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Abstract

Many countries use place-based policies, such as regional tax breaks and/or subsidies, to

promote local economies. The place-based policy in this paper is the dispersed tax rate

that is offered by local Chinese governments to attract firms. To explore the overall welfare

implication, we develop a general equilibrium model that features two agglomeration forces,

Marshallian externalities and input-output linkages. The model also includes other salient

factors that affect heterogeneous firms’ location choices. After calibrating the model to

the Chinese data, we find that the status quo tax policy reduces the aggregate output by

1.51% relative to an alternative in which the central government imposed uniform tax rates

across regions and industries. Intuitively, a competitive tax policy leads to an inefficiently

dispersed production so that agglomeration benefits are not fully realized. Failing to account

for agglomerative forces would underestimate the costs by 67%.
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1. Introduction

Governments throughout the world use place-based policies to influence the geographic

structure of economic activities. For instance, it is estimated that a combined $95 billion

per year is spent by the US federal and state governments on incentives designed to attract
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investment (GAO, 20122; Story, 20123; Story, Fehr, and Watkins, 20124). The European

Commission estimated in 2013 that a total of 49 billion Euros per year by European govern-

ments was spent on such place-based policies during the period 2007-2013.5

Placed-based policies are controversial because the welfare implications of such policies

depend critically on the relative strength of competing economic forces and on the details

of the policies themselves. For instance, in a world in which there were no market failures,

placed based policies could be justified to promote geographic redistribution but would not

lead to more efficient use of resources. If instead external economies of scale are important,

there is no guarantee that market allocations are efficient. This raises the possibility that

carefully designed place-based policies could improve aggregate welfare, but it also raises the

possibility that poorly conceived subsidies could lead to industrial activity that is excessively

dispersed, leading to a loss of the benefits of agglomeration. Critically, there is a vast

literature that provides convincing evidence (e.g., Dekle and Eaton, 1999; Ellison et al.,

2010; Greenstone et al., 2010; Kline and Moretti, 2013 and Ahlfeldt et al., 2015) that external

economies of scale exist is pervasive.

In this paper, we specify, estimate, and analyze a quantitative general equilibrium model

that is designed to analyze the effect of place-based policies on aggregate welfare and income

distribution. The model explains the observed structure of industrial production across

regions in China as the outcome of the interaction of regional comparative advantage, of

various sources of external economies, and of the preferential taxes offered by Chinese local

governments attempting to steer economic activity to their jurisdictions. Critically, the key

parameters of the model that govern the nature and the strength of agglomeration forces are

transparently identified by micro-level data.

The local governments in China compete with each other to attract resources that propel

local economic development. Policy instruments include lower taxes and fees, subsidies,

subsidized land transfer prices, developmental funds targeting particular industries, etc. For

example, the Chinese auto industry, motivated by local subsidies, remains highly fragmented

compared to the US auto industry(Barwick et al., 2017; Haley and Haley, 2013).6

2http://www.gao.gov/assets/650/648367.pdf
3http://www.nytimes.com/2012/12/02/us/how-local-taxpayers-bankroll-corporations.html?pagewanted=all
4http://www.nytimes.com/interactive/2012/12/01/us/government-incentives.html? r=0
5Data Source: 2013 EU cohesion funding: key statistics. Rep., Eur. Comm., Brussels
624 out of 31 provincial governments have classified the automotive industry as a ”pillar industry” and

have poured in $27.5 billion in subsidies over the period 2001-2011. The industry remains highly fragmented,
with more than 10,000 registered – and more than 15,000 unregistered –manufacturers (Haley and Haley
2013). Local governments’ enthusiasm for the car industry probably results from a preference of the central
government. In 1994, the central government issued a guideline for the automobile sector, establishing the
goal of having the car industry as a ”pillar industry” in China by 2010. Since then, automobile manufacturing
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In this paper, we focus on the total tax rates paid by firms, as it is possible to assess the

rates from the Chinese State Administration of Tax (SAT) from 2007-2011.7 We use SAT

to back out the average total tax rates for each industry in each province as the effective

tax rate for domestic private firms.8 The total tax rates measure the tax burden of firms

operating in a location, which in turn affects the profitability. We find a large dispersion of

the effective total tax rates across the country.

To study the aggregate effect of the place-based industrial policies in China, we develop

a general equilibrium model featuring (1) the input-output linkage between industries and

(2) the Marshallian externality in productivity. In our model, heterogeneous firms in manu-

facturing industries engage in monopolistic competition in the goods market. To maximize

their profits, firms choose where to locate production based on natural advantages, labor

cost, market access to demand, access to intermediate inputs, productivity, as well as total

tax rates.9 Firms tend to locate close to each other because the agglomeration forces, i.e.,

input-output linkage and Marshallian externalities, boost firms’ efficiency when they do so.

The model allows for such effects, although the magnitude depends on parameter estimates.

With the calibrated model, we ask how firms’ location and production are affected by the

actual policies undertaken across the competing political jurisdictions.

The key industry-specific parameters in the model are the magnitude of Marshallian ex-

ternalities. We use the firm location choice probability derived from the model to estimate

the parameter. First, we use panel data (1995, 2004, and 2008) and differentiate out the

time-invariant local natural advantages. After canceling out the time-invariant local natural

advantages, we run the OLS regression to estimate the Marshallian externalities. However,

the OLS estimates may suffer from endogeneity problems. For example, places with a higher

productivity increase in an industry may attract more firms, and at the same time, expand

employment. Second, to deal with the endogeneity problem caused by time-variant produc-

tivity shocks, we propose the instrumental variables that exploit the change in market access

has been on the list of encouraged industries.
7Though there are volumes of news and reports about other industrial policies offered by local govern-

ments, it is hard to collect complete data on these policies.
8Ideally, we could also look at the tax rate dispersion among foreign firms and state-owned enterprises.

However, it is impractical to calculate the industry-region-specific tax rates with a small number of firms.
Therefore, in this paper, we focus on the taxes of domestic private firms.

9We focus on the location choices of domestic private firms in this paper. Due to a large number of private
firms, we can back out the tax rates and fundamental productivities across cities and industries using data.
The state-owned enterprises(SOE) and foreign firms play a significant role in the economy. However, they
have a small number, and some locations and industries do not have their existence. In this paper, we treat
these firms differently. They engage in monopolistic competition as well, but they do not choose production
locations. The masses of SOEs and foreign firms are endowments of a location.
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to the foreign market over time and are independent of time-variant productivity shocks.10

As China entered the WTO, China became more and more integrated into the world econ-

omy and the trade cost dropped over the period 1995 - 2008. As a result, China had a higher

demand, as well as better access to intermediate inputs from the rest of the World. Cities

in coastal areas are more affected by the integration into the world economy because these

cities, which are closer to the foreign market through freight, depend disproportionately

more on exports and imports.

After calibrating the model, we use the model to study the policy implications of dispersed

total tax rates for domestic private firms in China. We perform a counterfactual exercise

in which the total tax rates are equalized across all regions, while the total tax revenue

remains the same. Comparing with the status quo, the key findings of this paper are as

follows. Without these policies, firms will tend to leave places where they once enjoyed lower

tax rates. Places with discounted tax rates would lose in terms of the real income (defined

as nominal income normalized by the price index) after unifying the industrial tax rate,

while places with lower tax discounts gain. Overall, total production suffers losses because

of misallocation. A uniform tax rate yields a total of 1.51% in value-added by domestic

private firms. Local governments, motivated either to improve economic development in

their jurisdiction or to improve local welfare, have the rationale to engage in tax competition

to attract mobile resources. The biggest loser loses the production of private firms by 23.2%

and the real income by 8.0%, while the biggest winner gains by 18.9% in production of

private firms and 5.2% in real income. The inequality of real income across cities does not

change much. The Gini coefficient that measures inequality increases by a minimal number

from 0.201 to 0.205.

Both agglomeration forces play an important role in evaluating their welfare. Without

modeling either input-output linkages or Marshallian externalities, the total production loss

by private firms would be underestimated by 67%. Also, the agglomeration forces give the

local governments a stronger motivation to attract firms by using policy instruments. The

biggest loser in the counterfactual would be worse off by 1.73% in a model without agglomera-

tion forces, only 22% of the magnitude we find in the full model. Of these two agglomeration

forces, the input-output linkage plays a more considerable role in policy evaluation. Ag-

glomeration externalities exacerbate efficiency loss. This is because subsidies provided by

less developed places lead to a dispersed industry allocation and thus prevent firms from

exploiting the efficiency derived from agglomeration.

10Other papers in the literature also exploit the change in the foreign market access to construct the
exogenous change in demand such as Aghion et al. (2019).
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This paper comes amid a growing literature studying the spatial distribution of economic

activity within a country based on Krugman (1991) and Fujita et al. (1999).11 For example, a

few papers study the welfare implications of market integration due to massive construction of

transport infrastructure, such as ?, Allen and Arkolakis (2014), Donaldson (2010), Donaldson

and Hornbeck (2016), Allen and Arkolakis (2019), etc.12 Some papers study the interaction

between internal trade friction and welfare gains from international trade (Fajgelbaum and

Redding, 2014; Coşar and Fajgelbaum, 2016; Ramondo et al., 2016). Redding (2016), Monte

(2015), Fan (2019), Tombe and Zhu (2019) and Desmet et al. (2018) study the welfare

implications and distribution of economic activity under imperfect labor mobility within a

country. Ossa (2015) and Fajgelbaum and Gaubert (2018) derive centralized or competitive

optimal spatial policies in a quantitative model. In this paper, we look at the welfare

implication of a given place-based industrial policy in the general equilibrium framework.

We also contribute to the literature on place-based policies, such as Criscuolo et al.

(2012) in the United Kingdom; Busso et al. (2013) and Kline and Moretti (2014) in the

United States; Chaurey (2015) in India; Wang (2013) and Alder et al. (2016) in China

and so on. Papers in this literature typically evaluate policy effectiveness by comparing

investment, employment, and so on in treated locations to those in controlled locations.

Our paper emphasizes the general equilibrium impacts of these policies: firms and other

agents are attracted away from places with less desirable policies. The general equilibrium

framework is able to take into account both business creation and diversion.

The closest paper is by Fajgelbaum et al. (2018), which uses a general equilibrium frame-

work to study the dispersion of the state taxes as a potential source of spatial misallocation

in the United States. The study finds that a government-spending-constant elimination of

spatial dispersion in state taxes would increase worker welfare by 1.2%. The main departure

of our paper is that we emphasize the role of the input-output linkage and the Marshallian

externality in productivity. These two forces amplify the welfare loss of place-based policies.

