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Economics Questions

Economists and policy makers widely believe that transport infrastructure investment
plays an important role in promoting economic development.

This paper conducts reduced-form empirical exercises to examine:
@ Whether road infrastructure improvement can reduce markup dispersion ?
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Economics Questions

Economists and policy makers widely believe that transport infrastructure investment
plays an important role in promoting economic development.

This paper conducts reduced-form empirical exercises to examine:
@ Whether road infrastructure improvement can reduce markup dispersion ?
@ And thus, enhance allocative efficiency and generate pro-competitive gains.
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Introduction

Review

Improved transport infrastructure can reduce trade cost, thereby narrowing down the
interregional price gap and increasing interregional trade flows, which eventually brings
about improved trading environment, enhanced market integration, and additional large
economic welfare.

The previous literature has attributed the welfare gains from trade to two major
channels.

The First Channel

Productive efficiency from the classical Ricardian effect of trade if all firms charge their
marginal cost.

The Second Channel

Allocative efficiency from the pro-competitive effect of trade, particularly, efficiency and
productivity losses due to resource misallocation in an imperfect competitive market
can be reduced if firms are exposed to more head-to-head competition

The allocative efficiency channel has not received sufficient attention in trade literature
until recently and still lacks a rigorous empirical analysis.
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Introduction

Empirical way

This study contributes to the literature by focusing on the allocative efficiency
channel that is understudied empirically thus far.

@ Exploiting the rapid expansion of China’s road infrastructure in the 2000s to
investigate the pro-competitive effect of transport infrastructure.

For identification:
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This study contributes to the literature by focusing on the allocative efficiency
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@ Exploiting the rapid expansion of China’s road infrastructure in the 2000s to
investigate the pro-competitive effect of transport infrastructure.

@ Conducting reduced-form empirical exercises to examine carefully whether road
infrastructure improvement can reduce markup dispersion

@ Enhancing allocative efficiency and generating pro-competitive gains.
For identification:

@ They exploit the heterogeneity of road length in China’s provinces and the
differences in transport reliance of Chinese manufacturing industries.
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Introduction

Empirical way

This study contributes to the literature by focusing on the allocative efficiency
channel that is understudied empirically thus far.
@ Exploiting the rapid expansion of China’s road infrastructure in the 2000s to
investigate the pro-competitive effect of transport infrastructure.
@ Conducting reduced-form empirical exercises to examine carefully whether road
infrastructure improvement can reduce markup dispersion
@ Enhancing allocative efficiency and generating pro-competitive gains.
For identification:
@ They exploit the heterogeneity of road length in China’s provinces and the
differences in transport reliance of Chinese manufacturing industries.
@ They estimate a "difference-in-differences" specification, in which they compare
industries that are more reliant on transportation (the treatment group) with those

that are less reliant on transportation (the control group) before and after the yearly
differential accumulation of road infrastructure in their respective provinces.
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Introduction

The key mechanism

To empirically identify the pro-competitive effect of road infrastructure, it is essential to
understand the key mechanism of what exactly roads do to change allocative efficiency.

@ First, it is well established in literature that firms with high markups employ less
production resources and thus produce less than its optimal level (i.e., the level
when price equals marginal costs). Accordingly, markup dispersion induces an
inefficient allocation of resources across producers (misallocation) and welfare
loss, e.g., lower aggregate total factor productivity (TFP).

@ Second, improvement in transport infrastructure decreases the output prices of
firms in product markets by introducing more competition from reduced domestic
trade costs. It also lowers the marginal costs of firms because of cheaper input
prices and lower transportation costs.

@ Consequently, it affects firm markup and markup distribution and thus the
allocative efficiency. Note that allocative efficiency is determined by how the
production resources are allocated across firms with different markups.

In short, in an economy with markups dispersion, transportation infrastructure may
improve allocative efficiency if it can condense the dispersion of markups.
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Introduction

Two different effects

According to definition markup = ——
improved road infrastructure may

@ reduce firm markup and condense markup dispersion by promoting greater
competition in product market

@ increase firm markup and expend markup dispersion by reducing the marginal
costs of firms

To clearly identify the impact of road infrastructure on allocative efficiency, it is thus
important to disentangle the price and cost channels.
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Introduction

Contribution & Literature

@ The first empirical work that rigorously analyzes the pro-competitive effect of
transport infrastructure via allocative efficiency channel using the precisely
estimated firm markups.

