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Abstract

We incorporate policy competition among governments into a quantitative spatial model. Our new

approach quanti�es the interdependence of policymaking among a large number of competing juris-

dictions, allowing us to fully characterize an endogenous network of potentially millions of bilateral

strategic policy linkages. These linkages are summarized by the �policy impact� of each jurisdiction�

the extent to which a jurisdiction changing its policy a�ects policy choices of others. Policy impact is

heterogeneous across jurisdictions and the primary driver of the welfare e�ects of policy competition.

We apply our model to a network of 3, 109 U.S. counties competing in local sales taxes and evaluate

several centralized interventions aimed at limiting tax competition. We �nd that (1) tax competition

is harmful: federal interventions increase welfare, albeit heterogeneously across places; (2) ignoring

endogenous policies from a quantitative spatial model underestimates welfare e�ects by up to 33%.

To explore the underlying mechanisms, we rank counties by the magnitude of their policy impact.

We show that interventions targeting high-policy impact jurisdictions raise welfare by six times more

than targeting low-tax jurisdictions, the standard focus of minimum tax policies. Although policy

impact is endogenous, we document that jurisdiction size acts as a strong proxy. Beyond taxation, our

framework for endogenizing policy and analyzing its implications extends to tari�s and trade wars,

environmental policy competition, regulatory policies, and spending competition.
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1. Introduction

Given trends in globalization, relaxation of border controls and technological changes that

enhance factor mobility, understanding the welfare e�ects of strategic policy setting remains

one of the most elusive topics in economics. Paramount to this di�culty is the fact that

both government policies and the network of competitors are endogenous. Moreover, spillover

e�ects across jurisdictions are highly heterogeneous, depending on several factors such as

size or proximity. The theoretical policy competition literature (Wilson, 1986) has struggled

to capture heterogeneous e�ects due to reliance on symmetric jurisdictions. Quantitative

spatial models featuring a public sector and heterogeneity (Fajgelbaum et al., 2019) have yet

to incorporate strategic policymaking in a tractable way, especially for a large number of

jurisdictions. The empirical literature (Agrawal et al., 2022) has been unable to cope with

either problem. We relax and generalize these approaches by building a structural model of

endogenous policy competition�applicable to tax, spending, regulatory or tari� policies and

trade wars�featuring thousands of heterogeneous local jurisdictions, allowing us to quantify

the welfare e�ects of strategic policymaking and to fully characterize the endogenous network

of potentially millions of bilateral strategic policy linkages.

We focus on local policy competition�where many jurisdictions have substantial autonomy

over their tax policies, spatial linkages are critical, and taxes are set strategically to attract

individuals and �rms. Our quantitative spatial model combines elements of the recent trade

(Allen et al., 2020) and public �nance literature (Suárez Serrato and Zidar, 2016) with the

major modi�cation that local government policies are endogenous (Ferrari and Ossa, 2023).

Residents decide where and how much to buy of di�erentiated products that are produced

in each jurisdiction. Firms decide where and how much to produce depending on aggregate

demand. Local governments use tax and non-tax revenue to provide public services to their

residents. They set their tax rates game-theoretically, maximizing the welfare of their residents,

accounting for the decisions of �rms and households, anticipating the changes in after-tax

prices, and strategically reacting to other jurisdictions. Solving each government's optimization

problem yields an elegant Ramsey rule that characterizes the equilibrium level of the tax rate

and how governments adjust their tax policy following changes in the rest of the economy.

We are the �rst to provide an overall picture of the magnitudes and distributions of all the

elements of a Ramsey rule for commodity taxes in an open-economy. This �lls the gap in

the literature noted in Caliendo and Parro (2022) that optimal policy needs to better match

observed policy changes.

We bring the model to the data to match sales tax rates for all U.S. counties, including
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policy competition in a spatial economy

those with zero tax rates. Although capital and high-income households are often regarded

as being more footloose than consumption, consumption tax competition is economically im-

portant and theoretically important (Kanbur and Keen, 1993).1 Using our Ramsey rule, we

compute counterfactual general equilibrium e�ects of tax coordination policies, allowing local

governments to strategically respond to these centralized interventions�an aspect absent in

prior structural models. To assess the signi�cance of relaxing this usually invoked assumption,

we compare the welfare e�ects of centralized interventions with and without these responses,

and �nd that they are economically important and highly heterogeneous across space.

Focusing on our baseline counterfactual that imposes a minimum sales tax rate of 2 per-

centage points, aggregate welfare increases by $21 per capita or 5% of the initial local sales tax

burden. This e�ect is driven mainly by treated counties (counties with an initial rate lower

than the minimum) that experience a welfare increase of $30 per capita (8% of their initial

local tax burden) arising from both the direct e�ects of the intervention and any feedback from

tax competition�one of the most common forms of endogenous policy setting. On the other

hand, non-treated counties, a�ected only indirectly through economic and policy linkages, gain

on average $3 per capita (0.5% of their initial local tax burden). The welfare e�ects are also

heterogeneous across places, with 20% of the population losing from the minimum tax.

Endogenizing local policy setting plays a signi�cant role in the welfare results: 6% of the

welfare e�ects (in absolute value) of the minimum tax are due to endogenous tax setting. This

mean e�ect masks substantial heterogeneity. For jurisdictions in the 95th percentile of the

distribution (in absolute value), 29% of the welfare e�ects are due to endogenous tax setting.

The extent to which strategic responses matter varies across jurisdictions, also leading to detri-

mental e�ects for some jurisdictions as prices and taxes change simultaneously everywhere.

We �nd that 55% of the population bene�t from endogenous policy setting (8% higher welfare)

and 45% lose from it (5% lower welfare) on average. At the 95th percentiles of winners and

loser, endogenous policy setting contributes to 33% and 19% of the welfare e�ects, respec-

tively. These results show the importance of accounting for strategic government responses

when assessing the welfare e�ects of interventions. In the context of other types of policy

competition�such as the current trade war where strategic responses to a large country tari�

can be one-for-one�endogenous policy may play an even larger role than our setting.

1 A meta study indicates that the taxable elasticity of cross-border retail sales is -1.79 (Huynh et al., 2022).
Our data indicates that the mean share of consumption occurring outside of the home county is 33%. This
tax base mobility has led to reduced-form evidence that jurisdictions set their taxes strategically to attract
shoppers and �rms (Agrawal, 2015). Part of the reason for the prominent role of tax competition over
consumption is that jurisdictions have market power in retail markets as they often directly a�ect the tax
base of only a small number of jurisdictions, though they can a�ect many more via price e�ects.
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What would be the optimal intervention to mitigate policy competition? To advance this

discussion, we focus on the essence of policy competition: the interdependence of tax setting

among a network of local jurisdictions. To do this, we introduce a new concept: the Policy

Network Matrix (PNM), along with two measures that rank jurisdictions based on the degree

of tax competition: Policy Responsiveness and Policy Impact. The PNM elegantly follows from

our Ramsey rule, yielding all (endogenous) bilateral tax linkages at the general equilibrium

of the economy. It quanti�es strategic interactions (best responses) among heterogeneous

jurisdictions that set policy under rich and realistic spatial/economic relationships that are

not directly observed to the researcher. The bilateral relationships are heterogeneous, with

some jurisdictions raising their tax rates and others lowering their tax rates in response to a

tax change elsewhere. In our setting, the Policy Network Matrix contains 9 million elements,

which are then summarized into two measures: impact and responsiveness.

Drawing inspiration from the network literature, the sum of each row of the PNM measures

a county's Policy Responsiveness (PR), capturing the e�ect of how that county responds to

a coordinated tax rate increase of all its competitors. PR generalizes the scalar tax reaction

slope coe�cient estimated in prior empirical literature (Agrawal et al., 2022). In contrast, the

sum of each column of the PNM, Policy Impact (PI), is our preferred measure of competition,

characterizing the intensity of linkages among jurisdictions, and has not previously been de�ned

or used in the literature on policy determination.2 It measures the e�ect of an increase in the

tax rate of that speci�c county on all the other counties' tax rates�therefore identifying the

key players in the tax competition game. These two measures are equal on average, but di�er

in their distribution: a county might not be in�uenced by neighboring counties but may trigger

large responses in others. We also �nd that larger jurisdictions have larger policy impact while

policy responsiveness is not correlated with size because all individual local jurisdictions are

small relative to the entire economy.

Taxes are likely too low as a result of policy competition. Thus, we compare several coun-

terfactual exercises targeting di�erent sub-groups of jurisdictions based on the level of their

tax rate and on their PI rank. We show that a federal intervention targeting high-policy

impact jurisdictions leads to higher�six times larger�welfare e�ects than targeting low-tax

jurisdictions. Our results suggest that optimal interventions should be designed to focus on

key jurisdictions that have the largest e�ect on the economy as a whole rather than the cur-

2 Our Policy Impact [Policy Responsiveness] measure relates to out-degrees [in-degrees] in a network as in de
Paula et al. (2024), to which we add an intensity measure of the strategic responses. We discuss the rela-
tionship between our Policy Impact and di�erent measures of network centrality developed in the literature
such as eigenvector centrality, Katz-Bonacich centrality and intercentrality (Ballester et al., 2006).
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rent approach of focusing on tax rates (through standard interventions such as minimum taxes

and partial harmonization). Contrary to the conventional wisdom that tax havens cause tax

competition, high policy impact jurisdictions are the dominant factor in�uencing the equilib-

rium. Intuitively, targeting high-policy impact jurisdictions forces many other jurisdictions to

change their tax rates, delivering the largest external welfare e�ects. While policy impact is

a complex and endogenous metric, as a practical matter, we show that it is highly correlated

with jurisdiction size. As a result, even simple rules that force larger jurisdictions to raise

their tax rates relative to smaller jurisdictions improves welfare substantially.

Our paper blends two strands of the literature focusing on public policies: tax competition

and quantitative spatial models (Redding and Rossi-Hansberg, 2017). Although recent papers

have use quantitative spatial models to determine the welfare e�ects of decentralization (Suárez

Serrato and Zidar, 2016; Fajgelbaum et al., 2019), these models abstract from the fact that

policies are chosen strategically in the �rst place by competing for mobile tax bases. While

Ossa (2014), Bagwell et al. (2021), Bordeu (2024) and Ferrari and Ossa (2023) make progress

at endogenizing policies for a small number of competing jurisdictions (trade tari�s and sub-

sidies), we advance the literature by developing a tractable approach that allows researchers

to study thousands of competing governments. We achieve this by borrowing tools from stan-

dard tax competition models that exploit governments' �rst order conditions and thus optimal

policy rules (Zodrow and Mieszkowski, 1986; Wilson, 1986). In addition, our approach allows

us to match the observed policy competition equilibrium, facilitating counterfactual analysis

when local policies may endogenously respond to the counterfactual intervention. We do so

by adding non-tax revenues (public �nance amenities) that play an analogous role to urban

amenities in quantitative urban economics models (Ahlfedlt et al., 2015).

To bring clarity on endogenous policy determination, it is essential to know the bilateral

linkages among jurisdictions that determine the network of competitors. These linkages are

highly asymmetric depending on both exogenous fundamentals as well as endogenous outcomes

such as prices. Unlike standard quantitative spatial models, we provide the �rst explicit charac-

terization and quanti�cation of these linkages, introducing a novel method to rank jurisdictions

based on their responses and impact along the network. We achieve this by leveraging the

optimal policy rule for each jurisdiction as a �rst-order approximation of the nonlinear general

equilibrium of the economy. This o�ers a structural identi�cation of the network of com-

petitors across thousands of jurisdictions that complements the more reduced-form approach

pioneered in de Paula et al. (2024), while adding a measure of the linkage intensity among

competitors. Moreover, our endogenous determination of the network advances reduced-form

empirical work on policy competition which relies on exogenous and sometimes ad hoc linkages
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across jurisdictions (Agrawal et al., 2022).

Unlike the literature characterizing the welfare e�ects of decentralization that compares

the deviation between the observed competitive equilibrium and the allocation by a social

planner (Fajgelbaum and Gaubert, 2020 and Gaubert et al., 2024), our approach is relevant

for considering small (marginal) changes in decentralization. Policies such as minimum tax

rates, partial harmonization and other forms of policy coordination�including tari� treaties

and environmental regulations�are widely used in practice. These interventions are most

relevant for studying optimal policy design by a federal government or international agencies.

Although there exists an analytical literature on the e�ects of marginal policy interventions

(Kanbur and Keen 1993; Hines 2024; Hebous and Keen 2023), we can observationally identify

the winners and losers of these interventions.

The existing tax competition literature has extensively studied the e�ect of the level of the

tax rate elsewhere in the economy on the tax setting of a given jurisdiction (Brueckner, 2003).

