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(for(for(for(for thethethethe interactiveinteractiveinteractiveinteractive commentcommentcommentcomment onononon ““““ImpactImpactImpactImpact ofofofof nitrousnitrousnitrousnitrous acidacidacidacid chemistrychemistrychemistrychemistry onononon airairairair qualityqualityqualityquality modelingmodelingmodelingmodeling
resultsresultsresultsresults overoveroverover thethethethe PearlPearlPearlPearl RiverRiverRiverRiver DeltaDeltaDeltaDelta regionregionregionregion”””” bybybyby R.R.R.R. ZhangZhangZhangZhang etetetet al.)al.)al.)al.)

The manuscript by Zhang et al describes a 3D chemistry and transport modeling study of the
Pearl River Delta region with a focus on testing new nitrous acid formation mechanisms and
their impact on HONO and ozone chemistry. The study is based on the CMAQ model, adapted
and tested for the Pearl River Delta region. The authors carefully review the various proposed
HONO formation mechanisms and discuss how these mechanisms are parameterized in the
model. The main conclusion from the model study is that implementing additional HONO
sources improve the comparison with direct measurements of HONO, in particular during the
day. The authors conclude that heterogeneous chemistry is responsible for 60% of HONO,
followed by surface photolysis, and direct emissions. Inclusion of HONO chemistry leads to an
increase of maximum O3 of ~ 8% and an increase of PM2.5 ~12% compared to the base case.
The authors also show that inclusion of more accurate HONO chemistry impacts the design of
ozone control strategies.

In general, this is a very interesting and well thought through manuscript. The authors spent
considerable effort in considering all currently proposed HONO sources and including them in
the model. The results confirm some earlier, much simpler, studies that predict that inclusion of
HONO chemistry will have a 5-10% effect on ozone. The discussion of the impact on ozone
control strategies has implications that go beyond pure science.

I recommend this manuscript for publication in ACP after some revisions and copyediting.
Below are some specific comments.

Page 15083, line 7: Please clarify what you mean with “O3-to-NO production rate”.

Response:Response:Response:Response:

InInInIn here,here,here,here, thethethethe peerpeerpeerpeer’’’’ssss observationobservationobservationobservation basedbasedbasedbased modelmodelmodelmodel resultsresultsresultsresults (Zhang(Zhang(Zhang(Zhang etetetet al.,al.,al.,al., 2008)2008)2008)2008) isisisis citedcitedcitedcited totototo supportsupportsupportsupport
thethethethe importanceimportanceimportanceimportance ofofofof HONOHONOHONOHONO chemistry,chemistry,chemistry,chemistry, especiallyespeciallyespeciallyespecially thethethethe heterogeneousheterogeneousheterogeneousheterogeneous part,part,part,part, totototo thethethethe PRDPRDPRDPRD regionregionregionregion
radicalradicalradicalradical recyclingrecyclingrecyclingrecycling andandandand photochemicalphotochemicalphotochemicalphotochemical OOOO3333 production.production.production.production.

TheTheTheThe ““““OOOO3333-to-NO-to-NO-to-NO-to-NO productionproductionproductionproduction raterateraterate”””” orororor PPPPO3-NOO3-NOO3-NOO3-NO isisisis thethethethe netnetnetnet ozoneozoneozoneozone formationformationformationformation andandandand NONONONO consumed,consumed,consumed,consumed,
whichwhichwhichwhich waswaswaswas usedusedusedused asasasas aaaa commoncommoncommoncommon measuremeasuremeasuremeasure ofofofof thethethethe ozoneozoneozoneozone formationformationformationformation potential.potential.potential.potential. ForForForFor instance,instance,instance,instance, thethethethe
RelativeRelativeRelativeRelative IncrementalIncrementalIncrementalIncremental ReactivityReactivityReactivityReactivity (RIR,(RIR,(RIR,(RIR, CarterCarterCarterCarter andandandand Atkinson,Atkinson,Atkinson,Atkinson, 1989)1989)1989)1989) isisisis thethethethe indexindexindexindex totototo presentpresentpresentpresent
thethethethe percentpercentpercentpercent changechangechangechange inininin ozoneozoneozoneozone productionproductionproductionproduction (P(P(P(PO3-NOO3-NOO3-NOO3-NO)))) perperperper percentpercentpercentpercent changechangechangechange inininin precursorprecursorprecursorprecursor emission.emission.emission.emission.

Hence,Hence,Hence,Hence, thethethethe originaloriginaloriginaloriginal descriptiondescriptiondescriptiondescription ““““OOOO3333-to-NO-to-NO-to-NO-to-NO productionproductionproductionproduction raterateraterate”””” willwillwillwill bebebebe changedchangedchangedchanged totototo ““““ozoneozoneozoneozone
productionproductionproductionproduction raterateraterate”””” inininin thethethethe revisedrevisedrevisedrevised manuscriptmanuscriptmanuscriptmanuscript inininin orderorderorderorder totototo avoidavoidavoidavoid misleading.misleading.misleading.misleading.



Page 15086, lines 10 – 25: Treating aerosol surfaces and the ground by the same physical
mechanism seems inaccurate, because of transport limitations towards the ground surface that do
not exist in the same way for the aerosol. Please explain why you can treat ground surface and
aerosol heterogeneous chemistry by the same parameterization. Also, how do you reconcile
treating heterogeneous conversion on the ground surface and the use of deposition velocities for
surface loss separately?

