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General Comments:

In the manuscript, different HONO sources were implemented into the 3D CMAQ model for the

Pearl River Delta (PRD) region and compared to direct measurements. In addition, the impact of

these sources on secondary species, like e.g. O3 or PM, was also investigated. Since HONO

plays an important role as radical initiation source in the atmosphere, and since HONO chemistry

and emissions are typically not properly considered in 3 D models, any further improvements are

of high interest. However, I have several general concerns about this manuscript:

1) Used HONO chemistry:

While the HONO emissions are correctly used (0.8 % HONO/NOx and realistic sensitivity run

with 1.2 % for modern vehicles), some considered reactions are completely unimportant and

could be omitted, while others are either not correctly used or are missing. For example, R4 has

such a low third order rate coefficient that this reaction will not play any role in the atmosphere,

which is also true for the heterogeneous reaction R7. This can be easily demonstrated by many

field campaigns, in which HONO is formed without NO being present. In addition, also several

laboratory studies excluded HONO source reactions involving NO. The old correlation studies

from which the NO contribution were derived (see Calvert et al.), were confuted in several more

recent studies (artificially caused by the diurnal variation of the vertical mixing) and are not state

of the art. Thus, R4 and R7 could be ignored.

Response:Response:Response:Response:

ForForForFor homogeneoushomogeneoushomogeneoushomogeneous reactionreactionreactionreaction R4,R4,R4,R4, itititit includeincludeincludeinclude intointointointo thethethethe CB05CB05CB05CB05 mechanismmechanismmechanismmechanism (Yarwood(Yarwood(Yarwood(Yarwood etetetet al.,al.,al.,al., 2005),2005),2005),2005),

whichwhichwhichwhich isisisis chosenchosenchosenchosen asasasas thethethethe gaseousgaseousgaseousgaseous phasephasephasephase mechanismmechanismmechanismmechanism inininin CMAQCMAQCMAQCMAQ modeling.modeling.modeling.modeling. InInInIn CB05,CB05,CB05,CB05, thethethethe raterateraterate

constantconstantconstantconstant valuevaluevaluevalue isisisis veryveryveryvery lowlowlowlow (((( KKKKHONOHONOHONOHONO ==== 5555 ×××× 10101010-40-40-40-40 )))) ,,,, hhhhenceenceenceence thethethethe impactimpactimpactimpact onononon HONOHONOHONOHONO formationformationformationformation isisisis

trival.trival.trival.trival. However,However,However,However, asasasas aaaa standardstandardstandardstandard settingsettingsettingsetting inininin CB05,CB05,CB05,CB05, thisthisthisthis reactionreactionreactionreaction isisisis keptkeptkeptkept inininin CMAQCMAQCMAQCMAQ modeling.modeling.modeling.modeling.



ForForForFor heteregenousheteregenousheteregenousheteregenous reactionreactionreactionreaction R7,R7,R7,R7, thisthisthisthis reactionreactionreactionreaction isisisis notnotnotnot usedusedusedused inininin laterlaterlaterlater newnewnewnew HONOHONOHONOHONO formationformationformationformation

pathwaypathwaypathwaypathway inininin CMAQCMAQCMAQCMAQ (see(see(see(see TableTableTableTable 1)1)1)1) duedueduedue totototo thethethethe highhighhighhigh uncertaintyuncertaintyuncertaintyuncertainty inininin raterateraterate constantconstantconstantconstant andandandand thethethethe trivialtrivialtrivialtrivial

contributioncontributioncontributioncontribution totototo HONOHONOHONOHONO formationformationformationformation (see(see(see(see linelinelineline 2-42-42-42-4 ofofofof PagePagePagePage 15079).15079).15079).15079).

R5 is also an extremely slow second order reaction (<10-21 cmˆ3 sˆ-1), which needs not to be

taken into consideration, besides deposition and photolytic losses.

Response:Response:Response:Response:

Similarly,Similarly,Similarly,Similarly, ReactionReactionReactionReaction R5R5R5R5 thethethethe standardstandardstandardstandard componentcomponentcomponentcomponent inininin CB05CB05CB05CB05 mechanismmechanismmechanismmechanism withwithwithwith thethethethe raterateraterate constantconstantconstantconstant

KKKKHONOHONOHONOHONO==== 1111 ×××× 10101010-20-20-20-20,,,, itititit isisisis aaaa veryveryveryvery smallsmallsmallsmall sinksinksinksink ofofofof HONOHONOHONOHONO comparedcomparedcomparedcompared withwithwithwith photolysis.photolysis.photolysis.photolysis.

While some unimportant gas phase sources are used in the model, the authors at least missed to

mention the photolysis of nitroaromatic species (Bejan et al.), which may be also not one of the

most important sources, but which will be much more important compared to R4/R7 used here.
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AddAddAddAdd thethethethe sentencesentencesentencesentence ““““BejanBejanBejanBejan etetetet al.al.al.al. (2006)(2006)(2006)(2006) proposedproposedproposedproposed thethethethe photolysisphotolysisphotolysisphotolysis ofofofof aromaticaromaticaromaticaromatic compoundscompoundscompoundscompounds

containingcontainingcontainingcontaining thethethethe orthoorthoorthoortho-nitrophenol-nitrophenol-nitrophenol-nitrophenol asasasas thethethethe newnewnewnew gasgasgasgas phasephasephasephase sourcesourcesourcesource ofofofof HONO,HONO,HONO,HONO, whichwhichwhichwhich wouldwouldwouldwould

partiallypartiallypartiallypartially helphelphelphelp totototo explainexplainexplainexplain thethethethe highhighhighhigh contributioncontributioncontributioncontribution ofofofof HONOHONOHONOHONO totototo oxidationoxidationoxidationoxidation capacitycapacitycapacitycapacity inininin urbanurbanurbanurban

atmosphereatmosphereatmosphereatmosphere environment.environment.environment.environment.””””

TheTheTheThe correspondingcorrespondingcorrespondingcorresponding citationcitationcitationcitation is:is:is:is:

BejanBejanBejanBejan I.,I.,I.,I., AbdAbdAbdAbd ElElElEl Aal,Aal,Aal,Aal, Y.,Y.,Y.,Y., Barnes,Barnes,Barnes,Barnes, I.,I.,I.,I., Benter,Benter,Benter,Benter, T.,T.,T.,T., Bohn,Bohn,Bohn,Bohn, B.,B.,B.,B., Wiesen,Wiesen,Wiesen,Wiesen, P.,P.,P.,P., andandandand Kleffmann,Kleffmann,Kleffmann,Kleffmann, J.:J.:J.:J.:

TheTheTheThe photolysisphotolysisphotolysisphotolysis ofofofof orthoorthoorthoortho-nitrophenols:-nitrophenols:-nitrophenols:-nitrophenols: aaaa newnewnewnew gasgasgasgas phasephasephasephase sourcesourcesourcesource ofofofof HONO,HONO,HONO,HONO, Phys.Phys.Phys.Phys. Chem.Chem.Chem.Chem. Chem.Chem.Chem.Chem.

Phys.,Phys.,Phys.,Phys., 8,8,8,8, 2028-2035,2028-2035,2028-2035,2028-2035, doi:10.1039/b516590c,doi:10.1039/b516590c,doi:10.1039/b516590c,doi:10.1039/b516590c, 2006.2006.2006.2006.

R8 and R9 are also not properly used here. Whereas gamma values between 10ˆ-7 - 10ˆ-8 can be

derived for R8 based on smog chamber results summarized in the review of Finlayson-Pitts et al.

(2003), typical gamma values for the dark reaction of NO2 with adsorbed hydrocarbons (R9) are



around 10ˆ-6 (see studies by Gutzwiller et al., Arens et al., Ammann et al, …). However, later

the higher value of 10ˆ-6 is used incorrectly for reaction R8. In addition, R9 is used here for two

different reactions a) NO2+soot and b) NO2+semivolatile organics. Both reactions should be

separated. Thus, also some conclusions to R9 (e.g. on page 15079, line 15) may be true for the

soot reaction, but not necessarily for the reaction of NO2 with semivolatile VOCs. I suggest here

to use humidity dependent gamma values (10ˆ-7 - 10ˆ-8) for R8 (see Finlayson-Pitts) and a

gamma value of 10ˆ-6 for R9. This would directly include the HONO_SOA run which was later

incorrectly used (see below). For the soot reaction (add a new reaction) very fast deactivation is

published, thus for a model a simple emission factor could be used. In laboratory studies,

integrated HONO formation on soot of 10ˆ14 HONO cmˆ-2 of soot surfaces was measured (see

e.g. Arens et al., Kleffmann et al.), which can be easily converted into a soot mass related

number to be used here (the model contains PM…).