@ Closely related to Asturias et al. (2019), who has done a similar work by
quantifying the components of welfare effect of transportation infrastructure in the
context of India on the basis of the framework developed by Holmes et al.
(2014).This papaer’s measure of markup dispersion is recognized in the trade
literature as a more accurate and direct approach of reflecting allocative efficiency
and the pro-competitive effect of trade.

@ Related to the broad literature on trade and transport infrastructure (e.g., Hummels
and Schaur, 2013; Duranton et al., 2014), particularly the recent empirical work
that relies on improvements in connectivity due to investment in transport
infrastructure, which is measured by changes in a location’ s market access (e.g.,
Donaldson and Hornbeck, 2016; Baum-Snow et al., 2020; Fiorini et al., 2021;
Jedwab and Storeygard, 2022). Market access is a summary measure
constructed by a weighted aggregation of the bilateral connectivity of an urban
area (e.g., city, county or town) with all other urban markets in the country.
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Introduction

Contribution & Literature

@ Also relevant to the extensive literature on the economic effects of transport
infrastructure. Beginning with Aschauer (1989), some studies have examined a
wide range of the macroeconomic outcomes of transport infrastructure such as
GDP (e.g., Démurger, 2001; Banerjee et al., 2020), local economic development
(Asher and Novosad, 2020), trade flow (e.g., Li and Chen, 2013), city growth (e.g.,
Duranton and Turner, 2012), employment and establishment (Frye, 2022), and
urban structure (e.g., Storeygard, 2013; Baum-Snow et al., 2017a,b). Other
studies have looked into the microeconomic effects of transport infrastructure,
including firm inventory (Shirley and Clifford, 2004, Li and Li, 2013), firm
productivity (Li et al., 2017; Yang, 2018; Davis and Qian, 2020; Lu, 2021), return to
capital (Bai and Qian, 2010), and skill premium in the labor market (Michaels,
2008).

@ Although most studies find positive effects of transport infrastructure, Faber (2014)
and Qin (2017), on the basis of Chinese data, find that better transport
connections produce negative effects on the GDP growth of the peripheral
counties along the connecting route because of reduced industrial output growth
or fixed asset investment in these peripheral regions.
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Background

2.1 Road infrastructure expansion in China

500

@ Road infrastructure
investment in China has
increased from below 2% of
GDP in the mid-1990s to 88
approximately 6% by the B
mid-2000s. 3|

@ The total road length in China °
was 4.57 million km in 2015, °
i.e., four times more than the

400

T T T T T T T T T
1978 1983 1988 1993 1998 2003 2008 2013 2018

length in 1980. The annual year
growth rate of roads is 14%
from 1998 to 2015

1: Road length in China during 1980-2015.
Notes: The unit of road length is 10,000 km. Source: Data
source: China Statistical Yearbook, 1980-2015.
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Regional distribution and growth of roads

@ The legend on China’s
map shows road density
divided into quintiles. The
four panels represent the
year 1998, 2001, 2004
and 2007, i.e., they show
the changes every three
years during our sample
period of 1998-2007.
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2004 2007



Regional distribution and growth of roads

@ The legend on China’s
map shows road density
divided into quintiles. The
four panels represent the
year 1998, 2001, 2004
and 2007, i.e., they show
the changes every three
years during our sample
period of 1998-2007.

@ Roads then experienced
a rapid but uneven growth
in the subsequent years,
i.e., they grew faster in
the east and central
provinces that are closer
to the coast, but grew
slower in western regions
far from the ocean.

1998 2001

2004 2007
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Background

2.2. Misallocation and cross-region industry competition

The construction of roads can reduce domestic trade cost and increase intraregional
and interregional trade, generating procompetitive gains through reduced markup
distortion and improved allocative efficiency.

The allocative efficiency channel only works if the following two conditions are
satisfied.(Edmond et al. 2015),

@ First, extensive misallocation must exist;

@ second, producers from different regions in the same industry must have similar
productivities to compete head-to-head.

Therefore, checking whether these two conditions are satisfied is essential in our
research setting of China before proceeding with regression analysis.
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Background

TFP distribution

™

Fig. 3 depicts the distribution of
TFPs of Chinese manufacturing
firms in 1998 (the year before the
large-scale construction of new o
roads) and 2007 (the year after the
large-scale construction of new
roads). -

Density

This figure simply provides a
rough picture of the initial degree

and evolution of overall : 2 ; PP
misallocation in China as reflected
by firm TFP dispersion.

