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Abstract

We conduceda nationwiddield experimenn Chinato evaluate the direct and indirect impacts of
assigningirms to public or private citizen appeadatmentsvhen they violate pollution standards.

There ar¢hree main finding§irst, publicappeals$o the regulatahroughsocial medisubstantially
reduceviolationsand pollution emissionshileprivateappeals€ausenore modestenvironmental
improvemers Second, experi ment al ltoysocialdnddiamgpenisreasdse s 6 a
regulatoryeffort, suggestingvisibility as an important mechanismhird, treatmentpollution
reductionsare notoffset bycontrol firmincreasesbased omandomly vajiingthe proportion of

treatment firmsit the prefecturievel
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I. Introduction

Across the glob&.8billion peoplebreatheair thatis considered hazardous the World Health
Organization and.5 billion people contend withollutedwater. A rapidly growing literature has
documentedevere consequences for hd@tieenstone et al., Z)TGreenstone and Hanna, 2014;
Ebenstein et al., ZDj labor productivity (Graf#fivin and Neidell, 2012; Chang et al., 2016; Adhvaryu

et al., 2016jjuman capital accumulatiosef et al., 201 Ebensteirand Greenston022),and

welfare (Kremer et al. 2011; Currie et al., 2015; Ito and Zhang, 2@Ran¥&/ang, 20208 the

same timanostcountries have strict standards and regulations on the books. It is apparent that the
enforcement of regulatioisfailing in many parts of the wofl@reenstone and Jack, 2015; United
Nations Environment Program, 2018)t whether that is by design to facilitate economic growth
(Greenstone et al., 2012; He e28R0) or due to genuine capacity igBudto et al,2013 and 208

is largely unknaw

An increasingly popular tool for reducing pollution is to encourage -bptfmarticipation in
environmental governanc&®rogramsthat enable citizens, ngovernmental organizations,
shareholders, and the media to participat@vimonmental enforcement date back at least to the
1980s when the United States introduced the Toxics Release liVehtdinat required firms to
publicly release their toxic emissions. In the subsequent 35 years, similar programs have been
implementd in many countries, including Canada, China, India, and Ind@uesiarrently, many
countries created official channels for the public to report pollution and violations of St¥etlards.
there hadeenlittle rigorous evidence amhether and howitizens can leverage the government

released information to affélcé enforcement of pollution standards and emissiscale

Additionally we are unaware of any evidencéhenndirect or general equilibrium impacts of

bottomup participation in environmental governance. In principle, the indirect impacticoeld

1Besides the TRI, specific programs include the Greenhouse Gas Reporting Program (GHGRP) in the US and Canada,
the Maharashtra Star Rating Program (MSRP) in India, the Program for Pollution Control, Evaluation, and Rating
(PROPER) in Indonesiand the Continuous Emissions Monitoring System (CEMS) in China.
2For example, pollution hotlines and websites to file complaints against pollution violations can be found in countries like
the US, the UK, China, Canada, etc.

1



or even completely undo attiyect impacts of citizgrarticipation. Alternatively, it could augment
them. The former would happencitizen complaints about some fiilmgease regulatory oversight

of them butreduces regulatory oversight of other fitmghe latter case, public participation may
causall firms toraise their expectations of the costsalatrng pollution standards, causing even

nontargetedirms to become more vigilant in reducing their emissions.

This papeevaluates the direct and indirect impaagtsiloiic participatiom theenforcement of
environmentadtandardsn Chingt he wor | dds | ar ge sAcoppellngfeatuseer and
of the st udy dwnisteyoficcolegy and Ensironmierd (MEE) imaéntains a Continuous
Emissions Monitoring System (CENt®it automaticallgollecs hourly emissions dafar 24,620
major polluting plants nationwidéhese plants are responsiblenfore than 75% of h i notald s
industrial emissionshese data are availableeal timeboth to regulators and the public through
provincial CEMS website®espite the widespread availability of these eat@&@onmental
compliance remainsiperfect in 2019, more thad3% of the CEMS firms committed pollution

violations

We conducted an eigimonth nationwidefield experimenthat leveragethe CEMS datto file
appeals against firms that violated standdedsandomly assigned each CEMS firm to a control arm
or one of several treatment amtschmirror the officially sationedwaysthat citizens and nen
governmental organizations already participate in monitoring pollimgorstarting poinfor
implementatiorwas thedaily determination othe identity of all firsiin violation of relevant
emissions standar@pecifically, when a treated firm committed a violation, citizen volunteers who
cooperated with our experiment filedappeathrough one of two broadtefined channels: (1)
privatappesivherethe citizengomplainedo the regulator or the firm abdbe violationn ways
that could not be observed by other members of the ;p{#)ipubli@ppeswherethe citizens
complaine@bout the violation on Weibo, a popular Chinese social media platform that is comparable
to Twitter.In total, the experimenitervened againsearly3,000 pollution violation3his form of
citizenappeais a regular occurrence in China; for example, annually there ar8000flthppea

about industrial emissions registered with the Ministry of Environmental Protection by citizens and
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NGOs.| mportantly, this experiment operated sepa
SO our estimates are informative of the way that tHatogguespond to citizen complaivtthin

existing regulatory practices.

MoreoverfollowingCréponet al. (2013)ve crossandomized treatment intensity at the prefecture
level to assess whetlidirect orgeneral equilibrium consequences of appeald offsettheir
direct orpartial equilibrium effects. In 60% of the prefectural witiesssigne@s% of the CEMS
firms to treatment arms, while in the remaining 40ptetéctural citieave assigned 70% of the
firms to treatmentBesides the direct effect violators in the treatment grotipe treatment could
influence the behavior of treatment grbups thatdo not violate standardnd the entire control
group. On the one haniflfirmsbelieve regulatory effort is zero sum due to limited capacithethen
firms that were not targetegay increase emissio@n the other handf all firmsin the 95%
prefectures believe that regulatory oversight has generically imelatisedp firms in the 70%
prefectureghen even firmthat were not targetedll reduce their emissioM¥hether one of these

forces dominates is ultimately an eggiguestion.

There arg¢hreeprimary findings. First, pubdppeaon s oci al media signifi
subsequent violations and emissiehieprivateappea to regulators and firms had@emarginal
impact.Specificallythe public appeals treatment aeauced violations by more tH694 relative
to thecontrol group. Additionallgyer the 8nonthstudyperiod the public appeéisatmentaused
sulfur dioxide (S£ emission concentratiots declineby 122% andreducedchemical oxygen
demand (COD) emission concentratior®19g relative to the control group contrast, even when
usingessentially the same content and wording as the public gppeddsappealsnly caused
modestimprovemergs i n t h e nvifommentes Perfoemanc&he violations andemissions
reductions were concentrated amongfithes that frequently violated the standandr to the

experimentespecially those tlsgnificantlyexceeded.it

Secondexperimentally increasing the visibilitgppfead about a violation increasegersighby

regulatorshighlightingnotivated effort as an important mechan@&pecificallywe randomizedhe



visibility of social medappead about a violation bgxperimentallgddinglO additionad | 6k e s d
ossharesd t o ,whitlkewoiiteothbrwisshpin&G66o | 0 k @ o I a matusallyThis
intervention causeadgulatorso becomesignificantly more responsitiee probability of a reply to
appedaincreased by 40%, the lengthvaftenreplieso appea doubled, and the probability of an
onsite investigation jumped by nearly @8%ontrast we fail to find evidence séverabther
potential mechanismsclimdingthat the treatments generated more apipgalher citizensutside

of the experiment or that they caused firms to manipulate CEMS data.

Third, across a mix of outcome® find that the general equilibrium impdotsot offset the
partial equilibrium effects; if anythithg interventions might have created positive spillover effects.
For example, the relative probability of a violatioriVves unchanged tmwer anong the control
and treatment firms in the higher intensity prefectures, altiveugdduced violation rat@se not
alwaystatistically significant by conventional criteviarallaccounting foboth general and partial
equilibrium effects, we findat ambient S£xoncentrations declined by 3.5% in the 95% treatment
prefectures (significant at the 10% level) relative to the 70% treatment predfigetidiczst at 10%

level)

This paper makes four contributions. First, this matieexperiment allows us to offer unique
insightsntowhen and how citizen participation affects goveraascalé/Nhile dtizen participation
has long been promoted as the key to improving government accountability (Stiglitz, 2002; Mansuri
and Rao, 200World Bank, 20Q4he existing literature has found mixed evidentsefiectiveness
(Olken, 2007; Banerjee and Duflo, 2@)6rkmanand Svensson, 2009; Banerjee et al., 2010;
Grossman et al2018;Buntaineet al.,202hb). These previoustudies have addressed whether
monitoring by citizens can improve governance by providing new, decentralized information about
governmental performance. A distinctive feature of our study is that ves facetting where the
key information is alreadyllected and disclosed by the government itsaliows us to pin down
how bottomup participation influences government accountability through incentives to be
responsive to public demarfdsthout confounding it with the impactstioé increaseavaiability

of decentralized informatijpmMoreover, he unprecedented scale of our experiment permits us to
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vary the publicity, channel, and target of citizen appeals and thesaly Unederstand when and
why citizen participation affects the enforcement of regulaideast in the Chinese contéxir
paperis alsothe first to connedatitizen participatiomggulatory effortandadjustments by firms

showing howparticipatiorcan meaningfully decrease polltion.

Secondthis paper als@latego theburgeoning literature sno ¢ i a | political eniccaocdanic
consequenceEBxisting papers haweostlyfocused on how social media shapeést i poligcals 0
attitudegBakshy et aR015; Bursztyn et,&019; Allcott et aR020; Yanagizavizaott et al, 2021),
andhow it carfoster collective action, both in China (Chen and Yang, 2019; Q20213| as well
as in other authoritarian reginggobally (Steineftirelkeld 2017; Acemoglu et al., 2018; Zhuravskaya
et al., 202E&nikolopov et al., 20PAdding to this literatureuo paper is the first to experimentally
study how citizens can leverage social media to hold govemmoentaccountabl@ policy
enforcementfocusing orboth partialequilibrium and general equilibrium consequefaesng
social media for bottomp citizen participation in governahce.

Third, we add to the literature on the political economy obemént. Existing work in this area
has mostly focused on the strategic behavior of politicians in determining and implementing
environmental policies (List and Sturm, 2006; Kahn et al., 2015; Jia, 2017, Greenstone et al., 2020), or
the strategic interaati® among local governments over environmental externalities (Burgess et al.,
2012; Lipscomb and Mobarak, 2016; He et al., 2020; Wang and Wang, 2020). In this paper, we provide
experimental evidence on how pollution apg®alsitizenshold local governmestin China
accountable in enforciegistingenvironmentastandarddviore generally, this paper also relates to
the literature on the cost and benefit of different environmental policies (Hendersane&é89@ne
20@®; Walker 2013; Ryan 2012; Kahn and Mansur 2013): our results demonstrate that mobilizing the

3 Relatedly, there is ablo emerging political science literature on authoritarian responsiveness, which studies the factors
that determine whether an authoritarian ghistethorstané nt r ep
Hou, 2017 Anderson et al., 201®Ve add to that literature by showing that the government not only replies to appeals
and requests when faced with public pressure, but also takes costly actions that result in actual improvements in
government accountability.
4In a related paper, Me@ichWu (2022) use observational data to document how social media discussions ef a vaccine
related scandi@l Chinded to more transparent procurement of vaccines. Our paper echoes these findings in the context
of environmental regulation enforcement,anaexperimental design allows uutther compare the effectiveness of
social media participatida other channels of citizen participation, as well as investigating the associated general
equilibrium effects.
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public to engage in monitoring the performance of governments and firms might-bHexciost

way to improve compliance with existing environmental laws.

Fouth, this papebridgest wo strands of |l iterature on the
governance model. The existing literature has pointed oldcdiagovernments in Chihave
incentives to facilitate growdind providesupportto the firms thragh both formal and informal
institutions (Qian and Weingast, 1997; Xu, 2011; Bai et al., 2020); and when dealing with the citizens,
Chinese local governments have strong incentives to maintain local stability (Chen, 2012; Lorentzen,
2013; Campante et 2019 Qin et al., 202Beraja et al., 202 Dur papeconnectshese twdines
of literature by documenting the interactions between theistate relationship and the state
business relationship: when tprbcess pemirdnmentalg e t s
governance, the regulatory relationship between government and polluting firms idhesieaspéd
isincreased governmental effort bEnvaer pollution emissions figms. Investigating the interactions
between firms, citizensnd the state in a synthesized framework deepens our understanding of

C h i msyaténsfor local governance

The remainder of this paper proceeds as follows. Section Il introduces the institutional background.
Section Il discusses our experiment and Satdion IV presents the main empirical findings, while
Section V investigates the underlying mechanisms. Section VI disayessesatrezjuilibrium effects

Section VII concludes.

