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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.)

In this manuscript, the authors incorporated various HONO formation mechanisms into the

CMAQ model for the Pearl River Delta in China. Significant improvement in HONO prediction

compared to the observed was achieved. The addition of HONO formation mechanisms showed

only relatively small effects on the predicted air quality in the region, i.e., O3 and PM2.5. While

this manuscript is a good attempt to model atmospheric HONO behavior and its potential impact

on urban air chemistry, I have several major concerns and comments as listed below.

1. When calculating relative contributions from different HONO sources (e.g., Section 3.4,

Figures 6, 7 and 8), the term of HONO production rate (i.e., source strength) would be more

appropriate than HONO concentration, and should be used. Although the nighttime HONO

concentration is higher than that during the day, the HONO production rate is actually much

higher during the day. The plots in Figures 6, 7 and 8 will look quite different, and conclusions

may also be quite different, if the production rate term is used. For example, the surface

photolysis mechanism would become much more important than heterogeneous mechanism and

direct emission (figure 6). It is also suggested that HONO formation rate is used in Figure 7 so

that the actual source strength from each mechanism can be easily seen as a function of time of

the day.
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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. WeWeWeWe 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

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 HONOHONOHONOHONO mixingmixingmixingmixing ratioratioratioratio (for(for(for(for thethethethe healthhealthhealthhealth effectseffectseffectseffects studies).studies).studies).studies). InInInIn termstermstermsterms ofofofof

atmosphericatmosphericatmosphericatmospheric chemistrychemistrychemistrychemistry discussion,discussion,discussion,discussion, thethethethe HONOHONOHONOHONO formationformationformationformation raterateraterate comparisoncomparisoncomparisoncomparison isisisis moremoremoremore properproperproperproper totototo

use.use.use.use.

TheTheTheThe mostmostmostmost properproperproperproper waywaywayway totototo conductconductconductconduct HONOHONOHONOHONO formationformationformationformation raterateraterate calculationcalculationcalculationcalculation isisisis throughthroughthroughthrough thethethethe integrateintegrateintegrateintegrate

raterateraterate reactionreactionreactionreaction (IRR)(IRR)(IRR)(IRR) analysis.analysis.analysis.analysis. However,However,However,However, IRRIRRIRRIRR isisisis normallynormallynormallynormally conductedconductedconductedconducted totototo analyzeanalyzeanalyzeanalyze thethethethe gaseousgaseousgaseousgaseous

phasephasephasephase closeclosecloseclose looplooplooploop system.system.system.system. ForForForFor thethethethe casecasecasecase likelikelikelike HONOHONOHONOHONO formationformationformationformation withwithwithwith heterogeneousheterogeneousheterogeneousheterogeneous reaction,reaction,reaction,reaction, aaaa

intenseintenseintenseintense modificationmodificationmodificationmodification workworkworkwork forforforfor CMAQCMAQCMAQCMAQ isisisis neededneededneededneeded beforebeforebeforebefore thethethethe analysis.analysis.analysis.analysis. Instead,Instead,Instead,Instead, thethethethe HONOHONOHONOHONO

yield/lossyield/lossyield/lossyield/loss budgetbudgetbudgetbudget isisisis givengivengivengiven bybybyby manuallymanuallymanuallymanually calculatingcalculatingcalculatingcalculating thethethethe formationformationformationformation raterateraterate withwithwithwith thethethethe parameterparameterparameterparameter

informationinformationinformationinformation extractedextractedextractedextracted fromfromfromfrom CMAQCMAQCMAQCMAQ andandandand thethethethe kinetickinetickinetickinetic ofofofof reactionreactionreactionreaction R1,R1,R1,R1, R2,R2,R2,R2, R4R4R4R4 orororor

parameterizationparameterizationparameterizationparameterization schemeschemeschemescheme forforforfor reactionreactionreactionreaction R8,R8,R8,R8, R10-R12.R10-R12.R10-R12.R10-R12. Fig.Fig.Fig.Fig. A2A2A2A2 provideprovideprovideprovide thethethethe dailydailydailydaily averageaverageaverageaverage