Response:Response:Response:Response:

ForForForFor heterogonousheterogonousheterogonousheterogonous reactionreactionreactionreaction totototo formatformatformatformat HONO,HONO,HONO,HONO, onlyonlyonlyonly reactionsreactionsreactionsreactions R8R8R8R8 andandandand R10R10R10R10 areareareare consideredconsideredconsideredconsidered inininin

thisthisthisthis paper.paper.paper.paper. ForForForFor R8,R8,R8,R8, thethethethe reportedreportedreportedreported raterateraterate constantconstantconstantconstant valuevaluevaluevalue isisisis uncertainty.uncertainty.uncertainty.uncertainty. TheTheTheThe raterateraterate constatntconstatntconstatntconstatnt valuevaluevaluevalue

suggestedsuggestedsuggestedsuggested bybybyby AumontAumontAumontAumont etetetet al.,al.,al.,al., 2003200320032003 isisisis usedusedusedused inininin thisthisthisthis study.study.study.study. AAAA sensitivitysensitivitysensitivitysensitivity runrunrunrun bybybyby assigningassigningassigningassigning thethethethe

gammagammagammagamma valuesvaluesvaluesvalues asasasas 10101010-7-7-7-7 ~~~~ 10101010-8-8-8-8 linearlylinearlylinearlylinearly dependingdependingdependingdepending onononon thethethethe ambientambientambientambient humidityhumidityhumidityhumidity asasasas Finlayson-PittsFinlayson-PittsFinlayson-PittsFinlayson-Pitts

etetetet al.,al.,al.,al., (2003)(2003)(2003)(2003) proposedproposedproposedproposed isisisis conductconductconductconduct andandandand thethethethe resultsresultsresultsresults areareareare givengivengivengiven below.below.below.below.

ForForForFor reactionreactionreactionreaction R9,R9,R9,R9, itititit isisisis notnotnotnot incoperatedincoperatedincoperatedincoperated intointointointo standardstandardstandardstandard CMAQCMAQCMAQCMAQ inininin thisthisthisthis studystudystudystudy duedueduedue totototo thethethethe

complicatecomplicatecomplicatecomplicate parameterizationparameterizationparameterizationparameterization forforforfor fastfastfastfast deactivationdeactivationdeactivationdeactivation processprocessprocessprocess inininin 3D3D3D3D model.model.model.model. TheTheTheThe "emission"emission"emission"emission

factor"factor"factor"factor" methodmethodmethodmethod asasasas thethethethe refereerefereerefereereferee suggestedsuggestedsuggestedsuggested shouldshouldshouldshould bebebebe anananan simplesimplesimplesimple approachapproachapproachapproach totototo simulatesimulatesimulatesimulate

heteregenousheteregenousheteregenousheteregenous HONOHONOHONOHONO formation.formation.formation.formation. LiLiLiLi etetetet al.al.al.al. (2010)(2010)(2010)(2010) usedusedusedused thethethethe similarsimilarsimilarsimilar methodmethodmethodmethod totototo studystudystudystudy thethethethe

reactionreactionreactionreaction onononon semivolatilesemivolatilesemivolatilesemivolatile surfacesurfacesurfacesurface totototo HONOHONOHONOHONO formation.formation.formation.formation.

ChangeChangeChangeChange lineslineslineslines 12-1412-1412-1412-14 ofofofof PagePagePagePage 15079150791507915079 asasasas "Reaction"Reaction"Reaction"Reaction (R9)(R9)(R9)(R9) cancancancan produceproduceproduceproduce HONOHONOHONOHONO eithereithereithereither onononon sootsootsootsoot orororor

onononon semiorganicsemiorganicsemiorganicsemiorganic surfacesurfacesurfacesurface (Ammann(Ammann(Ammann(Ammann etetetet al.,al.,al.,al., 1998199819981998 andandandand GutzwillerGutzwillerGutzwillerGutzwiller (2002).(2002).(2002).(2002). However,However,However,However, thethethethe surfacesurfacesurfacesurface

deactivationdeactivationdeactivationdeactivation occursoccursoccursoccurs withinwithinwithinwithin aaaa fewfewfewfew minutesminutesminutesminutes andandandand thethethethe heteregenousheteregenousheteregenousheteregenous reactionreactionreactionreaction onononon sootsootsootsoot maymaymaymay notnotnotnot bebebebe



anananan importantimportantimportantimportant pathwaypathwaypathwaypathway forforforfor HONOHONOHONOHONO (Kleffman(Kleffman(Kleffman(Kleffman etetetet al.,al.,al.,al., 1999,1999,1999,1999, ArensArensArensArens etetetet al,al,al,al, 2001).2001).2001).2001). InInInIn regardsregardsregardsregards totototo

thethethethe reactionreactionreactionreaction onononon organicorganicorganicorganic surface,surface,surface,surface, thethethethe parameterizationparameterizationparameterizationparameterization methodmethodmethodmethod isisisis stillstillstillstill open.open.open.open. """"

AddAddAddAdd thethethethe correspondingcorrespondingcorrespondingcorresponding citationcitationcitationcitation inininin thethethethe referencereferencereferencereference list:list:list:list:

Finlayson-Pitts,Finlayson-Pitts,Finlayson-Pitts,Finlayson-Pitts, B.,J.,B.,J.,B.,J.,B.,J., Wingen,Wingen,Wingen,Wingen, L.M.,L.M.,L.M.,L.M., Summer,Summer,Summer,Summer, A.L.,A.L.,A.L.,A.L., Syomin,Syomin,Syomin,Syomin, D.,D.,D.,D., andandandand RamazanRamazanRamazanRamazan K.K.K.K. A.:A.:A.:A.: TheTheTheThe

HeterogeneousHeterogeneousHeterogeneousHeterogeneous HydrolysisHydrolysisHydrolysisHydrolysis ofofofof NONONONO2222 inininin LaboratoryLaboratoryLaboratoryLaboratory SystemsSystemsSystemsSystems andandandand inininin OutdoorOutdoorOutdoorOutdoor andandandand IndoorIndoorIndoorIndoor

Atmospheres:Atmospheres:Atmospheres:Atmospheres: AnAnAnAn IntegratedIntegratedIntegratedIntegrated Mechanism,Mechanism,Mechanism,Mechanism, Phys.Phys.Phys.Phys. Chem.Chem.Chem.Chem. Chem.Chem.Chem.Chem. Phys.Phys.Phys.Phys.,,,, 5555,,,, 223223223223,,,, 2003200320032003....

In addition, the heterogeneous reaction of NO+HNO3 (R10) was used in the model. However,

also this reaction was demonstrated to be insignificant at conditions closer to the atmosphere

compared to the study of Rivera-Figueroa et al. and gammas values for heterogeneous HONO

formation of <10ˆ-10 were published (Kleffmann et al., 2004).

Response:Response:Response:Response:

ThereThereThereThere existsexistsexistsexists largelargelargelarge uncertaintyuncertaintyuncertaintyuncertainty forforforfor thethethethe gammagammagammagamma valuevaluevaluevalue usedusedusedused inininin R10.R10.R10.R10. InInInIn thisthisthisthis paper,paper,paper,paper, thethethethe valuevaluevaluevalue

proposedproposedproposedproposed bybybyby Rivera-FigueroaRivera-FigueroaRivera-FigueroaRivera-Figueroa etetetet alalalal (2003)(2003)(2003)(2003) isisisis takentakentakentaken.... KnippingKnippingKnippingKnipping andandandand DabdubDabdubDabdubDabdub (2002)(2002)(2002)(2002)

demonstrateddemonstrateddemonstrateddemonstrated thethethethe improvementimprovementimprovementimprovement ofofofof modelingmodelingmodelingmodeling ozoneozoneozoneozone concentrationconcentrationconcentrationconcentration (especially(especially(especially(especially forforforfor thethethethe peak)peak)peak)peak)

bybybyby inclusioninclusioninclusioninclusion thisthisthisthis renoxificationrenoxificationrenoxificationrenoxification reactionreactionreactionreaction intointointointo thethethethe airshedairshedairshedairshed modelmodelmodelmodel forforforfor SouthSouthSouthSouth CoastCoastCoastCoast AirAirAirAir BasinBasinBasinBasin

inininin southernsouthernsouthernsouthern California.California.California.California. ThisThisThisThis renoxificationrenoxificationrenoxificationrenoxification processprocessprocessprocess needsneedsneedsneeds totototo bebebebe consideredconsideredconsideredconsidered asasasas thethethethe potentiallypotentiallypotentiallypotentially

importantimportantimportantimportant inininin pollutantpollutantpollutantpollutant urbanurbanurbanurban atmosphereatmosphereatmosphereatmosphere suchsuchsuchsuch asasasas intenseintenseintenseintense citycitycitycity clusterclusterclustercluster overoveroverover PearlPearlPearlPearl RiverRiverRiverRiver

Delta,Delta,Delta,Delta, China.China.China.China. StillStillStillStill,,,, aaaa sensitivitysensitivitysensitivitysensitivity runbyrunbyrunbyrunby ignoringignoringignoringignoring takingtakingtakingtaking smallsmallsmallsmall raterateraterate constantconstantconstantconstant valuevaluevaluevalue isisisis

conductedconductedconductedconducted,,,, pleasepleasepleaseplease seeseeseesee thethethethe simulationsimulationsimulationsimulation resultsresultsresultsresults below.below.below.below.