This dispersion of the corporation income tax rates, with higher discounts in less devel-

oped areas, leads to a dispersed industry distribution and prevents firms from exploiting the

agglomeration efficiency.

This paper also contributes to the line of research which uses discrete choice models to

estimate firm location choices, following Head and Mayer (2014). Examples are Basile et

al. (2008), Mayer et al. (2010), Rothenberg (2012), etc. Addressing endogeneity problems is

hard. Rothenberg (2012) uses panel data to control for the endogenous variables, and Liu

11See Redding and Rossi-Hansberg (2017) for an excellent review.
12Redding and Turner (2015) and Donaldson (2015) provide a nice literature survey on this topic.
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et al. (2010) uses a control-function approach to deal with unobserved heterogeneity across

locations. In this paper, we differentiate out time-invariant natural advantages using panel

data as in Rothenberg (2012). Additionally, we propose plausible instruments to estimate

the Marshallian externality.

The rest of this paper is structured as follows: Section 2 develops the structural model

and establishes the general equilibrium condition. Section 3 discusses how to calibrate the

model to data. Section 4 examines the model fit. In Section 5, we discuss the counterfactual

results. Section 6 concludes the paper.

2. Model

We model an open economy with internal trade and imperfect labor mobility across cities.

The economy has N cities indexed by l, d or o. N is the set of cities within the economy. All

other foreign countries are grouped into a constructed rest of the world(ROW), indexed by

W . Each worker born in one location moves to the place that generates the highest utility.

While labor is mobile across cities, a relocation cost dod will be paid by a worker moving

from the birthplace o to another city d. Labor is immobile across borders.

There are three sectors in the economy, i.e., agriculture, manufacturing, and service

sectors. The manufacturing sector has K industries, indexed by k = 1, 2, ..., K. We use

k = 0 for agriculture and k = K+1 for service. Each location l has Ll measure of labor born

in that location, an amenity level U l, and a natural productivity level Akl for k = 0, 1, ..., K+1

and l ∈ N ∪ {W}.
Each firm in the manufacturing sector produces a heterogeneous variety and engages in

monopolistic competition. To produce, firms use both labor and intermediate inputs. The

manufacturing sector in China has three types of firms indexed by s: domestic private firms

(s = P ), state-owned enterprises (SOE, s = S) and foreign firms (s = F ). The products

of industry k sell from city l to city d with an iceberg cost τkld (τkld ≥ 1). When selling to

the rest of the world, firms pay a two-part iceberg cost. One is the shipping cost from city

l to the port p, τklp. The other is the cost of accessing the foreign market, such as tariff,

non-tariff barriers, etc. Domestic (private firms and SOEs) and foreign firms are allowed

to have different costs to sell to the world economy, τPkpW , τSkpW , and τFkpW , and we assume

τPkpW = τSkpW . Let τPklW , τSlpW , and τFklW be the iceberg cost from city l to the world economy

W for domestic and foreign firms, separately. We have τ sklW = τklpτ
s
kpW (for s = P, S, F ).

Similarly, when foreign firms sell to the Chinese market, they pay a two-part iceberg cost as

well, τkWl = τkWpτkpl. τkWp is the market access cost such as import tariffs to the Chinese

market, and τkpl is the shipping cost from ports to city l.
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We model the location choices of domestic private firms in the manufacturing sector.

There is a fixed measure of private firms in each industry, MP
k for k = 1, ..., K. Firms

sort into cities that give them the highest profits based on idiosyncratic productivity shocks,

labor costs, intermediate input costs, as well as productivity in each city. Our model features

two agglomeration forces. (1) The input-output linkage. Firms tend to locate close to each

other in order to save on the transportation cost of intermediate goods; (2) Marshallian

externalities in productivity following Allen and Arkolakis (2014), Kucheryavyy et al. (2016)

and Grossman and Rossi-Hansberg (2010). Firms are more productive when they are located

close to each other.

Other than private firms of the manufacturing sector in China, we assume that each

location has a fixed measure of SOEs (MS
kl) and foreign firms (MF

kl). The ROW is assumed

to have a fixed measure of firms in each industry k, MkW , for k = 1, 2, ..., K + 1.

Agriculture products are freely traded across cities, while the service sector only serves

the local market. Each location produces one variety of agriculture and service goods.

The policy instrument of our interests is the total tax rate for corporations as a percentage

of sales. It measures the real gross tax burden of firms by including all types of taxes and fees,

such as corporate income tax, value-added tax and , administrative fees etc, while excluding

the tax rebates and government subsidies.13 In this paper, we take the tax rate as given in

the data.

The total tax rates for firms, tskl, are location and industry specific as local governments

may give preferential tax rates at their discretion to attract firms in a particular industry.

The tax rates may vary across different types of firms, as governments may treat SOEs,

private, and foreign firms differently. In this paper, we are going to focus on the tax rate

dispersion of domestic private firms across regions.14 Domestic private firms choose their

production location, taking the total tax burden into account since the total tax rates affect

their profitability.

2.1. Labor and Consumption

In our model, labor is imperfectly mobile across cities within China, but cannot move

across borders. Workers have preferences over both location amenity and consumption of

products from all industries. Each worker indexed by i born in one location receives an

idiosyncratic preference shock for each city in China (uid) and relocates to the place that

13Section 3 explains the data on taxes in more details.
14The large sample size of domestic private firms allows us to back out the tax rates for various industries

and locations from the data. Foreign-invested firms and SOEs are relatively large in size but small in
number. Due to lack of foreign/SOE firms in some industry within a city, we simply the total tax rate of all
foreign/SOE enterprises is equal.
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gives him/her the highest utility. A relocation cost dod will be paid by a worker moving from

the birthplace o to another city d as a utility discount.

The utility function of worker (i) born in city o and moving to city d is the following.

Ui,od = uidUddodΠ
K+1
k=0 C

αk
k ΣK+1

k=0 αk = 1

where, αk captures the consumption share of each industry. The vector {uid}d∈N is worker

i’s idiosyncratic preference over city d. dod ≤ 1 is the labor’s mobility cost such as moving

costs and the disadvantages in education and social security outside of birthplace due to the

Hukou registration system in China.

For the agriculture sector and all manufacturing industries k = 0, 1, ..., K, workers con-

sume differentiated goods with a CES aggregate.

Ck =

(∫
ω∈Ωk

q(ω)
σk−1

σk dω

) σk
σk−1

where, Ωk is the set of varieties that are accessible at location d.15 The agriculture consump-

tion C0 is an aggregate of agriculture products from all locations. In addition, CK+1 is the

consumption of the homogeneous service goods produced locally.

The total income in city l includes payrolls (wlLl), profits (Πl) which is dissipated evenly

to labor within city l, and a lump-sum transfer of government tax income Gl. China runs

a trade surplus in international trade. Bl is the trade balance at location l. The disposable

income at location l (Il) is the total income net of trade balance.

Il = wlLl + Πl +Gl −Bl

The indirect utility function of worker i born at o moving to d is Vi,od = vddoduid, where

vd is the common component for all workers living in city d.

vd =
UdId
LdPd

where, Pd is the price index of consumption goods, Pd = ΓU
∑K+1

k=0 P
αk
kd .16 The idiosyncratic

taste draw uid (for d ∈ N ) is assumed to be i.i.d. across workers and cities, and it follows a

15All manufacturing firms sell to all locations in the world with the assumption of iceberg transportation
costs. Therefore, Ωk is the set of all firms in the world.

16ΓU = ΠK+1
j=0 α

−αj

j is a constant.

8



Frechet distribution with εL > 1.

Pr(uid ≤ u) = e−u
−εL

A worker born in city o chooses to move to city d when city d gives him the highest utility

net of transportation costs.

d = argmax
l∈N

vldoluil

The fraction of workers from city o relocating to city d based on the Frechet distribution is

ξod =
(vddod)

εL∑
l∈N (vldol)

εL

The ex-ante expected welfare of workers born in city o is the weighted sum of utility of

living in city d (d ∈ N ).

Wo =
∑
d∈N

ξod
UdIddod
LdPd

(1)

The ROW has a fixed mass (LW ) of labor who cannot move across borders. The utility

function of workers in the ROW has the same functional form as the domestic workers,

except that the consumption shares αWk (for k = 0, 1, ..., K + 1) may be different from αk.

2.2. The Manufacturing Sector

Firms in the manufacturing sector produce heterogeneous varieties using both labor and

intermediate inputs. In industry k, to produce qk(ω) unit of variety ω at location l, firm

ω produces with workers (lk) and intermediate inputs from industry j (mk,j) at its own

productivity (z) and location productivity (Akl).

qkl(ω) = Aklzl
γk
k ΠK+1

j=0

[
mk,j

]γk,j
We assume a roundabout production function with γk,j as the cost share of j in industry k.

The composite intermediate goods from the agriculture sector and manufacturing indus-

tries (mk,j for j = 0, 1, ..., K) has the same CES aggregator as in the utility function of

consumers.

mk,j =

(∫
ωj∈Ωj

rk,j(ωj)
σj−1

σj dωj

) σj
σj−1
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where, rk,j(ωj) is the quantity of variety ωj from industry j used in the production of k.

mk,0 is an aggregate of varieties of agriculture products from all locations with the elasticity

σ0, and each location produces one variety. mk,K+1 is the quantity of service goods used in

production.

Cost minimization gives us the unit cost for firm ω, ckl(ω),

ckl(ω) =
ΓQk w

γk
l ΠK+1

j=0 P
γk,j
j,l

Aklzkl
ΓQk = γ−γkk ΠK+1

j=0 (γk,j)
−γk,j

where, Pkl (for k = 0, 1, ..., K + 1 and l ∈ N ∪ {W}) is the price index of industry k at

location l.

ckl =
ΓQk w

γk
l ΠK+1

j=0 P
γk,j
j,l

Akl
reflects the production efficiency of industry k in city l. The cost

ckl is decreasing in location productivity Akl and increasing in wage and price indexes of

intermediate inputs. We model the Marshallian externality in the manufacturing sector, i.e.

Akl, is increasing in the size of the industry k at location l measured by the mass of labor Lkl

employed by industry k. Akl, which is independent of the size of the industry, is the natural

advantage of industry k in city l.

Akl = AklL
βLk
kl for k = 1, ..., K

Not only does location productivity Akl contributes to the efficiency, but also the prices of

intermediate inputs matter. Due to the input-output linkage and transportation costs, firms

are more efficient when industries locate close to one another, i.e., coagglomeration, because

the price index Pkl is lower when firms save on transportation costs.

We assume that the manufacturing sector in the ROW has a similar production function

as that in China, but we allow different input-output shares characterized by γWk and γWk,j.

