. There are three types of adtotke economy: con-
sumers/workers, firms, and a government. There are tworsactéthe economy.
The agricultural sector produces under constant returissdte, employing only



labor. The manufacturing sector acquires a fixed factorisghainstructed from the
output of other firms. This poses a fixed cost, ensuring irsongareturns to scale in
production. Workers can offer their labor in either sediois equalizes wage rates
between the sectors. Workers consume some of the manurfectund agricultural
good, and a public good. A government provides the publiclga@nd subsidizes
each firm in its region. The budget is raised through a cdntsal tax rate. There
are two regions, and workers are fixed at their location. Tdrecaltural good is
traded freely, which equalizes wages between agriculseetiors in both regions.
With intersectoral mobility, manufacturing wages are aqoalized. Therefore, we
will pick the wage as numéraire, and set agricultural praéitg to 1. The wage
rate can only function as numeraire if no region completplycgalizes in manu-
facturing. We present the necessary restrictions on thenpeters in appendix A.
For convenience, we will denote one region as North (supsaf) and the other
as South (subscript), and world-level variables are superscriptedWhenever
an equation holds in both location, we will drop the subgcfip denote the dis-
tribution parameters, we chooaer andn the denote the Northern share in world
population ), number of firms and expenditure, respectively.

2.1 Consumers

In this model, every location is home to a fixed number of ifdiials. The inhab-

itants of a region are spatially immobile, but sectorallytie Individuals derive

utility from two items: the consumption of private goods ahd consumption of

government goods. We use a generic homogenous governmaaht that can be

thought of as publicly provided services, ranging from giaynds and green ar-
eas to police services and local infrastructure. The wfilinction consists of two

tiers. The first tier is a Cobb-Douglas function with agriaudtl goods, aggregate
manufacturing goods and the public goods as arguments.

U=Clronc 1)

The second tier refers to the range goods over which the ocogrsoas Dixit Stiglitz
preferences, i.e. a CES utility function. It is usually reéerto as the "manufactur-
ing sector". Using a continuum of manufacturing firms ayend elasticityl — 1/C,,
the utility of an individual over the manufacturing goods is

o

C = (/n'c(z')”ol dz‘)gl 2)

0

Firm profits are equally distributed over the inhabitantthefregion in which they
operate. The budget is therefore the net wage plus the péadam profit, and
it may be spent on the agricultural good or the manufactugogd. The public
good does not enter the budget constraint, since it is no¢grin a later stage, we



endogenize the consumption ©f in the government’s decisions. Usindgas the
per capita disposable income, the budget constraint reads

s.t.paC’a—l—/c(i)p(i)di—Y—(l—t)w—i-lg (3)
0

The demand function for manufacturing varieties is the ddath solution to the
Dixit-Stiglitz setup:

c(i)=p() 7 puy P! (4)

whereP denotes the harmonized price index:
P = /p(i)lﬂ7 diT (5)
0

Public good consumption does not change the standard defmacttbn, because
the utility function is unit elastic. The manufacturing demal function intuitively
states that demand for a manufacturing good decreases owitsorice, but in-
creases in the budget and the price of other manufacturiodggdn the two region
case with trade cost, the consumer price is higher than Wwegbroducer receives
since trade cost are incurred on the product. Thereforesjfioitar producer prices
("factory door prices"), the quantity a consumer demandsaetgthe more distant
the producer. The demand function for the agricultural gmoderived from the
fact that share — p is spent on agricultural product§;, = (1 —u) Y/P,. Itis
useful to note that there is an indirect representation eitility function. Filling
out the demand equations fefi) andC, yields (an affine transformation of):

Y
This equation shows that the well-being of consumer is datexd by two items.
The first is the height of public goods provided. The secordageal income, i.e.
disposable income divided by the aggregate goods priceirdenoted, we will
use wage as a numeraire, making the indirect utility a tigftieetween the price
index and public goods.

2.2 Firms

The technology of the manufacturing firms requires an uptfiovestment. This
investment is done with a basket of final goods. For simpliaihd following con-
vention, the technology by which the up-front investmerdase is similar to the



consumer Cobb-Douglas with nested CES-form with the saméiciips . After
the upfront investment, the firm starts producing using faboThe inverse pro-
ductivity of L is a,,, and the wage rate is. Using this technology, the firm faces
the following total cost function:

TC = amq (i) + FP" (7)

The differentiation of varieties and the fixed cost in pragutresult in a monop-
olistically competitive market. When profits vanish in thedorun, the positive
operating profits exactly cover the fixed cost. The cost ofikesl factor depend on
the transport cost of the inputs - the further the averagetjripe higher the average
cost of the fixed factor.