Response:Response:Response:Response:

ForForForFor selectedselectedselectedselected HONOHONOHONOHONO heterogeneousheterogeneousheterogeneousheterogeneous reactionsreactionsreactionsreactions (R8(R8(R8(R8 andandandand R10)R10)R10)R10) inininin thisthisthisthis paper,paper,paper,paper, theytheytheythey areareareare treatedtreatedtreatedtreated asasasas
firstfirstfirstfirst orderorderorderorder reactionsreactionsreactionsreactions inininin CMAQCMAQCMAQCMAQ withwithwithwith thethethethe reactionreactionreactionreaction raterateraterate KKKKHONOHONOHONOHONO proportionalproportionalproportionalproportional totototo thethethethe availableavailableavailableavailable
surface-to-volumesurface-to-volumesurface-to-volumesurface-to-volume ratioratioratioratio (S/V)(S/V)(S/V)(S/V) inininin thethethethe model,model,model,model, whichwhichwhichwhich includeincludeincludeinclude thethethethe aerosolaerosolaerosolaerosol surfacesurfacesurfacesurface andandandand groundgroundgroundground
surfacessurfacessurfacessurfaces (vegetation,(vegetation,(vegetation,(vegetation, buildingbuildingbuildingbuilding andandandand soil).soil).soil).soil). ItItItIt isisisis anananan empiricalempiricalempiricalempirical parameterizationparameterizationparameterizationparameterization methodmethodmethodmethod basedbasedbasedbased
onononon previouspreviouspreviousprevious lablablablab experimentsexperimentsexperimentsexperiments andandandand previouspreviouspreviousprevious simulationsimulationsimulationsimulation worksworksworksworks (e.g.(e.g.(e.g.(e.g. KleffmanKleffmanKleffmanKleffman etetetet al.,al.,al.,al., 1998;1998;1998;1998;
AumoutAumoutAumoutAumout etetetet al.,al.,al.,al., 2003;2003;2003;2003; SarwarSarwarSarwarSarwar etetetet al.,al.,al.,al., 2008).2008).2008).2008). AlthoughAlthoughAlthoughAlthough thethethethe ““““physicalphysicalphysicalphysical mechanismmechanismmechanismmechanism”””” forforforfor aerosolaerosolaerosolaerosol
suspendedsuspendedsuspendedsuspended onononon thethethethe atmosphereatmosphereatmosphereatmosphere andandandand thethethethe objectsobjectsobjectsobjects onononon thethethethe groundgroundgroundground isisisis quitequitequitequite different,different,different,different, wewewewe onlyonlyonlyonly
consideredconsideredconsideredconsidered thethethethe possiblepossiblepossiblepossible 3D3D3D3D HONOHONOHONOHONO formationformationformationformation potentialpotentialpotentialpotential afterafterafterafter eacheacheacheach integrationintegrationintegrationintegration timetimetimetime stepstepstepstep inininin
chemicalchemicalchemicalchemical transporttransporttransporttransport modelmodelmodelmodel (CTM)(CTM)(CTM)(CTM) atatatat thisthisthisthis stage.stage.stage.stage. InInInIn otherotherotherother words,words,words,words, afterafterafterafter eacheacheacheach thethethethe CTMCTMCTMCTM timetimetimetime
step,step,step,step, thethethethe CMAQCMAQCMAQCMAQ gaseousgaseousgaseousgaseous phasephasephasephase modulemodulemodulemodule willwillwillwill provideprovideprovideprovide thethethethe 3D3D3D3D NO/NO2/HNO3NO/NO2/HNO3NO/NO2/HNO3NO/NO2/HNO3 mixingmixingmixingmixing ratioratioratioratio
fieldfieldfieldfield andandandand thethethethe CMAQCMAQCMAQCMAQ aerosolaerosolaerosolaerosol modulemodulemodulemodule willwillwillwill provideprovideprovideprovide thethethethe 3D3D3D3D aerosolaerosolaerosolaerosol S/VS/VS/VS/V value.value.value.value. InInInIn togethertogethertogethertogether withwithwithwith
assignedassignedassignedassigned thethethethe groundgroundgroundground vegetation,vegetation,vegetation,vegetation, buildingbuildingbuildingbuilding andandandand soilsoilsoilsoil S/VS/VS/VS/V valuevaluevaluevalue (which(which(which(which isisisis basedbasedbasedbased onononon LAILAILAILAI value,value,value,value,
land-coverland-coverland-coverland-cover databasedatabasedatabasedatabase andandandand empiricalempiricalempiricalempirical literatureliteratureliteratureliterature value),value),value),value), aaaa 3D3D3D3D availableavailableavailableavailable S/VS/VS/VS/V fieldsfieldsfieldsfields forforforfor thethethethe
HONOHONOHONOHONO heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction yieldyieldyieldyield estimationestimationestimationestimation cancancancan bebebebe created.created.created.created. TheTheTheThe heterogeneousheterogeneousheterogeneousheterogeneous
reactionsreactionsreactionsreactions areareareare regardedregardedregardedregarded asasasas completecompletecompletecomplete withinwithinwithinwithin eacheacheacheach CTMCTMCTMCTM timetimetimetime step,step,step,step, hence,hence,hence,hence, thethethethe newnewnewnew HONOHONOHONOHONO
mixingmixingmixingmixing ratioratioratioratio willwillwillwill bebebebe updatedupdatedupdatedupdated continuouslycontinuouslycontinuouslycontinuously inininin linelinelineline withwithwithwith thethethethe evolutionevolutionevolutionevolution ofofofof CTM.CTM.CTM.CTM. NoNoNoNo additionaladditionaladditionaladditional
““““physicalphysicalphysicalphysical mechanismmechanismmechanismmechanism”””” forforforfor aerosolaerosolaerosolaerosol andandandand groundgroundgroundground heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction isisisis consideredconsideredconsideredconsidered atatatat thisthisthisthis
moment.moment.moment.moment.