For the surface photolysis reactions two mechanisms were used here. However, also recently a

photo-enhancement of the NO2+soot reaction was observed in the laboratory (Monge et al.,

2010). This reaction should be at least also mentioned here.

Response:Response:Response:Response:

AtAtAtAt thethethethe endendendend ofofofof reactionreactionreactionreaction (R12),(R12),(R12),(R12), addaddaddadd oneoneoneone shortshortshortshort paragraphparagraphparagraphparagraph as:as:as:as:



"Recently,"Recently,"Recently,"Recently, MongeMongeMongeMonge etetetet al.al.al.al. (2010)(2010)(2010)(2010) demonstrateddemonstrateddemonstrateddemonstrated thethethethe enhencementenhencementenhencementenhencement ofofofof NONONONO2222 totototo HONOHONOHONOHONO conversionconversionconversionconversion

onononon sootsootsootsoot particlesparticlesparticlesparticles withwithwithwith thethethethe presencepresencepresencepresence ofofofof artificialartificialartificialartificial solarsolarsolarsolar radiation,radiation,radiation,radiation, whichwhichwhichwhich wouldwouldwouldwould bebebebe aaaa potentialpotentialpotentialpotential

pathwaypathwaypathwaypathway forforforfor HONOHONOHONOHONO formationformationformationformation throughthroughthroughthrough surfacesurfacesurfacesurface photolysis".photolysis".photolysis".photolysis".

UpdateUpdateUpdateUpdate thethethethe referencereferencereferencereference listlistlistlist withwithwithwith thethethethe correspondingcorrespondingcorrespondingcorresponding citation:citation:citation:citation:

Monge,Monge,Monge,Monge, M.E.,M.E.,M.E.,M.E., D'Anna,D'Anna,D'Anna,D'Anna, B.,B.,B.,B., Mazri,Mazri,Mazri,Mazri, L.,L.,L.,L., Giroir-Fendler,Giroir-Fendler,Giroir-Fendler,Giroir-Fendler, A.,A.,A.,A., Ammann,Ammann,Ammann,Ammann, M.,M.,M.,M., Donaldson,Donaldson,Donaldson,Donaldson, D.J.,D.J.,D.J.,D.J.,

andandandand George,George,George,George, C.:C.:C.:C.: LightsLightsLightsLights changeschangeschangeschanges thethethethe atmosphericatmosphericatmosphericatmospheric reactivityreactivityreactivityreactivity ofofofof soot:soot:soot:soot: Proc.Proc.Proc.Proc. Natl.Natl.Natl.Natl. Acad.Acad.Acad.Acad. Sci.,Sci.,Sci.,Sci.,

15,15,15,15, 6605-6609,6605-6609,6605-6609,6605-6609, doi:10.1073/pnas.0908341107,doi:10.1073/pnas.0908341107,doi:10.1073/pnas.0908341107,doi:10.1073/pnas.0908341107, 2010.2010.2010.2010.

For R11 a parameterization (4) derived in the study of Stemmler et al. (2007) in aerosol

experiments was used for a ground surface in the model. However, for their bulk experiments

(2006) ca. a factor of two higher gammas were obtained, which may be one reason for the

relative small contribution of this source (see also below ...).

Response:Response:Response:Response:

AAAA sensitivesensitivesensitivesensitive casecasecasecase runrunrunrun bybybyby increasingincreasingincreasingincreasing thethethethe gammagammagammagamma valuevaluevaluevalue isisisis conductedconductedconductedconducted andandandand simulationsimulationsimulationsimulation resultsresultsresultsresults isisisis

givengivengivengiven below.below.below.below.

In addition, the HONO yield for R12 is typically much lower than the 50 % used here. The

quantum yield for nitrate photolysis from laboratory studies is typically 10 %, while the major

product channels goes to NO2+O (see reviews on this reaction). In addition, in the

parameterization (5) used here the HNO3 surface concentration is overestimated. Caused by the

very high J-value (24x gas phase value, still controversial under discussion) the lifetime of

nitrate on the surface will be <1 day, in contrast to gas phase HNO3 used in equation (5). Thus, if

the “accumulated time” to the next precipitation event is longer than 1 day, R12 is overestimated.

Response:Response:Response:Response:

TheTheTheThe parameterizationparameterizationparameterizationparameterization methodmethodmethodmethod asasasas wellwellwellwell asasasas photolysisphotolysisphotolysisphotolysis valuevaluevaluevalue (J)(J)(J)(J) forforforfor R12R12R12R12 isisisis rootedrootedrootedrooted inininin thethethethe

empiricalempiricalempiricalempirical relationshiprelationshiprelationshiprelationship developeddevelopeddevelopeddeveloped bybybyby ZhouZhouZhouZhou etetetet al.al.al.al. (20003)(20003)(20003)(20003) fromfromfromfrom lablablablab measurement.measurement.measurement.measurement. InInInIn CMAQ,CMAQ,CMAQ,CMAQ,



thethethethe absorbedabsorbedabsorbedabsorbed HNO3HNO3HNO3HNO3 onononon groundgroundgroundground surfacessurfacessurfacessurfaces isisisis assumedassumedassumedassumed totototo equalequalequalequal thethethethe amountamountamountamount ofofofof HNO3HNO3HNO3HNO3

accumulatedaccumulatedaccumulatedaccumulated overoveroverover timetimetimetime bybybyby drydrydrydry depositiondepositiondepositiondeposition sincesincesincesince thethethethe lastlastlastlast precipitationprecipitationprecipitationprecipitation event.event.event.event. R12R12R12R12 indeedindeedindeedindeed

havehavehavehave thethethethe potentialpotentialpotentialpotential totototo overestimateoverestimateoverestimateoverestimate HONOHONOHONOHONO formationformationformationformation raterateraterate bybybyby usingusingusingusing highhighhighhigh JJJJ valuevaluevaluevalue andandandand thethethethe tootootootoo

longlonglonglong accumulationaccumulationaccumulationaccumulation time.time.time.time. TheTheTheThe finefinefinefine tunetunetunetune ofofofof thisthisthisthis partpartpartpart ofofofof parameterizaitonparameterizaitonparameterizaitonparameterizaiton needsneedsneedsneeds moremoremoremore filedfiledfiledfiled andandandand

lablablablab experimentexperimentexperimentexperiment support.support.support.support. AAAA sensitivitysensitivitysensitivitysensitivity runrunrunrun bybybyby decreasingdecreasingdecreasingdecreasing thethethethe HONOHONOHONOHONO yiledyiledyiledyiled isisisis conductedconductedconductedconducted forforforfor

comparison.comparison.comparison.comparison. SeeSeeSeeSee belowbelowbelowbelow forforforfor detail.detail.detail.detail.

And finally, in the sensitivity runs the conversion of NO2 on semivotatile hydrocarbons studied

for diesel engine emissions by Gutzwiller et al. is used. For this run an additional fraction of

2.3% HONO/NOx is used in the model. Although the average modelled HONO gets closer to the

measurements the authors excluded this source since during rush hour peaks up to 40 ppb HONO

were modelled (see page 15095, lines 20-24), which would be indeed out of the range ever

measured in the atmosphere. However, the reason for these unrealistic results is not the

unimportance of this source, but the incorrect way how the authors used this source in the model.

The reaction studied in Gutzwiller et al. is NO2 + organics. In contrast, for any rush hour peaks

with NOx levels near 2 ppm (40 ppb HONO / 0.023 emission ratio), the main NOx component

will be NO (something around 90 %). But NO is not reacting, see Gutzwillers study. Thus, only

the NO2 should be used for this reaction, see above (gamma ca. 10ˆ-6 derived in several lab

studies).

Response:Response:Response:Response:

Indeed,Indeed,Indeed,Indeed, thethethethe parameterizationparameterizationparameterizationparameterization ofofofof HONOHONOHONOHONO conversionconversionconversionconversion raterateraterate fromfromfromfrom NO2NO2NO2NO2 onononon semivolatilesemivolatilesemivolatilesemivolatile organicsorganicsorganicsorganics

hashashashas problem.problem.problem.problem. EmpiricalEmpiricalEmpiricalEmpirical emissionemissionemissionemission factorfactorfactorfactor isisisis usedusedusedused butbutbutbut itititit shouldshouldshouldshould bebebebe basedbasedbasedbased onononon thethethethe activeactiveactiveactive

compoundcompoundcompoundcompound NO2NO2NO2NO2 insteadinsteadinsteadinstead ofofofof non-activenon-activenon-activenon-active compoundcompoundcompoundcompound NO.NO.NO.NO.