Using firm level subsidies, pure profitscan be written as revenues less fixed and
variable cost, plus the subsidy. The demand the firm facé®iaggregate demand
of two regions, one of which faces trade cost. The tradeedst &n iceberg form,
wherer goods need to be shipped for 1 to arrive. The demand for atyani¢he
North is:

: N |1 L=n| pw
1) =00 | s+ oe | B ®
where¢ = 7177, the freeness of tradé® is the aggregated world income, where
we assume fraction is earned in North, and the complement in South. Optimizing
firm profits with respect to the price, using this demand fiomcgives the pricing
rule

g

p(i) = Wy, 9)

oc—1

This is a standard result of markup pricing in the monopiclisbmpetition model
(Combes et al., 2008). Since the subsidy does not affect tihgimaacost, it is not
surprising that the markup is unchanged by the subsidiesawve added. Follow-
ing convention, we will normalize the markup to the inverseductivity, which

simplifies the algebra. Using the pricing equation and threnadization, the man-
ufacturing price indexes (5) raised to the power o can be written as

Pyo=w+o¢(1l—-v)n", P =(pv+1—v)n®

wherevn is the share of the world firms located in North multiplied bg world
number of firms, yielding the number of firms in the North. Witee entry in of

2 The cost for the fixed factor is thus set by minimizing total cost which is similar to
the consumer budget constraint, subject to a quantity minimum F, which isrggal/éry
technology similar to consumer preference. The problem is therefotéadilee consumer
problem, i.e. the firm maximizes quantity subject to a cost constraint. Theréfar price

of the fixed factor equals the aggregate consumer price index.



manufacturing firms, profits are driven to zero. The priciggation shows that the
payments to the fixed factor must equal a fraction of the neg¢imes the markup
minus one, i.el/o. Using this result, firm profits can finally be written as thensu
of positive operating profits, costs of producing the fixextdaand the government
subsidy given to the firm:

=200 ppu g (10)
g
The agricultural sector is characterized by homogeneitthefgoods, absence of

fixed cost and perfect competition. Using unit productiahd wage as numeraire,
the price of agricultural goods equals 1.

2.3 Government

This paper’s subject is the behavior of local governmeni® model of the local
government in this paper is inspired by Dutch municipaditieutch municipalities
rely on a national municipality fund for the large majority their budget. This

central fund is raised by centralized taxation, preventinmicipalities from setting
local wage and capital tax rates. While the budget is virpugiven for the local

goverment, the allocation of the budget is not restricted,there is great variation
among municpalities within expenditure on different items

In this paper, following this fiscal organization, the ratab governments face a
centrally set labor tax rate, but have discretion in theoldet allocations. Specif-
ically, the allocation choice is a tradeoff between prawgda public consumption
good and subsidizing the firms in the region. Firm subsidéeshe used to expand
the population of firms, and, crucially, affect the spatibbeation of economic
activity.

We have chosen subsidies as the government instrumerdy thn public invest-

ments of emmission allowances, for instance. The reasdraid=EVL models are

static. This complicates the role of other obvious govemmestruments, like in-

vestment in public capital or productivity of firms, becagsgital stocks accumu-
late and depreciate over time. Additionally, in the stradegme, this would give

rise to complex strategies. The subsidy could be intergrasgublic capital invest-
ment, but possibly additional assumptions are neededdieggthe steady-state or
depreciation.

The government is benevolent, and maximizes the sum ofyutifiits inhabitants.
Since the number of inhabitants is fixed, this correspondsagimizing average
utility. This yields a richer set of results, because gowent expenditure has real



effects in the economy. The maximization problem for theggownent is
mgxz U st.Cy+n*xS <G =twlL (12)

where(G is the government budget, andx S reflects total subsidy handed out, as
a product of the firm subsidy and the number of firms. When prafgsdriven to
zero ((10) equal to zero), the equilibrium firm sizés smaller when the subsidy
is higher. Intuitively, the operating profits and so the firmesneeded to cover the
fixed cost is lowered by the level of subsidy. The subsidy batecreases the size
of existing firms, and expands the variety of firms. Due to thescimer’s love of
variety, this increases welfare by reducing the manufaayprice index. On the
other hand, provision of public goods directly increasd#ytn a closed economy,
the government’s task would be to balance manufacturingtyawrith public good
provision. In that case, a socially optimal subsidiy wolddety be zero, since the
subsidy targets a market failure in monopolistic competitin an open economy,
the local effect of subsidy on firm variety is affected by sdies in surrouding
jurisdictions. Because marginal production is not affedtgdhe subsidy, the ben-
efit of a subsidy effectively accrues to the fixed factor. lis thodel, the firms are
defined by the upfront investment in the fixed factor, so glibsican be argued
to attract footloose firms. Finally, to simplify notationewewrite the government
spending decision in a fraction of its budget. The goverrtsispend share of its
budget (wL) on subsidizing, so the per-firm subsidybecomes

t\ LY t(1—M\)L®
Sy =sy——,55 = sg ( )
v n® (1

— (12)
_ V) nw

where)\ denotes the share of world population in the North. We wi tiee budget
shares rather than the absolute level of subsidy in the strategatyars, but since
they are directly related, the analysis is the same.