TP
[——~= TFPin 1908

TFP in 2007
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Background

TFP distribution

First, TFP distributions are highly
skewed to the right in both years;
moreover, TFPs are visually more
dispersed in 1998 than in 2007,
suggesting a relatively larger initial
misallocation of resources in
China before the mass
construction of new roads than
thereatfter. -~

Second, the aggregate TFP (in
logarithmic form) has increased

from 0.669 in 1998 to 0.739 in 5 = ; s
2007, indicating a substantial
productivity gains along with the
observed reduction in resource
misallocation.

TFP

| == == TFPin 1998 TFP in 2007
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Background

First Condition

TFP dispersion is much larger in 1998 than in 2007 for all provinces (regardless of their
road density) and all industries (regardless of their degree of reliance on transport) as
reflected by all five indices of dispersion:

Given these facts, we argue that substantial misallocation already exists in China
across regions and industries before the mass construction of roads, and thus, the first
condition is satisfied.
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Background

Second Condition

TFPs are highly similar between inland and coastal region for most of the industries, on
average, or even at different quantiles.10 Moreover, the correlation of sectoral mean
productivity between coastal and inland regions is as high as 0.99, indicating minimal
cross-region variation in producers’ productivity.

In summary, the second condition is also satisfied in our research context in China.
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Data and Variables

3.1 Data

@ The first dataset is the total road length of China’' s provinces obtained from China
Statistical Yearbooks compiled by the National Bureau of Statistics of China
(NBSC). Road length is measured at the end of each year, while roads that are
used for testing but not open for general use are excluded.

@ The second dataset is the Annual Survey of Industrial Firms (ASIF), which was
conducted by NBSC for the period of 1998-2007. This dataset reports
comprehensive firm information on registration, operation, production, and
financial performance, including industry, location, output, value-added,
intermediate materials, employment, and book and net values of fixed assets,
which are essential for estimating the production function, recovering firm markup,
and calculating markup dispersion. This information is essential for easily
identifying a firm" s location and

@ The third data comprises the input-output (I0) table of the U.S. published by the
Bureau of Economic Analysis (BEA) in the version of the North American Industry
Classification System (NAICS) 2007, which is used to calculate the transport
reliance rate of each finely defined industry.
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Data and Variables

3.2 Variables

3.2.1 Firm Markup

@ Markup is defined as the ratio of price over marginal costs.

@ However, the firms in dataset report neither price nor marginal cost of their
products.

@ They strictly follow the framework of De Loecker and Warzynski (2012) and De
Loecker et al. (2016) in estimating the firmlevel markups.

Assuming that the production function of firm ¢ at time ¢ is

Qit = Fit(Lit, Kty Mit, wit)

@ L;: physical input of labor

@ K physical input of capital

@ M;:: intermediate materials

@ w;, is firm specific productivity.

Production function F'( - ) is assumed to be continuous and twice-differentiable with
respect to all of its arguments. This assumption assures that firm cost minimization can
be solved under static first-order conditions with respect to labor, capital, and material
input
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Data and Variables

3.2.1 Firm Markup

Set up

Cost minimization problem: for firm ¢ at time ¢

min  wi Li + 736 K + Pif My
{Lst, Kit, Mt }

st Fi(Lit, Kit, Miz, ©0it) > @,-t (1)

Ly > I[Dy = 1]Ey

w;¢ - Wage rate
rq¢ : rental price of capital
" :price of intermediate materials
D;; : a dummy variable that indicates whether a firm is a SOE or non-SOE;

I[.] is an indicator function that takes a value of one if the statement in the bracket
is true and zero if not
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Data and Variables

Lagrangian function

L(Lity Kity Mg, Xity mir) = wizLix + 130 Kot + Pif Myt
+ )\it[@it — Fit(Lit, Kit, Mir, wit)] (2)

+ mit[I[Dit = 1]Est — Lst]
First-order condition on materials input M;;.

L . OFy
aMit — 4t /\zt aMzt =0 (3)
My

Arranging and multiplying both sides by , ande arrange the above equation and
M

Qit

Qit

, ande consequently derive the following:

multiply both sides by
OF;e My Pu P My
OM;i1 Qi Xit P Qv

By rearranging the above equation, we can obtain firm markup, which is defined as the
ratio of price over marginal cost.