BasedBasedBasedBased onononon allallallall thethethethe recommendationrecommendationrecommendationrecommendation onononon thethethethe usageusageusageusage ofofofof HONOHONOHONOHONO chemistry,chemistry,chemistry,chemistry, anananan additionaladditionaladditionaladditional casecasecasecase isisisis

introducedintroducedintroducedintroduced herehereherehere bybybyby settingsettingsettingsetting thethethethe parameterparameterparameterparameter asasasas refereerefereerefereereferee request.request.request.request. ForForForFor reactionreactionreactionreaction R8,R8,R8,R8, thethethethe gammagammagammagamma

valuevaluevaluevalue isisisis setsetsetset asasasas 5.05.05.05.0 ×××× 10101010-8-8-8-8;;;; forforforfor reactionreactionreactionreaction R10,R10,R10,R10, thethethethe gammagammagammagamma valuevaluevaluevalue isisisis setsetsetset asasasas 1.01.01.01.0 ×××× 10101010-10-10-10-10;;;; forforforfor reactionreactionreactionreaction

R11,R11,R11,R11, thethethethe gammagammagammagamma valuevaluevaluevalue isisisis setsetsetset asasasas 3333 ×××× 10101010-6-6-6-6;;;; forforforfor reactionreactionreactionreaction R12,R12,R12,R12, thethethethe HONOHONOHONOHONO productionproductionproductionproduction isisisis reducedreducedreducedreduced

bybybyby half.half.half.half. Meanwhile,Meanwhile,Meanwhile,Meanwhile, thethethethe emissionemissionemissionemission factorfactorfactorfactor 0.0230.0230.0230.023 asasasas dieseldieseldieseldiesel vehiclevehiclevehiclevehicle activeactiveactiveactive NO2NO2NO2NO2 emissionemissionemissionemission isisisis usedusedusedused



totototo constructconstructconstructconstruct thethethethe contributioncontributioncontributioncontribution ofofofof heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction onononon semi-volatilesemi-volatilesemi-volatilesemi-volatile organicsorganicsorganicsorganics surfacesurfacesurfacesurface isisisis

alsoalsoalsoalso considered.considered.considered.considered.

InInInIn Fig.Fig.Fig.Fig. A1,A1,A1,A1, TheTheTheThe predictedpredictedpredictedpredicted meanmeanmeanmean HONOHONOHONOHONO diurnaldiurnaldiurnaldiurnal variationvariationvariationvariation (case(case(case(case 'referee'referee'referee'referee recommendation',recommendation',recommendation',recommendation',

blueblueblueblue line)line)line)line) isisisis comparedcomparedcomparedcompared withwithwithwith simulationsimulationsimulationsimulation casecasecasecase 'CB05''CB05''CB05''CB05' (red(red(red(red line)line)line)line) andandandand 'CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP'

(green(green(green(green line),line),line),line), asasasas wellwellwellwell asasasas thethethethe meanmeanmeanmean observedobservedobservedobserved HONOHONOHONOHONO diurnaldiurnaldiurnaldiurnal profileprofileprofileprofile withwithwithwith errorerrorerrorerror (black(black(black(black line)line)line)line) atatatat

GuangzhouGuangzhouGuangzhouGuangzhou (GZ)(GZ)(GZ)(GZ) andandandand XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK) site.site.site.site. Generally,Generally,Generally,Generally, thethethethe diurnaldiurnaldiurnaldiurnal patternpatternpatternpattern forforforfor differentdifferentdifferentdifferent

simulatedsimulatedsimulatedsimulated casescasescasescases isisisis similar,similar,similar,similar, withwithwithwith thethethethe maximummaximummaximummaximum atatatat eveningeveningeveningevening andandandand thethethethe morningmorningmorningmorning peakpeakpeakpeak duringduringduringduring rushrushrushrush

hourhourhourhour (only(only(only(only atatatat GZ)GZ)GZ)GZ) .... TheTheTheThe modelmodelmodelmodel stillstillstillstill havehavehavehave problemproblemproblemproblem totototo repeatrepeatrepeatrepeat thethethethe highhighhighhigh concentrationconcentrationconcentrationconcentration plateauplateauplateauplateau

afterafterafterafter midnight.midnight.midnight.midnight. TheTheTheThe recommendedrecommendedrecommendedrecommended casecasecasecase decreasedecreasedecreasedecrease thethethethe weightingweightingweightingweighting ofofofof R8R8R8R8 andandandand R10R10R10R10 forforforfor HONOHONOHONOHONO

yieldyieldyieldyield contribution,contribution,contribution,contribution, andandandand increaseincreaseincreaseincrease thethethethe photolysisphotolysisphotolysisphotolysis weighting.weighting.weighting.weighting. TheTheTheThe reasonreasonreasonreason thatthatthatthat recommendedrecommendedrecommendedrecommended

casecasecasecase havehavehavehave thethethethe samesamesamesame concentrationconcentrationconcentrationconcentration levellevellevellevel asasasas 'CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP' casecasecasecase duringduringduringduring nightnightnightnight timetimetimetime isisisis thethethethe

contributioncontributioncontributioncontribution ofofofof heteregenousheteregenousheteregenousheteregenous reactionreactionreactionreaction happenedhappenedhappenedhappened inininin thethethethe surfacesurfacesurfacesurface ofofofof semivolatilesemivolatilesemivolatilesemivolatile organicorganicorganicorganic

surface.surface.surface.surface. DuringDuringDuringDuring daytimedaytimedaytimedaytime (i.e.(i.e.(i.e.(i.e. 8:00am8:00am8:00am8:00am ---- 17:0017:0017:0017:00 pm),pm),pm),pm), thethethethe recommendedrecommendedrecommendedrecommended casecasecasecase increaseincreaseincreaseincrease thethethethe

predictedpredictedpredictedpredicted HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration bybybyby 10%10%10%10% duedueduedue totototo thethethethe increaseincreaseincreaseincrease contributioncontributioncontributioncontribution formformformform R11.R11.R11.R11.

PredictedPredictedPredictedPredicted daytimedaytimedaytimedaytime averageaverageaverageaverage OHOHOHOH forforforfor recommendationrecommendationrecommendationrecommendation casecasecasecase isisisis 1.71.71.71.7 ×××× 101010106666molecmolecmolecmolec cmcmcmcm-3-3-3-3 atatatat GZGZGZGZ andandandand

2.42.42.42.4 ×××× 101010106666 molecmolecmolecmolec cmcmcmcm-3-3-3-3 atatatat XK,XK,XK,XK, whichwhichwhichwhich isisisis slightlyslightlyslightlyslightly lowerlowerlowerlower thanthanthanthan thatthatthatthat forforforfor simulationsimulationsimulationsimulation casecasecasecase

CB05+EM+HT+SP.CB05+EM+HT+SP.CB05+EM+HT+SP.CB05+EM+HT+SP.

FigFigFigFig A1.A1.A1.A1. DiurnDiurnDiurnDiurnalalalal patternpatternpatternpattern ofofofof simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO atatatat (a)(a)(a)(a) GuangzhouGuangzhouGuangzhouGuangzhou andandandand (b)(b)(b)(b) XinkenXinkenXinkenXinken withwithwithwith

differencedifferencedifferencedifference simulationsimulationsimulationsimulation casescasescasescases



2) Presentation of the results:

Form the results presented, the reader will get the impression that the heterogeneous sources are

much more important compared to the surface photolysis sources, see for example Figure 6, 7, 8

and see also ”Summary” lines 11-12: “Heterogeneous reaction is the dominant HONO source

contributing nearly 60 % of HONO formation, followed by: : :” (by the way check grammar..).

Especially this sentence is definitely wrong, since the authors considered concentrations, but not

formation rates in their calculations (“HONO source” means a rate of formation, see also below).

Even only for R11 the authors used a gamma value of ca. 3x10ˆ-6 during daytime (which should

be ca. 6x10ˆ-6, see above), but only of 1x10ˆ-6 during night-time (which should be 10ˆ-7 - 10ˆ-8

for R8, see above). Thus, surface photolysis sources (R11+R12) should have a much higher

contribution than shown here. The reason for the incorrect conclusion is that the authors

calculated the contribution of the sources to the concentration of HONO in the model (see Figure

6), but did not compare their source strengths. Thus, the high night-time concentrations caused

by slow sources and missing HONO sinks (photolysis), are directly compared with the low

daytime values, which still exist against the very fast photolysis. In contrast to the night-time, a

very strong source is necessary during daytime to maintain HONO levels of higher than 1 ppb

(see Fig. 4). For example, in the dark/light experiments in George et al. (2005) and Stemmler et

al. (2006) 1-2 orders of magnitude faster NO2 conversion was observed during irradiation, which

is in agreement with recent field studies. Thus, if the authors would compare the average source

strengths of the different sources used in the model, a completely different picture would appear

(the heterogeneous source contribution would significantly decrease, compared to the

photochemical sources). This would even more change if the correct gamma values are used (see

above). May be for health effects studies, the concentration is the right argument, however when

atmospheric chemistry (OH, O3-formation etc.) is studied, the formation rates should be used

(see conclusion sentence).