2.4 Equilibrium of producers and consumers

Government behavior is the key interest of this paper. Tdysthe strategic in-
teraction between governments, we first define the spatialilgum outcomes
as a function of government policies, treating the poliaggiven. Once we know
the result of different policies, it is possible to investig the strategies that govern-
ments use to steer outcomes. In equilibrium, the firm digtidl is such that profits
are non-positive in both locations. Since profits are a fionaif expenditure shares
and firm distribution, we proceed by expressing expendgtheges ) in terms of
firm distribution ¢) and solving for profits. This follows the same reasoninghas t
standard FEVL model (Baldwin et al., 2003, section 8.4).

By simple accounting, the expenditure originating in onearegs the sum of ex-
penditure from inhabitants and local firms buying internagelinputs. By the zero

10



profit condition, the expenditure on intermediates is equidlhe operating profits
plus the firm subsidy:

E:(l—t)L+n<Z;q+S> (13)

The world expenditure is obtained by adding the expendufitbe two regions:

w

EY=(1—t)L" + % (van + (1 — 1) gs) + 1% (VSx + (1 — 1) Ss) (14)

Filling out the demand function for both regions (8) and tkygression for subsidies
(12), the world expenditure simplifies to:

_ 1—t(1—=Asy — (1= XA)sg)

Ev "

L (15)

whereAsy + (1 — \) sg can be thought of as the size-weighted average subsidy

share in the world government budget. By dividing Northerpesditure over
world expenditure, the share of Northern expenditure canriiten as:

n ( O) 5 0 N 7 S 7 v

_ (1=t(1-sy))
5 = 1—t(1—/\SN—(11V—/\)85))\

whered reflects the policy-adjusted share of expenditure stemifinorg the pop-
ulation in North. The second term in 16 reflects that opegagirofits are used to
buy inputs for the fixed factor. Solving fargives the market size equilibrium as a
relation between North’s share of expenditure and Norteses of firms.

N
_ ®
=0+ G )~ E = (—7) (17)

x[(1—=20)(1=¢)v(l—v)+v—1

In equilibrium, the share of expenditure stemming from Narbmprises a con-
sumer budget and firm subsidy share (the first term) and firel kexpenditure,
increasing in the share of firms in North (the product on tigltrhand side of
equation 17). Equation (17) differs from the standard teelEVL model (equa-
tion (28) in Ottaviano & Robert-Nicoud). However, if we assuigsymmetry both in
regional size and policy, the market size equilibrium ctindireduces to the exact
same equation. In that sense, the standard market sizdiooridia special case of
this market size condition allowing for policy.

Finally, the market size equilibrium condition (17) can bedrted into the profit
equation (10). This yields profits as an explicit functiortted distribution of firms,

11



v. Some straightforward but tedious algebra gives

My = ££2 %

| — 0y (A-ePOvro)u(v-t)okv(i- )
= T R G

—F [ (v + ¢ (1= w))] 7 + =0

l/n'll)

18
e = H%X ( )
b Ay (A=9POnere)u(v-t)sebu(1- )
=t e (=92 (1—v)vte) v (v—L)
—F [0 (gv + (L= v))] 77 + S
where we have used the definitions (much following conventio
Z=(1-20)(1-9¢)v(1—v)—0
_ 26—
A=93-6 (19)
_1-¢
‘y pu— m

Again, the operating profits (the first term on the right haid#® $n either profit
equation) are a general form of the standard mbdd&he profits consist of three
factors. The first is the operating profit, which is a share oflvexpenditure. It
depends non-linearly on the spatial distribution of firmd an regional integration,
but the terms simplify significantly in a core-peripheryusture (when  is 0 or 1).
This is the first agglomeration force, because firm locatioarie region increases
the demand exerted from that region. The second factor igh#heost of the fixed
factor, which is decreasing with the number of firms in the aegion. This is a
second agglomeration force in the model, because next tertadd faced, firms
reduce cost by locating near their inputs. Finally, profidiiectly affected by the
government budget share spent on subsidies.