[I. Institutional Background

This sectiordescribeghe institutional background fitre field experiment. SectionAldetailshe
encouragement ardkvelopmenbdf citizen participation in environmental governance in.China
Section IBdiscusse€Ehi nads conti nuous eTm secsian oonctudemwith i t o r |

[1I.C, summaring our qualitativelearningsa b o u t t he dynami cs bet we e

5 Relatedlythis paper clarifies tpathways by which transparency and information disclosure affect government and firm
behavior. Increasing the amount of information disclosed to the public has become a common policy to improve
regulatory and government performance (Gavazza and LizZeiMa@6zzi and Merlo 2007; Reinikka and Svensson
2011). Previous research focusing on disclosures about firms has focused on how transparency affects market capitalization
(Konar and Coheri997 Bui and MayeR003). We provide evidence of a key aleepadiiway that allows information
disclosure to affect regulatory outcomes: by allowing the public to hold governments accountable for implementing
policies effectively.
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environmental regulators, and polluters and how we used them to develop hypothedgshabout w

types and forms of citizen appeals might be effective in reducing environmental emissions.
A.Public Participation in Chinads Environmen

In the late 1990s and early 2000s, after two decades of rapid economic growth and industrialization,
China facedsevere air and water pollution problems, which caused increasing social unrest and
protests across the country (Jing, 2B@nhardt and Wu, 201®/henPresident Hu Jintao took

office in 2002, the central government launched a series of enviroroheirtabpd reforms, which

mostly aimed at incentivizing logavernmentso tacklepollution such ady setting explicit
environmental performance targets for local officials (He et al., 2020), constructing automatic local
pollution monitoring station&reenstone et al., Z)2andallowing local governments to charge

pollution levies on large emittéé®yrisankaran et al., 2020

I n addi ti on-dawn 6t hceesmrn@tmitdgpp approachds environmental
protection, the central governmestal ex pl i ci t |l y-uprmcowmridgdgead i vleast ti a
citizen participation. Specifically, in 2006, the Ministry of Environmental Protection (MEP) issued the
olnterim Measures for Public Participhasize<don i n
the legal rights of citizens to get involved in making and implementing environmental policies.

Also in 2006, the MEP established the 012369
official national hotline (under the phone number 12889altowed citizens across the country to
file environmentappea aboupotential violatiosof pollution standardtater, the MEP expanded
the 12369 platforrto includean official websitdhe MEPalso instructedach prefectural ditys
environmental protection agency (ERAppen an office to address appedtsvadays, when a
citizen makean appealia the 12369 platform, either by calling the hotline or leaving a message on
the websitdyerappeaill be directed to the corresporgllocal EPA, which has legaponsibilities
to investigate and issue fines to the pollugaridlation is confirmedetween 2017 and 20119
12369 platform received a total &60,148ppealH6%of which arrivethy the hotlineandthe rest
by theonlineplatform.

Il n 2014, asgpand owarChonapollution, 6 the ce

additional policy documenthat explicitly encouragettizen participation in environmental

6 The online appeal platform can be accessed via: http://1.202.247.200/netreguottfinttex
7



protection, i n Opintonlsiom Brombtimge PuldicGRaitidipatiorgnvironmental
Protectiod a n dVledsures foroPublic ParticipatiofEnvironmental Protectiam | n addi t i o
reiterating the importance of the existing official channels for citizen participatioonmente
protection, thespolicy documentigid out new channels that the pubdiald use to participaite

the enforcement of environmental policies. Specifically, the MEP required the prefectural EPAS to set
up official accounts on popular Chineseabowdia platforms, namely Weibo and WeChat, to make

it easier for the public and local EPA€domunicateAs of December 2017, all local EPAs in

Chi nads 338 operaedficial Weiboahd WeChat aceailntshe past few years, an
increasingumbetof citizens and NGOs haused th&Veibo and Wehat platforms to express their
dissatisfaction witholations of pollution standar@u et al., 20213pecificallyve identified,336

Weibo postbetween 201dnd 2016eportingalleged violations BEMS firms1,563of whichwere

posted by NGOs, and the rest by individual citizerZ018,a JiangsdnasedNGO named Public
Environmental Concerned Center (PECC) filfgd91public appeals on Weibo basedollution
violationsdentified from the CEMS data.

Each prefectural EPA typically has a specific clerical staff member assigneditzkaappeals
including those filed via the 12369 platfarmdfhe Weibo and WeChat accounts. Upon receiving an
appeal, the stafiemberoutesittot h e HEeReyabt fficde.g., air, water, ef@nhdthen local
enforcement teams decide what t@bloutthe appeal. Sometimes, they may just call the polluting
firm and collect relevant information. If they consider the case to be more severe, however, a team of
inspectors will investigate the matter irfitld. Once a conclusion is reached, the EPA will file a
case report and decide whether the report can be shared petsdhenaking the appetiie EPA

hassignificantiscretion idevying penalties against violations
B.Chinads Cont i numtarisg Sistem(€EMSp ns Mo

In 2004, to improve the quality of environmental management, the MEP launched a nationwide
automatisystem oénvironmental monitorirtbat targetelley polluting firmsThe systermonsisted

of the installation odutomatic monitoring equipment ahd creation o& monitoring centdo

process the datAutomatic monitoring equipmeintcludesapparatuses and flow (current) meters
installedatthe site of pollution sources to monitor pollutant disch&@gaVs coering alpollution

prevention and control facilities, data collection and transmission apparatuses, and other related
facilities Each local EPA houses a monitoring center that automatically collects data for each key

pollutant from each installed meteraal time.
8



The CEMS monitors the emission concentrations of both water pollutants (CODsaNcaNH
air pollutants (SOPM, NO) for all the key polluters in China. Whether a firm is considered as a key
polluter depends on its pollutant emissions ipréheougwo years. For example, to determine which
waterpolluting firms should be included in the CEMS list in 2019, the MEP exalitine water
polluting plants documented in the Chinese Environmental Statistics (CES) in 2017 and 2018 and
ranks them by their COD and MN emissions in these two years. Those plants who rank above a
certain cutoff are included in the 2019 CEMSha&rtime, the MEP has lowered the cutoffs and
expanded the CEMS coverage. As of Januart#82IEMS program monitoretbre thar?4,620
plantsthat collectivehaccourddf or mor e than 75% of Chinads i n

emissions.

While the CEMS monitoring startedn 2004, the data was only shared internally with the
government and the monitored firprgor to 2013. D increase transparency and facilitate citizen
participation in environment al g 0 v eMonitaringc e, t h
and I nformation Disclosure of Nad3wbichabuirdkey Mo
each provinal and prefectural EPA to estabiislown CEM&nd publicize in real time the hourly
emission data of every monitored plant to the puliltee publicized CEMS data also includes
standardfor emission concentrations, which allows the public to chettkewbachplantviolates

its permittedstandardeach houfor each relevant pollutant

The MEPexertssubstantial effort to ensure the quality and authenticity of the CEMS data. First,
the list of CEMS firms is publicized on the MEP website so that local govecameottsmit any
CEMS firm fromthe publicized emission data. Second, the MEP has sttictgisofor the
installatiorand operationf the CEMS equipmennhstallation must beonducted by a thuplarty
team designated by the MEP andh@4r CCTVs are installed near the monitoring equipament
deterrent to thelantfrom interferingwith theequipmentThird, the MEP uses various algorithms
and technologies to detect abnormalities and inconsistencies in the CEMS data and hosts monthly

supervisory sessions to diseueggnomaliethat are detectenth the local EPAs. Fourth, the MEP

Whil e China currently operates the worl dds | argest Cl
regulatory purposes. For example, the United States EPA and many state governments require firms to install CEMS
equipment to demairate compliance with permitted emission leMelise(l States EPA 2021n India, specific
provinces have started to require firms to install continuous monitoringeedjtipsupport emissions tradiagéstone
et al,202). Likewise, the European Union has made continuous emissions monitoring support operation of its Emissions
Trading Schem& 202). Yet, none of these schemes have approached the scale of the CEMS in China, where it is used
as a systematic regulatory tool for all key indpsiligers.
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https://www.epa.gov/emc/emc-continuous-emission-monitoring-systems
https://ec.europa.eu/clima/system/files/2021-10/policy_ets_monitoring_gd7_cems_en.pdf

requiren-site inspections at least once a month to ensure the proper functioning of the automatic
monitoringequipmenand the proper compliance of the firBecause dhese efforts, the polluting
plants and local EPAs have very limited scope to interfetaev@EMS, whickve believe means

thatthe publicized emission daeeliable with high probability

Despite the central g 0 V e r n meuatityilatg emvitohneental s t o
law delegates tkaforcenent ofpollutionstandardto local regulatorSpecifically, if the CEMS data
indicateshat a firm violatesnemissions standard, the environmental law requirdeetietal EPA
conductan onsite investigatiea confirm the violatiobeforepunishinghe firm. In addion, the
issuance fubstantial peras (e.g.afge finsor temporary shutdowshinvolves two stepike local
EPA mustissue a warning response to a violatidaring aronsite visit to the firm and thdetect
a secondiolaion during ssubsequentnsite visit in théollowingmonth.It is not surprising that
disclosing the CEMS data does not lead to perfect compliaitseown given the information
asymmetries between the central government and the local regulators and lasgé polutert e nt i al
defy or capture local regulatédditionally, both the central and local governments have competing
goals of maximizing production and controlling polluth@se multiple goals mean thaintaiimg
some flexibility in applying emissistandards likely to be desirabkspecially when violations do

not cause significant public discontent.

To provide some quantitative context, Figure 1 plots the percentage of CEMBis 6 moni t o
stacksviolating emission standards daily between 2018 arfdr20amuary 2018, arouhd of
monitoredstackwiolated air emission standards on any given d&;@andolated water emission
standards. In the following three years, the rate of daily violations for both water and air pollutants
declined steadily. This pattern is consistent
and water quality sine®14. Even with this improvement, aroOr@o of the monitored firms
violated air pollution standards arg@¥dviolated water pollution standards on any given day in the
year before our experiment (2019). BringinQEMSfirms into compliance with standis would
significantly i mpr ove Chinaos environment al
concentrations to just below the standards in 2019 (assuming no change in emission flows), SO
emissions would drop by 279,000 tons, a 7% reduction geaggrdustrial S@missions and COD
emission would drop by 31,000 tons, a 4% reduction in aggregate industrial COD effluents.

8 Some CEMS firms can have multiple stacks being monitored, and can be monitored for multiple pollutants.
10



C. Background on Interactions betweerCitizens, Regulators and Polluters

To help design the treatment arme& researched the relationship betw@éni nciizérs,
environmental regulators, and polluteith special attenticio the role ofcitizen appeal3.hese
efforts included conversations with environmental regulators, N@Wsting firmsand other
relevant parties. Our visits with the diresdaod the sta$fassigned toespondo citizen appeatsf

two prefectual environmental bureansHebei and Jiangsu provinces were especially insightful.

The regulators reported that a key objective ofvtbelris to minimize the risk of social unrest
caused by concerns about high levels of pollution or the flouting of environmental regulations or
standarddlt is well known among the regulators that such social unrest has led to the removal of
severatlirectos of local environmenthlUreas. Thus, a topline goal of preventing social ualicasj
with career concerns of government offi@pjsearso create the conditions for a regulator that is
responsive tthe potential for citizen concerns abowirenmental quality to gather momentum. At
the same time, the regulatmdicated that they assvare othe need for robust loc&conomic

growthand this is a countervailimgtivation.

In practicetheregulatorslescribedraapproactiesignedo reduwe the oddsof public unrestA
key part of this strategy is to monitor public sentiments and opinions online, especially on social media,
and to try to resolvanyissues before they trigger wider public discoitesgecific parbf the
strategy is to convey responsiveness to citizen appeelsin practicemeans thaeach local
environmental bureaugwdesignated officevhose job is teespond tsuch appealéccording to
t he |1 ocal e n v interoah nulesal tcibzén appeahewdbedasdressed, unless the
information provided in the appeals is inaccurate or cannot be connected to a specific pollution source

(eg, there are frequecvmplaintof foul smells that are not connected to individual sources).

The regulators reported that ffresumptiveesponse to an appeal about a specific polluter is to
send @aeamto the facility for amspectionin practice,tere are two types of inspections: general
purpose inspections and taglecificones. The formeis routine work for local environmental

bureausduring whichhe inspectors will check if the paperwork of the pollutingdigri¢enses,

11



waste discharge permits, environmental assessment reports, etc.) is accurate anthigohoedate.
instancesthe inspectors also check the abatement facilities during their visits, but this is not a
requirement. However, tagiecific inspections ardfelient. For example, when inspectors visit a
polluting firm because the fitmisuspected tdolate the emission standards, they bring equipment

to test the pollutant concentrations onsite. If emission violations are verified by such onsite testing,
theinspection teams can impose penalties and require the firms to make necessarytodtsections

operations

We were also inviteddocompany the environmental inspection teams on a handful of inspections.
An interesting observatifnom these visits w#isatalmost all large polluting firms already have the
captal equipment necess&wycomply with the emission standa@ise example is theastewater
treatment facilitiethat can almost entiredyiminatevater emissiortsut onlyif it is operateét ful
capacity. Howevelirms incline to turn off certain equipment or skip abatement procedures from
time to time due to higmarginal costs associated with the operatiGuahf energintensive
equipmentWhen this happens, the emission concentratibrelevate and cagvenexceed the
standards, which will be recorded by the CEBMS8iolationsTherefore, a pollution appeain

incentivize local regulatorsnoentivizdirmsto operate their abatement facilities properly.