Response:Response:Response:Response:

Indeed,Indeed,Indeed,Indeed, thethethethe waywaywayway totototo qualifyqualifyqualifyqualify thethethethe relativerelativerelativerelative contributioncontributioncontributioncontribution fromfromfromfrom differentdifferentdifferentdifferent HONOHONOHONOHONO formationformationformationformation

pathwaypathwaypathwaypathway inininin thisthisthisthis paperpaperpaperpaper isisisis bybybyby controllingcontrollingcontrollingcontrolling thethethethe formationformationformationformation pathwaypathwaypathwaypathway (open/close(open/close(open/close(open/close flag)flag)flag)flag) andandandand bybybyby



calculatingcalculatingcalculatingcalculating thethethethe differencedifferencedifferencedifference ofofofof predictedpredictedpredictedpredicted HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration forforforfor differentdifferentdifferentdifferent simulationsimulationsimulationsimulation cases.cases.cases.cases.

SinceSinceSinceSince thethethethe HONOHONOHONOHONO predictionpredictionpredictionprediction inininin CMAQCMAQCMAQCMAQ isisisis thethethethe processprocessprocessprocess ofofofof conservationconservationconservationconservation ofofofof mass,mass,mass,mass, thethethethe finalfinalfinalfinal

HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration valuevaluevaluevalue shouldshouldshouldshould bebebebe thethethethe balancebalancebalancebalance betweenbetweenbetweenbetween yieldyieldyieldyield andandandand lost.lost.lost.lost. TheTheTheThe dominatedominatedominatedominate

HONOHONOHONOHONO sinksinksinksink isisisis throughthroughthroughthrough photolysisphotolysisphotolysisphotolysis duringduringduringduring daytime.daytime.daytime.daytime. Hence,Hence,Hence,Hence, bybybyby directdirectdirectdirect comparingcomparingcomparingcomparing thethethethe

concentrationconcentrationconcentrationconcentration differencedifferencedifferencedifference totototo quantifyquantifyquantifyquantify thethethethe HONOHONOHONOHONO formationformationformationformation contributioncontributioncontributioncontribution isisisis notnotnotnot proper.proper.proper.proper. Fig.Fig.Fig.Fig. 6666

resultsresultsresultsresults isisisis misleadingmisleadingmisleadingmisleading givengivengivengiven thethethethe captioncaptioncaptioncaption namednamednamednamed "average"average"average"average contributioncontributioncontributioncontribution ofofofof differentdifferentdifferentdifferent sourcesourcesourcesource totototo

HONOHONOHONOHONO formation".formation".formation".formation". TheTheTheThe piepiepiepie chartchartchartchart discarddiscarddiscarddiscard thethethethe offsetoffsetoffsetoffset rolerolerolerole ofofofof HONOHONOHONOHONO photolysisphotolysisphotolysisphotolysis totototo predictedpredictedpredictedpredicted

concentration.concentration.concentration.concentration. TheTheTheThe HONOHONOHONOHONO formationformationformationformation strengthstrengthstrengthstrength shouldshouldshouldshould bebebebe thethethethe properproperproperproper parameterparameterparameterparameter totototo discussdiscussdiscussdiscuss

thethethethe relativerelativerelativerelative contributioncontributioncontributioncontribution ofofofof differentdifferentdifferentdifferent sourcesourcesourcesource totototo HONOHONOHONOHONO formation.formation.formation.formation.

TheTheTheThe mostmostmostmost properproperproperproper waywaywayway totototo conductconductconductconduct suchsuchsuchsuch 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 A2.A2.A2.A2. DailyDailyDailyDaily meanmeanmeanmean HONOHONOHONOHONO contributioncontributioncontributioncontribution budgetbudgetbudgetbudget forforforfor differentdifferentdifferentdifferent reactionreactionreactionreaction atatatat GuangzhouGuangzhouGuangzhouGuangzhou sitesitesitesite

3) Unrealistic model results:

While in Fig. 4 the author could clearly demonstrate a strong impact of the different sources

compared to the base model for the HONO levels, there is absolutely no impact on the modelled

O3 levels. This is completely unclear. In their most realistic model (CB05+EM+HT+SP) the

authors modelled for example for Guangzhou HONO daytime concentrations of ca. 1.5 ppb,

which is ca. 1.4 ppb higher than using only gas phase reactions (CB05). Thus, a net OH source

by HONO photolysis of >5x10ˆ7 OH cmˆ-3 sˆ-1 is present in the atmosphere during daytime in

the model calculations. This source will be one of the largest OH radical initiation sources and

thus, certainly should have a strong impact on the modelled secondary products (ozone is a

product of the OH initiated chemistry in the atmosphere ...). The daytime levels considered here

are very similar to recent studies in Santiago de Chile (Elshorbany at al., Atmos. Environ., 2009,

not the one cited here ...) and also during the CareBeijing - 2006 campaign (Lu et al., 2010). In

these studies a strong HONO contribution to the ozone concentration (35 % in Elshorbany et al.)



and to PO3 (ca. factor of two in Lu et al.) was observed. Thus, I expect any error in the author’s

calculations.

Response:Response:Response:Response:

InInInIn FigFigFigFig 4444 atatatat thethethethe singlesinglesinglesingle locationlocationlocationlocation GuangzhouGuangzhouGuangzhouGuangzhou andandandand Xinken,Xinken,Xinken,Xinken, thethethethe enhencementenhencementenhencementenhencement ofofofof ozoneozoneozoneozone andandandand

PM2.5PM2.5PM2.5PM2.5 isisisis trivialtrivialtrivialtrivial duringduringduringduring thethethethe observationobservationobservationobservation window.window.window.window. However,However,However,However, 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. TheTheTheThe 3D3D3D3D boxboxboxbox provideprovideprovideprovide

moremoremoremore diffusitydiffusitydiffusitydiffusity andandandand transportationtransportationtransportationtransportation ofofofof pollutantpollutantpollutantpollutant comparedcomparedcomparedcompared withwithwithwith simplesimplesimplesimple boxboxboxbox model,model,model,model, whichwhichwhichwhich

maymaymaymay bebebebe thethethethe reasonreasonreasonreason forforforfor thethethethe 'not'not'not'not significantsignificantsignificantsignificant enhancementenhancementenhancementenhancement ofofofof thethethethe secondarysecondarysecondarysecondary pollutantpollutantpollutantpollutant yield.yield.yield.yield.

Moreover,Moreover,Moreover,Moreover, asasasas thethethethe refereerefereerefereereferee pointedpointedpointedpointed out,out,out,out, thethethethe modelmodelmodelmodel inininin thisthisthisthis studystudystudystudy seemsseemsseemsseems totototo significantlysignificantlysignificantlysignificantly

underestimateunderestimateunderestimateunderestimate OHOHOHOH levellevellevellevel sosososo thatthatthatthat itititit cancancancan notnotnotnot provideprovideprovideprovide sufficientsufficientsufficientsufficient oxidizationoxidizationoxidizationoxidization totototo fosterfosterfosterfoster SOSOSOSO2222,,,, NONONONO2222

totototo sulfatesulfatesulfatesulfate andandandand nitrate.nitrate.nitrate.nitrate. OneOneOneOne ofofofof thethethethe possiblepossiblepossiblepossible reasonreasonreasonreason isisisis thethethethe highhighhighhigh uncertaintyuncertaintyuncertaintyuncertainty forforforfor emissionemissionemissionemission files,files,files,files,

especiallyespeciallyespeciallyespecially forforforfor thethethethe reactivereactivereactivereactive VOCVOCVOCVOC species.species.species.species. 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 A3A3A3A3 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-3-3-3-3atatatat XKXKXKXK sitesitesitesite whilewhilewhilewhile fromfromfromfrom 1.91.91.91.9 ×××× 10101010-6-6-6-6 molecmolecmolecmolec cmcmcmcm-3-3-3-3 totototo 2.62.62.62.6 ×××× 10101010-6-6-6-6 molecmolecmolecmolec cmcmcmcm-3-3-3-3atatatat

urbanurbanurbanurban GZGZGZGZ site.site.site.site.

FigFigFigFig A3.A3.A3.A3. SpatialSpatialSpatialSpatial distributiondistributiondistributiondistribution ofofofof hehehehe 8888 hrhrhrhr maximummaximummaximummaximum ozoneozoneozoneozone enhancementenhancementenhancementenhancement duedueduedue totototo HONOHONOHONOHONO

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

In addition, one should highlight, that still when using all sources, the model results were

significantly below the measurements, especially during daytime (see Fig. 4). Thus, using the

more realistic higher gamma values for R11 on organic ground surfaces (see discussion in

Stemmler et al., 2007 and comparison with the 2006 results), may lead to better model

description of the measurements.



Response:Response:Response:Response:

PleasePleasePleasePlease referreferreferrefer totototo thethethethe comparisoncomparisoncomparisoncomparison betweenbetweenbetweenbetween casecasecasecase ''''refereerefereerefereereferee recommendation'recommendation'recommendation'recommendation' andandandand casecasecasecase 'CB05','CB05','CB05','CB05',

casecasecasecase 'CB05+EM+HT+SP'.'CB05+EM+HT+SP'.'CB05+EM+HT+SP'.'CB05+EM+HT+SP'. TheTheTheThe daytimedaytimedaytimedaytime predictedpredictedpredictedpredicted HONOHONOHONOHONO valuevaluevaluevalue willwillwillwill increaseincreaseincreaseincrease 10%10%10%10% onononon thethethethe

basisbasisbasisbasis ofofofof casecasecasecase 'CB05+EM+HT+SP','CB05+EM+HT+SP','CB05+EM+HT+SP','CB05+EM+HT+SP', howeverhoweverhoweverhowever thethethethe modelmodelmodelmodel stillstillstillstill underestimateunderestimateunderestimateunderestimate HONOHONOHONOHONO

concentrationconcentrationconcentrationconcentration bybybyby aaaa factorfactorfactorfactor ofofofof 2,2,2,2, whichwhichwhichwhich maymaymaymay suggestsuggestsuggestsuggest thethethethe roomroomroomroom forforforfor parameterparameterparameterparameter tuningtuningtuningtuning andandandand

HONOHONOHONOHONO formationformationformationformation mechanismmechanismmechanismmechanism study.study.study.study.