The equilibrium is a combination af andn™, such thatlly < 0 andIly <
0. Using these two non-profit conditions, we can investigabtateffect different
subsidy pairs have on the spatial distribution of the ecognom

3 The equivalent expression for Northern profitiis
(1-v) (V — %) o
— — [ (wv+o(1—v))|oT
e Rl G CRA Gt)
Using symmetry in policy and share of laborers, as in Ottaviano and Nicoadxibres-

4v(v-2)
sions operating profits in this paper reduces to the standard model becau$).5 and
henceZ = —A. If Sy = Sg = 0, the total profit equations are identical.

E’U}
T

o nv
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3 Strategic policy

So far, we have only set the stage for local government aradetethe level of
subsidies as given. To explore the model’'s outcomes, we How government to
manipulate its budget allocation to subsidies, 4,¢.andss become endogenous.
Compared to traditional models, the strategic situatiorifisreént because the spa-
tial equilibria are "lumpy" - firms may locate in a core-pempy outcome. This
leads government to compete over the selection of a spegét@asequilibrium. In
the following, we will assume the Northern government tothbe agglomeration
initially (i.e. it is the core). Since the regions can be magemetric, parallel re-
sults would hold for South (intially the periphery), by silmpwitching their names.
We will first discuss the effect of different subsidy painsddhen turn to a solution
concept.

3.1 Policy options. destabilizing subsidies

For an equilibrium spatial distribution of firms to be stabiehe North, it must
hold thaty = 1, IT = 0 andII* < 0. More intuitively, this implies no entry or
exit in North due to zero Northern profits, and negative paéprofits of setting
up a firm in South. If South wishes to destabilize the aggl@atian in the North
in favor of one in the South, South must choose a policy suahlih= 0 and
IT* > 0. This is the point where new firms will set up in the South, daling
(policy-induced) profit opportunities. Once the Southeoregnment succeeds in
attracting one firm, it attracts all. The reason is that ralion of the first firm
increases profit opportunities in the South, and decreases in the North. The
profit equation (18) shows that demand in the South becongé®hiand the cost
of inputs fall. This first implies that the subsidy that dédiaes the agglomeration
in North in favor of one in South is the subsidy that convinitesfirst firm to move.
This is the breakpoint subsidy. The second implication @ the subsidy is given
to all firms that move. Technically, this avoids division l®ra in equation (12), i.e.
it becomeg¥ (VLT

Using the core-periphery outcome, we can proceed to find riésgklpolicy as the
peripheral policy that convinces the first firm to set up inpleeiphery. The stable
agglomeration of all firms in the North implies zero profitstive North, which,
in turn, implies a world number of firms. Given= 1, the requiremenkly = 0
implies that

w0 = (2 (1=t (1= 2y — (1 - ) s55))) 77 (20)

The solution to the breakpoint subsidy for South is the sesals that makes
Southern profits non-negative , given the solutiomto In other words, in equa-
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tion (18),IIs > 0. Unfortunately, there is no general closed form solutiothi
break-point subsidy, because the expenditure sh&eelated non-linearly to the
distribution of firms. However, since we know the home magfgtcts in expendi-
ture and the vertical cost linkages cause positive extiéigglthe subsidy share in
South always needs to compensate these two effects in@dtbtiNorthern subsi-
dies. Hence, the destabilizing subsidy for South is alwagysdr than the Northern

subsidy.

Figure 1. Utility for different policies in the agglomeration (North)
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Given the policy pairs that shift the equilibrium, we can mxae the effects of
different policies on welfare. Conditional on the other goweent’s policy, we
can calculate utility levels when a region is the core (itBgyas higher than the
break policy) and when a region is the periphery (its pol&cioiver than the break
policy). As an example in figure 1, the North hosts the agglaitnen (i.e. it is the
core), and the North’s objective function value for diffiersubsidies are plotted.
If the Northern subsidy is below its breakpoint value, thkugeof the objective
function is defined as utility given that the North is not tleeec When the Southern
government spends 10% of budget on subsidigs=€ 0.1, the solid line), the
North becomes a periphery if it sets a subsidy skaréelow 0.097. To the left of
the critical value, objective function is decreasing: i because subsidies reduce
public good consumption, but no firm benefits from the sulesidio the right of
the critical subsidy, the utility function is inverse-U geal in the subsidy shares in
the budget. This reflects that at low rates of subsidy, areas® in variety of firms
increases the inhabitants’ utility, but at higher rates wjssdies the opportunity
cost (public good provision) dominate such benefits. Theratsubsidy from the
perspective of Northern workers is thus at the top of therseéJ-shaped curve.
Note that this is not true for Southern workers, generalilyc& they benefit from
firm variety but do not suffer opportunity cost of the subsitiyey would prefer a
higher Northern subsidy share. Therefore, | will define thibsidy share the local
optimal subsidys,, - it is the subsidy that a welfare maximizing core government



would set in absence of the possibility of losing the agglatien.