We challenge the conventional wisdom in this literature, including our own work (Agrawal,

2016; Parchet, 2019), that this metric quanti�es the intensity of tax competition. Rather, our

metric of Policy Impact is the relevant measure to determine the welfare e�ects of endogenous

policies. We document how this metric can be practically implemented by targeting key players

in the policy competition game and provide a tractable approach to do so.

Although our application focuses on tax competition, our modeling approach and �ndings

have broader applications. Many public policy settings, among which tari�-setting and trade

wars, regulatory competition, bidding for �rms (Slattery, 2024), or environmental standards,

exhibit similar strategic interactions where focusing on high-impact players can enhance welfare

more e�ectively than uniform rules based on observed policy choices. For instance, in setting

minimum wages, targeting low-wage sectors (or local labor markets) might be less e�ective

than focusing on sectors (local markets) whose wage policy exerts large external e�ects on

others. Similarly, in industrial organization or environmental policy, regulations targeting

�rms that can most in�uence e�cient technology adoption of other �rms rather than those

�rms that simply pollute the most may be more e�ective. Our model can thus easily be applied

or extended to any such policy setting.

Last, beyond public policy, we provide a general approach to quantifying non-linear best-

responses in large-scale quantitative game theoretic models with multiple players (Caplin and

Nalebu�, 1991), as common in industrial organization, network economics and information

economics.
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2. Model

Our purpose is to evaluate the welfare e�ects of interjurisdictional competition in spatial gen-

eral equilibrium. To this aim, we build a spatial general equilibrium model using the example

of commodity tax competition for cross-border shoppers across counties. To appropriately

model these forces, we blend tools from trade and public �nance. Our model features monop-

olistic competition and di�erentiated products as in Krugman (1980), pair-wise commodity

�ows that are disciplined by trade gravity models as in Allen et al. (2020), public goods and

tax rates as in Suárez Serrato and Zidar (2016); Fajgelbaum et al. (2019), and the endogenous

determination of those policies as in Ossa (2014); Ferrari and Ossa (2023). A key contribution

is to combine these forces to realistically derive a speci�c optimal tax rule for subnational

governments where there are thousands of jurisdictions who set policy in a game theoretic

manner while accounting for all of the general equilibrium forces in the prior literature.

2.1. Economy

The economy is composed of J jurisdictions (e.g., counties) indexed by j, and inhabited by

a �xed number of nj identical households with net-of-tax income ej .
3 The immobility of

households facilitates the government maximization problem without specifying whether gov-

ernments care about only current or future residents and is also inspired by the tax competition

literature. Immobility will allow us to characterize policy reactions and welfare e�ects as a

function of jurisdiction size�the most common exogenous factor used to explain tax rates

in the prior tax competition literature ?: bigger jurisdictions set higher tax rates because

they perceive lower elasticities. Endogenizing population would require backing it up by an

exogenous amenity, which is then harder to link to tax rates for policymakers.

In each county j, there is an endogenous number of mj identical �rms, indexed by ω P

Λj , each producing a di�erentiated variety of a taxable commodity q under monopolistic

competition.4 We assume that the only way for a resident of a county j to consume a variety

3 Extending the framework to include a mobile population is straightforward as, in our case, workers are
homogeneous and there is no commuting. In that case, the Ramsey rule can be adapted to account for local
governments' anticipation of changes in the number of residents. With heterogeneous workers or commuting,
residents within the same jurisdiction bene�t di�erently from the local tax and public services depending on
their wages. One must then specify the local government's (redistributive) objective or introduce a voting
mechanism, as in Epple and Romer (1991). This can be implemented, for instance, by modeling a sequence
of decisions involving (i) tax setting by local governments, (ii) production, consumption, and location choices
by the private economy, and (iii) voting (rati�cation) on tax rates (see Eugster and Parchet, 2019). We do
not believe the assumption of immobile populations is critical, given the model features two other sources
of heterogeneity: �rms can enter and exit and because consumers are mobile in terms of where they buy
goods.

4 Firms are identical unlike in Melitz (2003)-type models, where �rm heterogeneity drives market selection
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2.2 Consumers

produced in another county i is to do cross-border shopping. A consumer can possibly consume

in any county of the federation.5

County j levies a commodity tax rate tj on the variety of good q produced in j. This

tax rate might be positive or zero. We consider a sequential game. In stage 1, the counties

set their tax rates accounting for the mobility of the tax base, and thus engaging in strategic

competition with each other. In stage 2, the private economy operates: nationally mobile

investments determine the endogenous creation of local �rms, and consumers choose their

bundles of goods consumed in possibly all counties. We solve the game backwards.

2.2. Consumers

The representative resident of county j derives utility from consumption of the taxable varieties

of good q and the public services provided in their county, Gj , according to:

Uj “

˜

ÿ

i

ż

Λi

qijpωq
σ´1
σ dω

¸
σ

σ´1

Gν
j , (1)

where qijpωq is the quantity of variety ω P Λi produced in county i consumed by the repre-

sentative resident of county j. The parameter σ ą 1 is the elasticity of substitution among

varieties. Parameter ν governs the marginal willingness to pay for public services.

Each worker inelastically supplies one unit of labor in her county of residence, receiving

a wage wj . She also owns an exogenous endowment, κj , of capital that she supplies in the

county that provides the highest return.6 Capital mobility equates the return to capital across

counties. As capital will be considered as the numéraire of the economy, the capital return

is treated as exogenous and normalized to unity, and the capital market is ignored as it will

automatically be clearing at equilibrium due to Walras' Law. Moreover, in line with standard

assumptions in models with monopolistic competition and entry (Krugman, 1980), residents

are entrepreneurs who establish �rms and receive income in return. This income enters the

�rm's pro�t function as a �xed cost ρj akin to an entry barrier. Thus, the total entrepreneur

based on productivity. As our focus is on governments' strategic interactions rather than �rm-level sorting,
introducing �rm heterogeneity would not change our core insights.

5 The model does not require cross-border shopping to be the only trade channel. The framework remains fully
consistent with a setting where goods are shipped between counties without consumers physically crossing
borders. However, due to data limitations, our empirical implementation focuses on cross-border shopping.

6 Unlike traditional trade models (Allen et al., 2020), our model includes capital which provides three bene�ts.
First, it aligns the model's outcomes with observed income distributions. Second, because capital is mobile
across jurisdictions, discrepancies between production value and expenditure arise naturally, eliminating the
need for ad hoc assumptions to explain trade imbalances (Head and Mayer, 2014) Third, capital acts as an
agglomeration force playing the same role as endogenous total factor productivity.
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income generated by the mj identical local �rms is
ş

Λj
ρjpωqdω “ mjρj . The nj residents of

county j equally share this ownership income.7

It follows that the budget constraint of a resident of county j is:

ÿ

i

ż

Λi

p1 ` ti ` Tiqpipωqµijqijpωqdω “ ej , (2)

where ej “ p1 ´ τjq pwj ` κj `mjρj{njq, is individual after-tax income, pi is the factory gate

price of variety i, ti is county i's sales county tax rate. Ti is the exogenous sales tax rate

of the state in which county i is located, τj is the exogenous income tax rate of county i's

state. Parameter µij is an iceberg transportation cost incurred by a resident of j shopping in

i. Thus, to consume 1 unit of a good purchased in i, a resident of j needs to buy µij ą 1 units

of goods there. Then, the aggregate income of the residents of county j is:

Ej “ njp1 ´ τjq

ˆ

wj ` κj `
mjρj
nj

˙

(3)

The expenditure on variety ω purchased by a resident of j in county i is xijpωq “ pipωqµijqijpωq.

Maximizing utility subject to the constraint yields the Marshallian demand xij “ p1 ` ti `

Tiq
´σrpipωqµijs

1´σP σ´1
j ej , which is inclusive of the transportation cost and where Pj is the

Dixit-Stiglitz price index de�ned below. Aggregating, we obtain the total value of the con-

sumption of the nj residents of county j purchasing in county i:

Xij “ mip1 ` ti ` Tiq
´σppiµijq

1´σP σ´1
j Ej , (4)

where the Dixit-Stiglitz price index is:

Pj “

˜

ÿ

i

mirp1 ` ti ` Tiqpiµijs
1´σ

¸
1

1´σ

(5)

which is, as usual, increasing with respect to all local variety prices and to transportation costs,

but includes both the local and state sales tax rates. Higher tax rates in other counties raise

the living cost in j and act as an �inward multilateral resistance� (Anderson and Van Wincoop,

2003), making j more remote by reducing its access to their varieties.

7 Unlike trade models that redistribute entrepreneurial payments proportionally to production costs (Krug-
man, 1980; Fajgelbaum et al., 2019), our model assumes that residents, who supply the entrepreneurial idea,
directly receive the compensation. While we assume purely local entrepreneurs, our approach could be ex-
panded to a richer spatial distributions of entrepreneurial income in which households in i receive

ř

j θijmjρj
where θij is the share of entrepreneurial income received from �rms in j. This modeling parallels the way
�xed factors and pro�t income is redistributed in most public �nance literature (Agrawal et al., 2023).

8



2.3 Production

2.3. Production

In county i, each �rm ω P Λi produces its own local variety, which is consumed by (possibly)

all the residents of the economy. This variety is produced by combining labor, ℓipωq, and

mobile capital, kipωq using the following constant returns to scale technology:

qipωq “

ˆ

ℓipωq

α

˙α ˆ

kipωq

1 ´ α

˙1´α

(6)

where α P p0, 1q is the labor income share parameter.8

In county i, each �rm ω chooses its price, pipωq, to maximize pro�t:

πipωq “ pipωqqipωq ´ ciqipωq ´ ρi

where qipωq “
ř

j µijqijpωq is the aggregate demand for its variety, ci ” wα
i is the unit cost

function, recalling that capital is the numéraire. Further, as discussed above, �rms must incur

an entry cost ρi as a payment to entrepreneurs. Following Krugman (1980) and Fajgelbaum

et al. (2019), we allow this cost to vary endogenously by assuming that ρi ” cifi, where fi is

the exogenous component of this cost.

Pro�t maximization pins down the price of the local variety according to the usual optimal

pricing rule pi “ wα
i σ{pσ ´ 1q, which is identical for all �rms in i, as the �rms are ex ante

identical themselves. The price charged by a �rm increases with respect to the input prices.

Using the above pricing rule, the total demand for labor in i is:

Li “
σ ´ 1

σ

αYi
wi

(7)

where Yi “ pimiqi denotes the value of the aggregate output of the mi �rms operating in

county i. Free entry of �rms implies zero pro�t which in turn implies that the output of each

�rm in i is exogenously determined as qsi “ pσ ´ 1qfi which determines the �rm's output

(Fujita et al., 2001). The number of �rms, mi, operating in i is endogenously determined by

this zero-pro�t condition. To see it, we can multiply both sides of this condition by pimi to

obtain the following intuitive condition:

mi “
Yi

pσ ´ 1qpifi
(8)

Intuitively, more aggregate output, lower price of the variety (that is, more demand) and lower

entry cost imply a larger number of �rms operating in i.

8 Note that in general equilibrium, a county with a higher demand for its variety will attract more capital and
have more productive workers.
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2.4. Local and State Government Budget

County i uses its local sales tax revenues tiXi with Xi “
ř

j Xij being the total tax base of

the county to �nance per capita public services, gi, provided at the endogenous unit cost of pi.

Total public expenditures are therefore pinigi for which we assume, without loss of generality

as population is �xed, full congestion. Although the focus of the paper is on tax competition

in local sales tax rates, ti, it is also quantitatively important to account for other possible

sources of revenues accessible to counties. These sources of revenues are denoted Ri. Thus,

the local government i's budget constraint is:

tiXi `Ri “ pinigi . (9)

The alternative sources of revenue, Ri, re�ect other resources such as property taxes or

federal grants that allow sales tax rates to be higher or lower. Modeling the endogenous

determination of all the alternative sources of revenue is beyond the scope of this paper.

Hence, we consider a parsimonious speci�cation Ri ” pini∆i in which ni∆i denotes an initial

exogenous aggregate endowment of alternative sources of revenue in units of private goods.9

Local governments provide services and endogenously raise taxes in the context of a feder-

alist system. Given that states and counties tax commodities in the U.S., our model accounts

for state-level taxes and the services they �nance, although state-level policies will be treated

as exogenous. The budget constraint of county i's state is:

ÿ

kPSi

TkXk `
ÿ

kPSi

nkτkyk “
ÿ

kPSi

nkpkGk (10)

where Si is the set of counties in county i's state, and yi ” ei{p1´τiq is the the individual net-

of-tax income, where ei is the income de�ned previously in (2). Similarly to the county-level

public services, the state-level public service Gi is fully congestible. Each resident of county

i's state receives the same amount of Gi, meaning Gk “ Gi, @k P Si. The expenditure on state

public services in county i is piniGi. As income taxes are progressive, the state's income tax

rate τk varies across counties depending on its average income.