HONOHONOHONOHONO formationformationformationformation budgetbudgetbudgetbudget atatatat GZGZGZGZ site.site.site.site. ItItItIt cancancancan bebebebe seenseenseenseen thatthatthatthat HONOHONOHONOHONO photolysisphotolysisphotolysisphotolysis isisisis thethethethe dominatedominatedominatedominate

sink,sink,sink,sink, withoutwithoutwithoutwithout consideringconsideringconsideringconsidering thethethethe heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction R8R8R8R8 andandandand R10R10R10R10 andandandand surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis

reactionreactionreactionreaction R11R11R11R11 andandandand R12,R12,R12,R12, thethethethe netnetnetnet HONOHONOHONOHONO formationformationformationformation raterateraterate wouldwouldwouldwould bebebebe fewfewfewfew pptVpptVpptVpptV perperperper hour,hour,hour,hour, whichwhichwhichwhich isisisis

onlyonlyonlyonly sufficientsufficientsufficientsufficient totototo maintainmaintainmaintainmaintain aaaa veryveryveryvery lowlowlowlow ambientambientambientambient concentrationconcentrationconcentrationconcentration duringduringduringduring thethethethe daytime.daytime.daytime.daytime. However,However,However,However,

withwithwithwith thethethethe considerationconsiderationconsiderationconsideration ofofofof heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction andandandand surfacesurfacesurfacesurface photolysis,photolysis,photolysis,photolysis, thethethethe averageaverageaverageaverage hourlyhourlyhourlyhourly

netnetnetnet HONOHONOHONOHONO formationformationformationformation raterateraterate willwillwillwill bebebebe thousandsthousandsthousandsthousands pptV.pptV.pptV.pptV. NoticeNoticeNoticeNotice thatthatthatthat thethethethe directdirectdirectdirect HONOHONOHONOHONO emissionemissionemissionemission

contributioncontributioncontributioncontribution totototo HONOHONOHONOHONO formationformationformationformation isisisis accountedaccountedaccountedaccounted here.here.here.here. BasedBasedBasedBased onononon FigFigFigFig 2.2.2.2. TheTheTheThe weightingweightingweightingweighting ofofofof

homogeneoushomogeneoushomogeneoushomogeneous reaction,reaction,reaction,reaction, heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction andandandand photolysisphotolysisphotolysisphotolysis reactionreactionreactionreaction totototo HONOHONOHONOHONO formationformationformationformation

isisisis roughlyroughlyroughlyroughly 38%,38%,38%,38%, 33%33%33%33% andandandand 29%29%29%29% respectively.respectively.respectively.respectively.



FigFigFigFig A1.A1.A1.A1. DailyDailyDailyDaily meanmeanmeanmean HONOHONOHONOHONO contributioncontributioncontributioncontribution budgetbudgetbudgetbudget forforforfor differentdifferentdifferentdifferent reactionreactionreactionreaction atatatat GuangzhouGuangzhouGuangzhouGuangzhou sitesitesitesite

2. The mean daytime HONO concentration of 4 ppb in this manuscript was probably the highest

value reported in literature. The photolysis HONO, in the order of 15-20 ppb/hr, probably

contributed a major fraction of new daytime HOx production. So it is quite surprising to see no

significant effects on the modeling O3 and PM2.5 productions from the HONO formation

mechanism additions.
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FromFromFromFrom thethethethe FigFigFigFig 9999 andandandand TableTableTableTable 3,3,3,3, itititit isisisis clearlyclearlyclearlyclearly demonstratedemonstratedemonstratedemonstrate thatthatthatthat additionaladditionaladditionaladditional HONO/OHHONO/OHHONO/OHHONO/OH sourcesourcesourcesource dodododo

havehavehavehave impactimpactimpactimpact onononon thethethethe atmosphereatmosphereatmosphereatmosphere oxidizationoxidizationoxidizationoxidization capacitycapacitycapacitycapacity andandandand thethethethe secondarysecondarysecondarysecondary pollutantpollutantpollutantpollutant yields.yields.yields.yields.