In addition, we assume that there are no Marshallian externalities in the ROW. Thus, ckW =

ΓQWk w
γWk
W ΠK+1

j=0 P
γWk,j
j,W

AkW
, where wW is the wage, Pj,W is the price index of industry j, AkW is the

productivity in the ROW, and ΓQWk = (γWk )−γ
W
k ΠK+1

j=0

(
γWk,j
)−γWk,j .

2.2.1. Firms’ Pricing strategy and profits given a production location.

Given the CES utility function, firms charge a constant markup over the unit cost. For

a firm with productivity zl located at location l selling to location d, the optimal price has

a markup over the unit cost multiplied by the iceberg transportation cost τkld.

pkld(z) =
σk

σk − 1

cklτkld
zl

for k = 1, 2, ..., K and l, d ∈ N ∪ {W}
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The total demand at location d for industry k, MSkd, has two parts. One is consumers’

demand as consumption goods, and the other is firms’ demand as intermediate inputs. That

is,

MSkd = α
(W )
k Id + γW0,kY0,d + ΣK

j=1γ
(W )
j,k

σj − 1

σj
Yj,d + γWK+1,kYW,d for d ∈ N ∪ {W}

where, αWk and γWj,k are used to calculate the market size of the ROW.

Deriving from the CES utility function, the profit after tax is a fraction of sales from city

l to city d by a firm with productivity zl.

πskld(zl) = (1− σktskl)
1

σk

(
σk

σk − 1

)1−σk (cklτkld
zl

)1−σk MSkd

P 1−σk
kd

When a firm with productivity zl sells to the ROW, the profit after tax depends the trade

cost, τ sklW .

πsklW (zl) = (1− σktskl)
1

σk

(
σk

σk − 1

)1−σk (ckW τ sklW
zl

)1−σk MSkW

P 1−σk
kW

The total profit of a firm with zl of type s (s = P, S, F ) at location l comes from sales to

all locations in the economy, i.e., Πs
kl(zl) =

∑
d∈N π

s
kld(zl) + πsklW (zl).

Πs
kl(zl) = (1− σktskl)

1

σk

(
σk

σk − 1

)1−σk (ckl
zl

)1−σk
{∑
d∈N

τ 1−σk
kld

MSkd

P 1−σk
kd

+ (τ sklW )1−σk MSkW

P 1−σk
kW

}

Define RMAskl =
∑

d∈N τ
1−σk
kld

MSkd

P
1−σk
kd

+ (τ sklW )1−σk MSkW

P
1−σk
kW

(for s = P, S, F ) as the real market

access, which is increasing with the total demand (MSkd) and price index (Pkd) at location

d, and decreasing with the transportation cost between l and d (τkld). Thus, the total profit

Πs
kl(zl) has the following expression.

Πs
kl(zl) = (1− σktskl)

1

σk

(
σk

σk − 1

)1−σk (ckl
zl

)1−σk
RMAskl

Firms are more profitable when they locate in a city with a lower production cost (ckl), a

larger real market access, a higher idiosyncratic productivity zl, and a lower total tax rate

tskl.
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A firm with z in the ROW has a similar profit function.

ΠkW (z) =
1

σk

(
σk

σk − 1

)1−σk (ckW
z

)1−σk
RMAkW

where, RMAkW =
∑

d∈N τ
1−σk
kWd

MSkd

P
1−σk
kd

+ τ 1−σk
kWW

MSkW

P
1−σk
kW

.

2.2.2. Location choices

There are three types of firms in the manufacturing sector, i.e., state-owned, foreign, and

private firms. We model the location choices of these three types of firms separately.

State-owned and Foreign Firms. We assume that each city has a fixed measure of state-

owned and foreign firms, separately, MS
kl and MF

kl . In our model, state-owned and foreign

firms do not choose production location.17

The idiosyncratic productivity z of firms follows a Frechet distribution. We allow different

parameters for productivity distributions of different types of firms, with T skl and θsk for state-

owned and foreign firms (s = S, F ), separately.

F s
kl(z) = exp{−T sklz−θ

s
k}

Private Firms. We assume that there is a fixed measure of private firms in each industry,

MP
k , who draw a vector of idiosyncratic productivity over all cities (z = {zl}l∈N ) in China.

Private firms choose city l as their production location if city l generates the highest profits.

That is,

l ∈ arg max
l∈N

ΠP
kl(z)

We assume that the productivity vector, z, follows a multivariate Frechet distribution

with θk as the parameter of dispersion and ρk as the parameter of correlation.

Fk(z) = exp

−
{∑
l∈N

z
− θk

1−ρk
l

}1−ρk


where, θ̃k = θk
1−ρk

, 0 ≤ ρk ≤ 1. When ρk = 0, z is independent across all locations. When

17State-owned firms, affiliated to the central or local governments, are not subject to profit maximization.
Foreign firms play a significant role in the Chinese economy in terms of output. However, foreign firms are
large in size but small in number. The data on the number of foreign firms in each industry and at each
location is sparse. Since we rely on firms location choices to back out location characteristics, we do not
study the location choices by foreign firms due to data limitations.
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ρk = 1, z is perfectly dependent across all locations.

Solving the problem of firms’ optimal location choices, we derive the fraction of firms

located in city l based on the Frechet Distribution for industry k.

skl =
c−θ̃kkl

[
(1− σktPkl)RMAPkl

] θ̃k
σk−1

Φk

(2)

where, Φk =
∑

d∈N c
−θ̃k
kd

[
(1− σktPkd)RMAPkd

] θ̃k
σk−1

Firms are self selected into different cities according to production costs, real market

access and total tax rates. The endogenous productivity distribution conditional on location

l has the following form.

Gkl(z) = exp

{
− z−θ̃k

s1−ρk
kl

}

gkl(z) = sρk−1
kl θ̃kz

−θ̃k−1exp

{
− z−θ̃k

s1−ρk
kl

}
(3)

where, Gkl(·) is the cumulative distribution function of productivity of firms who choose l

as their production location, while gkl(·) is the density function.

Firms in the ROW. We assume that the ROW has a fixed measure of firms in each industry,

MkW . An individual firm draws an idiosyncratic productivity z from a Frechet distribution

with TkW and θWk .

FkW (z) = exp{−TkW z−θ
W
k }

2.2.3. Aggregate Output, Profits and Price Index.

The aggregate output of industry k at location l is the sum of the output by state-owned,

foreign and private firms located at l. That is, Ykl =
∑

s Y
s
kl. The output of state-owned and

foreign-invested firms (s = S, F ) are the following.

Y s
kl = Γ

(
1− σk − 1

θsk

)(
σk

σk − 1

)1−σk
(T skl)

σk−1

θs
k c1−σk

kl RMAsklM
s
kl (4)

The output Y P
kl of industry k at location l by private firms (s = P ) is the following.

Y P
kl = Γ

(
1− σk − 1

θ̃k

)(
σk

σk − 1

)1−σk
Φ

σk−1

θ̃k
k s

(σk−1)ρk
θ̃k

+1

kl (1− σktPkl)−1MP
k (5)

13



The total after-tax profit of manufacturing firms at location l, Πl, is dissipated evenly to

workers living at city l.

Πl =
1

σk

(
1− σktPkl

) K∑
k=1

Ykl

We can also derive the price index of industry k at location l (l ∈ N ∪ {W}) using the

firm productivity distribution.

P 1−σk
kd =

(
σk

σk − 1

)1−σk∑
l∈N

{ ∑
s=S,F

Γ

(
1− σk − 1

θsk

)
(T skl)

σk−1

θs
k c1−σk

kl M s
klτ

1−σk
kld

+ Γ

(
1− σk − 1

θ̃k

)
s

(σk−1)(ρk−1)

θ̃k
+1

kl c1−σk
kl MP

k τ
1−σk
kld

}

+

(
σk

σk − 1

)1−σk
Γ

(
1− σk − 1

θWk

)
c1−σk
kW MkW τ

1−σk
kWd

=
∑
l∈N

τ 1−σk
kld

∑
s=S,F,P

Y s
kl

RMAskl
+ τ 1−σk

kWd

YkW
RMAkW

Similarly, the output and the price index by industry in the ROW are the following.

YkW =

(
σk

σk − 1

)1−σk
Γ

(
1− σk − 1

θWk

)
c1−σk
kW RMAkWMkW

P 1−σk
kW =

(
σk

σk − 1

)1−σk∑
l∈N

{ ∑
s=S,F

Γ

(
1− σk − 1

θsk

)
(T skl)

σk−1

θs
k c1−σk

kl M s
klτ

1−σk
klW

+ Γ

(
1− σk − 1

θ̃k

)
s

(σk−1)(ρk−1)

θ̃k
+1

kl c1−σk
kl MP

k τ
1−σk
klW

}
+

(
σk

σk − 1

)1−σk
Γ

(
1− σk − 1

θWk

)
c1−σk
kW MkW τ

1−σk
kWW

=
∑
l∈N

τ 1−σk
klW

∑
s=S,F,P

Y s
kl

RMAskl
+ τ 1−σk

kWW

YkW
RMAkW

2.3. The Agriculture and Service Sectors

Firms in the agriculture and service sectors in one location produce homogeneous goods

and thus engage in perfect competition. Each location produces one variety. Firms charge the

unit cost and earn zero profits. We assume the same roundabout production function with

γ
(W )
k,j as the cost share of j in industry k, and the composite intermediate goods, mk,j, which

have the same CES aggregator as in the utility function of consumers (for j = 0, 1, ..., K + 1

14



and k = 0, K + 1). Akl for k = 0, K + 1 is the location productivity in the agriculture and

service sectors, which do not have Marshallian externalities. Therefore, the prices charged

by firms in these two sectors are the following.

pkl = ck,l =
ΓQk w

γk
l ΠK+1

j=0 P
γk,j
j,l

Akl
for k = 0, K + 1 and l ∈ N ∪ {W}

Goods in agriculture sector are freely traded across cities and across borders. The price

index of the agriculture sector is the same everywhere. The price index is a weighted sum

of unit costs of all locations.

P 1−σ0
0 =

∑
d∈N∪{W}

(c0,l)
1−σ0

The agriculture output at each location is the following. For l ∈ N ∪ {W},

Y0,l = (c0,l)
1−σ0

∑
d∈N∪{W}MS0,d

P 1−σ0
0

(6)

where, MS0,d = α
(W )
0 Id + γ

(W )
0,0 Y0,d + ΣK

j=1γ
(W )
j,0

σj−1

σj
Yj,d + γ

(W )
K+1,0YK+1,d. α

W
0 and γWj,0 are used

to calculate the market size of the ROW.