Specific Comments:

Page 15076, line 20: More recent results on the topic e.g. from the MILAGRO campaign, or

from PRD, or from Santiago de Chile are missing here.

Response:Response:Response:Response:

AddAddAddAdd thethethethe citationscitationscitationscitations inininin linelinelineline 20202020 forforforfor MCMA-2006/MILAGROMCMA-2006/MILAGROMCMA-2006/MILAGROMCMA-2006/MILAGRO campaigncampaigncampaigncampaign (Li(Li(Li(Li etetetet al.,al.,al.,al., 2010),2010),2010),2010), PRD-PRD-PRD-PRD-

PRIEDPRIEDPRIEDPRIED 2004200420042004 campaigncampaigncampaigncampaign (Zhang(Zhang(Zhang(Zhang etetetet al.,al.,al.,al., 2008),2008),2008),2008), SantiagoSantiagoSantiagoSantiago dededede ChileChileChileChile studystudystudystudy (Elshorbany(Elshorbany(Elshorbany(Elshorbany etetetet al.,al.,al.,al.,

2009),2009),2009),2009), andandandand Carebeijing-2006Carebeijing-2006Carebeijing-2006Carebeijing-2006 CampaignCampaignCampaignCampaign (Lu(Lu(Lu(Lu etetetet al.,al.,al.,al., 2010).2010).2010).2010). UpdateUpdateUpdateUpdate thethethethe correspondingcorrespondingcorrespondingcorresponding

citationscitationscitationscitations inininin thethethethe referencereferencereferencereference list,list,list,list, addaddaddadd oneoneoneone reference:reference:reference:reference:

Lu,Lu,Lu,Lu, K.,K.,K.,K., Zhang,Zhang,Zhang,Zhang, Y.Y.Y.Y. ,,,, Su,Su,Su,Su, H.,H.,H.,H., Brauers,Brauers,Brauers,Brauers, T.,T.,T.,T., Chou,Chou,Chou,Chou, C.C.,C.C.,C.C.,C.C., Hofzumahaus,Hofzumahaus,Hofzumahaus,Hofzumahaus, A.,A.,A.,A., Liu,Liu,Liu,Liu, S.C.,S.C.,S.C.,S.C., Kita.Kita.Kita.Kita. K.,K.,K.,K.,

Kondo,Kondo,Kondo,Kondo, Y.,Y.,Y.,Y., Shao,Shao,Shao,Shao, M.,M.,M.,M., Wahner,Wahner,Wahner,Wahner, Wang,Wang,Wang,Wang, J.,J.,J.,J., Wang,Wang,Wang,Wang, X.,X.,X.,X., andandandand Zhu,Zhu,Zhu,Zhu, T.:T.:T.:T.: OxidantOxidantOxidantOxidant (O(O(O(O3333+NO+NO+NO+NO2222))))

productionproductionproductionproduction processesprocessesprocessesprocesses andandandand formationformationformationformation regimesregimesregimesregimes inininin Beijing,Beijing,Beijing,Beijing, J.J.J.J. Geophys.Geophys.Geophys.Geophys. Res.,Res.,Res.,Res., 115(D07303),115(D07303),115(D07303),115(D07303),

doi:10.1029/2009JD012714,doi:10.1029/2009JD012714,doi:10.1029/2009JD012714,doi:10.1029/2009JD012714, 2010.2010.2010.2010.

Page 15077, line 6: Mao et al., 2010 is missing in the reference list, and the 2006 paper does not

fit here.

Response:Response:Response:Response:



AddAddAddAdd thethethethe missingmissingmissingmissing referencereferencereferencereference forforforfor MaoMaoMaoMao etetetet al.al.al.al. (2010):(2010):(2010):(2010):

Mao,Mao,Mao,Mao, J.,J.,J.,J., Ren,Ren,Ren,Ren, X.,X.,X.,X., Chen,Chen,Chen,Chen, S.,S.,S.,S., Brune,Brune,Brune,Brune, W.,W.,W.,W., Chen,Chen,Chen,Chen, Z.,Z.,Z.,Z., Martinez,Martinez,Martinez,Martinez, M.,M.,M.,M., Harder,Harder,Harder,Harder, H.,H.,H.,H., Lefer,Lefer,Lefer,Lefer, B.,B.,B.,B.,

RappenglRappenglRappenglRappenglüüüück,ck,ck,ck, B.,B.,B.,B., Flynn,Flynn,Flynn,Flynn, J.,J.,J.,J., Leuchner,Leuchner,Leuchner,Leuchner, M.:M.:M.:M.: AtmosphericAtmosphericAtmosphericAtmospheric oxidationoxidationoxidationoxidation capacitycapacitycapacitycapacity inininin thethethethe summersummersummersummer

ofofofof HoustonHoustonHoustonHouston 2006:2006:2006:2006: ComparisonComparisonComparisonComparison withwithwithwith summersummersummersummer measurementsmeasurementsmeasurementsmeasurements inininin otherotherotherother metropolitanmetropolitanmetropolitanmetropolitan studies,studies,studies,studies,

Atmos.Atmos.Atmos.Atmos. Environ.,Environ.,Environ.,Environ., 44,44,44,44, 4107-4115,4107-4115,4107-4115,4107-4115, 2010.2010.2010.2010.

Page 15077, line 16: There are at least three reviews on HONO (also Lammel and Cape, 1996).

Response:Response:Response:Response:

ChangeChangeChangeChange thethethethe linelinelineline 16-2016-2016-2016-20 ofofofof PagePagePagePage 15077150771507715077 changechangechangechange totototo ::::””””ThereThereThereThere existexistexistexist somesomesomesome reviewreviewreviewreview paperspaperspaperspapers (e.g.(e.g.(e.g.(e.g.

CalvertCalvertCalvertCalvert etetetet al.al.al.al. (1994),(1994),(1994),(1994), LammelLammelLammelLammel andandandand CapeCapeCapeCape (1996),(1996),(1996),(1996), andandandand KleffmannKleffmannKleffmannKleffmann (2007))(2007))(2007))(2007)) totototo summarizesummarizesummarizesummarize thethethethe

currentcurrentcurrentcurrent knowledgeknowledgeknowledgeknowledge onononon HONOHONOHONOHONO formationformationformationformation mechanisms.mechanisms.mechanisms.mechanisms. Normally,Normally,Normally,Normally, fourfourfourfour groupsgroupsgroupsgroups ofofofof HONOHONOHONOHONO

formationformationformationformation pathwayspathwayspathwayspathways werewerewerewere indentified:indentified:indentified:indentified: directdirectdirectdirect emission,emission,emission,emission, homogeneoushomogeneoushomogeneoushomogeneous reactions,reactions,reactions,reactions,

heterogeneousheterogeneousheterogeneousheterogeneous reactionsreactionsreactionsreactions andandandand surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis reactions.reactions.reactions.reactions.””””

AddAddAddAdd oneoneoneone citationcitationcitationcitation inininin thethethethe referencereferencereferencereference list:list:list:list:

Lammel,Lammel,Lammel,Lammel, G.G.G.G. andandandand CapeCapeCapeCape J.N.:J.N.:J.N.:J.N.: NitrousNitrousNitrousNitrous acidacidacidacid andandandand nitratenitratenitratenitrate inininin thethethethe atmosphere,atmosphere,atmosphere,atmosphere, Chem.Chem.Chem.Chem. Soc.Soc.Soc.Soc. Rev.,Rev.,Rev.,Rev.,

25,25,25,25, 361-369,361-369,361-369,361-369, doi:10.1039/CS9962500361,doi:10.1039/CS9962500361,doi:10.1039/CS9962500361,doi:10.1039/CS9962500361, 1996.1996.1996.1996.

Page 15078, line 4: Ackermann (a PhD thesis) and Kurtenbach (a paper, Atmos. Environ.) are

about the same study. Thus, Kurtenbach et al. should be used here.

Response:Response:Response:Response:

DeleteDeleteDeleteDelete thethethethe AckermannAckermannAckermannAckermann 2000200020002000 citationcitationcitationcitation herehereherehere andandandand replacereplacereplacereplace withwithwithwith thethethethe AEAEAEAE paperpaperpaperpaper bybybyby KurtenbachKurtenbachKurtenbachKurtenbach etetetet

al.,al.,al.,al., (2001).(2001).(2001).(2001). UpdateUpdateUpdateUpdate thethethethe correspondingcorrespondingcorrespondingcorresponding referencereferencereferencereference list.list.list.list.