If the Southern government’s subsidy is low, the Northermegoment chooses a
subsidy for hosting the agglomeration: it will choose thbssdy that corresponds
to the maximal utility on the right hand segment of the wtiturve, local optimal
subsidy. However, the payoffs change when the subsidy slié@euth increases.
First, to maintain the agglomeration, the North needs ta $&gher subsidy, which
is higher than the North’s social optimum if South sets a cetitige subsidy. Sec-
ond, the payoff from setting a zero subsidy increases, lsecdie Southern govern-
ment subsidizes variety when it gets the core. The optinsglaese to the subsidy
of South is either to pick a zero subsidy, or to set a competirigsidy and retain
the agglomeration, depending on which payoff is higher. @atng the optimal
responses to every opponent strategy generates a reaatictioh. Figure 2 plots
a numerical solution of optimal responses. At low valueshefapponent subsidy,
both governments maximize welfare by setting set a subsidypncordance with
their local social optimum, which induces an agglomeratiotheir region. Vice
versa, at high levels of opponent subsidy, both governnatatm to using their full
budget for public goods. In the intermediate range, theti@acurves lie on either
side of the curve of breakpoints. The intuition is that thetaa providing fewer
public goods are lower than the gains of hosting the core.dignal response
is to minimally "outsubsidize" the opponent: for the Northstet a subsidy that
just retains the agglomeration and for the South to set adyutisat just convinces
firms to move. This intermediate segment is ended by the &ypioy cost in public
goods of the South. Since it requires a higher subsidy tacitthe agglomeration
than to retain it, the South will refrain from outbidding cpatitive subsidies at
lower subsidy levels than the North does.

Figure 2. Reaction curves
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Figure 2 shows no pure strategy Nash equilibriuntf a government plays a local
optimal subsidy, the opponent has incentive to set a comgpstibsidy. At the inter-
mediate segment of subsidies, governments want to set algubat is marginally
higher than the break policy, because that is necessargtdi®agglomeration. At
the higher end of the intermediate segment, the North caa sebsidy that deters
the South from competing for the core. However, at that pibi@optimal response
of South is to set zero subsidies, to which the deterringidulis the North is not
an optimal response. The game has no coincidence of besinsesg) so it needs
another solution than simultaneous pure strategies.

The limit-price solution of this game, following Baldwin akdugman (2004), also
holds in this model. In this version of the game, the Nortlestsl a subsidy first,
then South selects a subsidy, and finally the spatial digtob of firms material-
izes, yielding the payoffs. With positive agglomeratiortezralities, the subgame
perfect solution is that the North sets a subsidy that déerSouth from compet-
ing for the agglomeration. Effectively, the North acts agmwitlpricer. Given that
the indirect utility is proportional t&/ = n*="7 (v + ¢ (1 — ))7-1 (1 — )7, the
South has no incentive to set competing subsidies if theaneetfost of competing
are sufficiently high:

14

ﬁ%l> o—1 _ Y
ni toeT >ng ™t (1 —sy)

whereny is the world number of firms if the agglomeration is in the Noand
ng is the world number of firms under and agglomeration in thetlsgiven its
subsidy. Rewriting the condition gives

AN\t oY
(n5> ! Z (1 SS)

Since the number of firmsy rises faster irsy than inss (see eq. (20)), a higher
subsidy in the North makes it more likely for this conditiam lie met. If trade
cost rise, so does minimal Northern subsidy to deter thelStvatn competing.
Thus, the two major conclusion from Baldwin and Krugman resgga: first, the
core (North) sets a positive subsidy, to which the agglotm@rgSouth) responds
with a zero subsidy. Second, as trade integration increffsedmit subsidy falls,
reducing the subsidy gap.

3.2 Mixed policy responses

To discuss the mixed profile strategies, we select releveategies and solve for
the simplified case. This is no exact solution to the mixedeganer all strategies

4 The curves do not intersect because the visual intersection is numériedlects the
"jump" from break policy to zero policy for the periphery.
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Table 1
Payoff matrix for selected strategies

South
Zero Competitive
B _n o o
North LO ng (1= s30)7, 770t TR (1 —s50)7,nd " (1 —s0)”
B B -
Competitive ng (1 =), T Hng ! nd "t (1—s:)" 7 Hnd ™t (1 —s.)”