(4)

markupis = i = % PueMis = i Q)
T At OMuQi PuQi ol
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Data and Variables

Estimate

To estimate the production function and acquire ;;, they use the Translog production
function, i.e.,

Git = Bilit + Brkit + Bmmae + Buliy + Binkiy + Bmmmi + Bulickie ®)
+ Bemkitmit + Bimlitmit + Bremlitkitmir + wie + €t

the lowercase letters represent the logarithm of the uppercase letters, wi: is
firm-specific productivity, and ¢;: is an independent and identically distributed error
term.

They separately estimate the Translog production function for each two-digit industry
and calculate the output elasticity of materials as follows:

= B + 2Bmmmit + Bimlic + Bemkit + Bimrlickie (7)

With the estimated 6;;, we can readily calculate firm markups according to Eq. (5).
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Data and Variables

3.2.2. Markup dispersion

They use several methods to measure markup dispersion. The baseline method is the
Theil index:

MNsjt

Theilsj: = T Jog(201) (®)

Nsjt =] Ysjt Ysjt
where y;;+ is the estimated markup of firm 7 in industry s, location j, and time ¢; 7,
and n;: are the average markup and number of firms in industry s, location j, and time
t, respectively.
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Data and Variables

3.2.2. Markup dispersion

They use several methods to measure markup dispersion. The baseline method is the

Theil index:

MNsjt

Theilsji = — @ log(@)
Nsjt =1 ysjt ysjt

(8)

where y;;+ is the estimated markup of firm 7 in industry s, location j, and time ¢; 7,
and n;: are the average markup and number of firms in industry s, location j, and time

t, respectively.

Several alternative measures are employed as robustness checks.
@ The first measure is MLD

Nsjt y
isjt
log(Z="-)

Nsjt =1 Ysijt

MLD.j; =

@ The second is CV:

sjt
@ The third is RMD:
1 o< is]
RMD,;; = | Lst g
Nsjt i=1 ysjt
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Markup dispersion
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Data and Variables

3.3 Transport reliance rate

The transport reliance rate of an industry s is defined as the ratio of its inputs from
transport-related industries to its total inputs. In particular,

__Value of input from transport-related industries for industrys
B Total value of input for industrys

trs

They download the input—output table from BEA in the version of NAICS 2007. Since
there is no direct mapping between NAICS and CIC, they first translated NAICS to
industry standard of ISIC (International Standard Industrial Classification) Rev 4, and
then translated ISIC to CIC 2001.
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Data and Variables

3.2.4 Road length

Road length is widely used as a proxy for total investment on road infrastructure.

This measure is especially applicable to developing economies, such as China,
because their transport infrastructure investment focuses on new facilities rather than
on maintenance (Li et al., 2017).

Hence, the road length of China’ s provinces should be highly correlated with their
total investment on road infrastructure.
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3.3. Performance of allocative efficiency in China

The distribution of firm markups to provide a rough picture of the allocative efficiency in

China. Fig. 5 presents the kernel distribution of firm markups of Chinese manufacturing
industries in 1998 and 2007.

T ——

T T T T
1 1.5 2 2.5 3
Markup

= == Markup in 1998

Markup in 2007
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Data and Variables

Markup dispersion

They explicitly document markup dispersion by provincial road density (high versus
low) and industrial transport reliance rate (high versus low) in 1998 and 2007
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Econometric s

4.1 Baseline regression specification

07

Vsjt = o + a1trs * road;: + Z %ng * Dy + as; +ast + ajt + €5t
t=99

@ y,;¢:markup dispersion in industrys, province j , and year ¢
@ tr,ithe transport reliance rate of industry s

@ roadj::the total road length (log) that reflects the road infrastructure in province and
year ¢

° Xff:the initial industry province characteristics in 1998 that may affect markup
dispersion

@ as;, aust, ajpiindustry province, industry-year, and province-year fixed effects
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Econometric strategy

4.2 Instrumental variable

@ They construct a time-varying road length R&Zlﬁ

@ Yearly road length should be jointly determined by the actual construction cost and
the construction sequence

@ Two components:regional variation at the province level and time variation across
years

° ﬁo?z}:is calculated from the road route that policymakers and urban planners
would have chosen if construction cost is the only determinant of roads

@ ratio;:: the budget ratio of road that should be built in each year ¢ in each province
j determined by the budget constraint on road investment in each year ¢ and the
priority of road construction among cities.