Overall, thesdiscussiodswe r e i nstr ument al i n debecagsethay t he
helped us develop three broad hypothesesthbadiitect effects aftizen appeatsh environmental
compliance and emissioR#st, all forms ofcitizen appealsould have the potential to reduce
environmental emissigiiecause thegll canlead tomore frequenenvironmentahspectiongand
raisefirmd expected costs of violating oudbanore n ment
effective than priv@ onesbecause they have higher potential to lead to civil unrest. Third, social
mediacould beanespecially effectiveeans to express a public appeal beitassminexpensive
way for citizens to communicate and the regulator consequently ntloaioihe next section

describes the specific treatments that we devised to tebtdhdbgpotheses
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[ll. Experiment and Data

This sectiomlescribethefield experiment and data. SectioiItliscusssthe experimental design
Section IIIB providesdetailso n  t h e e xmplementatignPettionslll.A discusses ethical
consideratiogndSection 111D introducesthe data and pressebilance tests acralssexperimental

arms.
A. Experimental Design

The sample is comprised of the 24,620 polluting firms required to install CEMS by the central
government bylanuary *1 2020 We randomly assigned these fittnseveraéxperimentaarms

designed to uncover the effects of private and public appdadsi light orthe mechanisms that

explain any resulting treatment effects, and to learn wihetbesire general equilibrium impacts

The main outcomes of interest incl wdandwa@ch f i r

pollutionemissias concentrationas well aambient S@concentrations

Experimental ArnRaiblic and Private Appgeaglse 2 graphically depicts how these firms were
randomly assignedtohr ee br oad groups of experiment al a
appeal s6 group (T1), ankrmgirmteeseahpeea drdups diffeeegpiptbea |l s 6
kind of appeal they faced when they violated a pollution sthangendanty, the treatmentsirror
existing and approved ways that citizens participate in environmental gotlewnghdbempacts
of these existing methodsnnot readily be determined in observationalStsaifically, the three

experimental arnand the proportion of firms assigned torttare

9 Control Group (C):When the CEMS data indicated that the firm violated its emission standards,

wedid naintervene in any way. About 1/7 of the CEMS firms vesigreed to this group.

91 Private Appeals Group (T1)When the CEMS data indicated that the firm violstechission
standards, a citizen volunteer filed a private appeal against that violation that was not observable
by thepublic About 5/7 of the CEMS firms were assigned to this group.

1 Public Appeals Group (T2)When the CEMS data indicated that the firfated its emission
standards, a citizen volunteer wrote a post on Weibo (a popular Chinese social media platform
comparable to Twitter), and o@6 the official
post appealed to the EPA about the violatiordanthnded that the ERAvestigat¢he issue.

The appeal was phrased so that its content and wording were as close tasdeoggihl®
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the T1 appeals, with the lanéstantiveifference being that it was dgublicly We assigned
1/7 of the CEMSirms to this group.

For each arm, we prepared a detailed script for the citizen volunteers to follow. The core content
of these scripts remained consistent across T1 and T2, while we randomly varied the exact wording in
each appeal to avoid appearapgetitive to the regulator or firm. Samples of these appeal scripts are
translated and listedAppendix B

These three groups arged to infer the consequences of private and public appsalgeral
measures of environmental performamzkare h e p a p er 0 sThepdifferance hetwedno c u s .
T1 and Odentifesthe causal effect pfivatelgppealing violations through various chalfasiwe
explain next), relative to the impact of the status quo regulatory response to vioaoyshs
difference between T2 and C identifies the causal effabtioppealing violations on social media
relative to the statusiqy Furthermore, thdifferencebetween the T1 and Tzatments naturally

identifies theffect ofpublicappeals relat toprivateones

MechanisnWithin the groups of experimental treatmentsfuvtber randomized firms into
specific treatment arrts investigatseveral potential meclems for the overall private (T1) and
public (T2) treatment effec&peifically the T1 private appeals were delivered in several different
ways following the MEEO®Ss r e c o mmia rerzieodmentah a n n e |

monitoring®

- Private Appealsto Regulatorvia Direct Message on Social Media Group (T1AA
citizenvolunteersent aprivatene s sage t o the corresponding
accountpotifyingthem about theollutionviolationand requestintpat theyinvestigat¢he
issue.

- Private Appealdo Regulatoron Government Website GroupT(1B): A citizenvolunteer
filed aprivatappeal via the 12369 website to the corresponding localdiRAng the local
EPA about the violatioand requestintipat theyinvestigat¢he issue.

- Private Appealsto Regulator through Government HotlineGroup (T1C): A citizen
volunteer called the 12369 hotlinprivatelgppeal to the corresponding local EPA. In the

9 Naturally, our interventions cannot exhaust all the possible channels through which private pollution appeals can be filed.
Nevertheles we believe that the subset of appeal channels that we choose are the most common types of private pollution
appeals in China. They were also explicitly endorsed by the MEE itself in its guidelines for citizen participation in
environmental governance.
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phone call, sheotified thelocalEPA about the violatioandrequestethat theyinvestigate
the issue

- Private Appeals to Firmthrough Phone Call (T1D) A citizen volunteer called the violating
firm to privateppeal the violation. In the phone call, she notified the firm about its violation
andrequestethat they check the issfie.

Furthermore, we cresandomized T1C and T1D, such that half of the firms receiving T1C also
simultaneously received T1D, aing versalrhese suarms in T1 are randomized at the firm level.
T1A and T1B each account for 1/7 of the CEMS fimtnsle T1C and T1D jointly account for 3/7
of the CEMS firms.

A comparison of the TIAT1C treatment effects with the T1D treatment effect reveals whether
private appeals to the governmard more effective than private appeals to firms. Further, a
conparison of the T1A T1C treatment effects provides an opportunity to assess whether the
government is more responsive to appeals through a particular. rediexample, an appeal
delivered through a social media direct message (T1A) might indiedte asgrehat the violation
will draw widespread attention than an appeal delivered via an older technology like a phone call (T1D).
The interaction terrbetween T1C and T1D created by our erasdomizatiomprovides a test of
whether there are complerities in privately appealing to the regulator and to firms. Additionally,
this interaction is indirectly informative about the nature of the T2 treatment effect, because public

appeals by their very nature involve informing both the regulator and.the fi

Within the T2 treatment grouwe did a second round of randomization atiipedévelto
examinghe role opublicity orregulatoyefforts gi ven t he regul atords ob
We randomly assigned haltled T 2 f viotatiossdo receive additional public atteriohiring
a soci al media firm to shaeSr ¢@asethlkesenWambéo @b
of violations is referred to &8B, with the other half of violatioreceivinghe treatment described
above which weeferto as T2AUltimately t h e a v er a géandosuhnabreerd@&&w eorlei k
for T2B, compared t0.66for T2A. Amongthe T2B and T2A violationsewompare whether the
Wei bo appeal receives a response frongandhe reg

whether theesponséncludegroof of an onsite inspection or audit of the violdtoese outcome

10The phone number we used to contact the firms were the official numbers listed on the updated business registration
records, which are the same numbers that governments and other businesses would use to contact these firms.
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variables are collectdnoughour Weibo exchangegth the local regulatoasd are currently not

available for the other arkhs

General EquilibriutVe also experimentally investigate imldégrect or general equilibrium
consequences thfe pollutionappeals. Although the public and private appealspdied at the firm
level, they could also affect the ways that regulators enforced standards generally within their
jurisdiction On the one hand, regulatory resources may be fixed and their apiplicatiators in
the treatment group may crowd out the regulatory resources that would dthegasesn allocated
to control firms or treatentfirms that previously did not violate standgrdtentially leading to an
increase in emissions and viatetioy them. On the other hand, the treatment might cause a positive
spillover effect by: (1) leading local governments to generically enforce environmental regulations
because they interpret the increased appeaisdisaioro f t h e p u batisfactdrswittb r o a d
environmental qualitwhich mayhreaten their caredevelopmentsand (2) causing these firms to
proactively reduce their emissions because they interpret the increased appeals and enforcement of
violators as evidence of an increasegulatory stringency. Thdgseadforces work in opposite

directions and whether one dominates is ultimately an empirical question.

To explore these possibilities, we erasdomize treatment intensity across different regions.
Specifically, 95% of the CEMS firms were assigned to the treatmerindoUpsf the prefectural
cities( 0 95 % pr afd®@% bfthe €EV& jirms were assigned to the treatment grabes
other 40% of the prefectural cite® 7 0 %6 p r. Biffeeert fironleveldréajment arms are
proportionally randomized within each prefeciutei s o6doubl e randomi zati o
causally identify the general equilibrium effects of pollution appeals by comparing the violation rates
and emissiored firms across the 95% and 70% prefectaceslitional on their treatment staive
also test whether ambient air pollution concentrations were equal in the 95% and 70% prefectures. A
failure to reject the null hypothesis would be consistent withéfrggea fixed amount of regulatory

resources and the treatments simply shifting effort from one set of firms to another.

111t is worth noting that, emef we can collect these violatlemel outcome variables for all violations, we still will not
be able to draw any causal conclusion from a comparison across C, T1, and T2. This is because the three main arms were
randomized at tHemlevel, and durinthe experiment, any violation after the first one will be endogenous to the treatment
received by that firm. As a result, the types of firms that keep committing violations, as well as the frequentigss and severi
of these subsequent violations coiffdracross C, T1, and T2, and thereby mechanically lead to differences in regulatory
responses and efforts. \Wcompare these outcome variables across T2A and T2B, because thedeettmsots
were randomized at thppeddvel.
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B. Experimental Implementation

Theexperimentgberiod started on May 6, 2020 and ended on December 3Th202periment
included three key stapat wereeonductean a daily basiSpecifically, weompletedhe following

stepson a daily basis during the experiment: (1) identified and verified CEMS firms that violated the
emission standards basedttmgir emissionsn the pevious24 hours; (2) filed different types of
appeals as defined by the treatment assignments; and (3) @éo@amjegavernment responses to

the appeal$iere we provide some more detail on each of thesé’steps.

For the first stepye combined an algorithm that we develapdgchumanjudgemento mimic
the practicaldefinition of pollution violations set by the Ministry of Ecology and Environment
(MEE)2In reaitime, he algorithm identified all firms violatitige national emission standards,
based on their avergg@lutionemission concentrations in the previous 24 KdéissCEMS plant
is being monitored for multiple pollutants, identify it as a violatoif it exceeds the emission
standard for at least one pollutavie then employel? environmental science graduate students to
manually doubleheck each violatiavhichthe algorithm identifie@ecaus¢he CEMS equipment
often continues to run after protioa is suspendexhdthere is little air flom the pos{production
period, emissi@toncentrations can be abnormally high for a period of timembeathese false
positivesthe graduate studentdentified the violations thatcurredafterproduction had stopped
or that were due to mechanical spikes by examommpjementary indicators such as oxygen demand

and water/gas flows

Oncethe students identifiedie violatios of the emissions standalttieytook screenshots from
the CEMS welgmges as proof (see Appertlifor details). This process wiase-consumingeach
of thel2studensspentd to 5 hours a day to screen and verify the violations from different provincial

CEMS website&inally, we note that the students were blinded to treatment assignment.

The second step was to take the verified pollution violations and file &weegalday, we

generated the list of verified violations, produced thesexptusedor the appeabnd determined

12 A few implemeration details prior to the study period are worth mentioning. In January 2020, we collected the phone
number of all the firms in the sample and the official Weibo account of every local EPA. Between January and March
2020, we trained research assistaitsritfy and verify violations of emissions standards, and trained citizen volunteers
to file appeals via different channels following the experimental assignments. Additionally, we condestatea small
pilot in April to ensure all the research assistauld complete the daily tasks on time.
13The MEE was established in 2018 in replacement of the MEP.
14For each pollutant being monitortet MEE determines a specific emission standard for each CEMS plant. Appendix
FigureAl plots the distribution d802 and COD emissions standards across all CEMS plants in our sample.
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the delivery method based o nappehlewesventublijiltde r 6 s t
by afield team consisting of citizen volunteers, whom we recruited tkinoeg@nvironmental

NGOs, using theontent an@xperimentallgeterminedieliveryinstructions that we provided them.

Each volunteer was given no more thaappeals per day to provide enough time to follow the
protocols (e.greporting by phone is limited to the working hours of tigeet. To avoid repetitive

appeals, if a CEMS firm commits consecutive violations spanning multiple \aajiesg until the

next week before filing a second appealendix Blescribethe implementation protocol in greater

detail and providescreenshots tasualize the appeals made by the citizen volunteers in each arm.

An additional part of the second step was amplification through socidtonéukal 2B armye
hired an external social media promotion company to boost the mfldicgals aboutolations
Specificallthecompany addedo u g h | y 1 Ghared i thedVeildo agpeats abiioe T2B

violations, using a variety of existing and axmpanyoperatedVeibo accounts.

In the third step, the citizen volunteers trackedrédbponses to the appeals from the local
governmentswhichprimarilycame baclas Weibo direct messages, Weibo public replies, 12369
phone callsand 12369 website replies. We recorded the timing and content of each government
response and matched thernth® corresponding pollution appeal.