Having de�ned public services at the state and local level, Gj ” φgj ` p1 ´ φqGj is the

aggregator of public services provided in j that enters into the utility function. The parameter

φ ă 1 governs the marginal rate of substitution between local and state public services,

9 Assuming that counties are endowed with public services (exogenous ∆i) rather than with nominal revenues
(exogenous Ri) has two advantages. First, there we do not need assumptions about the location of the
residents who �nance these other resources. Thus, ∆i is a utility shifter. Second, if all prices in the economy
vary proportionately, private consumption and public services are both unchanged. See Subsection 2.5.
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2.5 Equilibrium Relation between the Local Economic Variables

φ{p1 ´ φq: it measures the amount of state public services that an individual is willing to

trade to obtain one unit of local public services. Higher values of φ mean more relative value

put on county public services.

Having now introduced the model, it is important to note that our model features several

sources of heterogeneity including population (exogenous), other local sources of revenue (ex-

ogenous) income (backed up by κi, state tax rates on sales and income (exogenous) and the

number of �rms (backed up by fi). As a result policy choices across space will depend on

these factors.

2.5. Equilibrium Relation between the Local Economic Variables

This section shows that the central economic variable in the model is the price of the local

variety, which unambiguously determines the levels of most of the local economic variables.

First, the local wage wi is an increasing function of the price of the local variety pi as per

the optimal pricing rule that can be rewritten as:10

wi “

ˆ

σ ´ 1

σ

˙
1
α

p
1
α
i (11)

Thus, higher prices allow the �rms to pay higher wages.

Second, inserting the expression of the labor demand (7) into the local labor market clearing

condition, Li “ ni, we can express the value of i's total production Yi as:

Yi “
ni
α

ˆ

σ ´ 1

σ

˙
1´α
α

p
1
α
i (12)

which is an increasing function of the price, pi. Higher prices increase both the value of total

production and incentivize �rms to produce more.

Third, inserting (12) into (8), the number of �rms is an increasing function of pi:

mi “
nipσ ´ 1q

1´2α
α

αfiσ
1´α
α

p
1´α
α

i . (13)

Higher prices attract �rms into the jurisdiction.

Last, the aggregate payment of miρi to the owners can be expressed as an increasing

function of the local price. Inserting miρi into the local income Ei de�ned in (3) gives:

Ei “
nirpσ ´ 1qα ` 1spσ ´ 1q

1´α
α

ασ
1
α

p
1
α
i ` niκi . (14)

10 See the Appendix A for the derivation of these equilibrium relations.
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Higher prices increase total income through both higher wages and owners' payment.

2.6. General Equilibrium of the Private Economy

This section describes the general equilibrium of the private economy, taking as given local

taxes as in Suárez Serrato and Zidar (2016) and Fajgelbaum et al. (2019).

As established in Subsection 2.5, all the local variables in the private economy are functions

of the local price pi. Therefore, the general equilibrium consists of solving for a vector of all

equilibrium commodity prices in all jurisdictions. These prices are jointly determined by the

J local commodity market clearing conditions:

Yi “ Xi ` tiXi ` nipiGi . (15)

This equation states that the value of total production, Yi, is equal to the value of total

demand, composed of three elements: local demand for private consumption, Xi, demand for

public services by the local government, tiXi, and demand for the state public services, nipiGi.

More speci�cally, to obtain the general equilibrium of the private economy, we solve the

system of market clearing conditions (15) for equilibrium prices pi using the price indices Pi

de�ned in (5) and the value of state public services Gi de�ned in (10). Formally, we solve for

three sets of equations for all i “ 1, . . . , J :

pEiq

$

’

’

’

’

’

’

’

&

’

’

’

’

’

’

’

%

Yi ´ p1 ` tiq
ÿ

j

mip1 ` ti ` Tiq
´σp1´σ

i µ1´σ
ij P σ´1

j Ej ´ nipiGi “ 0, (16)

P 1´σ
i ´

ÿ

k

mkp1 ` tk ` Tkq1´σp1´σ
k µ1´σ

ki “ 0, (17)

ÿ

kPSi

nkpkGi ´
ÿ

kPSi

τk
1 ´ τk

Ek ´ Ti
ÿ

kPSk

ÿ

j

mkp1 ` tk ` Tkq´σp1´σ
k µ1´σ

kj P σ´1
j Ej “ 0, (18)

recalling that mj , Ej and Yj are endogenous variables reducing to one-to-one mapping with

respect to pj for each jurisdiction j as discussed in Subsection 2.5.

The 3-equation system pEiq will be referred to as the private economy partial equilibrium

system in county i, while the 3J-equation system, pEiqi“1,...,J , will be called the private econ-

omy general equilibrium system.11 Note that the general equilibrium system determines the

equilibrium levels of prices, tpiptqui“1,...,J , for all counties, with each jurisdiction's price being

a function of the tax rates of all counties t ” pt1, . . . , tJq. Thus, if any jurisdiction k changes

its tax rate, the price, and therefore all other endogenous variables in all other jurisdictions

11 Because Gi is the same for all towns in a state, the number of equations is 2J plus the number of states.
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will be a�ected. For later reference, we denote the general equilibrium responses:

Bpi
Btk

,
BPi

Btk
,

BGi

Btk
, (19)

which are obtained by implicitly di�erentiating the entire general equilibrium system pEiqi“1,...,J .

2.7. Local Taxation Choice

Let us now turn to the optimal tax choice of the counties in the �rst stage of the tax competition

game. The government of county i chooses its tax rate ti taking as given and �xed the tax

rates in other jurisdictions, and anticipating the responses of the private economy. Formally,

it maximizes the aggregate welfare (indirect utility) of its residents:

niVi “
EiGν

i

Pi
, (20)

subject to the equilibrium system of prices (16)�(18) and to its budget constraint (9). Using

the commodity market clearing condition (15), as derived in Appendix A, the government

budget constraint (9) is:

gi “
ti

1 ` ti

˜

1

α

ˆ

σ ´ 1

σ

˙
1´α
α

p
1´α
α

i ´Gi

¸

`∆i, (21)

which indicates that the direct e�ect of the tax rate ti and the price pi on the local public

service gi is positive, while the e�ect of Gi is negative. The price of the variety increases

the value of production by local �rms, which increases the size of the tax base and allows

the county to provide more public services. Taking as given the value of local production, an

increase in the state's public services crowds out local public services by the market clearing

condition (15). This equation also makes it clear that ∆i will act as a residual, that is, an

exogenous shifter of local public services.

For tractability purposes, and consistent with practical local tax-setting behavior, we

assume that local governments account for how their tax changes in�uence their own prices

but view the prices elsewhere as given. This assumption is weaker than countless studies of

tax competition that assume atomistic jurisdictions (Zodrow and Mieszkowski, 1986; Wilson,

1986; Hoyt, 1991), which implies that jurisdictions do not even a�ect price changes in their

own jurisdiction. This is also a weaker assumption than used in many structural models of

(exogenous) state and local tax policy that also rely on atomistic governments (Suárez Serrato

and Zidar, 2016; Fajgelbaum et al., 2019). Our governments have some market power and thus

change prices elsewhere, but simply do not account for these general equilibrium e�ects. One

can view the counties as behaving myopically�analogous to voters not accounting for price
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policy competition in a spatial economy

changes in Epple and Romer (1991) and Epple et al. (2001)�so they are not able to predict

the change in the prices of nearby jurisdictions.

Formally, we assume that as county i changes its tax rate, ti, it only accounts for the partial

equilibrium in i, pEiq, and ignores the changes on the equilibrium in other counties, pEjqj‰i.

Implicitly di�erentiating the partial equilibrium in i de�nes the partial equilibrium responses:

Bpi
Bti

,
BPi

Bti
,

BGi

Bti
, (22)

in which the �vertical bar� distinguishes these partial equilibrium responses from the general

equilibrium responses in (19). For later reference, we summarize this assumption as:

Assumption 1. When county i changes ti, it only accounts for the partial equilibrium in i,

pEiq, and ignores its e�ect on the equilibrium in other counties, pEjqj‰i.

Assumption 1 implies that the �rst-order condition of government i only includes the local

economic responses Bpi{Bti, BPi{Bti and BGi{Bti with respect to the own-jurisdiction tax rate

and ignores all cross-economic responses Bpj{Bti “ 0, BPj{Bti “ 0 and BGj{Bti “ 0. This

assumption is not strictly necessary for our counterfactual analysis, but it allows us to derive

a tractable expression for the Policy Network Matrix by simplifying cross-e�ects and expressing

the tax rate of county i solely as a function of its own variables.

We will show that Assumption 1 has minimal impact on our baseline results, but invoking

it will enable us to further investigate the mechanisms underlying the welfare e�ects. Notice

that although the local government ignores the full impact of its policy on economic variables,

it always observes correctly the level of theses variables. Critically, governments still anticipate

that markets in their own jurisdiction will clear. And Assumption 1 places no assumption on

the magnitude of the jurisdiction's strategic responses.

Having delineated the fundamentals of the government's problems, we now derive the

expressions for the Nash tax rates. The �rst-order condition for a county i can be expressed

according to the following open economy Ramsey rule (see Appendix A.2 for the derivation):

ti
1 ` ti ` Ti

“

1 ´

A
hkkikkj

χiλi
ν

´

C
hkkikkj

ηiϕi
ν

εi `
θi
ν

loomoon

B

, (23)

where εi ” ´rp1` ti `Tiq{XisBXi{Bti ą 0 is the absolute value of the elasticity of the tax base

with respect to the county (gross) sales tax rate, χi ” Xii{Xi is the share of county i's tax base

(total sales) raised from its residents, λi ” pRi ` p1 ´ φqnipiGi{φq{Ei is the ratio of non-sales
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2.7 Local Taxation Choice

tax revenues to income, and θi ” p1 ` ti ` TiqXii{Ei is the after-tax local expenditure share

of a resident of county i on the goods produced in i. In addition, our Ramsey rule accounts

for the e�ect of taxes on welfare through prices via the term ηiϕi.
12

If θi “ 1 (fully local consumption), λi “ 0 (no alternative sources of revenue) and ϕi “ 0

(no general equilibrium e�ects) our Ramsey rule boils down to the standard inverse elasticity

rule for optimal commodity taxation.13 If θi “ 0 (negligible local consumption), λi “ 0 and

ϕi “ 0, it reduces to the standard inverse elasticity rule for an optimal tari� in a small open

economy (Caliendo and Parro, 2022). To interpret Term A, when χi is large, sales tax revenue

in i is mainly raised from residents; when λi is large, jurisdictions raise a large amount of total

revenue from non-sales tax sources. As more tax revenue is raised from residents, there is less

ability to export the tax burden to non-residents, which puts downward pressure on the sales

tax rate. As non-sales tax revenue sources become larger, the sales tax become less important

and there are more instruments to raise revenue from, allowing the jurisdiction to lower the

sales tax rate. Thus, there is a substitution e�ect among sales and non-sales revenue.

When θi ą 0, Term B is increasing when a resident of i consumes a higher share of their

income in their own county. Again, as residents like low taxes on their own consumption to

increase disposable income, an increase in θi puts downward pressure on tax rates.

Term C captures the e�ects of taxes on prices. When ηi is large, public services provided

relative to the size of the local tax base are more signi�cant. This places downward pressure

on tax rates because households are willing to pay less for abundant public services due to

diminishing marginal utility. When ϕi is large, aggregate income, public services and the price

index are very sensitive to changes in taxes. This puts downward pressure on taxes if the

elasticity on income and public services is larger that the elasticity on the price index.14

Fourth, the parameter ν which governs the marginal willingness to pay for public services

has a positive impact on ti. Further, the share of local public services in total public services,

φ, enters the expression for λi. A high φ indicates a low marginal rate of substitution between

state and local public services (dg{dG “ p1 ´ φq{φ), implying a higher tax rate.

In sum, our Ramsey rule (23) highlights four main possible causes of heterogeneity in the

12 The term ηi ” nipipGi{φq{Xi is the ratio of the public services provision relative to the tax base and
ϕi ” ´

`

εiE,p ´ εiP,p ` νεiG,p

˘

ϵip,t ´ νεiG,G ϵiG,t captures the e�ects of taxes on the local price and the state
public service provision where εiy,x [ϵiy,x] is the partial equilibrium [semi-]elasticity of yi with respect to xi.
Our model allows us to sign unambiguously: εiE,p ą 0 as higher prices increase the local income, and εiP,p ą 0
and εiG,G ą 0 which are two mechanical e�ects. On the contrary, the model does not allow us to predict
unambiguously the signs of the partial equilibrium semi-elasticities, ϵip,t and ϵiG,t. However, our quantitative
analysis will be able to sign negatively these two elasticities, and sign positively the overall price e�ect ϕi.