Page 15078, line 14: Whether the PSS daytime concentration of HONO is only several ppts (as

mentioned) or several hundred ppts mainly depends on the daytime NO and OH levels. E.g. in

Elshorbany et al., 2009, nearly a ppb was formed by R2 caused by the very high daytime NO

levels. Thus it should be “in the range from a few ppt to several hundreds of ppt”.

Response:Response:Response:Response:

ChangeChangeChangeChange thethethethe linelinelineline 13-1513-1513-1513-15 atatatat PagePagePagePage 15078150781507815078 totototo “…“…“…“…ReactionReactionReactionReaction (R2)(R2)(R2)(R2) isisisis onlyonlyonlyonly inininin thethethethe rangerangerangerange fromfromfromfrom aaaa fewfewfewfew

pptpptpptppt totototo severalseveralseveralseveral hundredshundredshundredshundreds ofofofof pptpptpptppt overoveroverover urbanurbanurbanurban areas,areas,areas,areas, whichwhichwhichwhich cannotcannotcannotcannot explainexplainexplainexplain thethethethe observedobservedobservedobserved

daytimedaytimedaytimedaytime highhighhighhigh level.level.level.level.””””

Page 15078, NO2E+H2O: Another argument not to use R3 is that the rate coefficient of this

reaction is most probably more than a factor of 15 lower than the number given in Li et al. (see

Carr et al. and Crowley and Carl).

Response:Response:Response:Response:

AddAddAddAdd aaaa sentencesentencesentencesentence inininin linelinelineline 19191919 ofofofof PagePagePagePage 15708157081570815708 afterafterafterafter “…“…“…“…inininin thethethethe currentcurrentcurrentcurrent USUSUSUS atmosphereatmosphereatmosphereatmosphere”””” asasasas ““““GivenGivenGivenGiven

thethethethe considerableconsiderableconsiderableconsiderable controversycontroversycontroversycontroversy regardingregardingregardingregarding thethethethe estimationestimationestimationestimation ofofofof raterateraterate coefficientcoefficientcoefficientcoefficient ofofofof thisthisthisthis NONONONO2222EEEE

chemistrychemistrychemistrychemistry (i.e.(i.e.(i.e.(i.e. 15151515 timestimestimestimes difference,difference,difference,difference, CrowleyCrowleyCrowleyCrowley andandandand Carl,Carl,Carl,Carl, 1997,1997,1997,1997, CarrCarrCarrCarr etetetet al.,al.,al.,al., 2009200920092009 andandandand LiLiLiLi etetetet al.al.al.al.

2009200920092009 )))),,,, ReactionReactionReactionReaction ((((R3)R3)R3)R3) isisisis notnotnotnot consideredconsideredconsideredconsidered asasasas aaaa significantsignificantsignificantsignificant contributioncontributioncontributioncontribution totototo HONOHONOHONOHONO formationformationformationformation inininin

thisthisthisthis study.study.study.study.””””

AlsoAlsoAlsoAlso addaddaddadd thethethethe correspondingcorrespondingcorrespondingcorresponding citationcitationcitationcitation inininin thethethethe referencereferencereferencereference list:list:list:list:

Carr,Carr,Carr,Carr, S.,S.,S.,S., Dwayne,Dwayne,Dwayne,Dwayne, E.,E.,E.,E., andandandand Blitz,Blitz,Blitz,Blitz, M.A.:M.A.:M.A.:M.A.: CommentCommentCommentComment onononon ““““AtmosphericAtmosphericAtmosphericAtmospheric hydroxylhydroxylhydroxylhydroxyl radicalradicalradicalradical

productionproductionproductionproduction fromfromfromfrom electronicallyelectronicallyelectronicallyelectronically excitedexcitedexcitedexcited NONONONO2222 andandandand HHHH2222OOOO””””,,,, Science,Science,Science,Science, 324,324,324,324, 336,336,336,336,

doi:10.1126/science.1166669,doi:10.1126/science.1166669,doi:10.1126/science.1166669,doi:10.1126/science.1166669, 2009.2009.2009.2009.

Crowley,Crowley,Crowley,Crowley, J.N.J.N.J.N.J.N. andandandand Carl,Carl,Carl,Carl, S.:S.:S.:S.: OHOHOHOH formationformationformationformation inininin thethethethe photoexciationphotoexciationphotoexciationphotoexciation ofofofof NONONONO2222 beyondbeyondbeyondbeyond thethethethe

dissociationdissociationdissociationdissociation thresholdthresholdthresholdthreshold inininin thethethethe presencepresencepresencepresence ofofofof waterwaterwaterwater vapor,vapor,vapor,vapor, J.J.J.J. Phys.Phys.Phys.Phys. Chem.,Chem.,Chem.,Chem., 101,101,101,101, 4178-4184,4178-4184,4178-4184,4178-4184, 1997.1997.1997.1997.



Li,Li,Li,Li, S.,S.,S.,S., Matthews,Matthews,Matthews,Matthews, J.,J.,J.,J., andandandand Sinha,Sinha,Sinha,Sinha, A.:A.:A.:A.: ResponseResponseResponseResponse totototo commentcommentcommentcomment onononon ““““AtmosphericAtmosphericAtmosphericAtmospheric hydroxylhydroxylhydroxylhydroxyl

radicalradicalradicalradical productionproductionproductionproduction fromfromfromfrom electronicallyelectronicallyelectronicallyelectronically excitedexcitedexcitedexcited NONONONO2222 andandandand HHHH2222OOOO””””,,,, Science,Science,Science,Science, 324,324,324,324, 336c,336c,336c,336c,

doi:10.1126/science.1166877,doi:10.1126/science.1166877,doi:10.1126/science.1166877,doi:10.1126/science.1166877, 2009.2009.2009.2009.

Page 15079, line 3, Cai, 2005: Better use original references and not a PhD thesis, which is not

easily accessible.

Response:Response:Response:Response:

ChangeChangeChangeChange thethethethe linelinelineline 3333 totototo ““““ReportedReportedReportedReported raterateraterate constantconstantconstantconstant ofofofof ReactionReactionReactionReaction (R7)(R7)(R7)(R7) differdifferdifferdiffer bybybyby twotwotwotwo ordersordersordersorders ofofofof

magnitudemagnitudemagnitudemagnitude andandandand isisisis quitequitequitequite uncertainuncertainuncertainuncertain (e.g.(e.g.(e.g.(e.g. GrahamGrahamGrahamGraham andandandand Tyler,Tyler,Tyler,Tyler, 1972,1972,1972,1972, CalvertCalvertCalvertCalvert etetetet al.,al.,al.,al., 1994).1994).1994).1994).””””

DeleteDeleteDeleteDelete thethethethe Cai,Cai,Cai,Cai, 2005200520052005 PhDPhDPhDPhD thesisthesisthesisthesis citationcitationcitationcitation duedueduedue totototo thethethethe notnotnotnot easilyeasilyeasilyeasily accessibleaccessibleaccessibleaccessible suggestionsuggestionsuggestionsuggestion asasasas thethethethe

referee.referee.referee.referee. AddAddAddAdd oneoneoneone citationscitationscitationscitations inininin thethethethe referencereferencereferencereference list:list:list:list:

Graham,Graham,Graham,Graham, R.A.R.A.R.A.R.A. andandandand Tyle,Tyle,Tyle,Tyle, B.J.:B.J.:B.J.:B.J.: FormationFormationFormationFormation ofofofof nitrousnitrousnitrousnitrous acidacidacidacid inininin aaaa gasgasgasgas phasephasephasephase stirredstirredstirredstirred flowflowflowflow reactor,reactor,reactor,reactor,

J.J.J.J. Chem.Chem.Chem.Chem. Sco.Sco.Sco.Sco. Farad.Farad.Farad.Farad. Trans.,Trans.,Trans.,Trans., 1,1,1,1, 68,68,68,68, 683-688,683-688,683-688,683-688, 1972.1972.1972.1972.

Page 15079, line 6: The reference of Aumont et al. (model ...) should not be used here but the

review about lab studies on this reaction by Finlayson-Pitts et al., 2003.

Response:Response:Response:Response:

ChangeChangeChangeChange thethethethe linelinelineline 4-64-64-64-6 ofofofof PagePagePagePage 15079150791507915079 totototo ““““thethethethe reactionreactionreactionreaction raterateraterate KKKKHONOHONOHONOHONO forforforfor ReactionReactionReactionReaction (R8)(R8)(R8)(R8) isisisis believedbelievedbelievedbelieved

totototo bebebebe firstfirstfirstfirst orderorderorderorder inininin NONONONO2222 (Kleffmann(Kleffmann(Kleffmann(Kleffmann etetetet al.,al.,al.,al., 1998;1998;1998;1998; SvenssonSvenssonSvenssonSvensson etetetet al.,al.,al.,al., 1987;1987;1987;1987; Finlayson-PittsFinlayson-PittsFinlayson-PittsFinlayson-Pitts etetetet al.,al.,al.,al.,

2003).2003).2003).2003).””””