Table 1 summarizes some basic facts about the experiment. First, the experiment covers the
uni verse of 24,620 CEMS f i r ms-manth tre@tmennparidds 3 3 3
other citizens not affiliated withe research team filed a total of 271,859 pollution appeals to the
government; 5,478 were explicitly about pollution violations committed by the CEMS: firimes:;
words, hemajorityof theseappealslo not target specific CEMS firrrsteadmost of the appeals
are justaboutsome unpleasaatorsor dirtywates that people encounter near their communities
Usuallypeoplewouldtake som@hotos andile an appeabithout explicitly linking thesomplaint
to specific firms or polluterSecond, the experiment was conducted in collaboration with the three
NGOs, whichcollectivelyrganized 15 citizen volunteersaoaverage day to file pollution appeals.
During the study period, a total of 120 Weibo accounts were used by citizens to file pollution appeals.
We also hired 12 Environmental Science graduate students to verify true pollution violations. Third,

the CEMS na data revealed 12,596 pollution violations during the study period, but our verification

15These numbers are based on the administrative data covering the universe of citizen appeals filed in 2020, which we
obtained from the MEE. We excluded pollution appeals filed by the research team when calculating these numbers.
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process concluded that there were 5,366 real violattooswerecommitted by2,363 different

CEMS firms®We filed 2,941 appeals with the type dictated by thesfié t r eat ment as si
the resR,425 violationgappeals were not filbdcause we did not appeal against violations committed

by the control firms, nor did we file multipl

Our appeals gersged 1,161 formal responses from government officials.
C. Ethical Considerations

Prior to implementing this experiment, we carefully considered the ethical implications of working
with a partner neogovernmental organization to file appeals. Wibdendix C discusses the ethical
considerations in more detaéveral poiatire worth highlightingirst, the rights of citizens to make
appeals against violations is legally protected and explicitly encouraged in national policy. All local
governmentare mandated tperate the multiple channels of making appeals that we study in this
experimentSecond, we consulted with severalguernmental organizations that alrewety

multiple years of experience makipgeals and were not advised ofr@parcussions to their staff

or organizationsThird, we worked with a na@overnmental partner that was already active in
environmental monitoring, so the treatmanésnot outside of the existing scope of their.work
Fourth, we were in daily contact witlr partner organization and never learned of any adverse events
or pressures in response to the appeals. Finally, because we did not chibectodataout any
individual peopletwo separate IRBs1 the United Statedetermined that thistudy was not

considered human subjects research.
D. Data, Balance Tests and Empirical Description of the Treatments

The analysis is conducted aaga sethat results froneombiningseverasources of information
TheseMEE datacoverall theCEMS firmsand includénformation on firm name, social credit code,
industry, main pollutant type, hourly emission concensratiwariouspollutants hourlygas and
waterflows, pollution violation statuamong other measurda 2020, de to the COVIB19
lockdown, most CEMS firms suspended production until the economy reopaitelanch so

we drop the first 10 weekstbhé 202@CEMS data frorthe samplé! Theofficialdatabase EEMS

16Here if a firm simultaoesly violated the emissions standards in multiple stacks or for multiple pollutants, we count
that as one daily violation. Consecutive violations spanning multiple days are also combined as one violation. As a result,
the violation rate in Table 1 is ¢ahsally smaller than the violation rate indicated by Figure 1.
17Note that from mielanuary to mitlarch 2020, China was struck by CO¥fand many CEMS firms suspended
their production due to compulsory lockdowns. By late March 2020, however | &hinsselcities-@pened because
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firms was matched tour experimental data, includitrgatment armspecific appebs, and
government responsés

Two othergovernmentiata sets were critical ingredidfitst, wve mergedn MEE data orall
citizen appeakgainst the CEMS firms in 2088deeitherthroughthe 12369 websiter by phore.
This database of appeals includes ondd¥ilether citizens on their own volition and the ones
generated by the experim&scond, walsomerged irthe Ministry of Commer@eadministrative
data on firm registiahsthatcontairs information ordate of establishment, industry, business address,
business type, registration statdother measuréd/emergedhese data with the CEMS dadimg the
social credit code.

Table2 reports orbalance tests acrtissexperimental arms. In Column (1), we present the mean and
standard deviation of the control grdapyariables such as the share of firms in different industries, the
total amountof pollution penalties paid time previous yedrequent violators in the previous yaad,
various measures of freatmenenvironmental performan@a the eight weeks before treatment
begalip includingeverityf violationsandemission concentratiokle then compare each treatment arm
to the control arm, implemented by running a regression of each outcome varsaté tstasament
dummies. In Columns (2) &), (we present the regression coefficients and standardesaxh ariable
arm combination. As we can see, the treatment arms are well balanced with the control arm along almost
all dimensiongonfirmingthat our randomizatiomas well executeAppendix Table Al also resdfte

detailed breakdown of industries by experimental arm.

IV. Empirical Results

This section presents thaseline analy$ism the estimation @hefollowing econometric model:
& BlYded - T )

whered is the outcome of interest for fif assigned to ari@® on dayo. “Y represents the

randomly assigned arm of fi@nd it is interacted with £ & , which isa dummy variable that equals

COVID-19 was already deemed under control. During the experimental period, production fully resumed and firms
operated as usual.
18For analysis, we use the official CEMS data provided annually by MEE, rather tharptindighestd daily on the
provincial government websites used to identify violations. The official data from MEE are more complete and have been
cleaned of basic errors that occasionally appear in-tireeatdta.
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oneafter the experiment comment€the outcome is also adjusted for firm fixed effe¢tand

day fixed effects, . Since we crosandomize treatment intensity at the prefecture level, we also
estimate more saturatgaecificationthat includgprovinceby-day fixed effect® control for time
varying differences in regional enforcens¢andard errors are clusteredway by prefecture and

week.

The| & are the parameters of interest. They measwaugsd effect of each of the treatments
relative to the controls during the experinierthis section, we report on specificationsetsinate
the average effectsTdfA 0 T1D private appeal treatment aemdthe T2A and T2Bublic appeals

treatmentsWeexamine specific treatment awhen analyzintpe underlying mechanisms.

Section IVA presergthe mainfindingson pollution violations and emissidnsSectiorlV .B, we

discusshe heterogeneous treatment effects
A. Pollution Appealsand Environmental Performance

Table3summarizes the results from the estimatiomam¥ersions oéquation (for three measures

of environmental performance. For each outcom
(e.g., December 6, 2020) fixed effects and thecolbmh s peci fi cati on repl ac
with province by ddixed effectsin columng1a) and (1bjhe outcome i8 Q¢ & @ owkdEheis a

dummy variable indicating whether flimmmitted any pollution violation on @aly the next two

pairs of columns, the outcome varsbtet he f i r ms 6 dentratiops oESfGiDrAis i on  C
pollution, and COD for water pollutiofhese two pollutanteve thénighesicoverage for CEMS

firms and are the most hight a k e s O cr i t ferr evaduatingtheo énVironmantat s 6

performance of local government officials (He et al., 2020).

ViolationsThe results indicate that appeals greatly reduce vipksipecallyyblic appealdn
therichercolumn (b) specification, therivate appeals treatment (T1) reduceprtitmbility of a
daily violatiooy 0.227%elative to the control group;this about 24% of the co
of 0.936%. The public appmetkatment (T2) decreases the probability of a violatiorodgyit
reducedst byroughly 62% f t he ¢ o nt rTheltablg also doputnents tthet difference
in magnitudes is statistically significathaswull hypothesis that the public appeals treatment is

19The week of May'is the 18 week of the year. Since the first 10 weeks are excluded from our sample due to COVID
lockdown, the prereatment period corresponds to the first 7 weeks in our sample.
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smaller in magnitude thHre private one is rejected at conventional significance levels. Finally, we

note thathe results aguantitéivelysimilar across the two specificatf@ns.

Figure 3 prodes an opportunity tanderstanchow the treatment effects evolve over .time
Specificallyit reports the results frofitting aversion of the column (1a) specification where the
treatment and £ d interactions are replacaith treatment and weéhteractionsFor both the
private and public treatment®nzerotreatment effects emerge within a couple of weeks of the
experimentds i ni tidonhdtappearimmediatels besabssappedislare not h a t
initiated until a firm commits a violation. By week 20, it appears that both the T1 eathEattr
effects have stopped increasing and stabilized at a level larger in magnitude than repofded in Table
(whichisan averagger t he entire experiment); this pat
under st alongrungpqientalad rechi the incidence of violatiokge also disaggregate T1
and present the trends of each-tsedtment arm, which show similar patteMmreovey it is
reassuring that there is no evidence of a treatment effect in the period before the RCEibiegran for
the private or public appeal arms, confirming that the randomization was well Execatedhese
figures suggest that the lang partialequilibrium effect of the treatments are larger than is reported
in Table3.

EmissionReturninga Table3, the entries imolumns (2) and (8)dicate thathe publicappeals
treatmen{T2)caused substantial reductions in air and water padimigsionsoncentrationsvhile
the private treatmen§1)led to much more modest reductiofiseresults from the preferred (2b)
and (3b) specifications reveal that emisbidni ¢ apy

concentration by 16T and its daily average COD emission concentration decreased by 2.2

0 'TH; theseare 122% and 3% declines from the o nt r o | SO.gando @OD Gemission

concentration levels, respectivEélyrther the estimatesalso indicatethat the private appeals

20We conduct additional checks in the appendix.iRif&ible 3, we dekd pollution violations based on whether the
monitored emission concentration exceeded the standard value set by the MEE. However, it is possible that some of these
monitored values are driven by mechanical errors or production suspensions, instehgalfution violations. In
Appendix Table A2ve refine the definition of pollution violations to exclude cases with minimal levels of measured air
flows as these may be instances when the plant is not operating. The results with this alteritatioé alefoidation
are gualitatively the same as those in Table 3, confirming the powerful effect of the public appeal treatment at reducing
violations and the more modest effect of private apfeat:nd, in Appendix Tabl& Ave report alternative stand
errors by clustering at either the prefecture level, or at the prdfgctumelevel, and if anything, the statistical
significance increases under these specificatimasin Appendix Table 4 we aggregate the dataitber thefirm-
month leveor the firmweeklevelandrun Poisson regressions with the same seaisefindixed effects, and theain
resultsstill hold
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treatments reduced these two measures of air and water ecursiEmtsationdut theeffectsare

much smaller and would not be judged to be statistically significant by conventiasal criter

Figure 4 provides an opportunity to understand where in the distribution of emissions
concentrations the Taleolumns (2) and (8stimatesf public appeatsome fromWereport the
results from fitting the preferred version of equationi{iiprovince by dafyxed effectseparately
on indicatos for whetheraf i r md SO2/@@0 emigsion concentration wasddl% of the
corresponding emissiastandard40680% 803100%, 108200%, and >200%s we can seender
public appeal$, i r emissions concentrationscame less likely ésaceed the national standards,
which is especially true for extreme violations wheneemissions concentrations more than
doublal the national standards. Interestingly, tiségés in emissions concentrations appear to be
inframar gi nal : the T2 firms did dil@0%) mora fredquenthn t h e
|l nstead, they became much moteé bikel wheéoefthte
concentrations were bel@i®% of the national standard#is is consistent with the qualitative
observation that most pollution violations committed by CEMSwviiarasdriven by discontinued
operations aheirabatement fadaies(in order to reduce energy)s@d once these facilitesome
properly functining mo st CEMS stoncentrations eamfallsvsllibelawdbsignated

emissionstandards.

Additionally, & investigated whethee reduction imveragemissions concentratiangnslated
into reductions in total emissipmgich are the relevant metrfor determining the impact on
individual sd e x p o Slheeimpacts onaemissioa noncenpratidng and totaln .
emssions could differ fie treatments cause the plants to change their intensity of operations (e.g., a
decline in concentration could be offset by an increase in the number of hours of @penartioig
the plant at full capacity more frequently dwpegating houysWhile the CEMSlatadoes not
directly report hourly data on total emissions, we infer the changes in total emissions by investigating
the averagéourly gas/water flows reported by the CEMS product of theseariableand the

emission concentratioagualaverage totamssions per hour for each pollutakppendix Table

21 Appendix Figuré?2 is constructed identically to Figure 3 and reports on how the emissions condesdtatient
effects evolve over time. Here too, the treatment effect grows over time, especially for the private appeals, presumably as
violations cause the polluters to learn about the experimentally induced increase in scrutiny. The takeaway is that the
tre a t me n-tus @yuilibriom gffects on emissions are larger than those reported in Table 3.
221t is common for regulators around the world to focus on emissions concentrations, even though it is total emissions
that matter for human health. For exampdgulators in India and the United States focus on enforcing emissions
concentration standards.
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A5 reveals thatone of the treatments hadneaningful impact, either economically or statistically,
on theflow of pollutantsWe conclude th#lhere werereductions in emissions concentratems
tota emissions.

B. Heterogeneityin Treatment Effects,Based on Firm Characteristics

Table4 tests forheterogeneity in the treatment effects based on whether firatateoened
enterprises, produceted)f ig@ad ds (trlad tneedorrdniadhmak e t
about their public imagéand whethethey committed violations duritige seveAveek pre
treatmenperiod Thestateownedenterprise tests are reported in columns (1a), (1b), and (1c) for the
violation rate, SO2missionsoncentrationand COD emissiorncentration, respectivelhe

analogous regression results for the other two categories are reportéd2c)(2ap(3a)d (3c).

Throughout the table, we report the results from the more demanding regression that includes firm

andprovinceby-dayfixed effects.