— — )
Road;: = Road; X ratioj:
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5.1 Baseline estimation results

Table 4

Baseline estimation results of the effect of road infrastructure on markup dispersion.

Dependent variable: (1) (2) (3) (4)
Markup dispersion OLS OLS v I\Y
Road*reliance -0.017 |—0.022* I -0.326** —0.474**

(0.011) (0.012) (0.146) (0.188)
Control variables NO YES NO YES
Industry-year FE YES YES YES YES
Province-year FE YES YES YES YES
Province-industry FE YES YES YES YES
Observations 74,392 63,712 74,392 63,712
Kleibergen-Paap rk - - 45.000 28.168
Wald F
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Effect of road infrastructure on ma

5.1 Baseline estimation results

(4)
v

—0.474**
(0.188)
YES

YES

YES

YES
63,712
28.168

Table 4

Baseline estimation results of the effect of road infrastructure on markup dispersion.
Dependent variable: 1) (2) (3)
Markup dispersion OLS OLS v
Road*reliance -0.017 —0.022* -0.326**

(0.011) (0.012) (0.146)

Control variables NO YES NO
Industry-year FE YES YES YES
Province-year FE YES YES YES
Province-industry FE YES YES YES
Observations 74,392 63,712 74,392
Kleibergen-Paap rk - - 45.000
Wald F

-0.022
Semi-elasticity

one percentage increase of the road length would reduce the markup dispersion (Theil)
by 0.00022 given that the transport reliance rate equals one.
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5.2 Robustness checks
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Further analyses

6.1 Disentangling price effect and cost effect

Industry concentration degree

Road investment can decrease the concentration degree of an industry as reflected by
the negative estimate of the interaction term.

Price dispersion and marginal cost dispersion
Both price and cost channels work to jointly shape the distribution of firm markups

Industry material input cost

Input prices matter in reducing markup dispersion through the cost channel.
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Further analyses

6.1 Disentangling price effect and cost effect

Markup quantile regressions.

High-markup firms have relatively larger rooms than low-markup firms for reducing
markups when facing fierce competition.

Isolating the price effect from markup.
Markup changes are largely due to price changes in product market
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Further analyses

6.2. Manifestations of the pro-competitive effect of roads

Effect of road coverage
The procompetitive effect of roads is intensified in regions with denser road networks

Effect of firm density.

The pro-competitive effect of roads is strengthened when firms face more local
competition

Effect of state ownership

SOEs are less sensitive to market competition comparing to their counterparts

Effect of business institutions.

The pro-competitive effect of road infrastructure is strengthened in provinces with
better business institution quality.

Effect of road scope.
A stronger effect of local roads on reducing markup dispersions than national roads.

v
= = = = Ty
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Conclusion

Conclusion 1

Road infrastructure improvement can significantly reduce firm markup dispersion,
providing clear evidence of improved allocative efficiency and the presence of
pro-competitive effect of transport infrastructure.

Conclusion 2

Support the belief that transport infrastructure investment plays a key role in promoting
economic growth.

Conclusion 3

Their research emphasizes the allocative efficiency of resources within industries.
Improving the institutional environment and promoting market competition are
important to fully reap the efficiency gains of enhanced transport infrastructure
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Easy Quiz for Exam

1. HiEE-REUMERA T ER, E3R$-0.022 FAZFEL? (Semi-elasticity!)
2. ARMFE=INENFEBEHELFAFRE?

Table 4

Baseline estimation results of the effect of road infrastructure on markup dispersion.
Dependent variable: 1) 2) 3) 4
Markup dispersion OLS 0LS v v
Road*reliance -0.017 |—0.022* I -0.326** —0.474**

(0.011) (0.012) (0.146) (0.188)

Control variables NO YES NO YES
Industry-year FE YES YES YES YES
Province-year FE YES YES YES YES
Province-industry FE YES YES YES YES
Observations 74,392 63,712 74,392 63,712
Kleibergen-Paap rk - - 45.000 28.168
Wald F

SEEE
1. RYRT, RIRESHERBEA 1, EERIKEEM 1% BEmnEHER D 0.00022

2. FIMEMESINGIMEFIZEE, @&/ _FERTHEAER FMNIEX

ANTERKENTIAEZTERTENE_MNROEEFER.

= = - = =
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