13 In this case, ti{p1 ` ti ` Tiq “ 1{pεi ` 1{νq in which 1{ν is the marginal cost of public funds.
14 In our empirical implementation, ϕi will be positive.
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levels of local commodity tax rates. Its richness makes it one of the most comprehensive

open-economy optimal tax rules in the literature. Moreover, our empirical analysis in 3.7 will

quantify the relative importance of these four motives.

2.8. General Equilibrium: Private Economy and Local Taxation Choice

Even though counties take prices in other counties as given by Assumption 1, all equilibrium

prices are determined simultaneously. Therefore, solving for the complete equilibrium of the

economy requires computing the prices and taxes in all jurisdictions simultaneously.

First, using Assumption 1 and starting from pEiq, we analytically derive the partial equi-

librium responses that each county i anticipates by changing its tax rate: Bpi{Bti, BPi{Bti and

BGi{Bti. To do so, we apply the implicit function theorem to pEiq by di�erentiating it with

respect to ti, obtaining pdEiq. This allows us to express each county's optimal tax rule (23),

as functions of the levels of the key endogenous variables of the model (pi, Pi and Gi).

Second, we solve for the complete equilibrium of the economy by solving numerically the

7J-general-equilibrium equation system (5), (10), (15) and (23) for the Nash equilibrium tax

rates tt‹i uJi“1, price tp‹
i uJi“1, the price indices tP ‹

i uJi“1 and state public services, tG‹
i uJi“1.We

prove existence and uniqueness of the general equilibrium, following the approach of Allen

et al. (2024), for a simpli�ed version of the model�i.e. no state government and simpli�ed

Ramsey rule�can be found in Appendix A.3.

Comparing our approach to Ossa (2014) and Ferrari and Ossa (2023), we explicitly derive

the government's �rst order condition rather than numerically maximize the objective function

of governments. Thus, we exploit an additional equilibrium condition for optimal policies, such

that the model can then be computationally applied to a much larger number of jurisdictions

(e.g., counties vs. states or countries) in a very e�cient manner.

3. From Theory to Empirics

3.1. Data and Summary Statistics

We next bring our general equilibrium model of commodity taxation to the data. Commodity

taxation in the United States is highly decentralized, with sales taxes being set at the state,

county and local level. In this paper, we focus on county governments because there is a

su�ciently large number to provide ample variation and to allow for cross-border consumption

of goods. Ignoring Alaska and Hawaii, our sample includes 3,109 counties. In the continental

U.S., 13 states (with 488 counties) do not allow municipal or county sales taxation. As we

are interested in local tax setting decisions, our welfare analysis focuses on the 2,621 counties
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3.1 Data and Summary Statistics

located in the 36 states allowing for local taxation. The 488 institutionally constrained counties

without local tax authority are however always included as a shopping destination to account

for cross-border shopping opportunities.

We use data on sales tax rates for all states, counties and cities for 2011, assuming the

data represent the governments' choices in equilibrium. To account for the multi-tiered federal

structure, the e�ective county sales tax rate is the sum of its observed county rate plus the

average tax rate of the municipalities it includes. State-level tax rates are always included in

our quantitative analysis but are taken as exogenous. Among the 2,621 counties that are free

to choose their tax rates by state law, 2,219 choose to set a positive county tax rate and 402

(around 15%) choose to set a zero tax rate.

Table 1 reports the list of observed endogenous (Panel A) and exogenous (Panel B) variables

we use in the analysis and provides descriptive statistics for taxing counties.15 Figure C.1

illustrates the spatial variation in counties' sales tax rates.

Table 1. Descriptive statistics for taxing counties.

Var Mean SD Min Max

A. Endogenous model variables

County + avg. municipal sales tax rate (%) ti 1.754 1.202 0.007 6.

Number of retail �rms mi 553 1838 2 47704

Average household after-tax income (in $1,000) ei 60.299 14.173 31.432 152

Earnings (in $1,000) wi 44.587 12.76 17.209 126

Non-sales tax revenue relative to expenditure (%) Ri/(pinigiq 89.602 12.261 5.341 100

B. Exogenous model variables

Population (in 1,000 households) ni 37.542 124 0.243 3219

State sales tax rate (%) Ti 5.191 1.14 0 7.25

State income tax rate (%) τi 2.619 1.664 0 5.835

Note� Summary statistics are shown for taxing counties. Data sources: Agrawal (2015) for sales tax rates,

U.S. Census for demographic and income data, County Business Patterns for retail �rm counts, NielsenIQ

Consumer Panel for cross-border expenditures, and the Annual Survey of State and Local Government Fi-

nances for �scal data. Income tax rates are average tax rates and are calculated for a representative taxpayer

in each state using NBER TAXSIM.

15 Other socioeconomic variables used in the paper from U.S. census data are reported in Table C.1.
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3.2. Model Inversion

We invert the model in the following manner.16 First, we obtain the iceberg transportation

costs using data on interjurisdictional shopping patterns. Second, we solve (15) for pi using

data on ti, mi, ei from Table 1 for di�erent incremental values of σ. Using (11), we then obtain

σ by minimizing the variance in log wages predicted by the model versus those in the data.

Third, using this value of σ and the implied equilibrium private economy endogenous variables,

along with the estimated iceberg transportation costs, we obtain the pairwise commodity �ows

between all jurisdictions, Xij , allowing us to construct local tax bases. In addition, we derive

all the partial equilibrium responses at the observed tax rates, (22). Fourth, we calibrate κi

using data on ei and fi using data on mi. Fifth, ν and φ are estimated to match moments of

non-sales tax revenues Ri{pinigi in Table 1. Finally, armed with all inputs to our optimal tax

rule except for residual non-sales tax revenues per capita, ∆i, we solve (23) for ∆i to match

observed local sales tax rates, ti.

3.3. Estimation of the Transportation Costs: µij

Cross-border shopping costs, µij , are unobserved and therefore we use a gravity model to

predict these transportation costs. Taking logs of the aggregate purchases from residents of j

to stores in i, (4), we obtain the standard �xed-e�ect gravity equation, logXij “ κi`ϑj ´pσ´

1q logµij`ςij , where κi is a �xed e�ect that absorbs the sales tax rate and price in the shopping

destination, ϑj is an origin �xed e�ect that controls for disposable income, and ςij is an error

term (Head and Mayer, 2014). Following the literature (Yotov et al., 2016), we assume that

the shopping costs take the following functional form: µij “ exp
´

ř

k βkz
k
ij{p1 ´ σq

¯

, where zkij

includes the straight-line distance between the county population centroids and other relevant

covariates such as an indicator for purchases at home, in a contiguous county, or within di�erent

driving times.17 We therefore estimate the following gravity equation

logXij “ κi ` ϑj `
ÿ

k

βkz
k
ij ` ςij (24)

16 This section focuses on intuition, all technical details are provided in Appendix D. This includes proofs of
existence and uniqueness of this inversion procedure. Additionally, Table D.1 summarizes the nature of the
main variables of the model and their degree of matching with data.

17 In our setting, it is natural to think of shopping costs being related to the distance between jurisdictions.
But, in other contexts, such as globally mobile factors, distance can be replaced by other bilateral frictions
such as tari�, certi�cations or migration restrictions, etc. Note that in 2011, e-commerce represented 4.5%
of total retail sales. We expect the growth of online shopping to reduce, though not eliminate the in�uence
of physical distance on shopping costs. Indeed, the recent Supreme Court decision requiring taxes to be paid
on online sales has resulted in a new wave of cross-border shopping (Bruce et al., 2023).
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whereXij is county-to-county aggregate expenditure in i of residents of j constructed using the

2010 NielsenIQ Consumer Panel and the Retail Scanner Panel (Kilts Center for Marketing,

2010a,b). See Appendix C for how we match consumer locations and purchase locations

to determine bilateral consumption patters between jurisdictions. Estimating (24) using a

Poisson pseudo-maximum-likelihood approach, we obtain the results reported in Table 2.

A 1% increase in distance between counties i and j lowers purchases in i by a resident

of j by 1.34%. The subsequent indicators for purchases in the home county, in adjacent or

within 60 minutes driving time counties are positive indicating a preference for consumption

in nearby counties rather than those that are far away. In Appendix E.1, we use di�erent

speci�cations of Table 2 to predict the local expenditure share of each county (θi). They all

lead to very similar results and to be highly correlated with the observed expenditure share in

the NielsenIQ data (Table E.1 and Table E.2). We therefore use the most �exible speci�cation.

Table 2. Gravity regression results.

p1q p2q p3q p4q p5q p6q

Log(distance) ´1.341˚˚˚ ´1.231˚˚˚ ´1.183˚˚˚ ´1.332˚˚˚ ´1.216˚˚˚ ´1.169˚˚˚

p0.0974q p0.0969q p0.0965q p0.0967q p0.0962q p0.0955q

Home 4.254˚˚˚ 5.123˚˚˚ 5.523˚˚˚ 4.309˚˚˚ 5.212˚˚˚ 5.605˚˚˚

p0.568q p0.583q p0.590q p0.565q p0.580q p0.586q

Adjacent 5.447˚˚˚ 5.958˚˚˚ 6.203˚˚˚ 5.473˚˚˚ 6.000˚˚˚ 6.239˚˚˚

p0.248q p0.269q p0.280q p0.248q p0.269q p0.280q

Neighbor60 3.371˚˚˚ 3.822˚˚˚ 4.041˚˚˚ 5.336˚˚˚ 6.073˚˚˚ 6.376˚˚˚

p0.193q p0.215q p0.226q p1.129q p1.149q p1.159q

Neighbor90 2.145˚˚˚ 2.346˚˚˚ 8.726˚˚˚ 8.973˚˚˚

p0.212q p0.223q p3.383q p3.421q

Neighbor120 1.409˚˚˚ ´12.76˚˚

p0.261q p5.580q

Neighbor60 ˆ Log(distance) ´0.529˚ ´0.602˚ ´0.627˚˚

p0.305q p0.309q p0.312q

Neighbor90 ˆ Log(distance) ´1.599˚ ´1.611˚

p0.826q p0.833q

Neighbor120 ˆ Log(distance) 3.174˚˚

p1.247q

Observations 5, 272, 737 5, 272, 737 5, 272, 737 5, 272, 737 5, 272, 737 5, 272, 737

Note� ˚ p ă 0.10, ˚˚ p ă 0.05, ˚˚˚ p ă 0.01. The dependent variable is the logarithm of

expenditures of a resident of county j in county i. Home: i “ j; Adjacent: i is adjacent but is not

home; Neighbor60: i is within 60 minutes of driving time from j but not adjacent to j; Neighbor90:

i is between 60 and 90 minutes of driving time from j; Neighbor120: i is between 90 and 120 minutes

of driving time from j. Standard errors are two-way clustered at the i and j levels.
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3.4. Parameter Calibration: α, σ, ν and φ

First, we follow standard practice and parametrize the labor income share α to 2{3. Second,

we follow Ahlfedlt et al. (2015) and calibrate the elasticity of substitution σ so as to minimize

the square of the di�erence between the variance of the wages (wi) predicted by the model

and the variance of the observed wages (see Table 1). We perform a grid search of potential

values of σ between 1 to 10 with a step size of 0.01 and obtain a value of σ of 4.96 which

is close to central estimates in the trade literature (Head and Mayer, 2014). This parameter

governs the degree of substitution among of the varieties produced in the di�erent counties.

A higher value of σ implies a greater elasticity of the tax base with respect to local sales tax

rates and hence a smaller optimal tax rate in equilibrium.

Third, parameter ν which characterizes the level of the marginal willingness to pay for

public services and the parameter φ which determines the marginal rate of substitution be-

tween state and local public services are estimated jointly. We use the method of moments

to estimate these parameters so that the share of non-sales tax revenues in total government

revenues (expenditures) in the model, Ri{pinigi (see Table 1) matches both the sample mean

and the variance of data from the Census of Governments for our sample of taxing counties.

Intuitively, our estimation of ν and φ guarantees that the Ramsey rule predicts a correct share

of sales tax revenues in total revenues. Our method of estimating these parameters di�ers from

Suárez Serrato and Zidar (2016) or Fajgelbaum et al. (2019) because they do not model tax

decisions and therefore do not have an optimal tax rule, thus necessitating that they rely on

workers' mobility to reveal their preference for public services.

We obtain a value of ν “ 0.495 which means that a resident's desired expenditure share

on public services is ν{pν ` 1q “ 0.332 which is larger than the value of 0.23 in Fajgelbaum

et al. (2019). Our larger estimates are consistent with incumbent voters being more likely to

vote for higher taxes than newly settled, hence marginal, residents.