A salientfinding in Table4 is that the overall treatment effects are driven by the thiahs
committed vitation during the seven wegk®r to the experimeiitolumns 38 c). Indeed, there
is little evidence ohgitreatment effect among the subsarmptems that did not violate in the pre
treatmentperiod® Additionally the treatment effects for teeateownedenterprises atdargerin
magnitudeéhan for private firms, although the differaacmtstatistically significant by conventional
criteria. Finally, there is litdlensistenevidence that the treatment dffsdifferentfor final goods
firms, compared to the rest of the samplei ndi cati ng that ocorporate

are unlikely to be the driving force behind the main results

V. Mechanisms

The previouscorfcti neadst hesphapserds three broad

improveenvironmental performance;piblic appeals are more effective than private ones; and iii)

23 This variable is defined based on industry code in the business registration data.
24The amount of frequent and nfsequent violators is balanced across different experimentadlrasrhgterogeneity
could be mechanical, given that the frequent violators have a larger room for improvement. Another possibility is that,
frequent violatorsnight be more responsive to citizen app€alsparing howrequent and naghr equent vi ol at
emissions changed after they received their first appeals in our expesnfard no evidence of differential
responsiveness, thus suggesting that thedesteity might be mechanically driven by the difference in baseline violation
rates.
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social medis an especially effectiweay to delivgoublic appeal3his section explores sevenate
subtlechannelshat mightexplainthe specific estimated treatment effects.

A. Private Appeals

Table5 provides an opportunitp explorethe mechanisms that underlie the overall T1 treatment
effect bydisaggregating the effects into treatment &irage is little evidence that private appeals to
the government are more effective than private appeals tadnoss the three outcomes
confirmedat the bottom of the table, which reports tivalpe from &est ofthe null hypothesthat

the effects o 1A, T1B, T1C, and T1Bre equalimilarly, there is little evidence thattiennel
through whichhe private appeals are delivenatiers as the null that T1A, T1B, and Bt€equal

cannot be rejected at conventional significance levels.

Table5 also reveals thativately informing both the government and the firm has little effect on
the outcomesgsee the coefficient associated with the interaction of the T1C and T1D treatments).
This finding indicatdabatthere areot complementarities in privately appeadirige regulator and
to firms whichalso suggesdtisat creating common knowledge betwieemgovernmerandthefirm

is not sufficienin generating treatment effects that are comparable to the public appeals.
B. Public Appeals

We nowinvestigatevhy the pblic appeals caused such significant improvements in environmental
performanceAs we outlined abovanatural hypothesis thatfailures tgreventcollective actions

or civil unrestould preventthe promotion casef a local officialso officialshaveoverarching
incentives toespond to public atteati about a violation with greater regulatory effortest this
hypothesiswe created variation in the visibility miblic pollution appeald)y experimentally
increasing the numberf o | i khared6 faonrd HEApubllicappéals pdsted on Weilkide

then compare regulatory effort across three outcomes b#tessmomotedappeals (T2Bnd
appeals that were not promof&aA).

Table6 reports theresults of fittingan equationwhere theoutcome is a measure of regulator
response ta public appeal on Weibo about a pollution violation. The explanatory variable of interest
is an indicator for the T2B treat mewrséctiohahat i n
regression, and the unit of observati@ngsllution appeahat we posted on Weibo regarding a T2
f i rmds . The degerdént varmables are an indicator for whether the Weibo appeal receives a
response from the regulator (columns 1a and 1
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nonresponse is codesl zero (columns 2a and 2b), and an indicator for whether the response includes
proof of an onsite inspection or audit of the violataro |l umns 3a and 3b) . Th
include fixed effectsfortheday t he vi ol at i on addmpvincefieed éffects. s p e c

The Table6 results make cletdrat environmental regulators are responsive to publicity about
violations. The columnsdharesults indicate that the T2B treatmentltbastsWeibo likesgshares
increases the probability that the regulator replies to the Weibo apppadbsnately 6 percentage
points, which is a roughly 40% increase in the baseline response rate of 15.5 percentage points. The
treatment causes theerage lengibf the respons® more than double (columnsd2g and the
probability of a documented onsite inspection or audit to increase by more tHdre$8%¥esults
suggest that more publicity significantly increaseg locale r nraespomsivenéssd effort to
regulate pdition, as well as indicating the power of social media networks to provide a forum to

launch the publicity.

We investigated several other potemigahanismfor the public appeal results but failed to find
evidence for them. For example, it is postbibtehe public appeals posted on social media as part
of the experiment inspireother citizengo file their own appeals against the pollution violations,
thereby increasing the overall impact of public appeals. To investigate this potential channel, we
obtairedthe universe of citizen appeals ttata the12369 website atiste MEEand matcldthis
information to each CEMS firm in our samyle.found that ounterventions did not significantly
change the number of appeals filed by altigens(Appendix TableA6). Thesenull results are
precisely estimated, suggesting that the effect of publicly appealing violations is not driven by crowding

in other appeats.

Another possibility is that pollutifigns might respondo public appealsy manipulating the
CEMS monitoring data, rather than abating pollufitims were the case, it would mean that the
paperods finding that public appeal s yochhese i mp
valid. As explained in Section IIB, the CEMS utilizes a series of technologies and follows strict
protocols to ensure the accuracy of the data, ,whighinciple Jeaves little room for firms to
influence the automatic emission readings. Nevertheless, tigata\thgs possibility by comparing

the frequency of suspicious readings across the experimenfdiarasults idppendix Tabl&7

25Relatedly, we also investigate whether thercmssd omi zed o0l i kesdé6 and o0sharesédé | ed
given the higher visibility of these appealsh@wn irAppendix Table 8 we find no such evidence.
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indicate that thexperimental interventions had no impacdthenprobability that the CEMS were
operated for fewer @ém 20 hours in a day or the probability that the CEMS recondsaklly low

emission concentrationEhese findingsuggest thatata manipulation is unlikely to drive our main
findings2® Moreover, asve will discuss in detdit Section VJthe findingson firm-level emission
reductionsrecorroborated by changes in ambient pollution levels at the prefectural city level, further
sypportingthat thebaselinéindingst hat appeal s, especially public

environmental perforamce

Further, iispossible that public appeals on social roadgtocal regulatots vigorously regulate
violations to avoid sanctions or oversight from the central goverginedetson et al2019;
Buntaine et aR02b). This mechanism is unlikely in our context, amgceitizen appealthe 12369
platform is automatically docemt ed i n t he MBdadng thereislittbeopd forsy st e
information asymmaeégdsbetween the MEE and the local ERBsutappeal Nevertheless, wested
this possibilitglirectly. Ina randonhalf of theprivate Weib@ppeal¢T1a) wefurther threatened
the |1 ocal regul ator t hat oi f the 1 ss-level does
g o v e r nThe results ppendix Tabl&9 indicate that this threat did not have a statistically
meaningful effect on any of the three measures of regulatory effort, suggesting that concerns about
central government involvement do aid¢e the baseline findirgs.

Finally, anothgvotential charelis that public pollution appeals are effective because they can get
more citizens involvaed complainindi.e., through likes and share&tive to private appeals. In
other words, if many citizens engage in private appeals about the sametheiasioch) private
appeals might become as effective as pppkalsWe probe tis possibilitypy exploring the natural
variation inthe administrative data on all 12369 appeals, and test whether having more citizens
appealing about a pollution violatreruld causehe violatorto reduce emissiomsoreandbecome
more compliant in thedllowing monthsAs shown in Appendix Tabdl0 conditional orthe

severity of a violationgceiving multiple private appealksritaextra impact compared to receiving

%We define a firmds missing hours as ounusually higho¢ |
day; we define a firmds emi ssion concentration reading
level below 10%f its yearly average on a fully operating day.
27 Relatedly, we tested the possibility that the local officials were afraid of potential mainstream media exposure, by
randomly threatening to contact local newspapers about the violation. As shown ir AgipleAdi this also hado
significantmpact on regulatory effpalthough some of these coefficients are imprecisely estimated
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just oneorivate appeal. Thesleservationdl i ndi ngs i ndicate that the r

to just involving more citizens in voicing thppea.
VI. General Equilibrium Impacts of Pollution Appeals

Except forrare exceptions.(g, Céoon et al.2013 Egger et al., 29, randomized control trials
producecausapartial equilibriwstimates of an intervention lmainnot provide evidence on the

i nt er vgeneraliequiib®mmndirectconsequences. This setting is one where knowledge of the
general equilibrium consequences may be especially imploidaatbecauseis at least plausible

that regulators responded to public and private appeals by shifting inspections and ¢bmgr regula
effort betweenfirms, allowing untreatefirms to increas¢heir emissionslue to the reduced
regulatory scrutinyf appeals only shift enforcemeihtis possible thaheyhad little or even zero
impact on total emissions and ambient pollutiorectrations.

We designed the experiment to learn about the general equilibrium consequencesbgf appeals
crossrandomizing treatment intensity across regions. Specifically, in 60% of the prefectural cities, 95%
of the CEMS firms were assigned to tbatinent groups, while in the other 40% of the prefectural
cities, 70% of the CEMS firms were assigned to the treatment @feupplement several tests,
based on this cresandomization, to assess the general equilibrium impacts.

Table7 examines the impaas ambient SOpollution concentrations using data fraational

air quality monitoring stations in China, which are independent from the CEMS network and cannot

be influenced by the CEMS firms. The entries come from the estimation of:

Y | JOOm ¢d 1 - f (2)
where€'Y{g is theaveragambient S@concentration recorded in prefectOom dayd) O'(XTis a
dummy variable indicating whether prefe€uras experimentally assigned to thethégitment
intensity group where 95% of the CEMS fianesassigned to one of theatmenarms0 £d is a
dummy variable indicating whether Gisyafter he treatments were initiated; anénds are
prefecturend day FEs, respectively. The coefficient of intefgstisch measures the effect of the
95% treatment, relative to the 70% treatntieertq is not a control groopcities with zero appegls

Standard errors are clusteredway by prefecture and wegkally, we note that we only examined

SO, concentratonecause industrial production is resp
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SGemi ssi ons, whil e | e s@D emisssonarefrdnindustiial OUrdes) a 6 s
meaning that this outcome is unlikely to have sufficient statistical power.

Theestimateslisplayed in Tabler@veal relative reductions in ambient@®@centrations in the
highrintensityprefecturesSpecificalygO;, concentrations decreasedhiiyre thar85% in the95%
prefecturesrelative to th&0% onesThis finding despite being noisg,quite striking, because
ambient air quality measures have limitations for detecting the effect dfdtzengytsivate appeal
interventions$® In addition to testifying to the fe#aching impacts tie nationwidenterventions,
the findings on ambient pollution also confirmdahatminimumh he basel i ne | mprove
environmental performancannot be entirely explained by th&nipulation of the CEMS data.

Finally, we note that these results would lead to the rejection of the null hypothesis that there are
countervailing general equilibrium forces that perieatihd o t he t r eequilbriemt 6s p
improvements irenvironmental performance documented in the preceding tabfggpendix

Figure A3, weee that the treatment effect on ambientc8@crentrations appears to increase over

time, whichs consistent with a positive generalibguim effect as firms learn about increased public

scrutiny, although statistical imprecision prevents definitive conclusions.

Table 8returrs to the firm data andstimateshe impact of assignment to the 95% prefecture
group, relative tthe 70% groupon violations, SEemissions, and COD emissiomith the aim of
better understanding t he tSpecéidaliyevastinsate a geesiore r a |
of equdéion (2)with daily observations on these flawel outcomed hese regressions provide an
opportunity toseparatelhestfor ageneral equilibrium resporseong controdnd treatment firms
by assessinghethereitherof the following twapposingforces dominates: linited regulatory
resourcesauseegulators to shift enforcement to the CHivims subject to appeabnd thdirms
not subject to the experimentatigiuced appealssponding byncreasitiggir emissns and 2ome
combination of a secular increase in enforcemment f i r msd® response to a

regulatory intensigausinghesefirms toreduamissions

In Panel A, the sample is limited to control firms that were not directly affected by the treatment,
meaning that this group provides a straightforward test of the net effect of these potential general

equilibrium forces. The point estimates in columsugfigesthat control group violations did not

28 For instance, ambient air quality measures are affected by other local emission sources (e.g., household coal consumption
and norRCEMS polluting firms) and emissions from other jurisdictions becausanSteavel hundreds of miles.
Additionally, changes in meteorological conditions can significantly influence ambient air quality.
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vary significantly across the 95% prefectures and the 70% ones., @he 80D emissions

estimates point in opposite directions with neither being near statistical significance.

Panel B conducts the same @gerfor the treatment firms. Here too, in the absence of general
equilibrium impacts, there is no reason for these measures of environmental performance to vary
between the two groups of prefectures. The probability of a violation is 20% lower ireg&¥egref
relative to the 70% prefectures for the treatment firms, in the more robust column (1b) specification;
these estimates are statistically significant at the 10% level. There is also no evidence of a difference
in average S@r COD concentrations.

Overallwe conclude thatghpartial equilibrium treatment effects were not zerdsoause the
reductions among targeted plants were not undone by mheméssons frorather plants. Indeed,
it appearthat the general equilibrium impactghteverbe positivdor the treatment firmgerhaps

indicating that direct regulation and general deterrence are complementary

VIl. Conclusion

There are three main findings frdns tpapds nationwiddield experiment in Chirtaatrandomly

appea&d privately and publiclggainspollution violationsthrough officially sanctioned channels

First, publiapped to the regulator through social media reduced violations by more than 60%, and
decreasedir and water pollution (2@nd COD concentratiogby 12.2% and 3.7%, respectively.

