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All in one slide

No expressway in China in 1983; 111,000km in 2015

How did expressway connection affect the local economies?

Our approach

I System designed to link key cities; link peripheral counties less intentionally

I DiD, 1600 peripheral counties, 2000–2012

I Matching by initial income for potential heterogeneity

Minor average effect, significant heterogeneity

I GDP ↑ in initially poor counties, ↓ in initially rich counties

I Further empirics reveals driven by the demand side

An explanation through the consumption–environment preferences

I Consistent pattern in data of emissions and industrial structure, etc.

.Literature
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From 2000 . . .
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. . . to 2012
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Econometric model

Generalized DiD with two-way fixed effects:

ln yi,t
Real GDP or

GDP per capita
of county i in year t

= α+ β · Connecti,t
I(Connected)

+ ρt
Year-fixed
effect

+ µi

County-fixed
effect

+ϵi,t

Potential heterogeneity:

ln yi,t = α+β ·Connecti,t + γ ·Connecti,t · ln Xi,2000

Real GDP per capita
in 2000

+ ρt +µi + ϵi,t
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Concerns on identification

We hope connection were random, but it is definitely not

Connection correlated unobservable factors that affect the outcomes?

I Connection driven by time-invariant county characteristics, e.g., geography?

We control for the county-fixed effects

I Connection driven by the same shock to all counties, e.g., national policies?

We control for the year-fixed effects

I Given these, connection driven by local shocks?

Plan announced well in advance, route never changed

I Policymakers knowing more than us, compound treatments, etc.?

Classic concern for DiD – IV and event studies could help to some extent

Parallel pre-trends confirmed by data .Parallel
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Panel-data across Chinese counties over 2000–2012

Expressway expansion data from historical GIS data

Socio-economic data from yearbooks

Emission data from the Environmental Survey and Reporting database

I Ministry of Environmental Protection of China

I All major polluting sources at the plant level

I Primary measure: Chemical Oxygen Demand (COD) in water .Why COD?

I Alternative measures: NH3N, SO2, NOx

.Summary .Match
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Average treatment effect

On average, connection hardly changed GDP

I Robust w.r.t. different levels at which the standard errors are clustered

I Robust w.r.t. controlling for provincial trends or province-year fixed effects

He, Xie, Zhang (HKUST, UCR, NJU) Expressways, GDP, and Pollution in China June 2, 2019 7 / 16



Heterogenous treatment effects

Initially richer counties saw more negative impacts on GDP

I Robust w.r.t. different levels at which the standard errors are clustered

I Robust w.r.t. controlling for provincial trends or province-year fixed effects
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Predicted treatment effects
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Concerns and robustness checks

Nonlinear specification? Driven by intrinsically converging growth? .Betty

Parallel pre-trends/the same pre-levels? Within subgroups? .Event .Subgroups

Unmatched sample .Unmatched

IV approach .IV

Potential spill-overs .Spill-overs
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Why does the heterogeneity emerge?

Initial income correlated with many things

I A story about supply, e.g., endowment, comparative advantage, etc.?

I About demand, e.g., consumer and governmental preferences?

I About initial access to nearby market, e.g., initial trade cost?

Some specific stories

I Driven by the comparative advantage? No, otherwise impact always positive

I By the home market effect? No, otherwise impact always negative

I A combination of these two?

Can factors related to the two stories dilute the main result?
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Impact heterogeneity across initial income not diluted

Similar results with the income group specification

He, Xie, Zhang (HKUST, UCR, NJU) Expressways, GDP, and Pollution in China June 2, 2019 12 / 16



A demand side explanation

Expressway connection ⇒ trade cost ↓
⇒ economy’s ability to transform emissions into consumption ↑
⇒ rebalance between consumption and the environment

Depends on the preference over the two

Poor regions care more about consumption, rich primarily the environment

I Generally true; Chinese context:

Scientific Outlook of Development (2003)

Council of State Directive on cadre evaluation (2005)

CCCPC Organizational Department Directive on cadre evaluation (2013)

Evidence in mayor promotion (e.g., Sun et al., 2014; Zheng et al., 2014)

Expressway gives the poor an opportunity to develop,

the rich to sacrifice more consumption for the environment .Model
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Expressway impacts on emissions

Consistent result; other emission measure results as expected .Emission
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How did the rebalance happen?