ForForForFor 8hr8hr8hr8hr averageaverageaverageaverage maximummaximummaximummaximum ozone,ozone,ozone,ozone, upupupup totototo 6666 ppbppbppbppb VVVV (8%)(8%)(8%)(8%) increaseincreaseincreaseincrease isisisis expectedexpectedexpectedexpected atatatat thethethethe downwinddownwinddownwinddownwind

ofofofof GuangzhouGuangzhouGuangzhouGuangzhou duringduringduringduring thethethethe synopticsynopticsynopticsynoptic steadysteadysteadysteady weatherweatherweatherweather condition.condition.condition.condition. MorningMorningMorningMorning ozoneozoneozoneozone enhancementenhancementenhancementenhancement

isisisis slightlyslightlyslightlyslightly significantsignificantsignificantsignificant withwithwithwith thethethethe largestlargestlargestlargest valuevaluevaluevalue 9999 ppbppbppbppb V.V.V.V. ForForForFor PMPMPMPM2.52.52.52.5 dailydailydailydaily meanmeanmeanmean massmassmassmass

concentrationconcentrationconcentrationconcentration cancancancan increaseincreaseincreaseincrease bybybyby upupupup totototo 17171717 ug/mug/mug/mug/m3333....



InInInIn termstermstermsterms ofofofof thethethethe significancesignificancesignificancesignificance ofofofof secondarysecondarysecondarysecondary pollutantspollutantspollutantspollutants enhencementenhencementenhencementenhencement itititit isisisis indeedindeedindeedindeed notnotnotnot asasasas largelargelargelarge asasasas

expected.expected.expected.expected. TheTheTheThe peer'speer'speer'speer's studystudystudystudy onononon thethethethe samesamesamesame topictopictopictopic butbutbutbut usingusingusingusing thethethethe boxboxboxbox modelmodelmodelmodel (e.g.(e.g.(e.g.(e.g. LuLuLuLu etetetet al.,al.,al.,al., 2010201020102010

usingusingusingusing observationobservationobservationobservation basedbasedbasedbased boxboxboxbox model,model,model,model, ElshobanyElshobanyElshobanyElshobany etetetet al.,al.,al.,al., usingusingusingusing aaaa simplesimplesimplesimple quasi-photostationary-quasi-photostationary-quasi-photostationary-quasi-photostationary-

statestatestatestate model)model)model)model) tendstendstendstends totototo reportreportreportreport thethethethe promisingpromisingpromisingpromising results.results.results.results. However,However,However,However, thethethethe similarsimilarsimilarsimilar workworkworkwork bybybyby usingusingusingusing 3D3D3D3D

regionalregionalregionalregional airairairair qualityqualityqualityquality modelmodelmodelmodel reportedreportedreportedreported thethethethe similarsimilarsimilarsimilar OOOO3333 andandandand PMPMPMPM2.52.52.52.5 enhancementenhancementenhancementenhancement level.level.level.level. ForForForFor

instance,instance,instance,instance, LeiLeiLeiLei etetetet al.al.al.al. (2004)(2004)(2004)(2004) considerconsiderconsiderconsider reactionreactionreactionreaction R8R8R8R8 inininin 3-D3-D3-D3-D chemicalchemicalchemicalchemical transporttransporttransporttransport modelmodelmodelmodel inininin Huston,Huston,Huston,Huston,

theytheytheythey reportedreportedreportedreported daytimedaytimedaytimedaytime increaseincreaseincreaseincrease O3O3O3O3 bybybyby 4-124-124-124-12 ppbV.ppbV.ppbV.ppbV. SarwarSarwarSarwarSarwar etetetet al.al.al.al. (2008)(2008)(2008)(2008) usedusedusedused CMAQCMAQCMAQCMAQ andandandand

addedaddedaddedadded R8R8R8R8 andandandand R12,R12,R12,R12, theytheytheythey reportedreportedreportedreported thethethethe additionaladditionaladditionaladditional HONOHONOHONOHONO sourcesourcesourcesource atatatat daytimedaytimedaytimedaytime increaseincreaseincreaseincrease averageaverageaverageaverage

OHOHOHOH andandandand O3O3O3O3 bybybyby 10%10%10%10% andandandand 1.41.41.41.4 ppbV.ppbV.ppbV.ppbV. LiLiLiLi etetetet alalalal .... (2010)(2010)(2010)(2010) usedusedusedused WRF-ChemWRF-ChemWRF-ChemWRF-Chem andandandand considerconsiderconsiderconsider reactionreactionreactionreaction

R9,R9,R9,R9, theytheytheythey reportedreportedreportedreported thethethethe enhancementenhancementenhancementenhancement ofofofof middaymiddaymiddaymidday averageaverageaverageaverage OOOO3333 bybybyby 6666 ppbppbppbppb V.V.V.V. GonGonGonGonççççalvesalvesalvesalves etetetet al.al.al.al.