In contrast, privateappea caused more modest environmental improvenhetetestingly, the

emissions reductions were concentrated among the plants that grossly exceeded the standard prior to
the experiment, rather than those just above the standard, and the violations reductions were

concentrated among plants that frequertiyezled the standard prior to the experiment.

Second, experimentally increasing the visibility of sociabppstthabout a violation by adding
ol i kesdé6 and oO0shar es @regulatory dif@tSpéteically othispntesvéntiomn nc r e
caused@n increase ithe probability of a regulat@plyingto theappeaby 40%, a doubling of the
length of written replies appea, and the probability of an onsite investigation to jump by nearly
65%. Overall, we conclude thratreased regulatory effors an | mport ant source

positive effects on firmsd environment al perf

Third, wefind thatthe general equilibrium effects do not offset the partial equilibrium effects. If

anything, they may even strengthen the partial equildffactsThis rare opportunity to asstss
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general equilibrium consequences of an experiment is based on randomly varying the share of firms
subject to the treatmeratsc r o0 s s 338pleieatuees. s

A complete cogbenefit analysis of pollution appeals is beyond the scope of this paper, but we can
make a few observations about some key components of such a calchlationp aper 6 s est
suggest thaotal pollution violations in China would beucs! by nearly 51,000, or more than 50%,
if allpolluting firmshadtheir emissions scrutinized by the papiettheir violations appealed publicly
Further, this woul d r eethigswoes byCH2P mrad dotal industtisgh CODi n d u
emissias by 2.9%elative to the baseling.complete accounting of the benefits would require
reliable local air quality modelsdavert these emissions reductions into reductions in ambient air
and water pollution and information tbee willingness to pawpif these improvemen®n the cost
side, we were unable to obtain data that would allow for the costs that firms incurred to reduce their
emissionddowever, it seems reasonable to presume that the marginal costs of citizens filing pollution
appeals are agively low, given the existence of the CEMS infrastructure.

The paper has at least a few broader implicatiostst provides experimental evidence on the
impacts otitizencomplaints and appeaisenvironmental governance amderscorgthe power
of social medimm facilitating citizen involvement in enforcing polini€&hinaThe results imply that
social media provides strong signals of public demand for stringent enforcement, which in turn
prompts regulators to recalibrate their approach to the tradeoffs involved with environmental
regulationSecongit deepens our understanding of how governments, firms, and citizens interact in
Chinads | ocal.ltglmwsethranregolatoes use yparticipation to gauge the value of
imposing costly regulations on firms, and particularly so when lax emfohesntiee potential to
generate publicitln addition it demonstrateghat the failure tostrictly enforce existing
environmental policiesuslikelydue tolimitedregulatorycapacitybutinstead largely driven the
lack ofbottomup pressureA promising direction déitureresearch is therefore trying to understand
how to get more citizens to spontaneously participate in environmental goEinadiycehere is
an extensive debate about the degree to which governments thatelteanacountable by voting
are accountable to their citizens. This paper
important sources of accountahiitn d i ndeed Chi nads oWar on Pol | 1

broadly Greenstonet al., 2021
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Figure 1. ViolationRatesover Time
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Note: This figure plots the daily trends of waste gas and water emission violations in the CEMS data, between 208 aaxi2dresents thatio of CEMS
f i r ms that sidlated tkesgas/water emission standard on any given day.



Figure 2. Experimental Design

CEMS Firms
Identify Violation
Randomization
C: Control T1: Private Appeals T2: Public Appeals
T1A. Appeal to Appeal-Level |
Gov by Message | Randomization

. T2B. Promote
T2A. Generic Publicity

T1B. Appeal to
Gov on Website

T1C. Appeal to
Gov by Phone

Call Both

T1D. Appeal to
Firm by Phone

Note: This figure illustrates our experimental design, in which each CEMS firm is randomly assigned to one of sax@s.different
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(a) T1: Private Appeal

Figure 3. Event Studies

(b) T2: Public Appeal

(c) T1A: Messaging Gov Privately

(d) T1B: Website Appeal Privately

8 g4 | g4
S | 8 | | A LA 6
5
I e I © P K e 7o) AT T TN © T\ B e o e ]
[Te] ANy 06°,00%06° o0 [Te] o ©99.075000% 50" oq
| | 8 i | 0c0"0 00" So C’ODOD q 8 i | o o o0 ouoaouuc
I | - | - |
o o4 =4
I |0 00' ‘u__I) : ‘u__I) :
o) o ! TR ‘ 3 S = 3 3 g
B I T | N Jo 1 N % ) a2 N W )
e ) o bt — ?\Q-‘ © e ge® e? @0‘ N e e qe®
| e
o] o
¥ | 0% d | o . . .
I e o Voo, o | (e) T1C: Call Gov Privately (f) T1D: Call Firm Privately
| |e= T 1. SN S
® o oo o © o P WA =]
| o o | % o o & = tod— — =< A — — —,] =} _9_053.‘{,930 _________ N
o o o 00000 00,
8 a | °© o° g ) | ° ° o . g i | 0o _© Doua COGOCOOOOQD’J o g i | cuuooo ancocucncﬂuﬂowuouon
' ' 3 | oo © . 2 I ; I
(=2 (=2
| e o % al ! af !
00, pug = -
: : o o Moo el - . ‘ 2l ‘ . .
o © @' N P &) 2 >
e M ¥ N ¢ N M S
| | R o ?\Gﬂ e e e ?\0" e e e
- I |
S S A . :
! | v | (g) T2: Appeal Publicly on Weibo
I | =
o
| | 0[):)D
O = — — — — — — — — — 4
| | g (] | ao”o Pon
| | < | X ° OD{, © 5 90_000% 9
| | S
w 0 . |
= | = | -
C." ! T T C.’ I\ T T S 1 I
at A0 %~ P ™ P [ Py ‘ ! ‘
5 N N a 5 N X M o A e
PO PO N

Note: This figure presents coefficients and 90% confidence intervals on Treatment*Week interactions from regressioos dfeadtaent*Week, firm FE,
and week FEStandard errors are clusteredway by prefecture and week.
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Figure 4. Effectsof Public Appealson Excessive Violations
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Note: In this figure, we visualize how public pollution appeals shift the distribution of emission concentrationsa\Werdivi@&2r(COD smission concentration
on a given day by t&©2 (COD)emissiotimit for this firmset by the MEE, and generate six based othis standardized emissi@riableWeregress the dummy
variable for each bin on our treatment variables, using the same baseline specification in equation (1), andiplisthad668#icCls from these regressiies.
control for firm FE and provindsy-day FE Standard errors are stiered tweway by prefecture and week.
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Table 1.Summary of Basic Facts about the Experiment

(1) (@) ®) (4)

Panel A. Experimental Environment
Numberof Appeals  Numberof Appeald-iled

Numberof Numberof CEMS Filed byOther by OtherCitizens about
Prefecture€overed FirmsCovered CitizensDuring the ~ CEMSFirmsDuring the
Experiment Experiment
333 24,620 271,89 5,478

Panel B. Experimental Team

Numberof Citizen ~ Numberof Weibo  nymper of Environmental
Volunteeron any ~ Accountdnvolved in - gejence Graduate Studer
Given Day Appeals Verifying Violations

3 15 120 12

Numberof Partnering
NGOs

Panel C. Experimental Implementation
Numberof Violations  Numberof Violations  Numberof Appeals

i i - i N f Formal
During Experiment  During Experiment umber of Forma

Filed by Research Regponses wppeals Filed

According to CEMS Verified by Researcl Team by Research Team
Raw data Team
12596 5,366 2,941 1161

Note: This table reports the backgnduand the implementation of our experiméntr experiment started on May 6, 2020, and ended on December 31, 2020.

I nformation on the number of appeals filed by ot heredtwithe CEMSBanpBhesthreebt ai ne d
partnering NGOs, who prefer remain anonymous, helped us recruit and organize citizen environmental volunteers, maintaining 15 individeségp peady oo fil

any given day. The number of verified appeals is lower tmamther of appeals in the CEMS raw data, since weonsegvative and excluded case that might be

driven by outliers or mechanical erfoh&® number of appeals filed is lower than the total number of violations verified by the resdaechusamwe did not appeal

against violations committed by thetidriirms,nor did wefile appeals repeatedly within a vedwut the samigm.



Table 2. Balance Test

1) (2) (3) (4) (5) (6)
Control Private Appeals Eublic
Appeals
Messaging Website  Call Gov Call Firm Weibo
C T1AC T1B-C TiGC TiD-C T2-C
Panel A: Outcomes
SO2 Violations  0.217 0.011 0.030 0.022 0.052 0.082
(2.202) (0.052) (0.072) (00%2) (005B) (0.078)
COD Violations  0.095 0.014 0.006 0.001 0.017 0.036
(0.862) (0.023) (0.023) (0.020) (0.024) (0.025)
TotalViolations  0.739 0.084 0.034 0.000 0.120 0.181
(4.927) (01%) (0.128) (0.128) (0.136) (0.156)
S0O2 135.2 -21.7 -145 -19.1 -37.0 -84
Concentrations  (982.0) (216) (158) (22.9) (335) (182
COD 576 13 3.8 18 2.0 0.6
Concentrations  (69.1) (2.2) (3.1) (35) (2.4) (3.6)
Gas Penalty 0.008 0.001 -0.003 -0.000 0.002 -0.003
(0.146) (0.004) (0.003) (0.002) (0.004) (0.003)
Water Penalty 0.001 0.001 0.002 0.003 0.002 0.002
(0.055) (0.002) (0.002) (0.002) (0.002) (0.002)
Total Penalty 0.009 0.002 -0.002 0.003 0.004 -0.001
(0.156) (0.004) (0.003) (0.003) (0.004) (0.003)
Frequent 0.055 -0.004 0.008 0.011 0.005 0.008
Violators (0.228 (0.008) (0.008) (0.007) (0.006) (0.008)
Panel B. Industries
Mining Industry ~ 0.024 0.001 -0.004 0.001 -0.002 0.003
(0.154) (0.004) (0.006) (0.005) (0.004) (0.006)
Manufacturing 0.730 0.015 0.018 0.02 0.012 0.019
& Power Plants  (0.444) (0.012) (0.015) (0.014) (0.011) (0.015)
Sewage 0.166 -0.017* -0.015 -0007 -0.007 -0.012
Treatment (0.372 (0.010) (0012 (0.013) (0.010) (0.013)
Others 0.080 0.001 0.001 -0.015 -0.003 -0.010
(0.272) (0.007) (0.010) (0.010) (0.007) (0009

Note: This table reports balance tests across different experimental arms using data fioeatimemreeriod. For

outcomes on pollution concentrations and violations, the sample includes eight weeks before the start of the experiment.
For pollution gnalties, the sample is from 2608 frequent violators, we define a firm as a frequent violator if it violated

more than ten times in 20Clumn 1 reports the means and standard deviations of the control arm. G6luepast2
thedifference between each appeal arm and the contréVaroontrol for province FStandard errors are clusteaed

the prefecture levélp < 0.10, ** p < 0.05, ** p < 0.01



Table 3 Pollution Appeals and Firm Violations Emission Concentrations

(1a) (1b) (2a) (2b) (3a) (3b)
Violation Violation S0O2 S0O2 COD COD
Private Appeals (T1*Post, -0.003***  -0.002** -56 -59 -03 -04
(0.001) (0.001) (39) (39) (09 (0.8
Public Appeals (T2*Post) -0.006*** -0.006***  -158*** -162*** -21* -2.2%
(0.002) (0.001) (44 (44 (12 (12
HO: T1<T2 P=0.aL P=0.00 P=0.L P=0.02 P=0.B8 P=0.8B
Control Mean 0.009 0.009 132.5 132.5 59.1 59.1
Control SD 0.096 0.096 539.5 539.5 788 788
Firm FE Yes Yes Yes Yes Yes Yes
Day FE Yes Yes Yes
Province by Day FE Yes Yes Yes
Observations 7,100,881 7,100,881 2,216,208 2,216,208 2,459,622 2,459,62-

Note: This table reports the regression results from estimating Equaltin@¢li)mns(1a) and(1b), we use firnrday

level data, arttie outome variablis a dummy variable that equals 1 if the firm violates an emission stathddahyn

and zero otherwisigr Columns (2a) angh), we use pipéay level data, atite outcome variable is the daily average
emissiortoncentration of SO2 (mg/m3); Colunns(3a) and3p), we use pipday level data, atlte outcome variable

is the daily average enassioncentration of COD (mg/Llkor each out c o mave comtral fotflme col um
FE and day FE; ithe ®lumrs 0 b, ée control for firm FE and provdeby-day FE Standard errors are clustered two

way by prefecture and weeg.< 0.10, ** p < 0.05, *** p < 0.01
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Table 4. Heterogeneity Analyses oifrirm Violations and Emission Concentrations