in the support, but it it shows qualitatively which strategjiare played relatively
often and it increases understanding. Table 1 present tlegarg strategies for
both governments, namely a competing and a non-competiagaddume that the
competitive subsidy is in the intermediate range, i.e. wheis rational for both
governments to just outbid the other government. Since dhgpetitive subsidy is
the same, the North retains the agglomeration if both gowents play the com-
petitive subsidy. The alternative for North is the localinytl (/o) solution, which
it would play if the agglomeration could not move. For Sotilig alternative strat-
egy is to spend all of its budget on public goods, which is & besponse if the
agglomeration cannot move. The payoff can be writtefilas s)” (nw)ﬁ for the
government that hosts the agglomeration, @ing s)” (gbnw)ﬁ for the peripheral
government. In the payoff matrix of table 1, best responsee Iheen underlined.
As argued above, there is no pure strategy Nash equilibrecause South wishes
to compete if North does not, and does not compete if North getompetitive
subsidy. Vice versa, North’s optimal response to a conmipesubsidy is a compet-
itive subsidy, and its best response to a zero subsidy isottad bptimal subsidy.
In the mixed profile, strategies are chosen such that therapyts payoff for all
is his strategies is equalized. Using this requirementpties of North and South
playing a competitive strategy are given by

K
L=t () 7T

13
=gt () 7T Hels0) 70

(21)

I

Pss = s = g = ) ()

vy L
1—sc ) o—1
o) ()

Given the best responses in table 1, both governments hawsitave probability

S

this positive probability of playing a competitive strayeghows in the epr|C|t solu-
tion (21). While the North’s subsidies are higher on averdge,to agglomeration
externalities, this formulation allows us to consider hdiewn each local govern-
ment deviates from the local optimal subsidy. It depend$emparameters whether
the North plays a competitive strategy more often than thelSan particular, the

of playing a competitive strategy. Sinte— s.)™7 > 1 and(1 SL) (" o,
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North selects. more often than Southy (> ¢) if

o

()

ng

= (=) (2)7 7+ (f22) (- )

n; 1—s70

¢ < (22)

Requirement (22) shows that the North is more likely to plagmapetitive subsidy
than South when the trade integration is low, because thee @l hosting the ag-
glomeration is larger. Likewise, the likelihood of NortHessting competitive strate-
gies more often than South unambiguously increases in tlreafathe number of
firms under a competitive subsidy compared to a local optsubsidy ¢../n;,), See
eg. (20). Given that,. < s;, the government budget)(unambiguously increases
n./mn,, SO higher central taxation and bugets lead the North to etenpore often.
The intuition is that with decreasing returns to public geotsumption, a larger
government budget decreases the price of setting a comeegitbsidy for both
governments. Finally, the North is more likely to set mosnpetive subsidies if
S1, 1S higher, ands,. is lower, which reflects that the competitive subsidy is etos
to the local optimal subsidy (sineg, < s.) and costs of competing are relatively
low.

While the mixed game with selected strategies is more ingifjrassessing the
game with all non-dominated strategies is more completeeSive have no ana-
lytical expression for the payoffs following different jpo}-pairs, we approximate
the strategy profiles numerically. We make the strategyesplecrete by dividing

the policy in segments. This is needed for the numericalt®oipbut it also guar-

antees the existence of a mixed strategy equilibrium (Foelgnand Tirole, 1991,
12.2), which is not certain in the continuous case (DasgapthMaskin, 1986).

To approach the mixed strategy profile, we use the Lemke-Howadgorithm, as

programmed in Gambit software.

Figure 3 plots the mixed equilibrium probability distribut of playing any possi-
ble policy. The graph is consistent with the two-strateggute the Northern gov-
ernment has a higher probability of playing relatively higibsidies, while the
South will choose lower subsidies more often (as shown iptbbability-weighted
average strategy). In accordance with the interpretationixed strategies offered
by Harsanyi (1973), the South then sometimes plays conyeesitrategies because
it has imperfect imformation - about North’s governmenteaiives or about the
economy. Likewise, the North plays subsidies that are higen the local op-
timum because it is unsure what strategy South plays. Ndwloses its strategy

. . . . _ 1—
® North playing more comp(itltlve strategigs > ¢) can b#e written a _ﬁz; > 1_@:2,

with k1 = (1 —s.)"" (ﬂ>ﬁ, Ky = (1—sc)" (ﬂ>ﬁ +(1—s) " +1 k3 =

Ne Ne
—1 [ 1—s¢ v Ne o—1 1—sc v Ne ﬁ e H K1—K2
10) F=3c B andky = (=2 e . Thisis true ifkg > T2 andry <

1—s; ny 1—g
rarat2 A= which simultaneously hold in (22).
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profile such that it equates the payoffs for all pure stra®gi South. That means
if it pays off attempting to steal the agglomeration paydaffthe South, the North
will play a competitive strategy more often, to reduce Stsugixpected payoff of
competing. The rate at which governments set high, comgesitibsidies thus re-
flects their belief of how competitive the opponent is. Thgnametry in setting
competitive subsidies is fully attributed to the currentnier of firms in a gov-
ernment’s region, which determines the payoff structureaimpetitive subsidies.
This is in contrast to sequential, limit-pricing solutionhere the asymmetry is
generated by the first mover advantage.