(2010)(2010)(2010)(2010) appliedappliedappliedapplied thethethethe WRF-ARW/HERMES/CMAQWRF-ARW/HERMES/CMAQWRF-ARW/HERMES/CMAQWRF-ARW/HERMES/CMAQ modelingmodelingmodelingmodeling systemsystemsystemsystem totototo quantifyquantifyquantifyquantify thethethethe effecteffecteffecteffect ofofofof

HONOHONOHONOHONO directdirectdirectdirect emissionemissionemissionemission asasasas wellwellwellwell asasasas heterogeneousheterogeneousheterogeneousheterogeneous formationformationformationformation onononon thethethethe predictabilitypredictabilitypredictabilitypredictability ofofofof HONOHONOHONOHONO

profilesprofilesprofilesprofiles andandandand theirtheirtheirtheir impactimpactimpactimpact onononon OOOO3333 andandandand PMPMPMPM2.52.52.52.5 simulation.simulation.simulation.simulation. TheyTheyTheyThey reportedreportedreportedreported OOOO3333 peakpeakpeakpeak

concentrationsconcentrationsconcentrationsconcentrations areareareare slightlyslightlyslightlyslightly affectedaffectedaffectedaffected bybybyby 0.7-40.7-40.7-40.7-4 ppbppbppbppb VVVV (1-4.5%)(1-4.5%)(1-4.5%)(1-4.5%) whilewhilewhilewhile PM2.5PM2.5PM2.5PM2.5 simulationsimulationsimulationsimulation isisisis

significantsignificantsignificantsignificant changechangechangechange bybybyby 16%16%16%16% (2.6(2.6(2.6(2.6 ugugugug mmmm-3-3-3-3)))) ....

TheTheTheThe naturenaturenaturenature ofofofof moremoremoremore diffusitydiffusitydiffusitydiffusity andandandand transportationtransportationtransportationtransportation ofofofof 3D3D3D3D airairairair qualityqualityqualityquality modelmodelmodelmodel comparedcomparedcomparedcompared withwithwithwith

simplesimplesimplesimple boxboxboxbox modelmodelmodelmodel maymaymaymay bebebebe thethethethe reasonreasonreasonreason forforforfor thethethethe "not"not"not"not significantsignificantsignificantsignificant enhancement"enhancement"enhancement"enhancement" ofofofof thethethethe

secondarysecondarysecondarysecondary pollutantpollutantpollutantpollutant yield.yield.yield.yield. InInInIn boxboxboxbox model,model,model,model, allallallall thethethethe initialinitialinitialinitial conditionsconditionsconditionsconditions areareareare reactreactreactreact withwithwithwith inininin singlesinglesinglesingle

pointpointpointpoint withoutwithoutwithoutwithout exchange,exchange,exchange,exchange, whilewhilewhilewhile thethethethe 3D3D3D3D boxboxboxbox havehavehavehave moremoremoremore freedomfreedomfreedomfreedom totototo transporttransporttransporttransport thethethethe pollutantpollutantpollutantpollutant bybybyby

averageaverageaverageaverage windwindwindwind orororor turbulence,turbulence,turbulence,turbulence, thethethethe impactimpactimpactimpact ofofofof HONOHONOHONOHONO chemistrychemistrychemistrychemistry maymaymaymay notnotnotnot constrainedconstrainedconstrainedconstrained onononon thethethethe

groundgroundgroundground level.level.level.level.