Our method of moments estimation yields φ “ 0.276, so that the marginal rate of substi-

tution between state and local public services is p1 ´ φq{φ “ 2.623. That is, a household is

willing to trade one unit of state public services for 2.623 units of local public services. While

such a high value is large, it is consistent with local residents seeking to �nance local public

services (e.g., education) using state rather than local funds. Because state and local services

are substitutable, a high value of the MRS, p1 ´ φq{φ, means that if the residents of county i

had to choose both state and local funding for education, gi and Gi, they would select a higher

amount from the state than the local government. This is because residents of i do not fully

pay for state funding for education, as it is mostly �nanced by residents outside of the county.
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3.5. Local Fundamentals: ∆i, κi and fi

Capital Income κi and �rm's entry cost fi. We compute the household capital income κi by

solving (14) using data on individual net income, ei and we recover the �rms' entry cost fi by

solving (13) using data on the number of �rms mi (see Table 1).

Alternative Sources of Revenue Ri. Alternative sources of revenue are Ri “ pini∆i, which

are governed by the per capita non-sales tax revenue (measured in goods) ∆i. For each taxing

county, given the equilibrium quantities implied by model inversion, we compute ∆i so that

each jurisdiction's Ramsey rule is satis�ed. Thus, we can recover Ri for taxing counties.

Next, we determine the non-tax resources Ri of non-taxing counties. This is challenging be-

cause counties with zero tax rates have unconstrained optimal tax rates that are unobserved�

and possibly negative. To recover the Ri for these counties, we estimate the relationship

Ri “
ř

k βks
k
i ` ϵi in taxing counties where ski are socioeconomic variables in Table C.1.

We need to distinguish between the 402 counties which voluntarily choose a zero tax�

indicating that their optimal tax rate is negative�and the 488 counties that are forced to

set zero due to state restrictions. For the latter counties, we simply set Ri “ pRi “
ř

k
pβks

k
i .

However, for the former, we need to choose a su�ciently high Ri such that the optimal tax

rate is non-positive. To this end, we use a conditional bootstrap procedure based on the

distribution of pβks
k
i and then assign Ri “ Er pRi|BVi{Bti ď 0s, as this condition guarantees that

their optimal tax rate is non-positive.

Our procedure distinguishes us from prior studies incorporating endogenous government

(Ossa, 2014; Ferrari and Ossa, 2023) where the model's predictions of governments' policy do

not match with observed data. As our paper is interested in quantifying welfare e�ects of

tax reforms, it is essential that the model accurately predicts observed endogenous tax rates,

highlighting yet again the advantage of exploiting the government's �rst order condition. A

further advantage of our approach is that the counties' alternative sources of revenue are

directly observable in the data, allowing us to test the ability of our model to match the data.

3.6. Overidenti�cation Checks

We examine the model's predictions for variables not used in the calibration and the rela-

tionships between variables not directly imposed by the model. Figure 1 shows that counties'

alternative revenues Ri, our main structural residual, is highly correlated with observed data.

As Ri is computed so that predicted tax rates coincide with observed ones, non-sales tax

revenues predicted by the model are not guaranteed to match their observed counterparts.

Using data on non-sales tax revenues from the Census of Governments, Figure 1a shows
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policy competition in a spatial economy

a strong positive correlation with the non-sales tax revenues predicted by our model for the

taxing counties. This suggests that our open-economy Ramsey rules accurately represents

the policy decision of these counties. An even more striking result, shown in Figure 1b and

Figure 1c, is that our taxation rule allows us to predict well the non-sales tax revenues of

the non-taxing counties that were not used in the calibration of ν and σ. This suggests that

our model should perform well in counterfactual scenarios that shock the tax rate in counties

currently setting a zero tax rate.
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(a) Taxing counties
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(b) Non-taxing counties (with tax

authority)
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(c) Non-taxing counties (without

tax authority)

Figure 1. Overidenti�cation check: counties' non-sales tax revenues. This �gure shows the correlation between our
model's main structural residual�alternative sources of revenue for the county Ri�on the vertical axis with data on
observed non-sales tax revenue from the Census of Governments on the horizontal axis. We depict this correlation
for three di�erent sub-groups of counties: those that levy local sales taxes (Panel a), non-taxing counties that have
the ability to levy sales taxes (Panel b), and non-taxing counties in states that ban local taxes (Panel c). While the
residuals in Panel a directly follow from our structural estimation, the residuals for both Panel b and Panel c are
recovered using the procedure in Subsection 3.5 that relies on predictions from exogenous observables.

Our quantitative model perfectly matches observed household income, ei, by calibrating cap-

ital income. However, it does not enforce a perfect match between wages, wi, and observed

earnings; instead, it only ensures that their variances coincide. Figure 2 shows that, although

not imposed, household wages in the model are positively correlated with those in the data.
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3.7 Results: Tax Decision and Tax Incidence
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Figure 2. Overidenti�cation check: household earning per county. The sample
includes all 3, 109 counties. The red line is the linear model �t.

Further, in Appendix E, we show that own-jurisdiction consumption shares in the model match

those in the NielsenIQ data. In addition, to demonstrate how well we match the policy choices

of local governments, we show that observed tax rates are strongly correlated with various

components of the Ramsey rule. In addition, we show that own-jurisdiction consumption

shares in the model match those in the NielsenIQ data.

3.7. Results: Tax Decision and Tax Incidence

Table 3 provides our quanti�cation of the di�erent components of the open economy Ramsey

rule (23).18 To the best of our knowledge, this is the �rst overall picture of the magnitudes and

distributions of all the elements of a Ramsey rule for commodity taxes in an open-economy.19

Table 3. Components of the open economy Ramsey rule (23): t
1`t`T “

1´
χλ
ν ´

ηϕ
ν

ε` θ
ν

.

Index Description Mean SD Min Max

ε Elasticity of demand w.r.t. tax (absolute value) 2.135 0.13 1.292 2.336

θ Local expenditure share 0.738 0.138 0.076 0.992

χ Share of total sales from own residents 0.776 0.107 0.057 0.985

λ Non-sales tax revenue to expenditures ratio 0.350 0.019 0.300 0.440

η Public services to tax base ratio 0.475 0.110 0.163 1.324

ϕ Equilibrium price e�ect 0.418 0.058 0.256 0.940

Note� The table reports the values of the components of open-economy Ramsey rule (23), eval-

uated at the general equilibrium of the economy, for the 2,219 taxing counties.

18 Table F.1 quanti�es the terms of the government's �rst-order condition in an alternative yet equivalent form.
19 Several prior contributions used reduced-form approach to estimate components of open-economy Ramsey
rule for tari�s and tari� equivalents (Goldberg and Maggi, 1999).
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Table 3 indicates that the tax elasticity of demand plays a critical role. Even in a rich spatial

open economy, optimal tax rates are still signi�cantly in�uenced by the elasticity of demand.

Our structural estimate of the elasticity with respect to local sales tax rates (2.136) is very close

to similar estimates in the reduced-form literature (see, e.g., Baker et al. (2021)'s 2.20). This

elasticity has a low standard deviation, suggesting that the elasticities do not vary much across

counties. With respect to the role of ϕi, as acknowledged in the trade literature (Mayer, 1984;

Grossman and Helpman, 1994; Mitra, 1999; Bagwell and Staiger, 1999, 2004), the expected sign

and magnitude of it is theoretically ambiguous. This ambiguity arises because a tax cut raises

the prices, which in turn have the following direct e�ects: increased wages, increased public

spending, and decreased private consumption. In our setting, this term is always positive,

suggesting the �rst two e�ects dominate, raising utility.

Table 4. General equilibrium local and external tax incidence.

p1q p2q p3q p4q p5q p6q

All counties 20% largest counties j

Mean SD Obs Mean SD Obs

A. Local incidence
1

pi

Bpi
Bti

´0.6415 0.1043 3,109 ´0.5324 0.1366 524

B. External incidence
1

pi

Bpi
Btj

Adjacent neighbors 0.0428 0.0512 18,474 0.0993 0.0803 3,136

Non-adjacent neighbors within 60 miles 0.0143 0.0216 14,026 0.0332 0.0342 3,042

Non-adjacent neighbors between 60 and 90 miles 0.0058 0.0127 29,279 0.0121 0.024 5,434

Non-adjacent neighbors between 90 and 120 miles 0.0012 0.0097 40,414 0.0005 0.0195 7,155

Note� The table reports the pairwise tax incidence. Columns 1 and 2 include all 3,109 counties, while

columns 4 to 6 focus on price responses across all counties resulting from a tax change in the top 20% of

counties with the largest number of households. Recall that pi is the producer price, so these incidence

estimates are on �rms.

Table 4 presents our estimates for the elasticity of prices with respect to local sales tax rates.20

We compute those price elasticities by implicitly di�erentiating the general equilibrium system

pEiqi“1,...,J . This yields a matrix of all prices changes Bpi{Btj in the economy for a 1 percentage

point increase in the tax rate of any jurisdiction. Although Assumption 1 means these terms

are unnecessary to calculate the �rst-order conditions of the governments, calculating the

cross-jurisdiction price e�ects is easy using the implicit function theorem.

20 Figure F.1 compares the partial and general equilibrium tax incidence on prices.
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We �nd that, on average, producer prices decrease by 0.642% after a one percentage point

increase of the local sales tax rate. Because 1 ` ti is close to one, the semi-elasticity in the

table can be interpreted (approximately) as a classic elasticity of ´0.642 corresponding to a

one percent change in 1`ti. This contrasts with the full pass-through on consumers estimated

in older reduced-form sales tax studies (Poterba, 1996), but is more in line with recent VAT

estimates (Benzarti et al., 2020). In the presence of tax base mobility, some of the incidence

of the tax should be born by consumers/producers in other jurisdictions. The reduced-form

estimates of multi-market estimates are nearly nonexistent in the literature. One exception

is the work by Harding et al. (2012) who show that the incidence of a state tax increase

depends on the distance to the nearest low-tax state border. We �nd a similar pattern: a

one percentage point increase in the sales tax rate of a county increases producer prices in

the adjacent county by 0.04%, which declines with distance from the taxed county. The semi-

elasticity amounts to 0.001% for counties between 90 and 120 minutes driving time. Columns

4 to 6 report tax incidence generated by the largest counties. As expected, their e�ects on

the price of other counties are much more signi�cant, as illustrated by the larger means and

standard deviations.21 Also note that local price tax incidence is smaller in these large counties

(columns 1 to 3) suggesting that the demand there is more elastic.

4. The Welfare E�ects of Tax Competition

We now use our structural estimates to investigate the welfare e�ects of tax competition. To

do that, we investigate two counterfactual policies: a minimum local tax of 2% that would

be uniformly imposed in all states that allow for local sales taxes (Subsection 4.1) and a

partial tax harmonization imposing both a minimum and a maximum tax rate of 1% and

2.5%, respectively (Subsection 4.2). If tax competition is harmful, we expect overall welfare to

increase with these centralized interventions. We then check that the mechanism at play works

indeed through the strategic tax setting of local government and compare the welfare e�ects

of both reforms under two scenarios: (i) without tax competition, that is, without allowing

counties to further change their tax rates; (ii) with tax competition, that is allowing counties

to re-optimize their tax rates afterwards.

To measure the welfare e�ects of these two tax reforms, we use equivalent variations, that

is the amount of income that should be transferred to a representative resident prior to the

reform so that her utility increases/decreases up to her after-reform utility level. The higher

21 The exceptions are the most remote neighborhoods between 90 and 120 miles which have a slightly positive
average tax incidence resulting from the balance between positive and negative incidence.
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the equivalent variation the �better� the policy. Given that preferences are homothetic, the

general formula of the equivalent variation is EVi “ pV 1
i ´ Viq{Viei. where Vi [V 1

i ] is the

pre[post]-reform indirect utility of the resident of i. Note that all welfare e�ects that we

present should be interpreted in the context of changes in the neighborhood of the existing

equilibrium, and not as deviations from the social optimum where a planner chooses the local

tax rates for each jurisdiction. While our model can technically solve for the social optimum,

we do not do this, as it has little policy relevance.

4.1. The Welfare E�ects of a Minimum Tax

We consider a baseline minimum sales tax rate of 2%. As the average county-level sales tax

rate is low (around 1.75%, see Table C.1), this would directly constrain the tax setting policy

of 69% of the counties leading to a mechanical increase of 1.1 percentage point on average.22

Figure 3 represents the e�ects of the minimum tax on the tax rate chosen by counties in the

new general equilibrium (that is, allowing all counties to change their tax rates afterwards).

Figure 3a presents the change in tax rate imposed on counties that are directly a�ected by

the minimum tax rate (treated counties). We �nd that the maximum tax increase to be of

2 percentage points, indicating that no treated counties over-react to the minimum tax by

setting a tax rate above 2%.

E�ect of minimum tax: tax rate changes
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(a) Treated counties.
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(b) Non-treated counties with negative tax

reactions.
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(c) Non-treated counties with positive tax re-

actions.

Figure 3. Change in tax rate in response to a 2% minimum tax. The �gure represents the change in
tax rate: 100 ˆ ptafter ´ tbeforeq.