The service sector faces an infinite transportation cost, and thus service goods are not

tradable across locations. Consumers consume service goods that are produced locally. The

price index of service goods is equal to the unit cost at location l.

PK+1,l = cK+1,l

Since the service sector only serves the local market, the total output of the service sector

equals the demand of service goods in the local market. For l ∈ N ∪ {W},

YK+1,l = α
(W )
K+1Id + γ

(W )
0,K+1Y0,d + ΣK

j=1γ
(W )
j,K+1

σj − 1

σj
Yj,l + γ

(W )
K+1,K+1YK+1,d (7)

where, αWK+1 and γWj,K+1 are used to calculate the market size of the ROW.

2.4. Total Tax Rate for Corporations

tskl is a location-industry-type-specific tax rate as a percentage of sales. All tax proceeds

are dissipated to residents as a lump-sum transfer. The total tax revenue and expenditure

15



are the following.

Gl =
K∑
k=1

∑
s=S,F,P

tsklY
s
kl

Later, we are going to focus on the welfare implications of the tax rate dispersion among

domestic private firms, i.e., tPkl. Other tax rate tFkl and tSkl remain fixed in our counterfactual

exercises.

2.5. General Equilibrium

A general equilibrium of this economy consists of distribution of firms {skl}l∈N ,k=1,...,K ,

labor reallocation ξod, aggregates {Ykl, Il, Gl}l∈N∪{W}, wage {wl}l∈N∪{W} and price index

{Pkl}l∈N∪{W},k=0,1,...,K+1, such that (1) workers optimize their consumption according to their

budget, as well as their location choices as described in Section 2.1; (2) all firms optimize

their pricing, sales and production location choices as described in Section 2.2 and Section

2.3; (3) the government’s budget is balanced as described in Section 2.4; (4) goods markets

are clear for each industry and at each location, characterized by Eq (4), Eq (5), Eq (6)

and Eq (7); (5) the labor market is clear at each location. That is, payroll equals the labor

costs of production described by Eq (8) and Eq (9), and labor demand equals labor supply

characterized by Eq (10).

wdLd = γ0Y0d +
K∑
k=1

(
1− 1

σk

)
γkYkd + γK+1,dYK+1,d for d ∈ N (8)

wWLW = γW0 Y0W +
K∑
k=1

(
1− 1

σk

)
γWk YkW + γWK+1YK+1,W (9)

Ld =
∑
o∈N

ξodLo (10)

We set the agriculture goods as the numeraire goods. That is, P0 = 1.

3. Data and Calibration

In this section, we calibrate our model to the 2004 economy. Each city in China is defined

as a location. We try to maximize the number of cities based on data availability. We end

up with a sample of 218 cities.18 The cities covered in our analysis take 91.4% of the number

18We exclude three provinces, Qinghai, Tibet, and Hainan. We also exclude locations classified as prefec-
tures or autonomous prefectures in 1999. These are usually rural locations with fewer economic activities.
The data availability, such as the average wage for these locations, is not good either.
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Table 1: List of Industries

Industry Description CIC ISIC Rev.3
1 Food, Beverages and Tobacco 13-16 15-16
2 Textiles and Textile Products;Leather,

Leather and Footwear
17-19 17-19

3 Wood and products of wood and cork;
Pulp, paper, paper products printing;
Coke, Refined Petroleum and Nuclear
Fuel; Chemicals and Chemical
Products; Rubber and Plastics; Other
Non-Metallic Mineral

20-31 20-26

4 Basic Metals and Fabricated Metal 32-34 27-28
5 Machinery, Nec 35-36 29
6 Transport Equipment 37 34-35
7 Electrical and Optical Equipment 39-42 30-33

1 CIC is the Chinese Industrial Classificaton, which is used in Chinese
Manufacture Firm Survey Data. The WIOD uses International Stan-
dard Industrial Classification (ISIC) Revision 3 for product classifica-
tion system.

of firms and 94.6% of the total output in the 2004 China Economic Census Data. All other

foreign countries are grouped into a constructed rest of the world. Manufacturing firms are

grouped into seven industries. See Table 1 for the list of industries and description.19 We

first calibrate the model to the 2004 economy without taking a stance on the magnitudes of

agglomeration forces. Then, we estimate them in Section 3.5. In this section, we describe

the major steps of calibration, as well as data sources. A more detailed version is presented

in Appendix A.

3.1. Preference and Technology

We assume that all locations in China share the same utility and production functions,

while the ROW is allowed to have a different one.

The production function is calibrated to the 2004 Input-Output table sourced from the

World Input-Output Database (WIOD). The WIOD constructs the Input-Output table for

40 countries (including China) and the rest of the world. We use the Chinese part of the

Input-Output table to calibrate the production function in China. The input and output

19With a more detailed classification of industries, more locations have zeros of firm number and exports,
which is at odds with the Frechet distribution assumption on firm productivity. When we group industries
into seven categories, the data is generally consistent with the assumption of Frechet distribution. The only
exception in 2004 is that Shuozhou in Shanxi Province does not have any firms in the industry of Electrical
and Optical Equipment (k = 7). We replace it with 0.0001 as the firm share.
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of other countries are grouped to construct the Input-Output table for the ROW, which is

used to calibrate the cost share in the production function for the ROW.

γ
(W )
k is the labor share in the production of industry k. γ

(W )
k,j , which characterizes the

input-output linkage among industries, is calibrated to the input share of industry j in the

production of industry k. With the assumption of constant returns to scale, γ
(W )
k +

∑
j γ

(W )
k,j =

1. Table 2 presents the calibration results of γ
(W )
k and γ

(W )
k,j for China and the ROW,

respectively.
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The consumption share α
(W )
k (for k = 0, 1, ..., K + 1) in the utility function is calibrated

such that good markets are clear for all industries. The total output of agriculture, manu-

facturing industries, and service are read from the 2004 WIOD.20 The trade volume in the

service sector (K + 1) is set to zero, as we assume that the service sector is not tradable.

Table 3 shows the results of the calibrated α
(W )
k of China and the ROW.21 The preferences

are similar between China and the ROW, except that China has a lower consumption share

of the service products.

Table 3: Consumption Shares of China and the ROW in 2004

Industry 0 1 2 3 4 5 6 7 8
China 0.0674 0.0715 0.0333 0.0179 0.0132 0.0799 0.0551 0.0796 0.5822
The ROW 0.0320 0.0597 0.0175 0.0192 0.0022 0.0241 0.0455 0.0279 0.7718

3.2. Elasticities

We set the substitution elasticity of utility to 4, a central value in the range of estimates

in the literature (Head and Mayer, 2014).

We set the labor mobility elasticity εL to 2.54, following Tombe and Zhu (2019), who

estimate the elasticity from the average within-region standard deviation of log earnings

from the Chinese 2005 Population Survey. 22

We use the firm sales distribution to estimate θ̃k. According to the endogenous distri-

bution of productivity at each location characterized by Eq (3), the sales distribution is the

following.

HP
kl(y) = exp

−
(

σk
σk−1

ckl

)−θ̃k [
(1− σktPkl)RMAPkl

] θ̃k
σk−1

s1−ρk
kl

y
− θ̃k
σk−1


Let µkl and σkl be the mean and standard deviation. The ratio µkl

σkl
has the following form,

20Since we only cover major cities in China and excluding rural areas, we adjust the agriculture and
service output by the GDP share of cities in our sample according to the China City Statistical Yearbook in
2004, and the industry output by the output share of cities covered in our sample according to the Chinese
Economic Census Data. The details on GDP and output shares are reported in Appendix A.

21See Appendix A for more detailed explanation on calculation.
22Fan (2019) uses a similar estimation strategy and get a similar value. The dispersion parameter is 2.72

for high skill workers and 2.88 for low skill workers. The estimate in Fajgelbaum et al. (2018) from labor
mobile data in US is 1.33, Cortes and Gallipoli (2014) find εe = 3.23.
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which is constant across cities.

(
µkl
σkl

)2

=
Γ
(

1− σk−1

θ̃k

)2

Γ
(

1− 2(σk−1)

θ̃k

)
− Γ

(
1− σk−1

θ̃k

)2

We calibrate θ̃k by matching the average ratio of mean and standard deviations across

cities. For k = 1, ..., 7 and l ∈ N , θ̃k is calibrated such that the following equation holds.

1

N

∑
l∈N

(
meanykl
sdykl

)2

=

(
µkl
σkl

)2

where, meanykl and sdykl are the mean and standard deviation of sales of industry k in city

l.23

To estimate ρk for industry k, we exploit the relationship between the firm share in each

location and the city-industry output described in Eq (5). After taking log of both sides of

Eq (5), we use a linear regression of Eq (11) to estimate (σk−1)ρk
θ̃k

+ 1 for each industry k, and

thus back out ρk given σk and θ̃k.

lnY P
kl = − ln(1− tPkl) +

(
(σk − 1)ρk

θ̃k
+ 1

)
ln skl +Dk + εPkl (11)

Dk is a set of industry fixed effects. εPkl is the error term outside of the model, which

captures possible measurement errors. Data on the city-industry firm shares and output are

aggregated from the 2004 China Economic Census. The estimates of ρk are presented in

the third line of Table 4, and the standard errors for the estimated ρk are reported in the

brackets.

3.3. City-by-Industry Level Data

The average wage in each city is obtained from the 2004 China City Statistical Yearbook.

The average wage of OECD countries in 2004 is set as the average wage for the ROW.24

To calculate the share of firms in industry k (for k = 1, .., K) producing in city l, we count

the number of private firms in each city and industry. We take advantage of the information

on firms’ location from the 2004 China Economic Census Data and calculate the number of

private firms in each city and industry. We then calculate the share of firms in each location

within an industry. See Appendix A.3 for the summary statistics.

23We trim the data at both upper and lower 1% of each industry and city.
24Data Source: https://data.oecd.org/
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Table 4: θ̃k and ρk

Industry 1 2 3 4 5 6 7

Panel A: Calibration of θ̃k
θ̃k 6.30 6.45 6.34 6.27 6.43 6.31 6.40

Panel B: Estimation of ρk
ρk 0.28 0.40 0.05 0.02 0.29 0.80 0.40

[0.12]∗∗ [0.12]∗∗∗ [0.12] [0.13] [0.11]∗∗ [0.17]∗∗∗ [0.11]∗∗∗

1 θ̃k are calibrated to match the average ratio of mean and standard devi-
ation of sales distribution across cities.

2 ρk is estimated by Eq (11).
3 The standard errors of ρk are reported in the brackets. All standard errors

are clustered at the provincial level. ***, ** and * denote significance at
the 1, 5 and 10% levels, respectively.