AnotherAnotherAnotherAnother importantimportantimportantimportant reasonreasonreasonreason forforforfor thisthisthisthis "not"not"not"not significantsignificantsignificantsignificant enhancement"enhancement"enhancement"enhancement" forforforfor secondarysecondarysecondarysecondary pollutantpollutantpollutantpollutant

maymaymaymay duedueduedue totototo thethethethe modelmodelmodelmodel limitlimitlimitlimit totototo generategenerategenerategenerate sufficientsufficientsufficientsufficient OHOHOHOH radicalradicalradicalradical forforforfor oxidation.oxidation.oxidation.oxidation. InInInIn SectionSectionSectionSection 3.23.23.23.2 ofofofof

PagePagePagePage 15092,15092,15092,15092, thethethethe simulatedsimulatedsimulatedsimulated daytimedaytimedaytimedaytime averageaverageaverageaverage OHOHOHOH atatatat GZGZGZGZ andandandand XKXKXKXK areareareare comparedcomparedcomparedcompared withwithwithwith thethethethe

differentdifferentdifferentdifferent simulationsimulationsimulationsimulation cases.cases.cases.cases. TheTheTheThe OHOHOHOH levellevellevellevel isisisis significantsignificantsignificantsignificant lowerlowerlowerlower thanthanthanthan thethethethe measurementmeasurementmeasurementmeasurement OHOHOHOH

levellevellevellevel overoveroverover GZGZGZGZ areaareaareaarea ((((aroundaroundaroundaround 5555 xxxx 10101010-6-6-6-6 cmcmcmcm----3333,,,, HofzumahausHofzumahausHofzumahausHofzumahaus etetetet al.al.al.al.,,,, 2009200920092009).).).). AsAsAsAs anananan emissionemissionemissionemission basedbasedbasedbased

model,model,model,model, thethethethe accuracyaccuracyaccuracyaccuracy ofofofof emissionemissionemissionemission datadatadatadata inininin crucialcrucialcrucialcrucial forforforfor thethethethe qualityqualityqualityquality ofofofof airairairair pollutantpollutantpollutantpollutant prediction.prediction.prediction.prediction.

TheTheTheThe uncertaintyuncertaintyuncertaintyuncertainty ofofofof VOCVOCVOCVOC speciesspeciesspeciesspecies emissionemissionemissionemission estimationestimationestimationestimation maymaymaymay bebebebe oneoneoneone ofofofof thethethethe factor.factor.factor.factor. ForForForFor instance,instance,instance,instance,

ifififif comparingcomparingcomparingcomparing thethethethe VOCVOCVOCVOC speciesspeciesspeciesspecies emissionemissionemissionemission strenghthstrenghthstrenghthstrenghth withwithwithwith correspondingcorrespondingcorrespondingcorresponding observedobservedobservedobserved ones,ones,ones,ones,



toluenetoluenetoluenetoluene isisisis underestimatedunderestimatedunderestimatedunderestimated 14141414 times.times.times.times. AdditionalAdditionalAdditionalAdditional runsrunsrunsruns bybybyby adjustingadjustingadjustingadjusting thethethethe originaloriginaloriginaloriginal VOCVOCVOCVOC

emissionemissionemissionemission raterateraterate areareareare conductedconductedconductedconducted forforforfor casecasecasecase 'CB05''CB05''CB05''CB05' andandandand 'HONO_S/V','HONO_S/V','HONO_S/V','HONO_S/V', FigFigFigFig A2A2A2A2 givesgivesgivesgives thethethethe spatialspatialspatialspatial

distributiondistributiondistributiondistribution ofofofof maximummaximummaximummaximum 8hr8hr8hr8hr averageaverageaverageaverage OOOO3333 enhancementenhancementenhancementenhancement forforforfor duedueduedue totototo thethethethe HONOHONOHONOHONO chemistry,chemistry,chemistry,chemistry,

comparecomparecomparecompare thethethethe valuevaluevaluevalue withwithwithwith Fig.Fig.Fig.Fig. 9999 (a-2),(a-2),(a-2),(a-2), thethethethe maximummaximummaximummaximum valuevaluevaluevalue increaseincreaseincreaseincrease fromfromfromfrom 6.46.46.46.4 ppbVppbVppbVppbV totototo 11111111

ppbV,ppbV,ppbV,ppbV, withwithwithwith thethethethe relativerelativerelativerelative increaseincreaseincreaseincrease aboutaboutaboutabout 9%.9%.9%.9%. MoreMoreMoreMore importantly,importantly,importantly,importantly, thethethethe predictedpredictedpredictedpredicted daytimedaytimedaytimedaytime