22 Figure G.1 reports for the share of counties constrained by di�erent levels of minimum tax rates and the
resulting mechanical tax rate change.
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4.1 The Welfare E�ects of a Minimum Tax

The strategic responses of counties with an initial tax rate above 2% (non-treated counties)

are represented in Figure 3b and Figure 3c. A signi�cant mass of counties decrease their tax

rate (Figure 3b) while fewer counties increase their tax rate in the new equilibrium (Figure 3c).

The range of positive reactions is larger than that of negative reactions. For this particular

reform, a large mass of weakly strategic substitute neighbors dominates the scarcer strategic

complement ones, so the average tax response is slightly negative. In absolute value, the tax

adjustments of non-treated counties are small compared to treated counties. This re�ects the

fact that each county has a few treated neighbors changing their tax rates.

Overall welfare e�ects of minimum tax
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Figure 4. Total welfare e�ects of a minimum tax of 2%. The welfare e�ects are calculated in our full general
equilibrium, allowing treated and non-treated counties to respond strategically. The horizontal axis represents the
equivalent variation of the counties weighted by their populations, shown separately for di�erent groups of counties
with tax authority. The vertical axes are number of households. Table G.1 in Appendix G provides more details on
welfare e�ects.

Figure 4 presents the welfare e�ects of the minimum tax, measured by the equivalent

variation. We �nd that residents of treated counties are the winners of the policy, while the

outcome is mixed in non-treated counties. On average, an individual values the bene�ts of

the policy at $21. This number increases to $30.1 in treated counties but is only $3.4 in

non-treated counties. With respect to the magnitude of the welfare changes, it is important to

keep in mind that local sales tax rates in the U.S. are low. Therefore, it is useful to benchmark

these numbers with respect to the local sales tax burden faced by households. In this respect,
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the overall increase in welfare amounts to 5.3% of the per capita local sales tax burden. For

treated and non-treated counties, the increase amounts to 8% and 0.5%, respectively.

The rationale of this welfare increase is that the minimum tax rate forces treated counties

to increase signi�cantly their tax rates so their population bene�t from more public services

overcoming the cost of paying higher taxes.23 This is consistent with the �nding that tax

competition leads counties to set too low tax rates in the �rst place (Zodrow and Mieszkowski,

1986; Wilson, 1986). The small welfare e�ects on non-treated counties are not surprising

as these counties are only indirectly a�ected by the minimum tax. Note also that the wel-

fare e�ects are more dispersed among treated counties, re�ecting the fact that these counties

experience the largest change in their tax rates.

How much of these welfare e�ects are due to endogenous policy responses? We answer

this question by comparing the above welfare e�ects with a counterfactual world in which

counties are not allowed to autonomously set their tax rates. For each county we �rst calculate

the equivalent variation with endogenous policy responses EV endo and then the equivalent

variation without endogenous responses EV exo. The percent change is then relative to the

scenario with endogenous policy responses, 100ˆ pEV endo ´EV exoq{|EV endo|. As this can be

positive or negative, the average e�ect is reported as the mean of the absolute deviation.

Figure 5 presents the distribution of the di�erence in equivalent variations due to en-

dogenous tax setting. The (absolute value of the) welfare e�ect of allowing governments to

strategically respond amounts to around 6.4%. As a result, not counting for endogenous pol-

icy in a quantitative model would lead to substantial biases in the welfare e�ects. This mean

contribution masks a substantial heterogeneity with endogenous policy contributing to 29% of

the welfare e�ect at the 95th percentile of the (absolute value of the) distribution. Figure 5

also shows the extent of heterogeneity among winners and losers from endogenous tax setting:

55% of the population bene�t from endogenous tax setting with an increase in welfare due to

tax competition of 7.8% on average (33% at the 95th percentile of winners) while 45% of the

population lose from endogenous tax setting with an average loss due to it of 4.8% (19% at the

95th percentile of losers). Among non-treated counties, endogenous policy making accounts

for 7.4% of their welfare gains. For treated counties, the e�ect is slightly negative ´0.5%,

meaning that endogenous tax setting dampens the welfare gains for these counties.24 The

non-treated counties drive the welfare di�erences with endogenous policy, as these are the

23 Figures G.2 and G.3 in Appendix G further decompose the welfare e�ects of the minimum tax into public
and private gains.

24 Figure G.4 in the Appendix G correlates the change in tax rate and the change in welfare. Results indicate
that counties increasing their tax rates are more likely to bene�t from endogenous policy responses than
counties reducing their tax rates.
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4.2 The Welfare E�ects of Tax Harmonization

jurisdictions who react strategically to the treated jurisdictions.

Contribution of endogenous policy to the welfare e�ects of minimum tax
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Figure 5. This graph represents the percent change in equivalent variations of a minimum tax of 2% with strategic
interactions relative to without strategic interactions. Percent change are de�ned as 100ˆpEV endo´EV exoq{|EV endo|.
The average welfare e�ect of endogenous policy is computed as the mean absolute value of the welfare change. The
sample includes all counties with taxing authority.

4.2. The Welfare E�ects of Tax Harmonization

Appendix H studies the welfare e�ects of (partial) tax harmonization (Fajgelbaum et al., 2019;

Hines, 2023) imposing both a minimum and a maximum tax rate of 1% and 2.5%, respectively.

This corresponds to a policy in which all states allowing for a local sales tax would require

their counties to choose a tax rate within a bandwidth of 0.7 percentage points around the

mean tax rate of all counties in those states (around 1.75%). We can therefore investigate

whether the welfare e�ects di�er between counties treated from above (�top-treated�) or from

below (�bottom-treated�).

In our baseline scenario of a bandwidth of 0.7 percentage points, partial tax harmonization

leads to an overall welfare decrease of ´$9 driven by top-treated counties that are forced to

decrease their tax rate (see Table H.1 and Figure H.2). These results extend those observed

for the introduction of a minimum tax: counties that have to increase (decrease) their tax rate

experience a welfare gain (loss), suggesting that observed tax rates are loo low. Comparing
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our welfare e�ects with and without endogenous tax setting also leads to a similar conclusion

as for minimum taxes: endogenous policy responses amount on average to 5.6% of the welfare

e�ects with 56% of the population bene�ting from endogenous tax setting and 44% of the

population losing from it (Figure H.3)

What would be the optimal minimum tax rate? Is partial harmonization preferable to a

minimum tax, or could another policy result in higher aggregate welfare? Answering these

questions is inherently challenging, as it requires comparing a broad spectrum of policies.

Moreover, since such policies inevitably create both winners and losers, it is necessary to

adopt a clear stance on the objective function of a social planner. To advance this discussion,

we focus instead on the essence of tax competition: the interdependence of tax setting among

a network of local jurisdictions. In Section 5, we introduce a new concept�the Policy Net-

work Matrix (PNM)�along with two associated measures of the degree of tax competition:

Policy Responsiveness and Policy Impact. In Section 6, we show that Policy Impact is a key

determinant of the welfare e�ects of tax competition and provide evidence that any optimal

policy should incorporate this measure into its design.

5. The Policy Network of Tax Reforms

The Policy Network Matrix (PNM) is the extension to a general spatial equilibrium econ-

omy of the well-known spatial weight matrix and its coe�cients estimated in many prior tax

competition papers (see Agrawal et al., 2022, for a review). It is de�ned as follows.

De�nition 1. The Policy Network Matrix (PNM), denoted ΩΩΩ, is an J ˆ J matrix including

all bilateral interjursidiction tax reaction functions evaluated at the general equilibrium of the

economy. The element of the ith row and jth column of the PNM, ωij is the tax response of

jurisdiction i to a marginal change in jurisdiction j's tax rate, taking as �xed the tax rates in

all other counties: ωij “ Bti{Btj.

Intuitively, the PNM is the �rst-order tax change of any county to a tax change in any other

county (or set of counties) through spatial general equilibrium linkages. It is a matrix with

J2 entries resulting from possibly highly nonlinear tax functions. It di�ers from the general

equilibrium tax changes in our counterfactual exercises as it is derived taking as �xed the tax

rates of all other counties.

Using network terminology, the PNM is a proper adjacency matrix describing the net-

work consisting of the set of the jurisdictions (nodes) connected by their pairwise best policy

responses, ωij (links)�see Jackson (2008) for a survey. As policy responses are non-binary

links that vary in intensity, the network is weighted ; and as policy responses are asymmetric,
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5.1 Computation of the Policy Network Matrix

ωij ‰ ωji, the network is directed. Another network property of the PNM is that it represents

a strongly connected network because the general equilibrium implies that each jurisdiction's

tax change can a�ect the tax setting of every other jurisdiction by a direct path.

5.1. Computation of the Policy Network Matrix

The PNM includes all the tax reaction functions evaluated at the general equilibrium. Its

computation requires di�erentiating the �rst-order conditions of the local governments intro-

duced in Subsection 2.7, subject to the general equilibrium of the private economy de�ned in

Subsection 2.6. This section derives in four steps the closed-form expression of the PNM using

the implicit function theorem. Importantly, although the following derivation of the PNM is

motivated by our particular quantitative model, the resulting formula of the PNM is general

and does not assume any particular structure; it applies to any quantitative model.

Step 1: General Equilibrium of the Economy

As the PNM is evaluated at the equilibrium, we �rst need to compute the general equilibrium

of the economy as described in Subsection 2.8. In particular, this step computes the levels of

the three key endogenous variables�the prices, pi, the price indices, Pi, and the state public

services, Gi�and their partial equilibrium responses to taxation�Bpi{Bti, BPi{Bti and BGi{Bti

evaluated at their general equilibrium levels tt‹i uJi“1, tp‹
i uJi“1, tP ‹

i uJi“1 and tG‹
i uJi“1.

Step 2: General Equilibrium Economic Responses to Taxes: Tax Incidence

How do economic variables, pj , Pj an Gj vary in all counties as some (not necessarily all)

taxes change exogenously? To answer this question, we need to compute the actual general

equilibrium responses to a tax change. We therefore totally di�erentiate the general equilib-

rium system pEiqi“1...,J which gives AdZ “ Bdt, where dt1 “ pdt1 . . . dtJq is the aggregate

tax response vector, dZ1 “ pdZ1
1 . . .dZ

1
Jq with dZ1

i ” pdpi dPi dGiq is the aggregate vector

of economic changes, A is a 3J ˆ 3J matrix and B is a 3J ˆJ matrix which can both be fully

computed from the step 1 (their explicit expressions are derived in Appendix I). Inverting this

system, we obtain the economic responses to exogenous tax changes:

dZ “ ΠΠΠ dt (25)

whereΠΠΠ ” A´1B is a 3JˆJ matrix which represents the Jacobian of the economic prices with

respect to exogenous tax changes. Hereafter, we call this matrix the price response matrix.

It is important as it allows us to infer, for any vector of small exogenous tax changes, the
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resulting incidence on all the prices of the economy.

Step 3: Behavioral Tax Responses to Economic Changes

The next step is to determine the responses of taxes, dti, to changes in the economic variables,

dpj , dPj and dGj . To do so, we need to totally di�erentiate the governments' �rst-order

conditions based on two important preliminary observations.

First, immediate inspection of the expression of county i's �rst-order condition (23) indi-

cates that it only includes county i's variables. This property is due to Assumption 1, which

means that (16)-(18) so all derivatives of pj , Pj , and Gj in this system with respect to ti,@j ‰ i

are zero. This is computationally particularly useful because it will allow us to compute the

tax responses to economic variables for each county separately.25 Second, a property of the

government's decision rule compared to other economic agents (households and �rms) is that

this rule depends on (anticipated) price responses (Bpi{Bti, BPi{Bti and BGi{Bti).
26 Hence,

di�erentiation of the government's �rst-order condition generates second-order terms: the dif-

ferential of these price derivatives, dpBpi{Btiq, dpBPi{Btiq, and dpBGi{Btiq. Intuitively, these

terms capture the fact that, as a government observes a change in the economy, it re-evaluates

the responses of economic variables to its policy in order to choose the appropriate tax rate.

In sum, the above two observations imply that we need to totally di�erentiate county

i's �rst-order condition together with the three-equation �rst-order partial equilibrium

system pdEiq. From the implicit function theorem, total di�erentiation of this 4J-

equation system can be written in matrix form as KidVi “ LidZi, where dV1
i ”

pdti dpBpi{Btiq dpBPi{Btiq dpBGi{Btiqq is the vector of local tax and second-order re-

sponses, dZ1
i is the vector of changes in economic variables already introduced, and Ki is

a 4ˆ 4 matrix and Li is a 4ˆ 3 matrix which can both be fully computed from the step 1 (see

Appendix I for their explicit expressions). Inverting this system allows us to compute the tax

and second order responses as dVi “ K´1
i LidZi, from which we can extract:

dt “ HdZ (26)

where H is a I ˆ 3J block diagonal matrix. Relation (26) represents the tax response to

changes in any economic variables treating changes in prices as exogenous. Importantly, the

price changes can result from any possible cause. They may be the result of a tax reform

as analyzed in this paper, but they can also be caused by any other policy (such as. e.g., a

25 Let us reiterate that Assumption 1 has minimal impacts on our estimates of the welfare e�ects of endogenous
policy setting. The gain in tractability allows us to study the mechanisms underlying these welfare e�ects.