(1a) (1b) (1c) (2a) (2b) (2c) (3a) (3b) (3c)
Violation SO COD Violation SO COD  Violation SO2 COD
Private Appeals (T1*Post) -0.002* -6.9* -0.3 -0.002 -7.1 -01 -0.000 -7.9 0.2
(0.001) 4.0 (1.0 (0.001) (44 (1.0) (0.001) (51 (08)
Public Appeals (T2*Post) -0.005%**  -194*** -2.3 -0.006***  -189*** -22 -0.001  -15.7%** -2.0
(0.002) (51 (14 (0.002) (53 (16) (0.001) (55) (16)
Private Appeals (T1*Post)*SOE  -0.003 82 06
(0.004) (15.0 (27)
Public Appeals (T2*Post)*SOE -0.005 24.4 19
(0.005) (17.0 2.9
Post*SOE 0.003 -6.9 01
(0.004) 6.3 (23)
Private Appeals (T1*Post)*Final -0.002 78 -11
(0.002) 4.8 (1.5)
Public Appeals (T2*Post)*Final 0.002 101* -03
(0.003) 5.9 (25)
Post*Final 0.002 -3.2 2.7
(0.002) 4.9 13
Private Appeals (T1*Post)*Frequ -0.013* 9.4 3.0
(0.06) (77) (27)
Public Appeals (T2*Post)*Freque -0.030*** -20 49
(0.009) (128 (32
Post*Frequent -0.028*** 57 -51*
(0.007) (46) (27)
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Province by Day FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 6,016662 1971513 2,128655 6,016662 1971513 2128655 5827579 1,887624 1998089

Note: This table reports the results for heterogeneity analyses. In Golmiasise firrday level data, attte outcome variable is a dummy variable that equals 1 if
the firm violates an emission standard on that day, and zero otherwise; indChldranse pipéay level data, atite outcome variable is the daily average emission
concentration of SO2 (mg/m3n Column® ¢ We use pipday level data, atite outcome variable is the daily average emission concentration of COCS@tgy/L).

t he f i r m& sngwhetheotheifitmyprodutes fina doodlindtead
of intermediate good based on its industry code. Frequent is a dummy variable that equals 1 if the firm commitiethpoiigtiorthe seven weeks prior to the
experimeniWe control for firm FE andrpvinceby-day FE Standard errors are clusteredway by prefecture and weeg.< 0.10, ** p < 0.05, ** p < 0.01

is a dummy variable that

equal s

1

i f

S

t



Table 5. Pollution Appeals and Firm Violationsand Emission Concentrationsby Arms

(1) (1b (29 (2b (39 (3b
Violation Violation SO SG COD COD
Messaging Gov Privately (T1A*Post) -0.002* -0.002* -30 -34 -01 -01
(0.001) (0.001) (81) (80) (12) (12)
Website Appeal Privately (T1B*Post) -0.002** -0.001 -4.8 -47 -03 -04
(0.001) (0.001) (56) (56) (12) (20)
Call Gov Privately (T1LC*Post) -0.003*** -0.002* -4.0 -4.6 -07 -06
(0.001) (0.001) (58) (56) (08) 0.8
Call Firm Privately (T1D*Post) -0.001 -0.001 -4.7 5.1 -06 -0.6
(0.001) (0.001) (43) 44 (12 (12
Call Gov*Call FirnfTLC*TID*Post) -0.001 -0.001 -1.9 -1.5 14 13
(0.002) (0.001) (7.9 (7.7 (14 (14
Appeal Publicly on Weibo (T2*Post) -0.006*** -0.006*** -158*%** -16.3** -2.1* -2.2*
(0.002) (0.001) (44) 45 (123) (12
HO: TIA=T1B=T1C=T1D P=0.% P=0.46 P=1.00 P=1.00 P=0.94 P=0.8
Control Mean 0.009 0.009 1325 132.5 59.1 59.1
Control SD 0.096 0.096 539.5 539.5 788 788
Firm FE Yes Yes Yes Yes Yes Yes
Day FE Yes Yes Yes
Province by Day FE Yes Yes Yes
Observations 7,100881 7,100881 2,216208 2,216208 2459622 2,459622

Note: This table reports the regression results from estimating Equation (1). In Columndlf)ayandd firrday level data, attte outcome variable is a dummy

variable that equals 1 if the fivinlates an emission standard on that day, and zero otherwise; in Column2layancé pipday level data, atlte outcome

variable is the daily average emission concentration of SO2 (mg/m3); in Columnsi§3ayendd pipday level datandthe outcome variable is the daily average

emi ssion concentration of COD (mg/L). For each outcommb¢o, i wetbentobumhoba
provinceby-day FE Standard errors are clusteredway by prefecture and wetg.< 0.10, ** p < 0.05, *** p < 0.01



Table 6. Social Media Publicity and Government Responsiveness
(1) (1b) (29 (2b) (39 (3b
Whether Whether  Response Response Onsite  Onsite
Respond Respond Length Length Audit Audit
Visibility Romotion(T2B) 0.06* 0.06* 346** 33.8* 0.04 0.%**
(0.03 (0.03 (13.4 (13.4 (0.02 (0.02

Control Mean 0.16 0.16 33.1 331 0.07 0.07
Control SD 0.36 0.36 117.9 117.9 0.5 0.5
Month FE Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes
Observations 662 658 662 658 662 658

Note: This table reports the regression results for public Weibo appeals on local government responsiveness. We use the
sample of firms in the public Weibo appeal to government arm. The unit of analysis is each Weibo appeal. Whether
respond is a dummy variatblat equals 1 if the government replies to our Weibo appeal, and 0 otherwise; response length

is the word count of the governmentds Weibo reply to o
audit is a dummy variable that equiithé& government replies to our Weibo appeal with proof of an onsite investigation,

andOotherwisE.or each out c o mweconirohformdnth FE, al tt ma owe tontmlor ndohtld |,
FE and province FE. * p < 0.10, ** p < 0.05, ** p < 0.01



Table 7. Pollution Appeals and Ambient Air Pollution Levels

(1) (1b)

SO SG
High Intensity Region*Post -0.%* -0.37%

(0.D) (019
Control Mean 10.® 10.®
Control SD 6.59 6.59
City FE Yes Yes
Day FE Yes
Province by Day FE Yes
Observations 90,603 89,443

Note: This table reports the regression results using ambient SO2 air quality data from more than 1,600 air quality
monitoring stations in China. The unit of analysis is prefdatuhe Column (1a), we control for city FE and day FE;

in Column (1b), weontrol for city FE and provinds~day FE Standard errors are clusteredway by prefecture and

week* p < 0.10, ** p < 0.05, *** p < 0.01



Table 8. General Equilibrium Effects of Pollution Appeals

(1a) (1b) (2a) (2b) (3a) (3b)
Violation Violation S0O2 S0O2 COD COD
Panel A: Control Goup
High Intensity*Post 0.000 0.001 -5.3 -90 15 1.9
(0.002) (0.002) (56) (7.9 (2.1) (19
Observations 1024692 1,024692 296604 296604 356265 356265
Panel B: Treatment Group
High Intensity*Post -0.003*  -0.002* -0.6 08 -07 -0.1
(0.001) (0.001) (54 5.8 a7 (16)

Observations

Control Mean
Control SD

Firm FE

Day FE

Province by Day FE

6,062,152 6,062,152 1,919,513 1,919,512 2,103,337 2,103,337

0.009 0.009 132.2 132.2 589 589
0.093 0.093 536.4 536.4 77.0 770
Yes Yes Yes Yes Yes Yes

Yes Yes Yes
Yes Yes Yes

Note: This table reports the resultg@fieral equilibriuamalyses. Pané&landB report the impact of assignment to the
95% prefecture group, relative to the 70% diarupe control and treatment grouipsColumns (1a) andk), we use
firm-day level data, atite outcome variable is a dummy variable that equals 1 if thielfites an emission standard
on that day, and zero otherwise; in Columns (2a9Andg use pipday level data, atite outcome variable is the daily
average emission concentration of SO2 (mg/m3); in Columns (k) amel se pipeay level datandthe outcome

t he
and

variabl e is
for firm FE

dai ly emi ssi on

day FE;

average
in the

two-way by prefecture and weeg.< 0.10, ** p < 0.05, *** p < 0.01

concentration
c-lbyday FrESENdard edrors areeslustei@ch t r o |
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Figure A2. Event Studies for Publicand PrivateAppealson Emission Concentrations
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Note: This figurepresents coefficients and 90% confidence intervals on TreBimegit*interactions from regressions of concentration on TreaBivegR, firm
FE, andbiweek FEStandard errors are clusteredivagy by prefecture abiveek.
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Figure A3 Event Studies forHigh Intensity Region on Ambient Air Pollution Levels

High Intensity Region

|
A |
|
|
0 |
) | .
|
o
o o I o
o -T- - - —- - = == _6_0_0_6_ - __D ______ _o ______________________
o I o o
° | ° o o o
° © | °© o o °o ©
L?- N I o ° o o
| o o
| o o
1 | (o]
| © o
| o
1) |
- 7 |
|
|
~ |
! |
T T T T
WS AQ 20 20
@ o o o
?\(’)‘ R\ R\ e
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Table Al. Industry Distribution

1) 2 3 4) 5) (6)
. Public
Control Private Appeals Appeals
. , Call Call ,
Messagin¢ Website Gov Firm Weibo
C T1A T1B T1C T1D T2

Water production and sewage
treatment plant (46)

Electricity and heat production an
supply (44)

Chemical raw materials and 620% | 6.89% 9.16% 9.87% 8.6% | 9.99%
products (26)

Textile printing and dyeing (17) 9.68% | 9.3%% 9.16% 8.50% 8.4% 8.5%
Non-metallic mineral products (3C 6.63% | 7.19% 7.64% 8.32% 7.79% 7.98%
Agri-food processing (13) 3.0% 3.5% 58% 4.16% 3.6% 4.27%
Paper products (22) 479% | 567% 4.5% 4.6% 4.84% 4.22%
Ferrous metal smelting and rollin
processing (31)

Pharmaceutical manufacturing (2 2.8% 244%  2.88% 3.02% 3.27% 3.09%
Petroleum, coal and other fuel
processing (25)

Metal products (33 3. 3% 254% 358% 294% 3.32% 2.13%
Liquor, beverage and refined tea
manufacturing (15)
Foodmanufacturing (14) 1.3% 1.76% 2.04% 1.85% 1.67% 1.6%
Coal mining and washing (6) 1.40% | 1.% 1.2% 1600 1.42% 160%
Electronic equipment
manufacturing (39)

Leather, fur, feathers and their
products (19)

Total 81.3%| 80.7% 85.0% 860%  83.6% 85.5%

Note: This table presents the industries that make up the highest percentage of T2. Other industries are also included in
the sample.

16.55%| 15.00% 17.07% 16.80% 17.03%| 17.40%

12.00%| 11.93% 11.88% 12.18% 11.26%| 12.26%

4.9% 479% 3300 3.6% 4.07% 340%

2.4% 240% 272% 32006  2.67% 2.9%

1.31% 220% 24% 2.80% 2600 2.47%

1.6% 1.68% 1.20% 1.12% 110% 160%

2.2% 249% 1.20% 1.57% 1.82% 1.31%




Table A2. PollutionAppeals and Verified Environmental Violations

(1a) (1b)
Violation Violation
Panel A. Impacts of Private and Public Appeals
Private Appeals (T1*Post) -0.002*** -0.002**
(0.001) (0.001)
Public Appeals (T2*Post) -0.005*** -0.004***
(0.001) (0.001)
HO: T1<T2 P=0.M9 P=0.06
Panel B. Impacts of Private and Public Appeals
Messaging Gov Privately (T1A*Post) -0.002** -0.002**
(0.001) (0.001)
Appeal Gov Website Privately (T1B*Post) -0.003*** -0.002**
(0.001) (0.001)
Call GovPrivately (T1C*Post) -0.002 -0.001
(0.001) (0.001)
Call Firm Privately (T1D*Post) -0.001 -0.001
(0.001) (0.001)
Call Gov*Call Firm (T1C*TID*Post) -0.001 -0.001
(0.001) (0.001)
Appeal Publicly on Weibo (T2*Post) -0.005*** -0.004***
(0.001) (0.001)
HO: T1IA=T1B=T1C=T1D P=0.5 P=048
Control Mean 0.007 0.007
Control SD 0.083 0.083
Firm FE Yes Yes
Day FE Yes
Province by Day FE Yes
Observations 7,100881 7,100881

Note: This table reports the regression results from estimating Equatenlti)ng cases with minimal levels of
measured air flows as these may be instances when the plant is not bjiEediomgis a dummy variable that equals 1
if the firm violées an emission standard on that day, and zero othier@isieimn (1a), we control for firm FE and day
FE. In Column (1b), we control for firm FE and provibgeay FE Standard errors are clusteredway by prefecture
and week: p < 0.10, ** p < 0.5, ** p < 0.01



Table A3. Robustness Checks using Alternative Clusters

(1a) (1b) (2a) (2b) (3a) (3b)

Violation  Violation SO2 SO2 coD coD
Panel A.Prefecture byArm Cluster
Private Appeals -0.003* -0.002* -5.6" -5.9* -0.3* -0.4°
(T1*Post) (0.000) (0.000) (1.8) (2.0) (0.0) (0.2)
Public Appeals -0.006* -0.006* -15.8* -16.2 2.1 -2.2"
(T2*Post) (0.000) (0.000) (0.4) (1.5) (0.0) (0.3)
HO: T1<T2 P=0.00 P=0.00 P=0.00 P=0.00 P=0.00 P=0.00
Panel B. PrefectureCluster
Private Appeals -0.003* -0.002 -5.6 -5.9 -0.3 -0.4
(T1*Post) (0.001) (0.001) (3.7) (3.8) (0.9) (0.9)
Public Appeals -0.006* -0.006" -15.8~ -16.2~ 2.1 -2.2
(T2*Post) (0.002) (0.001) (4.6) (4.8) (1.3) (1.2)
HO: T1<T2 P=0.01 P=0.00 P=0.02 P=0.02 P=0.04 P=0.04
Control Mean 0.009 0.009 132.5 132.5 59.1 59.1
Control SD 0.096 0.096 539.5 539.5 78.8 78.8
Firm FE Yes Yes Yes Yes Yes Yes
Day FE Yes Yes Yes
Province by Day FE Yes Yes Yes