averageaverageaverageaverage OHOHOHOH concentrationconcentrationconcentrationconcentration forforforfor simulationsimulationsimulationsimulation casecasecasecase 'HONO_S/V''HONO_S/V''HONO_S/V''HONO_S/V' afterafterafterafter adjustingadjustingadjustingadjusting thethethethe VOCVOCVOCVOC

speciesspeciesspeciesspecies emission,emission,emission,emission, increaseincreaseincreaseincrease fromfromfromfrom 2.52.52.52.5 ×××× 10101010-6-6-6-6 molecmolecmolecmolec cmcmcmcm-3-3-3-3 totototo 2.92.92.92.9 ×××× 10101010-6-6-6-6 molecmolecmolecmolec cmcmcmcm-3-3-3-3 atatatat XKXKXKXK sitesitesitesite

whilewhilewhilewhile fromfromfromfrom 1.91.91.91.9 ×××× 10101010-6-6-6-6molecmolecmolecmolec cmcmcmcm-3-3-3-3 totototo 2.62.62.62.6 ×××× 10101010-6-6-6-6molecmolecmolecmolec cmcmcmcm-3-3-3-3atatatat urbanurbanurbanurban GZGZGZGZ site.site.site.site.

FigFigFigFig A2.A2.A2.A2. SpatialSpatialSpatialSpatial distributiondistributiondistributiondistribution ofofofof hehehehe 8888 hrhrhrhr maximummaximummaximummaximum ozoneozoneozoneozone enhancementenhancementenhancementenhancement duedueduedue totototo HONOHONOHONOHONO

chemistrychemistrychemistrychemistry duringduringduringduring thethethethe entireentireentireentire simulationsimulationsimulationsimulation period.period.period.period.

3. It is not quite sufficient to validate the model through the comparison between the predicted

and the observed using just daytime and nighttime averages in Figure 4. A time-series plot of the

observed and the predicted (incorporating different mechanisms) would be more desirable. The

detailed time profiles will help the authors and the readers to evaluate relative importance of

different mechanisms as well as the overall performance of the model.

Response:Response:Response:Response:



TheTheTheThe reasonreasonreasonreason thatthatthatthat wewewewe 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. OurOurOurOur 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. WeWeWeWe addaddaddadd thethethethe FigureFigureFigureFigure AAAA3333 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 AAAA4444 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 AAAA3333.... ModelModelModelModel validationvalidationvalidationvalidation afterafterafterafter incorporationincorporationincorporationincorporation ofofofof HONOHONOHONOHONO chemistrychemistrychemistrychemistry atatatat XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK)

stationstationstationstation forforforfor NONONONO2222,,,, HONOHONOHONOHONO andandandand OOOO3333 simulationsimulationsimulationsimulation



FigureFigureFigureFigure AAAA4444.... Diurnal pattern of simulated HONO at (a) Guangzhou and (b) Xinken with
difference simulation cases

4. Even with all the mechanisms incorporated into the model, there are still large discrepancies

(by a factor of 2-3, Figure 4) in the observed and the best predicted concentrations of HONO.

While models may be “re-tuned” to get better agreement, it is important to make sure that the

measured HONO values are correct and accurate, especially when such a high daytime mean

HONO concentration (4 ppb) is reported.

Response:Response:Response:Response:

TheTheTheThe highhighhighhigh HONOHONOHONOHONO observedobservedobservedobserved valuevaluevaluevalue inininin PRDPRDPRDPRD regionregionregionregion hashashashas beenbeenbeenbeen reportedreportedreportedreported bybybyby somesomesomesome studies.studies.studies.studies. ForForForFor

instance,instance,instance,instance, early-morningearly-morningearly-morningearly-morning HONOHONOHONOHONOmixingmixingmixingmixing ratioratioratioratio ofofofof upupupup totototo 12121212 ppbVppbVppbVppbV waswaswaswas measuredmeasuredmeasuredmeasured atatatat GuangzhouGuangzhouGuangzhouGuangzhou

