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Introduction

ÅVehiclesgenerateseveralnegativeexternalities,suchastraffic congestion,air pollution,

and traffic accidents(Parryet al., 2007), but muchattention hasfocusedon congestion

externalities.

ÅTo reduce traffic congestionto the socially-optimal level, a toll equal to congestion

externalitiesshouldbecharged(Walters,1961).

ÅThe congestionpricing theory has been modeled in various ways but few models

considerpollution externalitiesresultingfrom vehicleemissions.

ÅArnott andKraus(2003) providean excellentintroduction to highwaycongestionpricing

theoryandit isnot hardto addvehiclepollution externalitiesto their model
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ÅCongestionpricing has been practiced in some cities (for example, London and

Stockholm),but empiricalevidenceon its effect on air pollution isscant.

ÅDanielandBekka(2000) adaptTRANPLAN,a widelyusedhighway-modelingprogram,to

simulate the effect of congestionpricing on vehicle emissionsusing data from New

CastleCounty,Delaware.

ÅMitchell et al. (2005) simulatethe impactof different roadpricingschemeson air quality

usingdatafrom Leeds,UK.

ÅAnasand Lindsey(2011) review a few simulation and estimation studies in London,

Stockholm,andMilan.

ÅThesestudiesshowthat tolls canreducevehicle. Nosimilarstudieshavebeenconducted

in China. Thisstudy usesdata from the removal of highwaytolls in urban Chinaand

demonstratesthat tolls cansubstantiallyreduceair pollution.
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ÅChina'shighwaynetwork hasgrown rapidly: expresswaymileagegrew from 522 km in

1990to 41,005in 2005, andis expectedto reach85,000by 2020(YangandLee,2008, p.

1).

ÅUrbanair pollution is a seriousissuein China. Vehiclesareoneof the major contributors

to urbanair pollution in China(CaiandXie, 2007).

ÅForexample,in Beijing,vehiclesare responsiblefor at least23%of particulatematter.A

largeproportion of vehiclestravelon highwaysandmostof thesearepassengervehicles.

Removinghighwaytolls will lead to socially-excessivepassengervehicle travel due to

morecongestionandmoreemissions.
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ÅWeusea quasi-naturalexperimentin Chinato studythe effect of removinghighwaytolls

on urbanair pollution. OnJuly24, 2012, the ChinaStateCouncilannouncedthat highway

tolls would be waived for passengervehicleswith fewer than eight seatsduring four

official holidays: SpringFestival,Tomb-SweepingDay,LaborDay(May 1), and National

Day(October1), beginningwith NationalDay2012. Thereare eight daysduringthe 2012

NationalDayholiday(September30 to October7, 2012), when highwaytolls were first

waived. We use the seven-day National Dayholiday in 2011 (October1 to October7,

2011) as the comparison. It is worth noting that the only differencebetween the 2011

and 2012NationalDayholidaysis the highwaytoll waiver; there is no other nationwide

policyduringthesetwo holidaysthat affectsair quality.
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ÅUsingthe daily air pollution and weather data for 98 major cities in Chinafor 2011and

2012to identify the effectsof removinghighwaytolls on urbanair pollution.

ÅTo control for unobservedconfounding factors that may affect daily air quality, we

employ both a panel regressiondiscontinuity design method and a differences-in-

differencesmethodwith the 2011NationalDayholidayasa comparison.

ÅThefindingssuggestthat removinghighwaytolls lowerssocialwelfare.
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ÅThestudy complementsnot only the limited empiricalevidenceon congestionpricing's

effect on air pollution but also the literature on alternative road pricing, such as a

gasolinetax.

ÅComparedwith vehicle emission pricing or other externality tax, a gasoline tax is

administrativelysimpleandhasbeenadoptedin manycountries.

ÅAlthough gasoline tax is not placed on emissions,miles travelled, or peak-period

congestion,an optimal gasoline tax should take into account the external costs of

congestion,air pollution,andaccidents.

ÅA few studiesestimateŎƻƴǎǳƳŜǊǎΩresponseto gasolinetax but direct empiricalevidence

on the effect of gasolinetax on air pollution is scarce. The estimated toll elasticity of

pollution is in line with the impliedgasolinetaxelasticityof pollution.
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Data

ÅThetwo main data setswe useare the daily air pollution index(API)data and the daily

weatherconditionsfor majorcitiesin China.

ÅThe concentrationsof three pollutants measuredat monitoring stations within a city:

PM10, nitrogendioxide(NO2), andsulfurdioxide(SO2).

ÅFocusingon the sampleperiod from January1, 2011 to December31, 2012 but also

expandthe samplebackto 2009for robustnesschecksandplacebotests.

ÅAfter January1, 2013, the MEPstoppedpublishingthe APIand switchedto a new air

quality index(AQI)for 74cities.
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ÅWhenthe APIis above50, the major pollutant is identified. PM10 is the major pollutant

for mostof the daysin mostof citiesandvehiclesare the major creatorof PM10 in cities.