3.3 Harmonization

An obvious question that rises with the policy competitienage have sketched is
what institutional settings improve the welfare of all ibitants. Subsidy harmo-
nization is possibly a Pareto improvement in this model. dmdnstrate this result,
we look for a harmonized policy, for which either region’s welfare exceeds the
expected welfare from playing the policy game in previoudiea. For the North
(core) region, it is easy to show that such a policy existslégithe mixed strategy
equilibrium, payoff to all str%tegies are equal, so the eigx payoff of partici-

pating in the policy game is¢ ™" (1 — s.)”, the payoff of the competitive strategy.
Since the strategic considerations push the competitiveidy higher the local op-
timal subsidy §;,), a harmonized subsidybetweens, ands;, (and slightly lower)
improves the North’s welfare.

For the South, a harmonized subsidy is welfare-improvingf1 (1 — 5)” >

png "t 4+ (1 —p) né’%l (the expected payoff of not subsidizing), wheris the num-
ber of firms resulting from policy. This requires

1—-(1-3) (nﬂ)f
1- ()™

So that the harmonized subsidy improves South’s welfareitiNis not competi-
tive. The reason is that if North subsidizes relativelydita higher harmonized rate
increases firm variety in the economy. North’s probabilitplaying a competitive
subsidy,p, can be written as

p <

1—(1—s.)"
1 ()T (- 1) (1 50

c

p:
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Filling out this level ofp in the previous requirement, and rewriting gives
K K
L= (=5 (&) 1— (z)7
T~ (-s) =2
S L= (2)7 7 4 (= 1) (1= s0)”

Ne

The right hand side of this inequality is always a positiveoant smaller than
1 (sincer > 1 andn; < n.). From North’s welfare probleml — 5)” AeT >

(1—s.)" nf%l so that the left hand side of the inequality is & ¥ s., and lower
than 1 ifs < s.. Thus, a harmonization of the subsidy rates is welfareeiasing
for South if the harmonized subsidy is sufficiently close dopetitive subsidy.

As a final note, subsidy harmonization would never be Pamefoeving in the
case of a limit subsidy in this model. This contrasts the Itesaf Baldwin and
Krugman (2004) regarding the limit tax. The intuition is giex if firm subsidies
have a spillover effect through firm variety expansion amal@ublic goods do not,
the peripheral region is always worse off if the core regiexales less budget to
firm subsidies. The result that harmonization can be Pangboeving is recovered,
however, when recognizing that the core responds to a pEsgovernment’s pol-
icy options. It is possible that harmonization increasease in both regions if
the periphery’s threat of competition is low, and hence the’s incentive to set
subsidies larger than its local optimum is low. A harmonigeldsidy increases firm
variety, but avoids oversubsidizing to the competitiveelgin comparison to the
core’s optimal subsidy if the agglomeration was immobile).

4 Conclusions

This paper puts forward a model of local governments thatpaiento host firms.
The governments use part of their budget to subsidize firatie in their region,
but the subsidy has an opportunity cost in providing a pujghad. In the presence
of increasing returns to scale, trade cost, and vertickhfies between the firms,
an agglomeration of firms may occur, which is generally @éxé to host.

Due to the agglomeration effects, the model does not yieddcthssic results of
wasteful policy competition (the "race to the bottom™). Tmdine with much of
the literature on agglomeration and policy competition. Witiere is an agglomer-
ation rent in the mobile factor’s rewards, the core govemmeeds to subsidize its
firms less than the neighboring periphery in order to sustesmgglomeration. This
model therefore predicts core governments set higherdiesshan the periphery,
preserving the agglomeration and deterring the periptrer £ompeting.

Compared to other literature on agglomeration and policypetition, this paper
explicitly models a local government policy setting. Goveaent expenditure ef-
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fects are felt in nearby regions, and policy-setting is $iameous. The core’s best
response is to meet a competitive subsidy with a compestiasidy and a low sub-
sidy with a low subsidy. The periphery wishes to set a cortipetsubsidy when
the core does not, and a low subsidy when the core sets a higgidguUnder
simultaneous responses, governments hence respond tbabpity that the op-
ponent plays a competitive strategy. Because local sulssadfect the variety of
consumption goods in other locations, a peripheral goventrbenefits from high
subsidies in the core. To promote firm subsidies in the cheeperipheral govern-
ment exploits its threat of stealing the agglomeration oicé the core to behave
competitively and set higher subsidies.