We then calculate the output of manufacturing firms by type, city, and industry, Y s
kl.

First, we aggregate the output by foreign firms and SOEs from the 2004 China Economic

Census, that is, Y F
kl and Y S

kl in the model. Second, the total output by private firms Y P
kD is

the total output net of the output by foreign firms and SOEs, Y P
kD = YkD−

∑
l Y

F
kl −

∑
l Y

S
kl ,

where YkD (k = 1, ..., K) is read from the WIOD as described in Appendix A.2.

The city-industry output by private firms is backed out according to the structural model.

Based on Eq (5), the output share at each location is a function of firm shares and tax rates.

Y P
kl

Y P
kD

=
s

(σk−1)ρk
θ̃k

+1

kl (1− σktPkl)−1∑
d s

(σk−1)ρk
θ̃k

+1

kd (1− σktPkd)−1

Thus, the output by city and industry, Ykl, is the sum of output by private, foreign and

state-owned firms.

Ykl = Y P
kl + Y F

kl + Y S
kl

Next, we calculate the agricultural output in each city by multiplying the agriculture

GDP share in each city and the aggregate agriculture output Y0,D. We read the Agriculture

GDP from the 2004 China City Statistical Yearbook. The assumption is that the output

share in each city equals the GDP share for the agriculture sector.

To back out the service output, we assume that good markets are cleared in each location.

With both agriculture and manufacturing output (Ykl for k = 0, ..., K) at hand, we back out

the service output of each location, YK+1,l for l ∈ N using Eq (7).

We then calculate the income and market size in each location. When calculating the

22



income, we take trade balance into account. Overall, China runs a positive total trade balance

BW =
∑

l∈N Bl =
∑

k YkDW −
∑

k YkWD. We assume that the total trade balance is shared

by each city proportional to value added in each city. That is, Bl =
wlLl+

∑K
k=1

1
σk
Ykl∑

d∈N wdLd+
∑K
k=1

1
σk
Ykd
BW .

The disposable income in each location is the total income net of trade balance.

Il = wlLl +
K∑
k=1

1

σk
Ykl −Bl for l ∈ N

IW = wWLW +
K∑
k=1

1

σk
YkW +BW

The city-by-industry market size has two parts. One is consumers’ demand for con-

sumption, and the other is producers’ demand for production as intermediate inputs. For

d ∈ N ∪ {W} and k = 0, ..., K + 1,

MSkd = α
(W )
k Id + γ

(W )
0,k Y0,d + ΣK

j=1γ
(W )
j,k

σj − 1

σj
Yj,d + γ

(W )
K+1,kYK+1,d

where, αWk and γWj,k are used to calculate the market size of the ROW.

Next, we back out the effective labor employment Lkl in each city (the ROW as well)

and industry by the following equations.

Lkd =
γkYkd
wd

for k = 0, K + 1

Lkd =
γk

(
1− 1

σk

)
Y0d

wd
for k = 1, ..., K

LkW =
γWk YkW
wW

for k = 0, K + 1

LkW =
γWk

(
1− 1

σk

)
Y0W

wW
for k = 1, ..., K

The total employment at location d is Ld =
∑K+1

k=0 Lkd for d ∈ N ∪ {W}.
We use firm-level data which is originated from the National Tax Survey Database(NTSD)

in China 25 to back out the location-by-industry specific total tax rates of domestic private

25The data are jointly collected by the State Administration of Taxation of China and the Ministry of
Finance of China based on the stratified random sampling method. The time period we have is from year
2007 to 2011. The NTSD is less vulnerable to misreporting issues(Liu and Mao (2019)). It also covers both
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firms. The total tax rate is a measure of the tax burden by firms operating in one location.

The NTSD covers all types of taxes, service, and management fees paid by firms in China,

as well as subsidies received by firms. Types of taxes include corporate income tax, value

added, sales tax, tariff, urban maintenance and construction tax, etc. To calculate the tax

rates, we first add all types of taxes and fees together as the total tax paid by firms and

then subtract the subsidies. We divide it by the sales reported in the data. We compute the

average total tax rates for firms in each industry and province as tPkl in our model.26

At last, the China 2010 Population Census helps us construct the data on labor flow ξod

that is the share of labor born in o moving to d. See Appendix A.4 for details.

3.4. Transportation Cost

To back out the iceberg transportation cost, we parameterize the cost in terms of the least

driving time between two locations, following Allen and Donaldson (2018) and Allen and

Arkolakis (2014). For transportation costs between two locations within China, we assume

a power function of the least driving time with parameter εTk .

τkld = Cτ,kDrivingT ime
εTk
ld

where, DrivingT imeld is the least driving time between two locations l and d and Cτ,k is a

scalar to adjust the level of transportation cost. To sell goods in the local market (l = d),

the driving time is set to be half of that to the nearest city.

The iceberg cost of selling goods to the ROW (τ sklW ) includes two parts, i.e. a shipping

cost from city l to the nearest ports τklp and an additional cost of accessing the foreign market

τ skpW which is different among domestic and foreign firms (s = P, S, F ), where τPkpW = τSkpW .

We parameterize τklp as a function of the least driving time from city l to the nearest port.

τ sklW = τ skpWCτ,kDrivingT ime
εTk
lp for s = P, S, F (12)

Similarly, the iceberg cost of importing from ROW, τkWl, also includes two parts, i.e.,

the cost of accessing the Chinese market τkWp and a shipping cost from the nearest port to

city l τkpl.

τkWl = τkWpCτ,kDrivingT ime
εTk
pl (13)

large and small firms across regions. This feature of NTSD makes it superior to other major firm-level data
in China such as the Annual Survey of Industrial Firms(ASIF) conducted by National Bureau of Statistics
of China, which only covers the medium and large firms.

26To reduce the impacts of extreme values, we trim the data at both upper and lower 0.5%.

24



Ideally, we should use trade flows between any pair of locations to calibrate εTk , τkWp,

τkWW and τ skWp (for s = P, S, F ). Unfortunately, we do not have the internal trade flow data

to calibrate transportation costs. Therefore, we take advantage of the city-industry exports

and the aggregated export and import shares to calibrate these parameters.

First, the relationship between the export-output ratio of private and foreign firms and

the least driving time to the nearest port as shown in Eq (14) helps to identify εTk .

Y s
klW

Y s
kl

=
(τklpτ

s
kpW )1−σk

RMAskl

MSkW

P 1−σk
kW

for s = P, F (14)

We take log of Eq (14) and assume the measurement error, εEXkl .

ln
Y s
klW

Y s
kl

= (1− σk)εTk lnDrivingT imelp − lnRMAskl +Ds
k + εEXkl for s = P, F

The industry specific variables lnCτ,k+(1−σk) ln τ skpW+ln MSkW

P
1−σk
kW

are absorbed by an industry-

type dummy Ds
k. (1−σk)εTk can be interpreted as the trade elasticity related to driving time.

The change in export-output ratio
Y sklW
Y skl

is more pronounced when the elasticity εTk is larger.

The real market access, RMAskd, is the solution to the following system. For s = P, S, F ,

d ∈ N and k = 1, ..., K,

RMAskd =
∑
l∈N

τ 1−σk
kdl

MSkl

P 1−σk
kl

+ (τ skdW )1−σk MSkW

P 1−σk
kW

RMAkW =
∑
l∈N

τ 1−σk
kWl

MSkl

P 1−σk
kl

+ (τkWW )1−σk MSkW

P 1−σk
kW

P 1−σk
kd =

∑
l∈N

∑
s=S,F,P

τ 1−σk
kld

Y s
kl

RMAskl
+ τ 1−σk

kWd

YkW
RMAkW

P 1−σk
kW =

∑
l∈N

∑
s=S,F,P

(τklpτ
s
kpW )1−σk Y s

kl

RMAskl
+ τ 1−σk

kWW

YkW
RMAkW

Second, we use the aggregate import and export ratios to calibrate τ skpW , τkWp and τkWW ,

since τ skpW and τkWp measure the overall market access of the import and export markets, and

τkWW captures the trade barriers within the ROW. More specifically, we solve τ skpW , τkWp, and

τkWW such that the export-output ratio by domestic and foreign firms in China (
Y PkDW+Y SkDW
Y PkD+Y SkD

and
Y FkDW
Y FkD

), the export-output ratio by the ROW (YkWD

YkW
) and the import-domestic-sale ratio

25



in the ROW ( YkWD

YkWW
) predicted by the model are exactly matched to the data.

Y P
kDW + Y S

kDW

Y P
kD + Y S

kD

=

∑
l∈N
(
Y P
klW + Y S

klW

)∑
l∈N (Y P

kl + Y S
kl )

=

∑
l∈N
∑

s=P,S

Y skl
RMAskl

(
τklpτ

D
kpW

)1−σk MSkW

P
1−σk
kW∑

l∈N (Y P
kl + Y S

kl )
(15)

Y F
kDW

Y F
kD

=

∑
l∈N Y

F
klW∑

l∈N Y
F
kl

=

∑
l∈N

Y Fkl
RMAFkl

(τklpτ
F
kpW )1−σkMSkW

P
1−σk
kW∑

l∈N Y
F
kl

(16)

YkWD

YkW
=

∑
l∈N Y

F
kWl

YkW

=

∑
l∈N

YkW
RMAkW

(τkplτkWp)
1−σk MSkl

P
1−σk
kl

YkW
(17)

YkWD

YkWW

=

∑
l∈N YkWl

YkWW

=

∑
l∈N

YkW
RMAkW

(τkWpτkpl)
1−σk MSkl

P
1−σk
kl

YkW
RMAkW

τ 1−σk
kWW

MSkW

P
1−σk
kW

(18)

where, YkWD is the total imports from the ROW, while YkWW is the output that is produced

and sold in the ROW. YkWD and YkWW are read from the WIOD. Y s
kD for s = F, P, S are

the aggregate output by foreign, private firms and SOEs. Besides, we also need exports

done by domestic and foreign firms, i.e., Y S
kDW + Y P

kDW and Y F
kD. The total exports from

China YkDW =
∑

s=S,F,P Y
s
kDW is taken from the WIOD. We then aggregate the exports by

different types of firms using the Chinese Census Data, which provides information on firms’

ownership, and calculate the export ratio done by domestic and foreign firms. We, then,

back out Y S
kDW + Y P

kDW and Y F
kD.

To get the driving time between cities and cities to ports, we use a digitalized map

of the road system of China in 2004 to calculate the driving time between two locations.