InInInIn termstermstermsterms ofofofof reconcilingreconcilingreconcilingreconciling thethethethe independentindependentindependentindependent treatmenttreatmenttreatmenttreatment ofofofof heterogeneousheterogeneousheterogeneousheterogeneous conversionconversionconversionconversion onononon thethethethe
groundgroundgroundground surfacesurfacesurfacesurface andandandand thethethethe useuseuseuse ofofofof depositiondepositiondepositiondeposition velocityvelocityvelocityvelocity forforforfor surfacesurfacesurfacesurface loss,loss,loss,loss, itititit isisisis indeedindeedindeedindeed oneoneoneone ofofofof thethethethe
limitationslimitationslimitationslimitations ofofofof currentcurrentcurrentcurrent application.application.application.application. TheTheTheThe idealidealidealideal processprocessprocessprocess shouldshouldshouldshould weightweightweightweight thethethethe relativerelativerelativerelative importanceimportanceimportanceimportance
ofofofof HONOHONOHONOHONO depositiondepositiondepositiondeposition velocityvelocityvelocityvelocity andandandand thethethethe upwardupwardupwardupward groundgroundgroundground heterogeneousheterogeneousheterogeneousheterogeneous emissionemissionemissionemission strengthstrengthstrengthstrength andandandand
combinecombinecombinecombine thethethethe twotwotwotwo factorsfactorsfactorsfactors withwithwithwith directionaldirectionaldirectionaldirectional flux.flux.flux.flux. Actually,Actually,Actually,Actually, inininin currentcurrentcurrentcurrent CMAQCMAQCMAQCMAQ versionversionversionversion 4.7,4.7,4.7,4.7,
theretheretherethere isisisis alreadyalreadyalreadyalready aaaa similarsimilarsimilarsimilar treatmenttreatmenttreatmenttreatment bybybyby consideringconsideringconsideringconsidering thethethethe bi-directionalbi-directionalbi-directionalbi-directional surfacesurfacesurfacesurface exchangeexchangeexchangeexchange ofofofof
ammoniaammoniaammoniaammonia (NH(NH(NH(NH3333)))) andandandand mercurymercurymercurymercury (Hg)(Hg)(Hg)(Hg) (Cooter(Cooter(Cooter(Cooter etetetet al.,al.,al.,al., 2010;2010;2010;2010; Bash,Bash,Bash,Bash, 2010).2010).2010).2010). InInInIn thisthisthisthis method,method,method,method,
emissionemissionemissionemission ofofofof NHNHNHNH3333 andandandand HgHgHgHg isisisis notnotnotnot independentlyindependentlyindependentlyindependently treatedtreatedtreatedtreated bybybyby outsideoutsideoutsideoutside processorprocessorprocessorprocessor bybybyby asasasas integralintegralintegralintegral
processprocessprocessprocess inininin air-surfaceair-surfaceair-surfaceair-surface exchangeexchangeexchangeexchange module.module.module.module. Bi-directionalBi-directionalBi-directionalBi-directional exchangeexchangeexchangeexchange forforforfor NH3NH3NH3NH3 andandandand HgHgHgHg werewerewerewere
developeddevelopeddevelopeddeveloped basedbasedbasedbased onononon canopycanopycanopycanopy compensation,compensation,compensation,compensation, whichwhichwhichwhich considerconsiderconsiderconsider thethethethe impactimpactimpactimpact ofofofof landlandlandland covercovercovercover type,type,type,type,
ambientambientambientambient temperature,temperature,temperature,temperature, andandandand partitioningpartitioningpartitioningpartitioning ofofofof NHNHNHNH3333 andandandand HgHgHgHg betweenbetweenbetweenbetween atmospheric,atmospheric,atmospheric,atmospheric, apoplasticapoplasticapoplasticapoplastic
andandandand vegetationvegetationvegetationvegetation surfacesurfacesurfacesurface compartmentcompartmentcompartmentcompartment (Foley(Foley(Foley(Foley etetetet al.,al.,al.,al., 2010).2010).2010).2010). InInInIn thethethethe future,future,future,future, thethethethe authorsauthorsauthorsauthors maymaymaymay



followfollowfollowfollow thisthisthisthis fluxfluxfluxflux conceptconceptconceptconcept totototo combinecombinecombinecombine thethethethe surfacesurfacesurfacesurface emissionemissionemissionemission andandandand depositiondepositiondepositiondeposition inininin aaaa moremoremoremore consistentconsistentconsistentconsistent
way.way.way.way. ThanksThanksThanksThanks forforforfor thethethethe valuevaluevaluevalue comment.comment.comment.comment.

Page 15088, equation 5: Define zs in the text.