Observations

7,100,881 7,100,881 2,216,208 2,216,208 2,459,622 2,459,622

Note: This table reports the regression results from estimating Equation (1). In Columndlf) ayandd firnrday

level data, artie outcome variable is a dunvagiable that equals 1 if the firm violates an emission standard on that day,
and zero otherwise; in Columns (2a) alboWe use pipeay level data, atite outcome variable is the daily average
emission concentration of SO2 (mg/m3); in Columns (3&3@Mde use pipday level data, atlte outcome variable
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Table A4. Robustness Checks using\ggregatedData

(1a) (1b)
Weekly Monthly
Violations Violatiors
PublicAppealsT2*Post) -0.552" -0.537"
(0.113) (0.119)
PrivateAppeals (T*Post) -0.309" -0.289"
(0.101) (0.102)
HO: T1<T2 P=0.001 P=0.001
Control Mean 0.066 0.244
Control SD 0.508 1.728
Firm FE Yes Yes
Week FE Yes
Month FE Yes
Observations 322,241 86,453

Note: This table reports tR®issomegression results from estimating Equatiarsiiig firmmonth level datand firm
week level datsVeeklyiolatiors measure the number dblations otthe firm violates an emission standeittin a
week MonthlyViolatiors measure the number of violationshef firm violates an emission standéthin a monthin
Column (1a), evcontrol for firm FE an@veekFE. In Column (1b), & control for firm FE andhonth FE. Standard
errors are clusteredl theprefecturdevel * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A5. Pollution Appeals and Air Flow

(1a) (1b)
log(Flow) log(Flow)
Panel A.Impacts of Pooled Private and Public Appeals
Private Appeals (T1*Post) -0.027 -0.024
(0.052) (0.059)
Public Appeals (T2*Post) -0.022 -0.022
(0.047) (0.063)
HO: T1<T2 P=0.%4 P=0.51
Panel B. Impacts of the Sublreatments
Messaging Gov Privately (T1LA*Post) -0.008 -0.010
(0.062) (0.062)
Appeal Gov Website Privately (T1B*Post) -0.117 -0.040
(0.0712) (0.076)
Call Gov Privately (T1C*Post) 0.005 -0.017
(0.096) (0.091)
Call Firm Privately (T1D*Post) 0.088 0.072
(0.079) (0.070)
Call Gov*Call Firm (T1LC*TID*Post) -0.203 -0.193
(0.143) (0.114)
Appeal Publicly on Weibo (T2*Post) -0.022 -0.028
(0.051) (0.063)
HO: TIA=T1B=T1C=T1D P=000 P=0.4
Control Mean 5.747 5.747
Control SD 4.452 4.452
Firm FE Yes Yes
DayFE Yes
Province by Day FE Yes
Observations 3979180 3979180

Note:This table reports the regression results of replacing the dependent variables of Equationl¢bpedivtiteme

of airflowsusing pipelay level datéVe place missing values for flow for any firms that are responsible for all flows in a
province inColumn (1a)ln Column (1a), we control for firm FE and day FE. In Column (1b), we control for firm FE
and provincéy-day FE Standard errors are clusteredway by prefecture and wetk < 0.10, ** p < 0.05, *** p <

0.01



Table A6. Impacts on Other Citizen Appeals

(1) (1b
Other Citizen Other Citizen
Appeals Appeals
Panel A. Impacts of Private and Public Appeals
Private Appeals (T1*Post) -0.0000 -0.0000
(0.0001) (0.0001)
Public Appeals (T2*Post) -0.0000 -0.0001
(0.0001) (0.0001)
HO: T1<T2 P=050 P=0.2
Panel B Impacts of the SubTreatments
Messaging Gov Privately (T1A*Post) 0.0000 0.0000
(0.0001) (0.0001)
Appeal Gov Website Privately (T1B*Post) 0.0000 -0.0000
(0.0001) (0.0001)
Call GovPrivately (T1C*Post) -0.0001 -0.0001
(0.0002) (0.0002)
Call Firm Privately (T1D*Post) -0.0001 -0.0001
(0.0001) (0.0001)
Call Gov*Call Firm (T1C*TID*Post) 0.0002 0.0002
(0.0002) (0.0002)
Appeal Publicly on Weibo (T2*Post) -0.0000 -0.0001
(0.0001) (0.0001)
HO: TLIA=T1B=T1C=T1D P=0.74 P=0.70
Control Mean 0.001 0.001
Control SD 0.027 0.027
Firm FE Yes Yes
Day FE Yes
Province by Day FE Yes
Observations 7,100881 7,100881

Note: This table reports the regression results of replacing the dependent variables of Equation (1) with the number of
appeals made by other citizém€olumn (1a), we control for firm FE and day FE. In Column (1b), we control for firm

FE and provincey-day FE Standard errors are clusteredway by prefecture and weeg < 0.10, ** p < 0.05, ** p

<0.01



Table A7. Pollution Appeals and Abnormal @ncentrations

(1) (1b) (29 (2b)
Abnormal  Abnormal Abnormal Abnormal
Hour Hour Concentration Concentration
Panel A.Impacts of Private and
Public Appeals
Private Appeals (T1*Post) -0.003 -0.005 0.000 -0.000
(0.005) (0.0&H (0.0®) (0.005)
Public Appeals (T2*Post) -0.005 -0.011* 0.002 -0.001
(0.0®) (0.006) (0.0®) (0.006)
HO: T1<T2 P=0.%5 P=0.0¢ P=0.® P=0.%6
Panel B.Impacts of the Sub
Treatments
Messaging Gov Privately 0.002 0.003 0.003 0.003
(T1A*Post) (0.006) (0.005) (0.005) (0.005)
Appeal Gov Website Privately -0.005 -0.009 -0.005 -0.006
(T1B*Post) (0.007) (0.006) (0.007) (0.006)
Call Gov Privately (T1C*Post) -0.004 -0.007 0.001 0.000
(0.006) (0.005) (0.007) (0.006)
Call Firm PrivatelgT 1D*Post) -0.006 -0.006 -0.001 -0.000
(0.006) (0.005) (0.006) (0.006)
Call Gov*Call Firm 0.009 0.007 0.002 0.001
(T1C*TID*Post) (0.007) (0.007) (0.009) (0.009)
Appeal Publicly on Weibo -0.005 -0.011* 0.002 -0.001
(T2A*Post) (0.006) (0.006) (0.006) (0.006)
HO: TIA=T1B=T1C=T1D P=035 P=0.11 P=0.D P=0.D
Control Mean 0.092 0.092 0.093 0.093
Control SD 0.289 0.289 0.291 0.291
Firm FE Yes Yes Yes Yes
Day FE Yes Yes
Province by Day FE Yes Yes
Observations 3,365347 3,365347 3,365347 3,365347
Note: This table reports the regression results from estimating Equasorg(fipelay level dat@bnormal Hour is
a dummy variable that equals 1 if the fatherwigesAbrormalr |y r e
Concentration is a dummy variable that equ@mbm3)dr if the

COD (mg/L) is smaller than 1/16f its annual averag#ailylevel, and zero otherwise. In Columns 1 and 3, we control
for firm FE and day FE; in Columns 2 and 4, we control for firm FE and prbyidag FE Standard errors are clustered
two-way by prefecture and wetp < 0.10, ** p < 0.05, *** p < 0.01



Table A8. Social Media Publicity andOther Citizen Appeals

(1) (1b)
Other Citizen Appeals Other Citizen Appeals

Visibility Promotion (T2B) -0.011 -0.007
(0.017) (0.018)
Control Mean 0.041 0.041
Control SD 0.200 0.200
Day FE Yes Yes
Province FE Yes
Observations 408 403

Note: This table reports the regression results for public Weibo apmethés oitizen appeal/e use the sample of
firms in the public Weibo appeal to government arm. The unit of analysis is each Weibthepitizen Appeais

a dummy variabthat equals 1 if theveereany appeals filed by other citizens after the Weibo,appkabtherwise

In column(la) we control for month FE; in colun(ihb) we control for month FE and province FE. * p < 0.10, ** p <
0.05, *** p < 0.01



Table A9. Threats and Government Responsiveness

(1) (1b) (29 (2b) (39 (3b)
Whether Whether Response Response Onsite Onsite
Respond Respond Length Length Audit Audit
Threat to Tell Uppelcevel Government 0.01 0.02 -5.6 -8.4 -0.02 -0.02
(0.03) (0.03) (19.3) (19.2) (0.02) (0.02)
Threat to Tell Media 0.04 0.05 22.9 19.3 -0.00 -0.00
(0.03) (0.03) (21.9) (21.8) (0.03) (0.03)
Control Mean 0.9 0.9 161.3 161.3 0.2 0.2
Control SD 0.49 0.49 329.0 329.0 0.0 040
Month FE Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes
Observations 1579 1578 1579 1578 1579 1578

Note: This table reports the regression results for private appeals on local government responsiveness. We udirhe inainplarivhte appeals to government
arm. The unit of analysis is each private appeal. Whether respond is a dummyata@aésth if the government formally replies to our private appeal, and 0

ot her wi se; response

that equals if the government replies to our private appeal with proof of an onsite investigation, and Ofotbarwise.a ¢ h
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Table A1Q Effects of Multiple Private Appeals

1) @ (©) 4)
S0O2 S0O2 COD COD
Concentration Violation Concentration Violation
Diff Diff Diff Diff
Multiple Appeals 4.837 -0.001 1.082 -0.002
(3.902) (0.006) (1.600) (0.007)
Baseline Concentration  -0.027*** -0.000 -0.082*** -0.000
(0.003) (0.000) (0.008) (0.000)
Control Mean -1.424 -0.005 -1.312 -0.022
Control SD 62.80 0.093 27.80 0.110
Day FE Yes Yes Yes Yes
Province FE Yes Yes Yes Yes
Observations 1,731 1,731 2,187 2,187

Note: This table reports the effects of multiple private appeals usingrtéalppeal information. In Columns (1), the
outcome variable ike change in emission concentration of SO2 (mg/m3); in Column (2), the outcome variable is the
change in violation prability of SO2; in Column (3), the outcome variable is the change in emission concentration of
COD (mg/L); in Column (4), the outcome variable is the change in violation probability of COD. Multiplecp@eals
1 if there are more than one citizandithe appeal, and O otherwi§e. control for day FE and province FE. * p <

0.10, * p<0.05, ** p < 0.01



Appendix B. Sample Templates for Each Aral

T1A. sending direct message to regulator on social media

Hello, | found that the daily average concentration of chemical oxygen demand of Xinxing Paper Co.,
Ltd. from Youxi County exceeded the standard value on Deceniieag& refer to the attached

saeenshot and check the issue, thank you.
12 25

T1B: appealing tothe regulator on government website

The Fujian online monitoring platform shows that on September 15, the daily average concentration of
anmmonia nitrogen in the total sewage discharge outlet and the wastewater discharge outlet of Quanzhou
Kaiying Power Supply Appliance Co., Ltd. exceeded the emission standard. Please refer to the attached

screenshot. Please check and reply.

9 15
] ] ]

T1C:appealing tothe regulator by calling government hotline

Hello, the Jiangsu Enterprise Automatic Monitoring Information Platform showed that the daily average
concentration of total phosphorus in se&vage discharge outlet of Jiangyin Biyue Wastewater Treatment
Co., Ltd. exceeded the standard on June 22. Please investigate and give feedback.

6 22

T1D: appealing tothe firm by phone call
Hello, lam an environmental protection enthusiast. | noticed that on May 29th, the daily average value of
smoke and dust from your company's No. 1 exhaust gas discharge outlet exceeded the standard. Please

pay attention to it and investigate, thank you.
] 5 29 1#

T2: publicly appeal tothe government on Weibo

No threat
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The industrial waste gas discharge outlet of Hengrun Coal Chemical Co., Ltd. located@o@ttgnmu
exceeded the emission standard on May 29th. Please refer to the attached screenshot. Please check and
providefeedbaclon the emission violati@amtime @ Yulin Ecological Environment Bureau

5 29
@

Media threat

Zhejiang Qunzhan Precision Fasteners Co., Ltd. in Jiashan County exceeded the standard value of daily
average chemical oxygen demand emission at its wastewater discharge outlet on October 9. Please refer to
the attached screenshdeaBe check and give feedbacka@ng=cological Environment Bureau @
Jiashatcological Environment Bureau, if there is no response in time, | will contact the media about

this matter.

10 9
@ @

Uppelevel government threat

The waste incinerator at discharge outlet No. 1 of Zhejiang Chunhui Environmental Energy Co., Ltd,
located in the Shangyu Economic and Technological Development Zone, exceeded the daily standard
value of sulfudioxide emissions on August 16. Please refer to the attached screenshot. Please check and
reply @Shaoxing Ecol ogical Environment Bureau. [
the uppetlevel environmental protection department.

1# 1# 8 16
J J @
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Screenshots of Experiment Implementation Details

Sample CEMS Violatsmmeenshot:

Screenshot for T1:
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