Forexample,approximately53%of Beijing'sPM10 is attributable to motor vehicles: 23%

dueto auto emissionsand30%roaddust(Haoet al., 2005)

ÅPM10hasa linearpiecewiserelationshipwith API(Andrews,2008):
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ÅUsingboth the APIandthe imputedPM10 to test the effect of waivinghighwaytolls.

ÅWeatherconditionsinfluenceemissionsandair quality.

ÅPM10 concentrationis affectedby precipitationand wind speed(Rostet al., 2009; Jones

et al., 2010) andozoneisnot easilyformedon cloudy,cool,rainy,or windydays.

ÅDailyweather conditionsincludewind speed,humidity, temperature,and precipitation

andaredownloadedfrom the websiteộwww. wunderground.comỚ.

ÅTheweatherdataalsoincludevisibility,whichiscloselyrelatedto air pollution.

ÅBythe endof 2008, about 95%of expresswaysin Chinaare tolled. Toll ratesdiffer across

provinces,highways,andvehicletypes.
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ÅBecauseof this complexityof the toll rate structurewe needto constructaάǘƻƭƭƛƴŘŜȄέ

for eachcity to estimatethe toll elasticityof air pollution.

ÅMerging the air pollution and weather data and dropping cities without any tolled

expresswayspassingby providesa final sampleof 98 citiesin 31 provinces(or province-

levelcities).

ÅFig. 2 showsthe mapof these98citiesandthe highwaysconnectingthem.

ÅTable1 presentsthe summarystatisticsof keyvariables.
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Model specifications

ÅSinceboth production and consumptionactivities generateair pollution and holidays

alter the proportion of these two types of activities,we need to separatethe holiday

effect.

ÅUsingthe 2011NationalDayholiday,from October1 to October7, duringwhichhighway

tolls werecharged,asa control group.

ÅThemainmodelisa city fixedeffect,paneldatamodel:

(1)
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Å Ideally,gasolinepricesshouldbe includedtoo. However,gasolinepricesare regulatedby

the centralgovernmentand their changesare not coincidentwith the άNotollέperiod.In

addition, the inclusionof year fixed effectsand flexible time trends absorbswell these

gasolinepriceshocks.

ÅDuringrecent years,high-speedtrain hasbecomea popular commutingmode in many

Chinesecities. Drivers in cities with high-speedtrain lines or stations are likely to be

moresensitiveto trip costdueto substitutionbetweencommutingmodes.

ÅWetest this effect heterogeneityby estimatingModel (1) for two subsamples: citieswith

at least one high-speed train line passingthrough in both 2011 and 2012 and cities

without anyhigh-speedtrain linesin both years.
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ÅForthe RDDestimation,f(t) ispreferedto bea locallinearor quadraticpolynomialterm.

ÅGelmanand Zelizer(2015) examinetwo publishedstudiesand demonstratethat RDD

estimatesmaybe verysensitiveto high-order polynomialsof the assignmentvariable.

ÅFocusingon the estimatesusinglocallinearandquadraticregressionsbut alsoreport the

estimatesusingglobalpolynomialregressions.

ÅReassuringly,both approachesgenerateverysimilarresults.
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Results

Å1.1  Suggestive results

Å1.2  Results from panel DID design

Å1.3  PM10 and visibility results

Å1.4  Testing the intertemporalshift of travel demand

Å1.5  Placebo test and sensitivity test

Å1.6  Estimating the toll elasticity of pollution
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1.1 Suggestive results

ÅWefirst estimateModel (1) separatelyfor the 2011and2012subsamples. Wemustdrop

the Notoll variable becausetolls were chargedon all days of the 2011 National Day

holidayand in 2012the dayswithout tolls coincidedwith the NationalDayholiday. We

treat the National Day holiday as an exogenousάǇƻƭƛŎȅέand apply the RDDmethod,

using flexible time trends to control for unobservedconfoundingfactors that affect

urbanair pollution. Theseestimatescanshowwhether the NationalDayholidaysaffect

air pollution differently in 2011and2012.
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ÅTocheckwhether the abovesuggestiveresultsare sensitiveto the window width before

and after the άǇƻƭƛŎȅέΣwe also employ the RDDmethod with local linear or quadratic

regressionsto estimate the difference in air pollution before, during, and after the

NationalDayholidayswith a symmetric,narrowwindow.

ÅSpecifically,we regresslog(API)on the Nationaldaydummy,weekenddummy,four daily

weather variables,city fixed effects,and linear or quadratictime trends before, during,

and after the άǇƻƭƛŎȅέΣusinga smallwindow of sevendaysbefore,during,and after the

National Day holiday in 2011. We estimate the samemodel usinga small window of

eightdaysbefore,during,andafter the NationalDayholidayin 2012.
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ÅAsa visualdemonstration,we applythe RDDmethodandestimatethe effect of National

Dayholidayon air pollution for Shanghai, China'slargestcity.