Response:Response:Response:Response:

InInInIn thisthisthisthis paper,paper,paper,paper, thethethethe parameterizationparameterizationparameterizationparameterization ofofofof HONOHONOHONOHONO formationformationformationformation throughthroughthroughthrough photolysisphotolysisphotolysisphotolysis ofofofof absorbedabsorbedabsorbedabsorbed
HNOHNOHNOHNO3333 onononon surfacesurfacesurfacesurface waswaswaswas followingfollowingfollowingfollowing thethethethe methodsmethodsmethodsmethods bybybyby ZhouZhouZhouZhou etetetet al.al.al.al. (2003)(2003)(2003)(2003) to.to.to.to. InInInIn herehereherehere ““““zzzzssss”””” isisisis thethethethe firstfirstfirstfirst
layerlayerlayerlayer modelmodelmodelmodel heightheightheightheight inininin CMAQCMAQCMAQCMAQ simulationsimulationsimulationsimulation domaindomaindomaindomain configuration.configuration.configuration.configuration. InInInIn PagePagePagePage 15083,15083,15083,15083, linelinelineline 22,22,22,22, itititit
refersrefersrefersrefers asasasas ““““twentytwentytwentytwenty verticalverticalverticalvertical layerslayerslayerslayers werewerewerewere constructedconstructedconstructedconstructed inininin CAMQCAMQCAMQCAMQ withwithwithwith thethethethe firstfirstfirstfirst layerlayerlayerlayer aroundaroundaroundaround
17m17m17m17m aboveaboveaboveabove thethethethe groundgroundgroundground””””....

Page 15089, line 17: Please define “index of agreement”.

Response:Response:Response:Response:

IndexIndexIndexIndex ofofofof AgreementAgreementAgreementAgreement (IOA)(IOA)(IOA)(IOA) isisisis aaaa statisticalstatisticalstatisticalstatistical metricsmetricsmetricsmetrics withwithwithwith valuevaluevaluevalue betweenbetweenbetweenbetween 0000 andandandand 1111 totototo comparecomparecomparecompare
thethethethe departuredeparturedeparturedeparture ofofofof predictionspredictionspredictionspredictions (P)(P)(P)(P) fromfromfromfrom thethethethe meanmeanmeanmean valuevaluevaluevalue ofofofof observationsobservationsobservationsobservations (O)(O)(O)(O) withwithwithwith thethethethe
departuredeparturedeparturedeparture ofofofof individualindividualindividualindividual observationsobservationsobservationsobservations fromfromfromfrom thethethethe meanmeanmeanmean (Ulrickson(Ulrickson(Ulrickson(Ulrickson andandandand Mass,Mass,Mass,Mass, 1990).1990).1990).1990). ItItItIt definesdefinesdefinesdefines
asasasas (Willmott,(Willmott,(Willmott,(Willmott, 1981):1981):1981):1981):
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IOAIOAIOAIOA valuevaluevaluevalue ““““1111”””” meansmeansmeansmeans prefectprefectprefectprefect agreementagreementagreementagreement whilewhilewhilewhile valuevaluevaluevalue ““““0000”””” meansmeansmeansmeans nononono agreement.agreement.agreement.agreement.

Section 3: The most serious omission in the manuscript is the missing comparison of the
observed diurnal variation of HONO at Xinken and Guangzhou with the results from the various
model runs. This must be added to convince the reader that HONO is better described in the
expanded model. Figure 4 is not sufficient for this purpose.

Response:Response:Response:Response:

TheTheTheThe reasonreasonreasonreason totototo showshowshowshow thethethethe comparisoncomparisoncomparisoncomparison ofofofof HONOHONOHONOHONO simulationsimulationsimulationsimulation forforforfor variousvariousvariousvarious modelmodelmodelmodel runsrunsrunsruns withwithwithwith
observationsobservationsobservationsobservations inininin termstermstermsterms ofofofof meanmeanmeanmean valuevaluevaluevalue insteadinsteadinsteadinstead ofofofof hourlyhourlyhourlyhourly orororor diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation isisisis duedueduedue totototo thethethethe
limitlimitlimitlimit ofofofof observationobservationobservationobservation database.database.database.database. TheTheTheThe observationobservationobservationobservation datadatadatadata forforforfor HONOHONOHONOHONO andandandand relatedrelatedrelatedrelated NOx,NOx,NOx,NOx, OzoneOzoneOzoneOzone areareareare
mainlymainlymainlymainly comingcomingcomingcoming fromfromfromfrom thethethethe paperspaperspaperspapers inininin PRDPRDPRDPRD campaigncampaigncampaigncampaign (Zhang(Zhang(Zhang(Zhang etetetet al.,al.,al.,al., 2008;2008;2008;2008; SuSuSuSu etetetet al.,al.,al.,al., 2010).2010).2010).2010). OnlyOnlyOnlyOnly
littlelittlelittlelittle detaildetaildetaildetail rawrawrawraw hourlyhourlyhourlyhourly datadatadatadata isisisis availableavailableavailableavailable atatatat XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK) sitesitesitesite (the(the(the(the ruralruralruralrural site)site)site)site) duringduringduringduring thethethethe