26 Immediate derivation of the government's objective function (20) yields: 1
Ei

BEi
Bti

´ 1
Pi

BPi
Bti

` ν
Gi

BGi
Bti
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transportation infrastructure). Here we consider these economic responses to result from a

tax change itself. These are the tax incidence e�ects as described in step 3 below.

Step 4: Policy Network Matrix

Combining steps 2 and 3 allow to compute the tax responses of any jurisdiction to changes

in the tax rates by any other jurisdictions. Formally, inserting the price responses (25) into

the tax responses (26), we obtain dt “ Odt, where O ” HΠΠΠ. Notice that as a jurisdiction's

tax rate appears on both sides of the equation, we need to zero-out the diagonal. After trivial

matrix manipulation, we get:

dt “ ΩΩΩ dt, or equivalently, dti “
ÿ

j

ωijdtj , (27)

where ΩΩΩ ” pI´Odq´1pO´Odq. I is the identity matrix and Od is the diagonal matrix whose

diagonal elements are the diagonal elements of O, and o�-diagonal elements are zero. ΩΩΩ is a

J ˆ J non-symmetric matrix in which all the diagonal elements are zeros. It collects the set

of endogenous weights composing the Policy Network Matrix.27

5.2. Properties of the Policy Network Matrix

The Policy Network Matrix is a spatial general equilibrium measure with three important

properties: nonlinearity, endogeneity, and heterogeneity. We discuss each in turn.

In a spatial general equilibrium economy, tax response functions, ti “ fipt1, ..., tJq, are

implicitly de�ned by highly nonlinear �rst-order conditions. This implies that the slope of

these function depend on the levels of the tax rates. The slope of these functions represents the

strategic response of i to a small tax change of competitor(s) tax rate(s) in j ‰ i. Consequently,

the PNM will measure the marginal e�ect around the initial equilibrium.

Observation 1 (Nonlinearity). The tax response function is nonlinear. Consequently, the

PNM measures marginal tax responses around the initial equilibrium and cannot be used to

determine the level of the tax rate.

Nonlinear tax functions mean that strategic responses may vary widely across jurisdiction

pairs. There are two sources of heterogeneity in the policy responses of jurisdictions. First,

the tax response function, ti “ fipt1, . . . , ti´1, ti`1, . . . , tJq, can be jurisdiction speci�c�even

27 Equation (27) makes clear that the PNM ΩΩΩ can be used to analyze the local stability of any tax reform dt0
by examining its eigenvalues. Our quanti�cation in Appendix J shows that all eigenvalues have an absolute
value less than 1, indicating that any tax reform is locally stable.
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if jurisdiction have the same tax rates, they can respond di�erently to a unit change in taxes.

Second, even if the function was not jurisdiction-speci�c, ti “ fpt1, . . . , ti´1, ti`1, . . . , tJq, the

slope of the response function near the equilibrium may di�er because the equilibrium levels

of tax rates are di�erent in the �rst place.

Typically, for a sample of size J jurisdictions, we need to estimate the J2 entries of the

PNM. This contrasts with the prior reduced-form literature that estimates a single parameter

rather than J2 pairwise responses. Estimating a single response forces all jurisdictions' tax

rates to be either strategic substitutes or strategic complements. Yet, both cases could coexist.

In other words, strategic responses di�er not only in magnitudes, but may also di�er in sign

depending on the characteristics of the competitor jurisdiction. Only a structural approach

like ours can recover this key heterogeneity. See Appendix J for a discussion that compares

our approach with the reduced-form literature.

This leads to Observation 2:

Observation 2 (Heterogeneity). The Policy Network Matrix's components are heteroge-

neous:

(i) The Policy Network Matrix is not symmetric.

(ii) The Policy Network Matrix may include positive, negative and zero terms.

One reason why policy responses are heterogeneous is because endogenous price changes and

�scal externalities di�er dramatically across space. The PNM is a function of all of these

endogenous linkages. Therefore, by de�nition, it is itself endogenous:

Observation 3 (Endogeneity). The Policy Network Matrix is endogenous.

An important implication of the endogeneity of the Policy Network Matrix is that in

addition to the standard simultaneity of tax rates, the individual elements of the PNM are

endogenous. Thus, any reduced-form approach would require both instruments for tax rates

and instruments for the elements of the weight matrix.

The PNM is a powerful tool for two reasons: �rst, it allows us to recover the linkages

and the extent of competition between jurisdictions. While the prior literature has resorted

to ad hoc proxies (e.g., contiguity) the PNM places no a priori constraints on who/where the

competitors are. Second, the PNM can be used to approximate, still accurately, the e�ects

of di�erent counterfactual policy scenarios near the equilibrium without the need to solve for

complex and computationally intensive general equilibrium e�ects in the case of a large number

of jurisdictions.28 This is stated in Observation 4 and formally derived in Appendix J.2.

28 As the PNM is a local approximation of the tax responses near the observed equilibrium, we assess in
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Observation 4 (Counterfactual). Evaluation of local counterfactual policy scenarios ac-

counting for strategic responses of governments can be assessed using the PNM and the general

equilibrium price response matrix. Formally, for any counterfactual exercise that exogenously

changes the tax rates in a set of jurisdictions,

(i) compute the change in the tax rates of all other jurisdictions using the PNM,

(ii) compute the change in the general equilibrium prices due to changes in the tax rates in

all jurisdictions using (25),

(iii) the impacts on economic variables can then be measured by di�erentiation of conditions

(11)�(14).

Observation 4 extends the network e�ects of trade shocks characterized in Allen et al. (2020)

and Baqaee and Farhi (2024) (steps ii and iii) by accounting for the extra network e�ects of

strategic governments' decisions (step i). Existence and uniqueness of the local policy coun-

terfactual is guaranteed by the implicit function theorem (Allen et al., 2020). The usefulness

of step i of Observation 4 will be shown in Section 6.

5.3. Summarizing the PNM: Policy Responsiveness and Policy Impacts

While the PNM yields all pairwise relationships in the economy, when studying thousands of

local governments, it is useful to construct economically-meaningful summary measures of this

matrix. We propose two such measures�policy responsiveness and policy impact�the �rst of

which is consistent with prior reduced-form studies, while the latter is novel to the literature

and will be the relevant measure that drives the welfare e�ects of tax competition.

Policy responsiveness is obtained by row-standardizing the Policy Network Matrix, making

it comparable to reduced-form spatial weight matrices that are usually standardized so each

row sums to unity. Denote each element of the PNM, where i indexes rows and j indexes

columns, as ωij “ Bti{Btj . Then, the row-sum of these elements yields policy responsiveness

βi for each jurisdiction i. It measures how jurisdiction i's tax rate responds to a simultaneous

1 unit change in the tax rates of all other jurisdictions.

De�nition 2 (Policy Responsiveness). The policy responsiveness (PR) of jurisdiction i is:

βi ”
ÿ

j

ωij “
ÿ

j

Bti
Btj

. (28)

Appendix J.3 the accuracy of this approximation by comparing the tax change predicted by the PNM with
the tax change obtained by solving for the general equilibrium; they are highly correlated.
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To link to prior reduced form work, policy responsiveness is analogous to coe�cient b from a

regression of ti “ a ` bt̄i ` ei where t̄i is the spatial lag of competitor tax rates (Brueckner,

2003). However, relative to this literature which estimates a single slope parameter b, note that

our policy responsiveness is allowed to vary across jurisdictions, thus allowing us to quantify

the extent of heterogeneous responses in Subsection 6.1.

If, instead, the PNM is column-standardized rather than row-standardized, a new im-

portant measure emerges: policy impact. It measures the aggregate impact of a one unit

increases in jurisdiction j's tax rate on all other jurisdictions tax rates. While policy respon-

siveness yields the e�ect of the economy on a single jurisdiction, policy impact yields the e�ect

of a singe jurisdiction on the economy.

De�nition 3 (Policy Impact). The policy impact (PI) of jurisdiction j is:

γj ”
ÿ

i

ωij “
ÿ

i

Bti
Btj

. (29)

Policy impact is novel to the tax competition literature because estimating the e�ect of a

single (small) jurisdiction on the rest of the economy is challenging. This stems from the

premise that reduced-form researchers do not have enough degrees of freedom to estimate all

pairwise responses in the economy. As shown in Subsection 6.2, policy impact will be more

heterogeneous across jurisdictions than policy responsiveness.

While novel to strategic policy setting, βi and γi represent standard centrality statistics

of a network. The network literature calls βi “
ř

j ωij the in-degree of node i�the extent to

which node i is in�uenced by others�and γi “
ř

j ωji the out-degree of node i�the in�uence

exerted by node i on others. In Appendix J, we quantitatively compare our measure of Policy

Impact with other measures of centrality: eigenvector centrality, Katz-Bonacich centrality and

intercentrality, as well as multilateral resistances in the trade literature.

In practice, βi and γi for a given county need not be similar. For example, a large county

may be little in�uenced by other counties but have a signi�cant impact on them. We will

quantify and compare both both measures and their heterogeneity across all U.S. counties.

While we have de�ned each of these terms by summing over the entire row or column, they

can easily be extended to summations over a smaller set (e.g., neighboring) jurisdictions.

Although the PR and the PI will in general di�er for a particular county, an important

property is that, on average, both are equal. This is summarized in the following proposition:

Observation 5 (Average Policy Competition E�ect). The average policy responsiveness

is equal to the average policy impact:

β “ γ,
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where β ”
ř

i βi{J is the mean of the PRs and γ ”
ř

j γj{J is the mean of the PIs.

Proof. The proof mechanically follows from De�nitions 2 and 3. Indeed, β “
ř

i βi{J “
ř

i

ř

j ωij{J “
ř

j γj{J “ γ.

Observation 5 is important for quantitatively analyzing policy competition. It guarantees

that the policy responsiveness, βi, and the policy impacts, γi, are comparable measures on

average.29 In the extreme case in which all jurisdictions have the same responsiveness to tax

competition, and in which they all trigger the same aggregate impacts on their neighbors,

Observation 5 implies that a jurisdiction's exposure and impact are equal, i.e. @i, βi “ γi.

6. Policy Network Matrix and Welfare E�ects

We now quantify the PNM and its summary measures in the context of sales tax competition.

6.1. Policy Network Matrix

Figure 6.a plots the elements of the Policy Network Matrix, Bti{Btj , for the counties allowed to

set local tax rates where the vertical axis represents county i and the horizontal axis represents

county j. Counties are sorted by straight-line distance from the most northwest county.30

A �rst striking feature of Figure 6.a is that the PNM is not symmetric. A county i might

react to a change in the tax rate of county j di�erently than county j reacts to county i.

Moreover, as acknowledged in models of oligopolistic competition (Bulow et al., 1985), tax

rates can be either strategic complements (red color scale) or strategic substitutes (blue color

scale), depending on two possible o�setting economic forces:

1. tax base e�ects: a tax increase in j expands the tax base of competitor jurisdictions i,

creating incentives for the i jurisdictions to raise their tax rate because of the larger base

and the desire to engage in tax exporting,

2. price e�ects: a tax increase in j increases the price of that variety paid by residents of

i, which jurisdiction i seeks to compensate by lowering its tax rate.

Figure 6.b and Figure 6.c further decompose the PNM into positive and negative val-

ues. Comparing panels b and c reveals that strategic complementarity in tax rates is more

29 An implicit assumption for Observation 5 to hold is that the PNM is a square matrix. If policy impact and
policy responsiveness are calculated by summing over a subset of jurisdictions, this property will not hold.

30 Note that in Figure 6 two geographically nearby counties will be represented as adjacent cells, but not all
adjacent cells represent nearby counties.
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likely to arise among geographically close neighbors (around the diagonal), while tax rates as

strategic substitutes are more likely among more distant (away from the diagonal) neighbors.

Furthermore, positive tax reactions are larger than negative reactions which are very small

in absolute value. This result is intuitive: tax base e�ects are likely to be strongest among

proximate neighbors and price e�ects to slightly dominate for more remote jurisdictions.

Policy Network Matrix
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Figure 6. Policy Network Matrix. The �gure represents the elements of the PNM for the 3,109
counties. Counties are sorted by straight-line distance from the most northwest county. A cell of the
matrix has element Bti{Btj where i represents a row and j a column.

Last, policy reactions are stronger in absolute value (darker color) when jurisdictions are

closer to each other, while more distant jurisdictions are less likely to engage in strategic com-

petition. This is con�rmed by Table 5 that breaks down the average tax reactions (separately

for positive and negative values) according to the distance of the neighbors.