ÅFig. 3 showsthe symmetricquadratictrend sevendaysbefore,during,andafter the 2011

NationalDayholiday.

ÅFig. 4 showsthe symmetricquadratictrend eightdaysbefore,during,andafter the 2012

NationalDayholiday.
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1.2 Results from panel DID design

ÅTo take into accountcity heterogeneityand to tease out the holiday effect from the

άNotollέeffect,we applythe paneldifferences-indifferences(DID)method.

ÅPanel1 of Table4 reports the estimateresultsof our main Model (1) usingpooled2011

and2012dataanda narrowwindowasin Table4.

ÅTo facilitate discussionwe use the results estimated with a linear time trend as the

baselinealthoughthe test statistic for Akaike'sinformation criterion (AIC)indicatesthat

the quadratic term is slightly preferred. TableA1 presentsthe panel data modelswith

global polynomial time trends up to the fourth order and shows that the estimated

άNotollέeffectsarerobust,albeit slightlylargerin magnitude



Wei Liu



Wei Liu



Wei Liu

ÅAsa visualdemonstration,we applythe RDDmethodandestimatethe effect of National

Dayholidayon air pollution for Shanghai, China'slargestcity.

ÅFig. 3 showsthe symmetricquadratictrend sevendaysbefore,during,andafter the 2011

NationalDayholiday.

ÅFig. 4 showsthe symmetricquadratictrend eightdaysbefore,during,andafter the 2012

NationalDayholiday.
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ÅTo test whether driverswho cansubstitutedriving for train are more responsiveto the

Notoll policy,we re-estimatepanel1 modelsfor two subsamples.

Åcities with at least one high-speedtrain line passingthrough in both yearsand cities

without. Thereare 40 cities that haveat leastone high-speedtrain line passingthrough

in both 2011and 2012, 46 cities that haveno high-speedtrain lines in both 2011and

2012, and 12 cities that haveno high-speedtrain lines in 2011but haveat leastone in

2012.
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ÅThe local features and different development stages of cities in China contribute

differently to vehicle emissions(Huo et al., 2011). Therefore, to better capture city-

specificunobservedfactors that may affect daily air pollution, we control for both city

fixedeffectsandcity-specifictime trendsunder the premisethat the aggregatepollution

trend acrossall citiesdoesnot jump discontinuously.

ÅUsing the full panel data and global polynomial time trends up to the third order

generatesslightlylargerestimatesof the Notoll effect (TableA2).
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1.3 PM10 and visibility results
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1.4 Testing the intertemporalshift of travel demand

ÅAlthough the city-specific time trend models provide compelling evidence that

eliminatingtolls significantlyincreasesair pollution, this effect may be overestimatedif

trips originallyscheduledshortlyafter the NationalDayholidaysimplyshiftedforward to

the holiday period when tolls were waived. This intertemporal displacementeffect is

termedtheάƘŀǊǾŜǎǘƛƴƎeffectέ.

ÅTo test this harvestingeffect, we add a dummyvariableset to one if a day is one of the

eightdaysright after theάƴƻǘƻƭƭέpolicyperiodandre-estimateModel (1).

ÅSincethe control group now is days outside of the narrow window, we use the full

sampleandglobalhigh-order polynomialregressions.
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1.5 Placebo test and sensitivity test

ÅOuridentificationstrategyrelieson the assumptionthat the NationalDayholidayin 2011

servesasa goodcomparisonto help isolatethe holidayeffect from the toll waivereffect

for the NationalDayholidayin 2012. However,if the NationalDayholidayin 2011hasan

unobserved,upward trend in air pollution which is not controlled for by flexible time

trends, then such an upward trend will confound our άNotollέpolicy variable and

thereforethe toll waivereffect will beoverestimated.

ÅTotest whether the NationalDayholidayin 2011servesasa goodcontrol group,we do

two placebotests. Thefirst test usesthe data for year2009and2010andassumesthat

tolls were waivedduringthe 2010NationalDayholidayperiod. Similarly,the secondtest

combinesthe data for year 2010and 2011and assumesthat tolls were waivedduring

the 2011NationalDayholidayperiod.
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1.6 Estimating the toll elasticity of pollution

ÅTobe more informative,we replacethe Notoll dummyby the weightedtoll rate in each

city to estimatethe toll elasticityof pollution. We manuallycollect the toll rate of each

highwayin eachcity, then use the length of eachhighwayasa weight to compute the

weightedaverageof highwaytoll for eachcity.

ÅTable9 reports the resultsof paneldatamodelswith a narrowwindow wherethe Notoll

dummyis replacedby a weightedtoll rate in eachcity.

ÅUsingglobalpolynomialtime trendswith the full paneldataset generatessimilarresults

(TableA4).
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