simulationsimulationsimulationsimulation window.window.window.window. FigureFigureFigureFigure A1A1A1A1 isisisis addedaddedaddedadded herehereherehere totototo demonstratedemonstratedemonstratedemonstrate thethethethe modelmodelmodelmodel performanceperformanceperformanceperformance atatatat XKXKXKXK
forforforfor simulationsimulationsimulationsimulation casecasecasecase ‘‘‘‘CB05CB05CB05CB05’’’’ andandandand ‘‘‘‘CB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SP’’’’.... TheTheTheThe modelmodelmodelmodel hashashashas aaaa fairfairfairfair capabilitycapabilitycapabilitycapability totototo
simulatesimulatesimulatesimulate NONONONO2222 andandandand OOOO3333 withwithwithwith meanmeanmeanmean normalizednormalizednormalizednormalized biasbiasbiasbias ((((MNBMNBMNBMNB)))) valuevaluevaluevalue aroundaroundaroundaround ±±±±20%~20%~20%~20%~±±±±40%.40%.40%.40%. AfterAfterAfterAfter
incorporatingincorporatingincorporatingincorporating thethethethe additionaladditionaladditionaladditional HONOHONOHONOHONO formationformationformationformation pathways,pathways,pathways,pathways, thethethethe meanmeanmeanmean OOOO3333 simulationsimulationsimulationsimulation
increasedincreasedincreasedincreased 2.12.12.12.1 ppbVppbVppbVppbV orororor 5%,5%,5%,5%, andandandand slightslightslightslight portionportionportionportion ofofofof NONONONO2222 waswaswaswas consumedconsumedconsumedconsumed forforforfor HONOHONOHONOHONO formation.formation.formation.formation.
ForForForFor NONONONO2222 andandandand OOOO3333,,,, nononono obviousobviousobviousobvious improvementimprovementimprovementimprovement isisisis foundfoundfoundfound forforforfor thethethethe evaluationevaluationevaluationevaluation metrics.metrics.metrics.metrics. However,However,However,However, forforforfor
HONOHONOHONOHONO simulationsimulationsimulationsimulation inininin XKXKXKXK,,,, thethethethe improvementimprovementimprovementimprovement isisisis remarkable.remarkable.remarkable.remarkable. TheTheTheThe standardstandardstandardstandard CMAQCMAQCMAQCMAQ heavilyheavilyheavilyheavily
underestimateunderestimateunderestimateunderestimate thethethethe observedobservedobservedobserved meanmeanmeanmean HONOHONOHONOHONO levellevellevellevel (1.125(1.125(1.125(1.125 ppbV)ppbV)ppbV)ppbV) bybybyby 28282828 timestimestimestimes withwithwithwith thethethethe IOA=0.35,IOA=0.35,IOA=0.35,IOA=0.35,
nearlynearlynearlynearly nononono correlation,correlation,correlation,correlation, andandandand MNB=-95.8%.MNB=-95.8%.MNB=-95.8%.MNB=-95.8%. TheTheTheThe casecasecasecase ‘‘‘‘CB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SP’’’’ cancancancan reproducereproducereproducereproduce
38%38%38%38% ofofofof ambientambientambientambient HONOHONOHONOHONO levellevellevellevel withwithwithwith thethethethe significantsignificantsignificantsignificant improvedimprovedimprovedimproved statisticstatisticstatisticstatistic metricsmetricsmetricsmetrics IOA=0.55IOA=0.55IOA=0.55IOA=0.55 andandandand
MNB=-54.5%.MNB=-54.5%.MNB=-54.5%.MNB=-54.5%.