As the subsidy is also an instrument to correct the markletré&aof imperfect com-
petition, the core government that hosts all firms always agpositive subsidy.
This leads the core government’s subsidy to exceed thelmagijs on average.
However, the probability with which the core governmentestd a competitive
subsidy over a non-competitive subsididy does not needdeezkthe periphery’s
probability of playing competitive subsidies. In partiaylthe core exhibits more
competitive behavior when the budgets are high, trade cestigh and if the com-
petitive subsidy is close to optimal subsidy from a closeahemy point of view.
Overall, the intensity of competition increases in tradst emd government budget,
and decreases in preference for the public good.

In contrast to the seminal article on agglomeration andcgalompetition (Bald-
win and Krugman, 2004), harmonization of policy can be a f@araprovement. A
subsidy range exists for which a harmonized subsidy givégteehnumber of firms
than the number of firms expected when the periphery playsaompetitive sub-
sidy. For the periphery, this increase in number of firms @if¥vs the loss of public
good provision. For the core, compared to the competitibsisly, the harmonized
subsidy is closer to the optimal subsidy if the core couldmove (which indeed it
does not, if subsidies are equal). Harmonization can beaveelfnproving because
we relax two assumptions of related literature: the Lexaatassumption (i.e. there
is government expenditure) and the first mover advantagthélarge region. As
argued in the introduction, simultaneous moves are morergethan the Stack-
elberg structure. The core’s advantage is not in timing bube share of firms,
moreover, the solution is robust to repetition.
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Figure 3. Strategy profiles
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A Condition for incomplete specialization

To use the wage as a numeraire, we must ensure that it is egwadn the two
regions. With sectoral mobility and free trade of the comstaturns to scale agri-
cultural goods, equal nominal wage occurs when the mosiajzed region still
uses a marginal worker in agriculture. Using this obseovata condition to use
the wage as numeraire is that the aggregate manufactubog laquirement in a
region where production has completely agglomerated doesxteed the labor
force in that region. More formally;

Lyn <AL (A.1)

The manufacturing labor requirement can be found by lookinthe labor input
needed for equilibrium firm output, and aggregating overgirirm output is (fol-
lowing (8))

q(i) = (Glnamw)u [En + Es] (A.2)

where we can substitute the definition for world expendi{afs into the last term
and aggregate over all firms, and use the normalization gbrib@uctivity:

1—t)L twAL
LMN:nq:ﬂ wl )L+ stw (A.3)
’ w 1-£
Filling out this term in (A.1) and rewriting gives
1 1
st)\gt)\Jr)\(—) —1 (A.4)
nw o

where we have assumed= 1 as numeraire and the empty region has no firms to
give its subsidy to. This condition states that the maximuitvsgly for which the
wage can be used as a numeraire decreases in the tax rateegmeférence for
manufacturing goods, and increases in the price andi.e. decreases in market
power). A typical constellation ok = 0.5 andy < 0.5 supports subsidy rates up
to 100%.

25



B Explanation of variables

Where variables can be defined for general, North or Soutly, dhe represented
plain, or with subscriptév and.S, respectively.

Table B.1: List of variables and definitions

Variable Explanation

S > =2 e g >

o =~ &

2

v+¢(l—v)
Pure firm profits
1=¢

1+¢

weight of public good consumption in Cobb-Douglas utilitpétion

(—-t(l=sn))
1—t(1-Asny—(1—XN)sg)

1= trade freeness

measure of consumer love of variety over manufactures

Samualsonian (iceberg) trade cost

weight of aggregate manufacturing good consumption in dobbglas utility function
firm operating profits

labor productivity in manufacturing

SHIS

private consumption of individual manufacturing variety
number of firms

price of manufacturing variety

guantity produced of manufacturing variegty

share of local government budget allocated to firm subsidies
share of world expenditure originating from North

share of world number of firms located in North

national tax rate

wage rate (numeraire)

B0 g
(& + 952

Private consumption of agricultural goods
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Table B.1: List of variables and definitions

Variable Explanation

N«mwhﬁum@g}

Private consumption of aggregate manufacturing goods

Private consumption of public goods

Expenditure (originating from North if no asterisk)

Fixed factor requirement

Mass of labor

Harmonized manufacturing price index

Amount of the per firm subsidy

Per capita disposable income (wage after tax and per capitgfofits)
1-20)(1—¢)v(l—v)—9
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