Table 5. Spatial gradient of the components of the PNM.

Bti{Btj ą 0 Bti{Btj ă 0

Mean SD Mean SD

Adjacent neighbors 0.0022 0.0047 ´0.0023 0.0052

Non-adjacent neighbors within 60 miles 0.0016 0.0036 ´0.0007 0.0016

Non-adjacent neighbors between 60 and 90 miles 0.0012 0.0032 ´0.0003 0.001

Non-adjacent neighbors between 90 and 120 miles 0.001 0.0028 ´0.0002 0.0005

Although distance is a powerful force in determining the heterogeneity of responses, it is
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not the only force�this can be seen by the dark long lines for some counties in Figure 6. In

our model, strategic reactions to depend on other location fundamental such as size, socio-

economic variables, and political characteristics, which we will explore subsequently. The fact

that elements of the PNM can be heterogeneous across multiple dimensions adds substantial

�exibility relative to prior models that only allow contiguity or distance to matter. Finally,

while the numbers in the table may appear small, they are the pair-wise responses and not

the aggregate responses estimated in studies of tax reaction functions. This leads us to our

summary measures of policy responsiveness and policy impact.

6.2. Policy Responsiveness and Policy Impact

First focusing on policy responsiveness, Panel A of Table 6 indicates that if all other counties

in the economy increase their tax rate by one percentage point, the average county response

is to increase its tax rate by 0.09 percentage points. This aggregate e�ect masks some of the

heterogeneity by summing both positive and negative pairwise responses. The second row of

this panel show that on average, 20% of a given jurisdiction's responses are positive and thus

80% of these pairwise responses are negative. Yet, as the aggregate e�ect is positive, this shows

that despite being less frequent, complementary responses are much larger in magnitude.

The tax responses are in the lower range of those in prior tax competition work, perhaps

because we focus on all bilateral competition. That literature estimates that if its average

neighbors' tax rate increase by one percentage point a sales tax jurisdiction increases its

tax rate by 0.10 and 0.35 percentage points (Devereux et al., 2007; Agrawal, 2016). These

estimates, using ad hoc assumptions on who competitors are, provide the link from the reduced-

form literature to our measure of policy responsiveness.

Table 6. Policy Responsiveness, Policy Impact, strategic complementarity
and strategic substitutability of the 2,621 counties with tax authorities.

Mean SD Min Max Obs

A. Policy Responsiveness

Policy responsiveness pβiq 0.085 0.033 ´0.188 0.212 2621

Share of positive reactions in βi (%) 20.04 23.86 2.9 97.46 2621

B. Policy Impact

Policy impact pγiq 0.085 0.274 ´0.395 5.55 2621

Share of positive reactions in γi (%) 21.06 8.52 8.91 89.48 2621

Note� βi and γi are sums over the 3,019 counties in the sample. The standard

deviations of the positive and negative shares are equal because two vectors

with a constant component-wise sum have equal standard deviations.
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Next, focusing on policy impact, Panel B of Table 6 indicates�consistent with Observation

5�the mean policy impact is very similar to the mean policy policy responsiveness.31 In words,

on average, a one unit change in a given county's tax rate raises the tax rate of all other counties

by 0.085 percentage points.

Importantly, while the average policy responsiveness and policy impact are similar, the

standard deviation of policy impact is 8.3 times larger than policy responsiveness. Policy

impact is much more heterogeneous across jurisdictions than policy responsiveness. We next

turn to why one of the metrics is more heterogeneous than the other and what characteristics

of jurisdictions drive this heterogeneity.

Further evidence of this di�erence between PR and PI are reported in Figure 7 which

represents these two indicators with respect to population quantiles�Appendix J.4 reports

the speci�c cases of the states of New York and California.

Policy responsiveness and policy impact

β (Responsiveness)
γ (Impact)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
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Figure 7. Policy responsiveness and policy impact with respect to the county population.

Figure 7 con�rms that the policy responsiveness of all counties are essentially similar even

though several larger counties like New York and Los Angeles are in the lower range. It also

con�rms that the policy impact is strongly heterogeneous with only a few large counties having

31 In theory, both means should be identical, but in this table we only report the averages over the 2,403
counties with taxation authority. The average over all counties is indeed the same for PI and PR.
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an impact being non-negligible. Among them, the largest counties have strikingly high PIs.

Table 7 reports the results of the regressions of the PR and the PI of the counties on

several exogenous variables, focusing on the e�ects of size of the jurisdiction and the size of

nearby competitor jurisdictions. Our model features several sources of heterogeneity including

population, income, state taxes, and the number of �rms. Despite the multiple sources of het-

erogeneity in the model we �nd that own-jurisdiction and neighboring jurisdictions populations

explains most of the variation in our new metric, policy impact. In particular a regression of

policy impact on population variables yields an R2 of 0.59, while adding other variables only

increases this to 0.65. This contrasts with policy responsiveness where these variables do not

explain much of the variation (R2 “ 0.04q.

In addition to explaining little of the variation of policy responsiveness, own-jurisdiction

population has no signi�cant correlation with policy responsiveness. At best, policy respon-

siveness has a slight correlation with neighboring jurisdiction population. Population is not

able to explain much of policy responsiveness because, by de�nition, it captures the e�ects

from changes in the rest of the economy.

Turning to policy impact, relative population sizes are the key explanatory variables. With

respect to own-jurisdiction population, bigger jurisdictions have a higher impact on the rest

of the economy. The negative relationship with neighboring population further indicates that

it is relative size that matters, though the relationship with own-population is almost three

times larger than neighboring population.

Panel B indicates that, as expected, opposite e�ects are observed for the policy impact. A

county's tax rate responds more to a joint increase in its neighbors' tax rates the larger these

neighbors. This e�ect is intuitive, as bigger neighbors are expected to generate larger tax base

spillovers. In sum, these results show that in order to understand the policy responses of a

county one needs to consider not only its size, but also the size of the other counties with

which it directly interacts.

6.3. Policy Impact and Welfare E�ects

The Policy Network Matrix provides useful information for designing potential tax reforms.

It may help policymakers to target subgroups of jurisdictions according to their policy impact

or, as shown in Table 7, by using a close proxy to it such as population.
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Table 7. Policy responsiveness, policy impact and covariates.

p1q p2q p3q p4q

Responsiveness β Impact γ

Population ni ´0.002 0.015 1.722˚˚˚ 2.753˚˚˚

p0.006q p0.012q p0.526q p0.552q

Population squared n2
i ´0.009 ´0.524˚˚˚

p0.007q p0.140q

Population of an average neighbor within 120 miles nneigh
i ´0.031 ´0.139˚˚˚

´0.806˚˚
´0.938˚˚˚

p0.023q p0.022q p0.302q p0.343q

Population squared of an average neighbor within 120 miles nneigh
i

2
0.137˚˚˚

´0.006

p0.019q p0.320q

N 2621 2621 2621 2621

Adjusted R squared 0.685 0.694 0.594 0.647

Adjusted R squared (no control and no state FE) 0.034 0.036 0.519 0.589

Marginal e�ect of ni 0.014 2.716˚˚˚

p0.012q p0.543q

Marginal e�ect of nneigh
i ´0.129˚˚˚

´0.938˚˚˚

p0.021q p0.328q

Note� ˚ p ă 0.10, ˚˚ p ă 0.5, ˚˚˚ p ă 0.1. Standard errors in parentheses are clustered at the state level.

The sample includes all counties with tax authority. All population variables are in millions for readability. All the

regressions include state �xed e�ects and the county control variables reported in Table C.1.

To illustrate this, this section considers several di�erent counterfactual exercises that target

di�erent sub-groups of jurisdictions. The �rst imposes a tax increase of 1 percentage point for

the bottom 20% of counties with the lowest policy impact. The second imposes the same tax

increase, but now for the top 20% of counties with the highest policy impact. We compare

these scenarios with conventional reforms where policy makers target jurisdictions based on

the level of the jurisdiction's tax rates (the top/bottom 20% with the highest/lowest tax rate).

In all reforms, we impose a 1 percentage point increase, but we allow these jurisdictions to

further change their tax rates in response to tax changes in the rest of the economy.32

Figure 8 o�ers intuitive insights on how to target tax coordination policies. A policy target-

ing jurisdictions with the largest policy impacts generates larger welfare e�ects than targeting

low impact jurisdictions. In addition, comparing interventions that target based on policy im-

pact have larger e�ects than when targeting based on the level of the tax rate, as is done with

32 Appendix J.5 provides summary statistics on each of these target groups and supplements the results presents
the results presented in this section.
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minimum or maximum tax rates. In addition to comparing the overall welfare e�ects of the

reform, we can compare the heterogeneity of how welfare changes across jurisdiction. When

targeting based on the level of the tax rate, the distribution for targeting the highest and

lowest tax jurisdictions are similar (Figure 8.b). However, with respect to policy impact, tar-

geting high policy impact jurisdiction leads to a more dispersed distribution (higher variance)

yet right-shifted (higher mean) distribution than targeting low policy impact jurisdiction.

As shown in Appendix J.5, targeting high policy impact jurisdictions results in a wider

range of strategic tax adjustment in addition to a wider range of welfare e�ects among non-

treated counties. Focusing on the initially non-treated counties, most raise their tax rates in

response as high policy impact jurisdictions now set higher rates, but still these jurisdictions

experience overall welfare losses. This welfare loss arises because residents of non-treated

jurisdictions now pay higher taxes that bene�t residents of the high policy impact jurisdictions

(large jurisdictions). The welfare loss of higher prices by non-treated residents is partially o�set

by higher taxes and public services at home, but not enough to provide welfare gains because

of the small tax bases in low policy impact (small) jurisdictions.

Reform increasing taxes based on tax rate levels or PI levels: Welfare e�ects
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Figure 8. Total welfare e�ects of a targeted 1 percentage point increase in tax rates. In each case, 20% of the
counties are constrained to increase their tax rates by 1 percentage point. All 2, 621 counties with tax authority
are subsequently allowed to change their taxes endogenously. The welfare e�ects (equivalent variation) include
all counties with tax authority and are weighted by the counties populations.
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7. Conclusion

Designing optimal policies when both economic linkages across heterogeneous jurisdictions

and their own policy setting are endogenous is notoriously di�cult. This paper makes two

contributions in this direction. First, it introduces endogenous policies in a quantitative spa-

tial model that features thousands of heterogeneous jurisdictions that compete both at the

intensive and the extensive margins. We bring this model to the data to match local tax rates

for all US counties, drawing on an elegant open-economy Ramsey rule. We show that various

minimum-tax or tax-harmonization policies increase aggregate welfare, providing evidence that

tax competition leads to socially suboptimal tax rates and is therefore harmful. Our key result

underscores the importance of endogenizing policy responses when conducting counterfactual

analyses. We estimate that ignoring endogenous policy responses can bias the estimates of

the welfare e�ect of introducing minimum sales tax rate of 2% among U.S. counties by about

6.5%. This mean contribution basks substantial heterogeneity across place, with endogenous

policy contributing to 29% of the welfare change at the 95th percentile.

Second, our Ramsey rule for optimal tax rates allows us to derive and quantify all bilateral

policy linkages, thus identifying the key players in a tax competition game. Speci�cally,

jurisdictions can be ranked according to two measures: the e�ect of each jurisdiction on the

broader economy (policy impact) or the e�ect of the economy on each jurisdiction (policy

responsiveness). We show our novel measure of policy impact is more critical for welfare than

policy responsiveness. We show that targeted interventions focusing on key jurisdictions with

the largest e�ect on the economy as a whole�that is, high-policy impact jurisdictions�will

improve welfare by six times as much as traditional policies targeting low tax rates. However,

while such targeted interventions increase welfare overall, the welfare e�ects are heterogeneous

and some households may even lose due to higher prices.

Contrary to the conventional wisdom that the presence of low-tax jurisdictions constrain

the tax-setting of high-tax jurisdictions, our results suggest that increasing the tax rates

of high-impact jurisdictions (even if they already have relatively high tax rates) can yield

larger welfare gains. In practice, measuring policy impact is complex and endogenous, but

we �nd a strong correlation between policy impact and jurisdiction size. As a result, even

simple policy rules that force larger jurisdictions to raise their tax rates relative to smaller

jurisdictions improves welfare substantially. Intuitively, in a competitive equilibrium, tax rates

of large (high-tax) and small (low-tax) jurisdictions may be too low, making public services

ine�ciently provided everywhere. In other words, the conventional view is that zero(low)-tax

jurisdiction are parasitic on revenues in high-tax jurisdictions, but in equilibrium zero(low)-
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tax jurisdictions might be the result of lower taxes everywhere else, not the cause. This is

consistent with recent empirical work in local public �nance showing that spending on local

public services (education) is ine�ciently low (Bayer et al., 2020)�especially so in urban and

suburban jurisdictions.
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