(GZ)(GZ)(GZ)(GZ) inininin JuneJuneJuneJune 2000200020002000 (Hu(Hu(Hu(Hu etetetet al.,al.,al.,al., 2002).2002).2002).2002). MeanMeanMeanMean noonnoonnoonnoon valuevaluevaluevalue ofofofof aboutaboutaboutabout 4444 ppbVppbVppbVppbV atatatat GZGZGZGZ waswaswaswas measuredmeasuredmeasuredmeasured

duringduringduringduring thethethethe firstfirstfirstfirst ProgramProgramProgramProgram ofofofof RegionalRegionalRegionalRegional IntegratedIntegratedIntegratedIntegrated ExperimentsExperimentsExperimentsExperiments onononon airairairair qualityqualityqualityquality overoveroverover thethethethe PRDPRDPRDPRD

inininin OctoberOctoberOctoberOctober 2004200420042004 (PRIDE-PRD2004,(PRIDE-PRD2004,(PRIDE-PRD2004,(PRIDE-PRD2004, ZhangZhangZhangZhang etetetet al.,al.,al.,al., 2008a).2008a).2008a).2008a). AAAA nocturnalnocturnalnocturnalnocturnal peakpeakpeakpeak HONOHONOHONOHONO mixingmixingmixingmixing

ratioratioratioratio ofofofof overoveroverover 8888 ppbVppbVppbVppbV waswaswaswas reportedreportedreportedreported inininin PRIDE-PRD2006PRIDE-PRD2006PRIDE-PRD2006PRIDE-PRD2006 campaigncampaigncampaigncampaign (Qin(Qin(Qin(Qin etetetet al.,al.,al.,al., 2009).2009).2009).2009). HighHighHighHigh

nighttimenighttimenighttimenighttime HONOHONOHONOHONO levelslevelslevelslevels ofofofof upupupup totototo 4444 ppbVppbVppbVppbV (Su(Su(Su(Su etetetet al.,al.,al.,al., 2008)2008)2008)2008) occurredoccurredoccurredoccurred eveneveneveneven atatatat thethethethe ruralruralruralrural sitesitesitesite

XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK).... TheTheTheThe highhighhighhigh HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration recentlyrecentlyrecentlyrecently isisisis proposedproposedproposedproposed totototo connectconnectconnectconnect withwithwithwith thethethethe

sourcesourcesourcesource ofofofof soilsoilsoilsoil nitritenitritenitritenitrite (Su(Su(Su(Su etetetet al.,al.,al.,al., 2011).2011).2011).2011). TheyTheyTheyThey acclaimacclaimacclaimacclaim thatthatthatthat fertilizedfertilizedfertilizedfertilized soilssoilssoilssoils withwithwithwith lowlowlowlow PHPHPHPH appearappearappearappear

totototo bebebebe particularlyparticularlyparticularlyparticularly strongstrongstrongstrong sourcessourcessourcessources ofofofof HONOHONOHONOHONO andandandand OH.OH.OH.OH. TheTheTheThe agriculturalagriculturalagriculturalagricultural landlandlandland useuseuseuse inininin PRDPRDPRDPRD

regionregionregionregion isisisis abundantabundantabundantabundant ofofofof fertilizerfertilizerfertilizerfertilizer containingcontainingcontainingcontaining nitrate,nitrate,nitrate,nitrate, hencehencehencehence havehavehavehave aaaa largelargelargelarge potentialpotentialpotentialpotential totototo releasereleasereleaserelease



HONOHONOHONOHONO andandandand OHOHOHOH radicals.radicals.radicals.radicals. InInInIn termstermstermsterms ofofofof thethethethe observedobservedobservedobserved highhighhighhigh OHOHOHOH concentrationconcentrationconcentrationconcentration overoveroverover PRDPRDPRDPRD region,region,region,region,

anananan amplifiedamplifiedamplifiedamplified tracetracetracetrace gasgasgasgas removalremovalremovalremoval mechanismmechanismmechanismmechanism isisisis proposed,proposed,proposed,proposed, inininin whichwhichwhichwhich thethethethe regenerationregenerationregenerationregeneration ofofofof OHOHOHOH isisisis

independentindependentindependentindependent ofofofof NONONONO andandandand amplifiesamplifiesamplifiesamplifies thethethethe degradationdegradationdegradationdegradation ofofofof pollutantspollutantspollutantspollutants withoutwithoutwithoutwithout producingproducingproducingproducing ozoneozoneozoneozone

(Hofzumahaus(Hofzumahaus(Hofzumahaus(Hofzumahaus etetetet al.,al.,al.,al., 2009).2009).2009).2009).