Technology changed, firms entered/exited/moved, industry shifted
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Concluding remarks
In China, expressways alleviate inequality among peripheral areas

I At an environmental cost; GDP–environment preference looks important

Golden Quadrilateral vs. National Expressway Network
Source: Alder (2019)

Alder (2019): Efficiency and distribution gains in India from “Chinese” roads
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Economic impact of transport infrastructure investment

A long list of empirical literature, in particular about China

Prefecture or city level analysis

I Either reduced-formed or structural, but endogeneity problem in general

I IV – exclusion criteria often challenged, usually lack of variation over time

Faber (2014 RES)

I County level analysis – the connected and unconnected more comparable

I DiD (1997 and 2006) with IV – former concerns about IV still apply

I Negative impact on average, interpreted as the home market effect

This paper

I Panel data of 13 years, 1600 counties – longest, largest, finest in the literature

I DiD with matching by initial income – better identification for relative effect

I Parallel pre-trends/the same pre-levels; results robust when IV used

I Heterogeneity emphasized, hinting demand-side stories

.PHH .EKC .Back to setting
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I Heterogeneity emphasized, hinting demand-side stories
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Environmental impact of trade

E.g., pollution haven hypothesis

Openness to trade seldom exogenous

Our empirical setting more credible

The emission results consistent with the hypothesis

The GDP results inconsistent with its underlying mechanism

.Back to setting
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Environmental Kuznets curve

Empirical effort following Krueger and Grossman (1995), evidence mixed

Critiques from Arrow et al. (1995) and Stern (2004)

Copeland and Taylor (2004): Source of economic growth important

This paper

I Results inconsistent with the environmental Kuznets curve

I The same kind of shock move income and emissions together

I But the direction can differ across income levels

I Need 3-, not 2-dimensional analysis

.Back to setting
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Why COD?

Primary indicator for water pollution

I Oxygen required to oxidize (organic) pollutants in water

Produced and reported by almost all key pollution sources and industries

NH3N: Poor data quality

SO2: Emission concentrated in certain industries and areas

NOx : Data for 2000–2005 unavailable

.Back to data
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Eventually connected vs. never connected

I Connected counties: 11% in 2000, more than 50% in 2012

I Average income changed a lot over time

Sample mean of real GDP per capita grew 13.7% every year on average

.Back to data
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Matching by initial income within the province

.Back to data
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Parallel pre-trends?

An event-study approach

I Dk
it for the kth year after connection, baseline k = −1

ln yit =
∑
k≤−2

δk · Dk
it

Pre-trends

+
∑
k≥0

δk · Dk
it

Impact dynamics

+ρt + µi + ϵit

Matching by initial income within the province

I Primarily for better investigation on income heterogeneity

I The connected and unconnected comparable in income level

I Parallel pre-trends would imply the same pre-levels – even better identification

.Back to data
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Event study

Parallel pre-trends/the same pre-levels; negligible impact within 3 years
.Back to concerns
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Two major concerns

I Robust w.r.t. nonlinear specification, e.g., two income-groups

I Robust w.r.t. controlling for group-specific dynamics

.Back to concerns
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Event study for each income-group

.Back to concerns
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Unmatched sample

.Back to concerns
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Straight-line IV

.Back to concerns
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Impact of neighbouring connections

The same pattern as the main result – spill-overs works against it
Coefficients smaller – neighbouring connection weaker than own connection
.Back to concerns
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Model (in appendix)

2 sectors producing consumption goods with different emission intensity

Labor input immobile across boundaries

Local emissions damage local environmental quality

; no dynamics

No substitution between consumption goods – fixed composition

Consumers enjoy consumption composite and local environmental quality

Small open economy, world prices of consumption goods given

Iceberg trade cost for consumption goods

Lower trade cost – expressway connection; consumption composite – GDP

Planner – local government .Back to emission graph
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Lower trade cost rotates endogenous possibility frontier

0

e

Consumption
composite, C

Environ-
mental
quality, Q

.Back to emission graph
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Comparative statics at low income

.Back to emission graph

He, Xie, Zhang (HKUST, UCR, NJU) Expressways, GDP, and Pollution in China June 2, 2019 33 / 16



Comparative statics at high income

.Back to emission graph
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Other emission measures

As expected, SO2 performs less well .Back to Channel
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