InInInIn orderorderorderorder totototo showshowshowshow thethethethe comparisoncomparisoncomparisoncomparison ofofofof HONOHONOHONOHONO diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation inininin XKXKXKXK andandandand GuangzhouGuangzhouGuangzhouGuangzhou (GZ),(GZ),(GZ),(GZ),
namely,namely,namely,namely, thethethethe contrastcontrastcontrastcontrast atatatat ruralruralruralrural sitesitesitesite andandandand urbanurbanurbanurban site,site,site,site, wewewewe addaddaddadd otherotherotherother FigureFigureFigureFigure A2A2A2A2 herehereherehere forforforfor
demonstration.demonstration.demonstration.demonstration. NoticeNoticeNoticeNotice thatthatthatthat thethethethe meanmeanmeanmean observationobservationobservationobservation diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation withwithwithwith errorerrorerrorerror barsbarsbarsbars overoveroverover
PRIDE-PRD2004PRIDE-PRD2004PRIDE-PRD2004PRIDE-PRD2004 campaigncampaigncampaigncampaign areareareare directlydirectlydirectlydirectly extractedextractedextractedextracted fromfromfromfrom thethethethe FigureFigureFigureFigure 3333 ofofofof ZhangZhangZhangZhang etetetet al.al.al.al. (2008).(2008).(2008).(2008).
TheTheTheThe diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation ofofofof differentdifferentdifferentdifferent simulationsimulationsimulationsimulation casescasescasescases areareareare thethethethe meanmeanmeanmean ofofofof eacheacheacheach locallocallocallocal hourhourhourhour HONOHONOHONOHONO
mixingmixingmixingmixing ratioratioratioratio overoveroverover thethethethe simulationsimulationsimulationsimulation window.window.window.window. TheTheTheThe characteristiccharacteristiccharacteristiccharacteristic ofofofof HONOHONOHONOHONO diurnaldiurnaldiurnaldiurnal profileprofileprofileprofile overoveroverover
PRDPRDPRDPRD regionregionregionregion withwithwithwith highhighhighhigh peakpeakpeakpeak atatatat nightnightnightnight andandandand relativelyrelativelyrelativelyrelatively lowlowlowlow duringduringduringduring morningmorningmorningmorning isisisis consistentconsistentconsistentconsistent withwithwithwith
thethethethe observationobservationobservationobservation worldwideworldwideworldwideworldwide (Kleffmann(Kleffmann(Kleffmann(Kleffmann etetetet al.,al.,al.,al., 2005;2005;2005;2005; RenRenRenRen etetetet al.,al.,al.,al., 2006;2006;2006;2006; ElshorbanyElshorbanyElshorbanyElshorbany etetetet al.,al.,al.,al., 2009;2009;2009;2009;
MaoMaoMaoMao etetetet al.,al.,al.,al., 2010).2010).2010).2010). TheTheTheThe addingaddingaddingadding ofofofof directdirectdirectdirect emissionemissionemissionemission (case(case(case(case ‘‘‘‘CB05+EMCB05+EMCB05+EMCB05+EM’’’’)))) contributedcontributedcontributedcontributed thethethethe HONOHONOHONOHONO
morningmorningmorningmorning peakpeakpeakpeak atatatat thethethethe rushrushrushrush hourhourhourhour 0700~08000700~08000700~08000700~0800 locallocallocallocal standardstandardstandardstandard timetimetimetime (LST).(LST).(LST).(LST). TheTheTheThe addingaddingaddingadding ofofofof
heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction (case(case(case(case ‘‘‘‘CB05+EM+HTCB05+EM+HTCB05+EM+HTCB05+EM+HT’’’’)))) mainlymainlymainlymainly contributedcontributedcontributedcontributed thethethethe latelatelatelate afternoonafternoonafternoonafternoon
(1700-2200(1700-2200(1700-2200(1700-2200 LST)LST)LST)LST) build-upbuild-upbuild-upbuild-up ofofofof HONOHONOHONOHONO concentration.concentration.concentration.concentration. TheTheTheThe simulationsimulationsimulationsimulation casecasecasecase ‘‘‘‘HONO_S/VHONO_S/VHONO_S/VHONO_S/V’’’’
nearlynearlynearlynearly followedfollowedfollowedfollowed thethethethe observedobservedobservedobserved HONOHONOHONOHONO diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation patternpatternpatternpattern atatatat GZ,GZ,GZ,GZ, butbutbutbut inininin XK,XK,XK,XK, itititit showsshowsshowsshows
thethethethe largelargelargelarge overestimationoverestimationoverestimationoverestimation occurredoccurredoccurredoccurred afterafterafterafter sunset.sunset.sunset.sunset. However,However,However,However, thethethethe currentcurrentcurrentcurrent implementationimplementationimplementationimplementation
cannotcannotcannotcannot repeatrepeatrepeatrepeat observedobservedobservedobserved elevatedelevatedelevatedelevated HONOHONOHONOHONO levellevellevellevel latelatelatelate atatatat nightnightnightnight (0200~0600(0200~0600(0200~0600(0200~0600 LST),LST),LST),LST), thethethethe modelmodelmodelmodel
tendstendstendstends totototo havehavehavehave thethethethe steepsteepsteepsteep jumpjumpjumpjump afterafterafterafter thethethethe peakpeakpeakpeak nearnearnearnear thethethethe midnight.midnight.midnight.midnight.



FigureFigureFigureFigure A1.A1.A1.A1. ModelModelModelModel validationvalidationvalidationvalidation afterafterafterafter incorporationincorporationincorporationincorporation ofofofof HONOHONOHONOHONO chemistrychemistrychemistrychemistry atatatat XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK)
stationstationstationstation forforforfor (a)(a)(a)(a) NONONONO2222,,,, (b)(b)(b)(b) OOOO3333 andandandand (c)(c)(c)(c) HONOHONOHONOHONO simulationsimulationsimulationsimulation



FigureFigureFigureFigure A2.A2.A2.A2. DiurnalDiurnalDiurnalDiurnal patternpatternpatternpattern ofofofof simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO atatatat (a)(a)(a)(a) GuangzhouGuangzhouGuangzhouGuangzhou andandandand (b)(b)(b)(b) XinkenXinkenXinkenXinken withwithwithwith
differencedifferencedifferencedifference simulationsimulationsimulationsimulation casescasescasescases

Figure 6: It is not completely clear what is shown in Figure 6. Is this the 24h average in the
lowest grid cell of the model? In this case the plot is skewed towards the high nocturnal HONO
cases. Figure 6 also does not seem to show any information that is not also shown in Figure 7.

Response:Response:Response:Response:

TheTheTheThe averageaverageaverageaverage contributioncontributioncontributioncontribution ofofofof homogenoushomogenoushomogenoushomogenous reactionreactionreactionreaction (black),(black),(black),(black), directdirectdirectdirect emissionemissionemissionemission (red),(red),(red),(red),
heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction (green)(green)(green)(green) andandandand surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis reactionreactionreactionreaction (purple)(purple)(purple)(purple) totototo totaltotaltotaltotal simulatedsimulatedsimulatedsimulated
groundgroundgroundground HONOHONOHONOHONO atatatat XKXKXKXK andandandand GZGZGZGZ sitesitesitesite duringduringduringduring thethethethe entireentireentireentire simulationsimulationsimulationsimulation periodperiodperiodperiod (10(10(10(10 days,days,days,days, inininin totaltotaltotaltotal 240240240240
hourlyhourlyhourlyhourly data)data)data)data) isisisis givengivengivengiven inininin FigureFigureFigureFigure 6.6.6.6. ItItItIt isisisis thethethethe averageaverageaverageaverage ofofofof 10101010 daydaydayday simulationsimulationsimulationsimulation atatatat thethethethe lowestlowestlowestlowest gridgridgridgrid
cellcellcellcell sincesincesincesince wewewewe focusfocusfocusfocus onononon discussingdiscussingdiscussingdiscussing thethethethe contributioncontributioncontributioncontribution ofofofof contributioncontributioncontributioncontribution budgetbudgetbudgetbudget ofofofof groundgroundgroundground HONOHONOHONOHONO
mixingmixingmixingmixing ratioratioratioratio only.only.only.only. InInInIn termstermstermsterms ofofofof dailydailydailydaily averageaverageaverageaverage value,value,value,value, duedueduedue thethethethe weightingweightingweightingweighting ofofofof HONOHONOHONOHONOmixingmixingmixingmixing ratioratioratioratio
atatatat nightnightnightnight isisisis higherhigherhigherhigher thatthatthatthat ofofofof atatatat daytime,daytime,daytime,daytime, thethethethe plotplotplotplot isisisis indeedindeedindeedindeed skewedskewedskewedskewed towardstowardstowardstowards thethethethe highhighhighhigh nocturnalnocturnalnocturnalnocturnal
HONOHONOHONOHONO case.case.case.case. InInInIn contract,contract,contract,contract, FigureFigureFigureFigure 7777 breaksbreaksbreaksbreaks downdowndowndown thethethethe simulatedsimulatedsimulatedsimulated groundgroundgroundground HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration
atatatat ruralruralruralrural andandandand urbanurbanurbanurban sitesitesitesite intointointointo averageaverageaverageaverage diurnaldiurnaldiurnaldiurnal relativerelativerelativerelative contribution.contribution.contribution.contribution. TheTheTheThe purposepurposepurposepurpose ofofofof thisthisthisthis
figurefigurefigurefigure isisisis totototo showshowshowshow thethethethe detaildetaildetaildetail contributioncontributioncontributioncontribution bybybyby thethethethe fourfourfourfour formationformationformationformation pathwayspathwayspathwayspathways atatatat differentdifferentdifferentdifferent timetimetimetime atatatat
thethethethe day.day.day.day. ForForForFor instance,instance,instance,instance, thethethethe surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis pathwaypathwaypathwaypathway isisisis thethethethe dominatedominatedominatedominate contributorcontributorcontributorcontributor forforforfor
simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO mixingmixingmixingmixing ratioratioratioratio duringduringduringduring daytime,daytime,daytime,daytime, withwithwithwith thethethethe maximummaximummaximummaximum contributioncontributioncontributioncontribution 64%64%64%64% inininin
XKXKXKXK andandandand 31%31%31%31% inininin GZGZGZGZ atatatat thethethethe latelatelatelate afternoon.afternoon.afternoon.afternoon. However,However,However,However, thethethethe highhighhighhigh nocturnalnocturnalnocturnalnocturnal HONOHONOHONOHONO
concentrationconcentrationconcentrationconcentration isisisis mainlymainlymainlymainly controlledcontrolledcontrolledcontrolled bybybyby thethethethe heterogeneousheterogeneousheterogeneousheterogeneous reaction.reaction.reaction.reaction.

Section 3.4, Figure 6 & 7: The results in Figures 6 and 7 are surprising in that the heterogeneous
conversion plays such a major role. Current literature suggests a much higher relative



contribution of the photolytic source. The authors should comment on why they think that the
heterogeneous pathway is so important in their case.

Response:Response:Response:Response:

WhenWhenWhenWhen calculatingcalculatingcalculatingcalculating thethethethe relativerelativerelativerelative contributionscontributionscontributionscontributions fromfromfromfrom differentdifferentdifferentdifferent HONOHONOHONOHONO pathways,pathways,pathways,pathways, thethethethe termtermtermterm ofofofof
simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO mixingmixingmixingmixing ratioratioratioratio waswaswaswas usedusedusedused inininin SectionSectionSectionSection 3.43.43.43.4 andandandand FigureFigureFigureFigure 6666 &&&& 7.7.7.7. FromFromFromFrom thisthisthisthis
prospective,prospective,prospective,prospective, wewewewe havehavehavehave thethethethe conclusionconclusionconclusionconclusion thatthatthatthat heterogeneousheterogeneousheterogeneousheterogeneous conversionconversionconversionconversion playsplaysplaysplays thethethethe majormajormajormajor rolerolerolerole forforforfor
simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration eithereithereithereither inininin XKXKXKXK andandandand GZ,GZ,GZ,GZ, whichwhichwhichwhich isisisis ‘‘‘‘oppositeoppositeoppositeopposite’’’’ totototo currentcurrentcurrentcurrent
knowledge.knowledge.knowledge.knowledge. WeWeWeWe shouldshouldshouldshould statestatestatestate thatthatthatthat thethethethe importanceimportanceimportanceimportance ofofofof surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis totototo HONOHONOHONOHONO productionproductionproductionproduction
isisisis importantimportantimportantimportant inininin termstermstermsterms ofofofof sourcesourcesourcesource strength:strength:strength:strength: althoughalthoughalthoughalthough thethethethe nighttimenighttimenighttimenighttime HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration isisisis
higherhigherhigherhigher thanthanthanthan thatthatthatthat duringduringduringduring thethethethe day,day,day,day, thethethethe HONOHONOHONOHONO productionproductionproductionproduction raterateraterate isisisis actuallyactuallyactuallyactually muchmuchmuchmuch higherhigherhigherhigher duringduringduringduring
thethethethe day.day.day.day. ItItItIt maymaymaymay misleadmisleadmisleadmislead readersreadersreadersreaders bybybyby onlyonlyonlyonly comparecomparecomparecompare thethethethe contributioncontributioncontributioncontribution ofofofof differentdifferentdifferentdifferent pathwayspathwayspathwayspathways totototo
thethethethe concentrationconcentrationconcentrationconcentration ofofofof HONOHONOHONOHONO inininin thethethethe modelmodelmodelmodel (the(the(the(the balancebalancebalancebalance ofofofof yieldyieldyieldyield andandandand losslosslossloss term)term)term)term) butbutbutbut notnotnotnot totototo
mentionmentionmentionmention thethethethe sourcesourcesourcesource strengthstrengthstrengthstrength (the(the(the(the yieldyieldyieldyield term).term).term).term). ThusThusThusThus thethethethe highhighhighhigh night-timenight-timenight-timenight-time concentrationsconcentrationsconcentrationsconcentrations
causedcausedcausedcaused bybybyby slowslowslowslow sourcessourcessourcessources andandandand missingmissingmissingmissing HONOHONOHONOHONO sinkssinkssinkssinks (HONO(HONO(HONO(HONO ++++ hvhvhvhv ->->->-> OHOHOHOH ++++ NO)NO)NO)NO) isisisis directlydirectlydirectlydirectly
comparedcomparedcomparedcompared withwithwithwith thethethethe lowlowlowlow day-timeday-timeday-timeday-time concentrationconcentrationconcentrationconcentration casedcasedcasedcased bybybyby veryveryveryvery fastfastfastfast photolysis.photolysis.photolysis.photolysis. AAAA veryveryveryvery strongstrongstrongstrong
daytimedaytimedaytimedaytime HONOHONOHONOHONO formationformationformationformation pathwayspathwayspathwayspathways (e.g.(e.g.(e.g.(e.g. surfacesurfacesurfacesurface photolysis)photolysis)photolysis)photolysis) isisisis neededneededneededneeded totototo maintainmaintainmaintainmaintain thethethethe highhighhighhigh
daytimedaytimedaytimedaytime HONOHONOHONOHONO levelslevelslevelslevels observedobservedobservedobserved inininin PRDPRDPRDPRD regionregionregionregion (e.g.(e.g.(e.g.(e.g. ~~~~ 1111 ppbppbppbppb inininin ruralruralruralrural areaareaareaarea andandandand ~~~~ 4444 ppbppbppbppb inininin
urbanurbanurbanurban area,area,area,area, ZhangZhangZhangZhang etetetet al.,al.,al.,al., 2008).2008).2008).2008). ItItItIt wouldwouldwouldwould bebebebe aaaa quitequitequitequite differentdifferentdifferentdifferent picturepicturepicturepicture ifififif wewewewe useuseuseuse thethethethe ‘‘‘‘sourcesourcesourcesource
strengthstrengthstrengthstrength’’’’ totototo discussdiscussdiscussdiscuss thethethethe contributioncontributioncontributioncontribution budget.budget.budget.budget. Hence,Hence,Hence,Hence, wewewewe willwillwillwill emphasizeemphasizeemphasizeemphasize thethethethe currentcurrentcurrentcurrent
discussiondiscussiondiscussiondiscussion onononon thethethethe relativerelativerelativerelative contributioncontributioncontributioncontribution fromfromfromfrom differentdifferentdifferentdifferent pathwayspathwayspathwayspathways isisisis onlyonlyonlyonly validvalidvalidvalid inininin termstermstermsterms ofofofof
finialfinialfinialfinial simulatedsimulatedsimulatedsimulated HONOHONOHONOHONOmixingmixingmixingmixing ratioratioratioratio (for(for(for(for thethethethe healthhealthhealthhealth effectseffectseffectseffects studies).studies).studies).studies).

Figure 8: Please show separate plots for daytime and nighttime, following the arguments outlined
above for Figure 6.

Response:Response:Response:Response:

PleasePleasePleasePlease seeseeseesee thethethethe followingfollowingfollowingfollowing updatedupdatedupdatedupdated FigureFigureFigureFigure A3A3A3A3 inininin correspondentcorrespondentcorrespondentcorrespondent withwithwithwith FigureFigureFigureFigure 8888 totototo breakingbreakingbreakingbreaking
downdowndowndown thethethethe HONOHONOHONOHONO simulationsimulationsimulationsimulation comparisoncomparisoncomparisoncomparison withwithwithwith daytimedaytimedaytimedaytime (0700-1800(0700-1800(0700-1800(0700-1800 LST)LST)LST)LST) andandandand nighttimenighttimenighttimenighttime
(1900-0600(1900-0600(1900-0600(1900-0600 LST).LST).LST).LST).



FigureFigureFigureFigure A3.A3.A3.A3. SimulatedSimulatedSimulatedSimulated meanmeanmeanmean daytimedaytimedaytimedaytime andandandand nighttimenighttimenighttimenighttime HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration inininin XinkenXinkenXinkenXinken andandandand
GuangzhouGuangzhouGuangzhouGuangzhou forforforfor differentdifferentdifferentdifferent simulationsimulationsimulationsimulation case.case.case.case.