Geo-referenced expressway routes as well as Chinese national and provincial roads data are

obtained from ACASIAN Data Center at Griffith University in Brisbane,Australia.27. We

account for the quality of roads and assign different speeds to each type according to the

Technical Standard of Highway Engineering (JTG B01 2003) by the Ministry of Transport

27See https://acasian.com/ for more details. We update the road network data on the basis of a collection
of high resolution atlas sources published from 1995 to 2009.
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of China. Road in China can be categorized into different tiers based on quality. Each tier

has a designed speed published in the Technical Standard of Highway Engineering (JTG B01

2003). The average speeds of expressway, national and provincial roads are weighted by the

length of each tier within each type of road. With calculation, we assign 100 km/h to the

expressway, 51.88 km/h to the national roads, and 43.45 km/h to provincial roads. Details

of the construction of driving time are explained in Appendix B.

There are two cautions when using the digitalized map. First, our map does not include

local roads such as the county, township, and lower-level roads. We argue that these local

roads have little impact on our calculation of driving time between cities because they usually

serve as local transportation connecting counties and villages within a city. Second, we only

consider road transportation for simplicity. The simplification is appropriate in the Chinese

context because road freight dominates other modes of freight. The share of road freight is

as high as 74% in 2007, 73% in 2004 and 76% in 1995.28

We estimate εTk industry by industry using the nonlinear least square estimation.

min
εTk

∑
l∈N

∑
s=P,F

(
ln
Y s
klW

Y s
kl

− (1− σk)εTk lnDrivingT imelp + lnRMAskl −Ds
k

)2

At the same time, the calibrated values of τ skpW (s = S, P, F ), τkWp and τkWW solve Eq (15)

- Eq (18) for year 2004.

The estimates are presented in Table 5. For all industries, the estimated εTk are positive.

That is, the transportation cost is higher, and the export share is smaller for the hinterland

area. Taken the estimated εTk as given, we calibrate τ skpW (s = P, S, F ), τkWp and τkWW to

the economy in 2004 by solving Eq (15) - Eq (18). The calibrated values are reported in

column 2004 of Table 6.

28Data Source: Official website of National Bureau of Statistics of China

27



T
ab

le
5:

P
ar

am
et

er
s

of
tr

an
sp

or
ta

ti
on

co
st

In
d
u
st

ry
1

2
3

4
5

6
7

εT k
0.

15
0.

15
0.

17
0.

15
0.

17
0.

17
0.

14
sd

[1
.5

E
-0

5]
**

*
[1

.9
E

-0
5]

**
*

[9
.5

E
-0

6]
**

*
[1

.6
E

-0
6]

**
*

[1
.5

E
-0

6]
**

*
[4

.9
E

-0
6]

**
*

[1
.6

E
-0

6]
**

*
1

T
h
e

st
an

d
ar

d
er

ro
rs

ar
e

re
p

or
te

d
in

th
e

b
ra

ck
et

s.
**

*,
**

an
d

*
d
en

ot
e

si
gn

ifi
ca

n
ce

at
th

e
1,

5
an

d
10

%
le

ve
ls

,
re

sp
ec

ti
ve

ly
.

T
ab

le
6:

P
ar

am
et

er
s

of
tr

an
sp

or
ta

ti
on

co
st

In
d
u
st

ry
τ
P k
p
W

(=
τ
S k
p
W

)
τ
F k
p
W

τ k
W
p

τ k
W
W

1
7.

91
8.

04
7.

11
5.

47
6.

13
5.

19
9.

70
8.

35
6.

79
2.

86
2.

65
2.

11
2

4.
80

3.
71

3.
42

0.
98

1.
65

1.
19

3.
25

3.
94

4.
03

2.
04

1.
82

1.
42

3
8.

56
7.

51
6.

44
4.

94
4.

60
3.

88
6.

68
5.

45
5.

16
2.

65
2.

38
2.

03
4

7.
12

5.
80

4.
96

3.
66

3.
22

3.
02

6.
22

4.
86

4.
91

2.
56

2.
22

1.
81

5
7.

99
5.

90
4.

43
5.

39
3.

14
2.

40
4.

81
3.

76
3.

59
2.

59
2.

14
1.

76
6

11
.6

1
7.

28
5.

32
11

.6
6

7.
45

4.
86

8.
40

6.
86

5.
60

3.
60

2.
96

2.
25

7
8.

52
4.

44
4.

37
1.

53
2.

15
1.

50
3.

09
2.

53
2.

24
2.

55
1.

90
1.

52

28



3.5. Estimation of Agglomeration Forces

We use the firm location choices to estimate the magnitude of the Marshallian external-

ities. That is, firms tend to locate close to each other as their productivity is higher due to

the externalities. The larger the industry in one location, the more attractive the location.

We take the log of Eq (2), which characterizes the firm location choices.

ln skl = −θ̃k ln ckl +
θ̃k

σk − 1
ln
[
(1− σktPkl)RMAPkl

]
− ln Φk

= −θ̃k ln
(

ΓQk w
γk
l ΠK+1

j=0 P
γk,j
jl

)
+ βLk θ̃k lnLkl + θ̃k lnAkl

+
θ̃k

σk − 1
ln
[
(1− σktPkl)RMAPkl

]
− ln Φk (19)

We rearrange Eq (19) by moving the known variables to the left, and let ln ykl = ln skl +

θ̃k ln
(

ΓQk w
γk
l ΠK+1

j=0 P
γk,j
jl

)
− θ̃k

σk−1
ln
[
(1− σktPkl)RMAPkl

]
. Thus,

ln ykl = βLk lnLkl + lnAkl − ln Φk (20)

The natural advantage Akl, which is unobservable, enters the error term. If we run the

cross-sectional regression using the 2004 data, the OLS estimates will be biased due to the

correlation between natural advantage Akl and labor employment Lkl in industry k. That

is, the larger the natural advantage is, the more firms in industry k choose to produce at

location l, and thus the more labor work in industry k at location l.

To deal with the endogeneity problem, we use 1995, 2004, and 2008 China Economic

Census Data to construct a three-year panel following the same procedure as in Section 3.1 -

Section 3.4 while keeping εL, σk, θ̃k, ρk and εTk the same as in 2004. See Appendix A for the

step-by-step procedure. The driving time between cities in 1995 and 2008 is computed based

on the digitalized road maps in these two years. The digitalized road maps are constructed

with the maps of expressways in 1995 and 2008 and the map of provincial and national

roads in 2004. Due to data availability, we only have the maps of provincial and national

highways in 2004. Instead, we take into account the speed increase due to quality upgrading.

Appendix B explains in more detail how we construct the transportation map. We add t in

the subscription for data over different years.

Furthermore, we assume that the natural advantage Aklt is the multiplication of a time

invariant part lnAkl and a time variant shock eε
A
klt .

lnAklt = lnAkl + εAklt
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Table 7: OLS Estimation of the Agglomeraton Forces

(1) (2) (3) (4) (5) (6) (7)
∆ lnLklt 0.12 0.10 0.10 0.09 0.09 0.08 0.07

[0.01]∗∗∗ [0.00]∗∗∗ [0.01]∗∗∗ [0.01]∗∗∗ [0.01]∗∗∗ [0.01]∗∗∗ [0.01]∗∗∗

N 436 426 436 435 434 414 428
R2 0.848 0.681 0.743 0.509 0.519 0.548 0.917

1 The standard errors are reported in the brackets. All standard errors are clus-
tered at the provincial level. ***, ** and * denote significance at the 1, 5 and
10% levels, respectively.

We take advantage of the panel structure in the following way. First, we differentiate out

the time-invariant part of lnAklt. Second, we are going to use instrumental variables which

explore the exogenous change in the attractiveness of a location to deal with the endogeneity

problem due to εAklt.

In the first step, we make the difference between 1995 and 2004, 2004 and 2008, and then

run the following regression separately for each industry, where Dkt is the year dummies that

control for the industry-level aggregate shocks. By looking at the change of ln yklt (∆ ln yklt),

and the change of labor use (∆ lnLklt), we are able to cancel out the time-invariant part,

lnAkl.

∆ ln yklt = βLk ∆ lnLklt +Dkt + ∆εAklt (21)

We present the OLS estimates of Eq (21) in Table 7. The estimates of βLk are all positive,

ranging from 0.07 - 0.12, and significant at 1% level. Based on the OLS estimates, for all

industries, the larger the industry measured by the employment is, the more firms locate in

that city after controlling other features such as real market access, costs, etc.

However, the OLS estimates of Eq (21) may still suffer from the endogeneity problem

because the innovation shock ∆εAklt is correlated with labor use ∆ lnLklt. A possible story

could be the following. When city l has a larger improvement in productivity of industry k

over the years, more firms of industry k will produce at location l, and at the same time,

the increase in employment Lkl is more significant.

To deal with the endogeneity problem, we exploit the exogeneity of increased real market

access due to China’s integration into the ROW over time. The identification of this instru-

ment is the following. When the real market access increases for industry k at location l,

the demand for industry k will expand, and more labor will be employed. If the exogenous

change in employment attracts more firms to local l even after RMAPkl is controlled for, the

agglomeration force is identified. That is, city l will be even more attractive to firms in
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industry k thanks to Marshallian externalities. The exogenous change of real market access

serves as an IV since it captures the exogenous change of employment, which is independent

of the productivity shock εAklt.

We construct the instrumental variable as the change of real market access of location l

due to better access to the rest of the world. Based on our calibration for 1995 and 2008,

the exporting cost τPkpW (τSkpW ) and τFkpW , as well as the importing cost τkWp are decreasing

overtime for all industry k = 1, ..., K as shown in Table 6. This coincides with China’s entry

into WTO, after which China was better integrated into the world economy. We exploit the

different impacts on the real market access of coastal and hinterland areas to construct our

instrumental variable. The coastal areas, which are close to the international market, are

more affected by joining WTO since they depend more on the foreign market.

Accordingly, we construct the first IV (∆ lnRMAIVklt) by the change in the real market

access to demand due to better access to the ROW. For k = 1, ..., K and l ∈ N ,

∆ lnRMAP,IVklt = ln

(∑
d∈N

τ 1−σk
kldt−1

MSkdt−1

Pkdt−1

+ (τklpt−1τ
P
kpWt)

1−σkMSkWt−1

PkWt−1

)
− lnRMAPklt−1 (22)

When constructing ∆ lnRMAP,IVklt , we keep the market size, price index and within-country

transportation cost as the same as that in t − 1. That is, we use MSkdt−1, Pkdt−1, τkldt−1

and τklpt−1 to construct the hypothetical real market access to demand at t. ∆ lnRMAP,IVklt

only captures the change in the real market access only due to the decrease in the exporting

cost (τPkpWt). Since the coastal areas rely more on the ROW, the change in ∆ lnRMAP,IVklt is

larger for them.

The assumption here is that the change in real market access due to τPkpWt is not correlated

with the productivity shock ∆εklt. This is plausible since the impact of China’s accession to

the WTO in 2001 depends only on the geographic location of l, which is independent of the

productivity innovation ∆εAklt.

E[∆εAklt∆ lnRMAP,IVklt ] = 0 for k = 1, ..., K

Panel A in Table 8 presents the IV estimates of the magnitudes of Marshallian externali-

ties βLk using the instrumental variable ∆ lnRMAP,IVklt . The estimates vary across industries

from 0.00 to 0.16. We report LM test statistics (Anderson or Kleibergen-Paap) for the

under-identification test in the table. The p-values of all industries other than k = 1 reject

the null hypothesis that our instrument is under-identified. The Kleibergen-Paap rk Wald

F statistics for the weak identification test are also reported. Industry k = 1 has a very low
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F statistics, while the F statistics in other regressions are large. For industries k = 2, ..., 7,

the estimates of IV regressions are smaller or the same as OLS estimates, which indicates

an upward bias without dealing with the endogeneity problem. Other than industry k = 1,

the first-stage estimates are consistent with our expectation that the exogenous changes in

real market access, due to opening up, are positively correlated to the labor employed in

the industry. Instead, the estimate in industry k = 1 in the first stage is insignificant. In

sum, our IV performs well for k = 2, ..., 7, but the IV estimate in industry k = 1 may not

be reliable because of low identification power. In industries such as k = 5, 6, though our IV

passes the under and weak identification tests, the Kleibergen-Paap rk Wald F statistics are

relatively small, which raises concerns over weak identification.

To improve the performance of IV estimates, we, thus, construct a second instrumental

variable based on the changes in τkWpt over years, which affect the market access to the

intermediate inputs from the foreign market. After China joined the WTO, not only does

China have better access to foreign buyers in the ROW, but also is China able to import

intermediate input from the ROW more easily. Through the input-output linkage, the price

indexes of the intermediate inputs decrease. The coastal areas, which rely more on imported

intermediate inputs for production, are more affected. With a lower production cost, industry

k will expand in employment. The exogenous change in employment helps us identify the

Marshallian externalities.

Using the same similar reasoning as Eq (22), we calculate the change in price indexes of

industry k in city d due to better access to the foreign market in the following way. We take

advantage of the change in the price index of industry k due to τkWpt over time, while the

other economic conditions are controlled at t− 1.

∆ lnP IV
kdt =

∑
l∈N

τ 1−σk
kldt−1

∑
s=S,F,P

Y s
klt−1

RMAsklt
+ (τkWptτkplt−1)1−σk YkWt−1

RMAkWt−1

− lnP IV
kdt−1

Through the input-output linkage, we are able to calculate the change in the price indexes

of intermediate inputs due to better access to the ROW.

∆ lnPIIntermIV
kdt =

∑
j

γk,j lnP IV
jdt

Similar to Eq (22), the change in the cost of intermediate inputs ∆ lnPIIntermIV
kdt affects

employment, while it is exogenous to the productivity shock ∆εAklt.

Panel B in Table 8 presents the IV estimates of βLk using the instrumental variables

∆ lnPIIntermIV
klt . All the estimates are smaller than the OLS estimates. We report the LM

test statistics (Anderson or Kleibergen-Paap) of under-identification tests. For all industries

32



except k = 1, the p-values reject the null hypothesis that our instrument lnPIIntermIV
klt is

weak. The Kleibergen-Paap rk Wald F statistics for weak identification are large in industry

k = 2, 3, ..., 7, but still small in industry k = 1. Therefore, we will be cautious about using

the estimate of industry k = 1.

Since we have two instrumental variables (∆ lnRMAIVklt and ∆ lnPIIntermIV
klt) and one

endogenous variable (∆ lnLklt), we include both instrument variables in the IV regressions

and the estimates are presented in Panel C of Table 8. The estimates remain roughly the

same as that in Panel A and B. In Panel C, all the IV estimates in industries k = 2, ..., 7

are smaller than the OLS estimates. For all industries, Hansen J Statistics of the over-

identification tests reported in Table 8 cannot reject the null hypothesis. That is, there is

no evidence that our model is over-identified.

The IVs in industry k = 2, ..., 7 perform well. The LM statistics for the under-identification

test (Kleibergen-Paap rk LM statistics) in these industries reject the null hypothesis that the

model is under-identified, which indicates that our instrumental variables have enough iden-

tification power. However, the statistic of weak identification for industry k = 1 is still small,

and we cannot reject the null hypothesis that the IVs may suffer from under-identification.

We will take the estimates of βLk (for k = 2, ..., 7) in Panel C as the magnitudes of Mar-

shallian externalities, but βL1 = 0 as a conservative estimate for k= 1. Our estimates are

roughly comparable to the estimates of agglomeration in the existing literature. Melo et al.

(2009) has done a meta-analysis of estimates in recent urban agglomeration economies. The

average estimate in the literature they find is 0.058 across 729 estimates from 34 studies.
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4. Model Fit

In this section, we study the model fit by comparing the model predicted value to the

actual data in 2004.

Sales . By assuming a multivariate Frechet distribution of private firms’ productivity, the

model predicts industrial sales at each location based on firm shares at location l, skl, and the

aggregate output of industry k according to Eq (5). The fit of output data will provide the

credibility of our model of firm productivity distribution and optimal production location

choices. We aggregate the industry-by-city sales from the 2004 China Economic Census

Data, and compare that to the model predicted sales. Figure 1 plots industry output, model

vs data. The red line is the 45-degree line. The figure shows that most of the points are

aligned closely to the 45-degree line. Overall, the model does a good job of matching the

output in data.

,

Figure 1: The Model Predicted Industry-by-City Sales and the Data (in Log)
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Export . We use the export data and Eq (14) to estimate the export elasticity regarding the

distance to ports. We study how well the model predicts the actual exports by comparing

the actual data and the predicted one. A good fit will offer support for our assumptions

on the trade costs. Figure 2 plots the exports by city and industry, data vs. model, for

private, foreign, and state-owned firms. As shown in Figure 2, points are sitting around the
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45-degree line for private and foreign firms, which indicates a good fit to the data. However,

the model does not predict the exports by SOEs very well.

Figure 2: The Model Predicted Industry-by-City Exports and the Data (in Log)
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(c) SOEs

Labor . With the calibrated production function and the wage taken from the China City

Statistical Yearbook in 2004, we are able to back out the employment by city and industry

using the model. On the other hand, we can also get the employment data by aggregating

employment from the 2004 China Economic Census data. Figure 3 plots the model predicted

labor employment against the data. Comparing with the 45-degree line, overall, our model

did a very good job predicting employment for all types of firms.

5. Policy Analysis

In this paper, we focus on the tax policies targeting domestic private firms. We take

advantage of the Chinese State Administration of Tax from 2007 to 2011 to back out the
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Figure 3: Model Predicted Industry-by-City Employment and the Data (in Log)
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(d) All Firms

location-by-industry specific total tax rates of domestic private firms, and present the sum-

mary statistics in Table 9. As shown in Table 9, the average total tax rates are around 6%

of the total sales, but the standard deviations are relatively large. The maximum tax rates

are about twice the minimum tax rates for all industries. Figure 4 shows the geographic

distribution of total tax rates in different industries across regions. The average tax rates

in hinterland provinces are relatively lower than those in coastal areas such as Shanghai,

Zhejiang, and Jiangsu. Fewer provinces grant preferential tax rates to the food industry.
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Table 9: Summary Statistics of Tax Rates Across Regions

Industry Mean Medium Sd Min Max Obs
1 0.0729 0.0739 0.0246 0.0068 0.1181 28
2 0.0570 0.0544 0.0157 0.0239 0.0886 28
3 0.0689 0.0719 0.0107 0.0460 0.0856 28
4 0.0524 0.0534 0.0098 0.0342 0.0727 28
5 0.0669 0.0662 0.0122 0.0428 0.0874 28
6 0.0721 0.0682 0.0174 0.0496 0.1059 28
7 0.0726 0.0750 0.0150 0.0467 0.1099 28
All 0.0658 0.0665 0.0110 0.0420 0.0857 28
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Figure 4: The Geographic Distribution of the Average Total Tax Rates Across Provinces
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Figure 4: Continued.
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The competition among local governments, combined with the preference of the central

government, is the strong motivation to offer tax discounts and subsidies. First, economic

performance within the jurisdiction is considered an important criterion to promote govern-

ment officials (Gordon and Li, 2012; Xu, 2011), rather than the electorate. Tax is one of the
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instruments of local governments to compete for resources in order to improve local economic

performance. Second, the preference of the central government is one of the reasons for a

specific industry to be the target of local governments. To guide the direction of develop-

ment, the central government regularly issues lists of encouraged industries. Relatively high

tech industries, such as the auto industry, the solar panel industry, etc., are more likely to be

targets of local governments. The intense competition bids up subsidies and tax discounts

to attract firms.

To evaluate the welfare implications of tax rate dispersion across China, we conduct the

following counterfactual exercise: we unify the total tax rates of private firms across cities

while holding tax revenue from private firms in each industry constant. To solve the new

equilibrium, we take advantage of ”exact hat algebra” methodology pioneered by Dekle et

al. (2008) and extended in Costinot and Rodŕıguez-Clare (2014) such that we do not need

to calibrate all the fundamentals. The agriculture goods are set as the numeraire goods and

P0 = 1. Appendix C describes the algorithm we use to calculate the new equilibrium in

detail.

The change in price index in k = 1, ..., K is a function of changes in costs, real market

access and firm location shares.

P̂ 1−σk
kd =

∑
l∈N

{ ∑
s=S,F

τ 1−σk
kld

Y skl
RMAskl

P 1−σk
kd

ĉ1−σk
kl +

τ 1−σk
kld

Y Pkl
RMAPkl

P 1−σk
kd

ĉ1−σk
kl ŝ

(σk−1)(ρk−1)

θ̃k
+1

kl

}
+
τ 1−σk
kWd

YkW
RMAkW

P 1−σk
kd

ĉ1−σk
kW

and,

P̂K+1,d = ĉK+1,d

where, Y s
kl, τkld, RMAskl and Pkl are calibrated to the current equilibrium using data as

explained in Section 3.

The change in cost is a function of change in wage, price index, as well as the change in

agglomeration.

ĉkl =
ŵγkl ΠK+1

j=0 P̂
γk,j
j,l

L̂βkkl
for k = 1, ..., K

ĉK+1,l = ŵ
γK+1

l ΠK+1
j=0 P̂

γK+1,j

j,l

ĉkW = ŵ
γWk
W ΠK+1

j=0 P̂
γWk,j
j,W for k = 1, ..., K + 1

The change in the real market access can be expressed as a function of the calibrated
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value and the change in market size and price indexes.

R̂MA
s

kl =
∑
d∈N

τ 1−σk
kld

MSkd

P
1−σk
kd

RMAskl

M̂Skd

P̂ 1−σk
kd

+
(τ sklW )1−σkMSkW

P
1−σk
kW

RMAskl

M̂SkW

P̂ 1−σk
kW

The change in market size, disposable labor income and the labor employed at industry-

city level depend on the change in industrial sales in each city, which is a weighted average

of industrial sales change by SOEs, private, and foreign firms in each location.

Ŷkl =
Y P
kl

Ykl
ĉ1−σk
kl R̂MAklŝ

(σk−1)(ρk−1)

θ̂k
+1

kl +
∑
s=F,S

Y s
kl

Ykl
ĉ1−σk
kl R̂MAkl

L̂kl =

(
1− 1

σk

)
γkŶkl

ŵl

The change in firm location shares is affected by the change in production cost ĉkl, tax

rate ̂1− σktPkl and real market access R̂MA
P

kl.

ŝkl =
ĉ−θ̃kkl [ ̂(1− σktPkl)R̂MA

P

kl]
θ̃k

σk−1

Φ̂k

Φ̂k =
∑
d∈N

skdĉ
−θ̃k
kd [ ̂(1− σktPkd)R̂MA

P

kd]
θ̃k

σk−1

Labor movement can be expressed as the change in location utility and the labor move-

ment in the current equilibrium.

ξ̂od =
v̂εLd∑

l∈N ξolv̂
εL
l

where, v̂d = Îd
L̂dP̂d

For this complicated system, we are unable to give any rigorous proof on the uniqueness

of equilibrium.29 We compute the new equilibrium starting from the initial one. We also

tried a wide range of starting points. All converge to the same equilibrium.

After solving the model, we compare the value-added in the new equilibrium when total

29We refer to Kucheryavyy et al. (2016) who has a nice discussion and proof on the existence and unique-
ness of equilibrium of Ricardian model with Marshallian externalities as well as multi-industry versions of
Krugman (1980) and Melitz (2003). In their paper, they show that the model has a unique equilibrium if
the product of the trade and scale elasticity is weakly lower than one in all industries. Unfortunately, our
model is beyond their paper in two ways. With the input-output structure in the production function and
wage in the labor market adjusted to clear the labor market, their method of proof does not apply.
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tax rates are unified across locations to that of the current equilibrium. The results are

presented in the row of ”Full Model” of Table 10. The increases in different industries vary

from 0.77% - 3.97%. Industry k = 6 (Transport Equipment) enjoys the most substantial

increase in value-added, while the value-added of industry k = 4 (Basic Metals and Fabri-

cated Metal Products) does not change much. Overall, the total production by private firms

increases by 1.51% by reallocating resources across regions. This indicates efficiency loss of

misallocation because of the distorted tax dispersion geographically. When we aggregate the

value-added of all types of firms (private and foreign firms and SOEs), the total value-added

in the manufacturing sector increases by 0.92%. The value-added of the entire economy,

including manufacturing, agriculture and service sectors, increases by 0.91%.30

To quantify the importance of agglomeration forces, we compare our results of the full

model to that of models without either the input-output linkage or the Marshallian exter-

nality. The results are presented in Panel B - Panel D of Table 10. First, we look at a model

only with the input-output structure in the production function, but assuming away the

Marshallian externality, i.e., βLk = 0. We redo the counterfactual exercise by setting a uni-

form total tax rate across cities for private firms. The row of ”No Marshallian Externality”

presents the change in value-added under the assumption of zero Marshallian externality.

The results show that the losses of value-added in all industries are much smaller without

considering Marshallian externalities.

Second, we allow Marshallian externalities in the model but assume away the input-

output structure in the production technology γ
(W )
k,j = 0. We recalibrate the restrictive

model under the new assumptions following the procedure in Appendix A and redo the

exercise. The row of ”No Input-Output Structure” presents the results. The change in

value-added by private firms in all manufacturing industries is small.

At last, we look at a model assuming away both Marshallian externalities and the input-

output linkage, that is, βLk = 0 and γ
(W )
kj = 0. We did the same exercise, and the results

presented in the row of ”Neither of Both” show that the change in value-added is much

smaller compared to the benchmark model.

30Note that the results in Table 10 underestimate the production loss if we further allow foreign firms to
react to the new economic conditions.
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According to the results summarized in Table 10, both Marshallian externalities and

the input-output structure are important when location-based policies are evaluated. We

use value-added to measure the loss in production by private firms due to the tax dis-

persion. Under the model without considering the Marshallian externality (βLk = 0), the

loss of manufacturing production by all private firms due to the tax dispersion is under-

estimated by 29.4% ((1.51% − 1.07%)/1.51%), and the loss of total value-added in the

entire economy is underestimated by 27.7% ((0.91% − 0.66%)/0.91%). A model with-

out the input-output linkage will underestimate the loss in production of private man-

ufacturing firms by 61.6% ((1.51% − 0.58%)/1.51%), and the total loss of the economy

by 77.2% ((0.91% − 0.21%)/0.91%). When assuming away both agglomeration forces, a

model will underestimate the loss in production of private manufacturing firms by 67.0%

((1.51%− 0.40%)/1.51%), and the total loss of the economy by 80.0%. The results indicate

that both agglomeration forces are significantly influential when firms choose their produc-

tion locations, and thus it is important to take these forces into account when we evaluate

place-based policies.

Next, we explore the distribution effects under the unified tax rates across cities. We

calculate the change in production measured by value-added and total income across different

cities before and after the policy change.

First, we study the relationship between the change in the total tax rate and the change in

industry-city production. Figure 5 graphs the relationship between the change in production

by private firms and the tax rates in the status quo. It shows that places with higher tax rate

discounts (i.e. lower tax rates) in data relatively lose more after we unify the total tax rates

in the counterfactual exercise. Results presented in Figure D.10 in Appendix D are similar

when we look at the aggregate production by all types of firms. To show the geographic

distribution, we also graph the change in production on a map in Appendix D.
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Figure 6: The Relationship between the Change in Income and the Tax Rates in the Status quo
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Second, we study the relationship between the change in the disposable income per capita

and the tax rate discounts. Panel A in Figure 6 graphs a positive relationship between

the change in disposable income per capita and the tax rates in the status quo. That

is, disposable income per capita decreases at places with higher tax rate discounts in the

counterfactual exercise. We also use a map of the change in disposable income per capita to

show the geographic distribution in Panel A of Figure D.9 in Appendix D. We also calculate

the change in the expected real income of workers born in each city and plot it in Panel

B of Figure 6. The geographic distribution of changes is plotted in Panel B of Figure D.9

in Appendix D. The results are similar. Places with larger tax discounts suffer a larger

loss in real income as well. These results indicate a strong incentive for local governments

to compete with each other. Local governments with either strong motivation in economic

development in their city or improving local welfare have the rationale to engage in tax

competition to attract firms to their jurisdictions. However, these location-based policies

are benefiting local areas at the expense of other places. The lack of coordination reduces

the total production as a nation.

At last, we look at the dispersion of production changes in the counterfactual exercise.

Panel A in Table 11 summarizes the mean, median, standard deviation, minimum, and

maximum change in city-industry production, as well as the disposable income per capita

and real income across cities. As summarized in Table 11, the city of the biggest loser

(Baodin of Hebei Province) will be worse by 7.91% in disposable income per capita and by

7.96% in real income. The biggest two winners measured by disposable income per capita

and real income are Luzhou of Sichuan Province and Shanghai, who gain by around 5%. We

then calculate the Gini index of real income to measure the inequality across cities. We find

that the Gini index increases by a minimal extent from 0.201 to 0.205 after unifying the total
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tax rate across cities. That is, the new tax policy will increase inequality across cities only

by a small amount, while it can increase the total production and income of the economy.
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We further compare the distribution effects in the full model to that in the constrained

models. Panel B, Panel C and Panel D in Table 11 summarize the median, standard de-

viation, minimum and maximum change in production, disposable income per capita, and

welfare across cities when either the Marshallian externality or the input-output linkage is

absent in the model. Comparing the standard deviations of these changes, the dispersion

of changes due to the unified tax rate policy is much smaller in the model without these

two agglomeration forces. When the model has neither Marshallian externalities nor the

input-output linkage, as shown in Panel D in Table 11, the city of the biggest loser will be

worse by 1.7% in disposable income per capita and real income after the tax rates change,

only around 22% of the loss under the full model. The existence of agglomeration forces

better explains the strong incentive for local governments to use the discounted tax rates to

attract firms.

6. Conclusion

In this paper, we develop a structural model in which heterogeneous firms choose pro-

duction locations based on the total tax rates in addition to natural advantages, production

cost, market access, agglomeration forces, and input-output linkages. We use the model to

analyze the effect of local industrial policies. Local governments in China compete for firms

in certain industries in order to promote the local economy, which would affect the industry

distributions geographically. This paper focuses on the policy implication of the total tax

rates, which are backed out from the Chinese State Administration of Tax by aggregating

all types of taxes and fees paid by firms.

After calibrating the model to data, we find that local governments have the rationale to

compete for firms by lowering tax rates, but the aggregate output loses due to misallocation.

In the counterfactual exercise, we unify total tax rates across regions within each industry

while controlling the total tax revenue constant. The aggregate value-added by private firms

will increase by 1.51%, and the value-added by the entire economy will increase by 0.91%.

Our counterfactual exercise shows that local governments have strong incentives to offer

preferential tax rates to attract firms. That is, cities with lower tax rates in the status quo

will reduce their production as firms move out. Besides, there is no substantial increase in

the inequality across cities as the Gini index of real income increases by a small number from

0.201 to 0.205.

More importantly, we show that both agglomeration forces, i.e., Marshallian externalities

and input-output linkages, are essential when we evaluate place-based policies. A model with

neither agglomeration forces will underestimate the production loss of private firms by 67.0%.

The input-output linkages play a relatively more substantial role in policy evaluation. The
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underestimation is larger in the model without input-output linkages than that in the one

without Marshallian externalities. Furthermore, the distribution effect is stronger in the

model with agglomeration forces. That is, with the existence of agglomeration forces, places

with lower tax rates lose more in our counterfactual exercise, and thus local governments

have a stronger incentive to compete with others using tax rates.
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