Page 15079, line 8: The field study by Stutz et al. cannot proof any humidity dependence (may

give some hint) but only lab studies. Again the reference to Finlayson-Pitts et al. is

recommended.



Response:Response:Response:Response:

FollowFollowFollowFollow thethethethe recommendationrecommendationrecommendationrecommendation ofofofof refereerefereerefereereferee citecitecitecite thethethethe referencereferencereferencereference bybybyby Finlayson-PittsFinlayson-PittsFinlayson-PittsFinlayson-Pitts etetetet al.al.al.al. (2003)(2003)(2003)(2003)

insteadinsteadinsteadinstead ofofofof StutzStutzStutzStutz etetetet al.al.al.al. (2004).(2004).(2004).(2004). DeleteDeleteDeleteDelete thethethethe citationcitationcitationcitation ofofofof StutzStutzStutzStutz etetetet al.al.al.al. inininin thethethethe referencereferencereferencereference list.list.list.list.

Page 15079, line 9: Although this has been suggested also in other studies, vegetation surfaces

were found to be a perfect sink of HONO (see Schimang et al., Atmos. Environ., 2006) and thus

should be excluded as source here.

Response:Response:Response:Response:

InInInIn thisthisthisthis study,study,study,study, thethethethe totaltotaltotaltotal surfacesurfacesurfacesurface areaareaareaarea availableavailableavailableavailable forforforfor HONOHONOHONOHONO heterogeneousheterogeneousheterogeneousheterogeneous andandandand surfacesurfacesurfacesurface

photolysisphotolysisphotolysisphotolysis formationformationformationformation pathwaypathwaypathwaypathway includeincludeincludeinclude aerosolaerosolaerosolaerosol andandandand groundgroundgroundground surface.surface.surface.surface. TheTheTheThe groundgroundgroundground surfacesurfacesurfacesurface

includeincludeincludeinclude vegetationvegetationvegetationvegetation surface,surface,surface,surface, soilsoilsoilsoil surfacesurfacesurfacesurface andandandand buildingbuildingbuildingbuilding surface.surface.surface.surface. AllAllAllAll ofofofof themthemthemthem areareareare considerconsiderconsiderconsider asasasas thethethethe

contributioncontributioncontributioncontribution totototo HONOHONOHONOHONO yelidyelidyelidyelid insteadinsteadinsteadinstead ofofofof sink.sink.sink.sink. ThisThisThisThis paramertizationparamertizationparamertizationparamertization isisisis followfollowfollowfollow thethethethe workworkworkwork ofofofof CaiCaiCaiCai

(2005),(2005),(2005),(2005), SarwarSarwarSarwarSarwar etetetet al.al.al.al. (2008)(2008)(2008)(2008) andandandand GonGonGonGonççççalvesalvesalvesalves etetetet al.al.al.al. (2010).(2010).(2010).(2010).

IfIfIfIf treatedtreatedtreatedtreated vegetationvegetationvegetationvegetation surfacesurfacesurfacesurface asasasas thethethethe HONOHONOHONOHONO sink,sink,sink,sink, thethethethe equationequationequationequation (2)(2)(2)(2) inininin PagePagePagePage 15086150861508615086 willwillwillwill become:become:become:become:

[S/V][S/V][S/V][S/V]surfacesurfacesurfacesurface ==== [S/V][S/V][S/V][S/V]aerosolaerosolaerosolaerosol++++ [S/V][S/V][S/V][S/V]buildingbuildingbuildingbuilding ++++ [S/V][S/V][S/V][S/V]soilsoilsoilsoil

TheTheTheThe foreseeforeseeforeseeforesee heterogeneousheterogeneousheterogeneousheterogeneous HONOHONOHONOHONO formationformationformationformation willwillwillwill decreaseddecreaseddecreaseddecreased especiallyespeciallyespeciallyespecially overoveroverover thethethethe vegetationvegetationvegetationvegetation

canopy.canopy.canopy.canopy.

Page 15081, lines 17-20: The statement is true for soot but not for R9 (see above).

Response:Response:Response:Response:

ChangedChangedChangedChanged thethethethe formatformatformatformat ofofofof reactionreactionreactionreaction R9R9R9R9 intointointointo twotwotwotwo parts:parts:parts:parts: oneoneoneone isisisis NO2NO2NO2NO2 ++++ sootsootsootsoot withwithwithwith thethethethe fastfastfastfast

deactivationdeactivationdeactivationdeactivation whilewhilewhilewhile thethethethe otherotherotherother oneoneoneone withwithwithwith NO2+semivolatilNO2+semivolatilNO2+semivolatilNO2+semivolatil VOC,VOC,VOC,VOC, whichwhichwhichwhich maymaymaymay hashashashas significantsignificantsignificantsignificant

impactimpactimpactimpact onononon thethethethe HONOHONOHONOHONO heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction formationformationformationformation (Li(Li(Li(Li etetetet al.,al.,al.,al., 2010).2010).2010).2010).



Page 15082, lines 2-5 and see also equation (1) and page 15095, lines 10-14: While the approach

of Aumont et al. (using deposition velocities of NO2) is correct, the approach used here may be

an overestimation of the reality. For high uptake coefficients equation (1) cannot be used since

HONO formation will be limited by convective and diffusive transport (see resistance models to

describe deposition). Equation (1) is valid for particles and even there only for gamma values

<10ˆ-3 but not to model uptake on ground surfaces. Only when gamma values are very small

(<10ˆ-6) and the turbulent mixing is high (e.g. for high wind speed during daytime conditions),

the application of equation (1) for a lowest layer of 17 m height is warranted. The limit for using

equation (1) depends on several parameters, which cannot be easy implemented into a 3D model

and thus the use of deposition velocities calculated by the use of three resistances (turbulent,

diffusive and reactive) is recommended (there are simple paramerizations with the wind speed

available). The problem for most models is the simplified use of constant deposition velocities,

which are typically too low for NO2 in models (should be around 1 cm/s during daytime). This is

the main reason why models using deposition velocities of NO2 underestimate HONO formation

in the atmosphere (see the given reference), but nevertheless this is recommended concept.

Response:Response:Response:Response:

InInInIn steadsteadsteadstead ofofofof usingusingusingusing simplifiedsimplifiedsimplifiedsimplified constantconstantconstantconstant depositiondepositiondepositiondeposition velocities,velocities,velocities,velocities, thethethethe integralintegralintegralintegral bi-directionalbi-directionalbi-directionalbi-directional fluxfluxfluxflux

surfacesurfacesurfacesurface exchangeexchangeexchangeexchange conceptconceptconceptconcept maymaymaymay bebebebe introducedintroducedintroducedintroduced totototo modelmodelmodelmodel HONOHONOHONOHONO formationformationformationformation processprocessprocessprocess nearnearnearnear thethethethe

ground.ground.ground.ground.

Page 15082: A very recent study by Goncalves (ACPD) may be also added as reference for

HONO model studies.

Response:Response:Response:Response:

AddAddAddAdd oneoneoneone paragraphparagraphparagraphparagraph afterafterafterafter thethethethe discriptiondiscriptiondiscriptiondiscription ofofofof thethethethe workworkworkwork ofofofof LiLiLiLi etetetet al.al.al.al. (2010)(2010)(2010)(2010) onononon thethethethe HONOHONOHONOHONO

simulationsimulationsimulationsimulation duringduringduringduring MCMA-2006/MILAGOMCMA-2006/MILAGOMCMA-2006/MILAGOMCMA-2006/MILAGO campaigncampaigncampaigncampaign (line(line(line(line 22)22)22)22) forforforfor thethethethe introductionintroductionintroductionintroduction onononon veryveryveryvery

recentrecentrecentrecent studystudystudystudy bybybyby GonGonGonGonççççalvesalvesalvesalves etetetet al.al.al.al. (2010):(2010):(2010):(2010):



"Gon"Gon"Gon"Gonççççalvesalvesalvesalves 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 O3O3O3O3 andandandand PM2.5PM2.5PM2.5PM2.5 simulation.simulation.simulation.simulation. TheyTheyTheyThey foundfoundfoundfound

inininin urbanurbanurbanurban areaareaareaarea HONOHONOHONOHONO emissionemissionemissionemission contributecontributecontributecontribute 66-94%66-94%66-94%66-94% ofofofof HONOHONOHONOHONO peakpeakpeakpeak whilewhilewhilewhile NO2NO2NO2NO2 hydrolysishydrolysishydrolysishydrolysis onononon

buildingbuildingbuildingbuilding andandandand vegetationvegetationvegetationvegetation surfacesurfacesurfacesurface contributescontributescontributescontributes upupupup totototo 30%30%30%30% ofofofof HONOHONOHONOHONO peak.peak.peak.peak. NoticeableNoticeableNoticeableNoticeable changechangechangechange

inininin PM2.5PM2.5PM2.5PM2.5 andandandand O3O3O3O3 concentrationconcentrationconcentrationconcentration areareareare alsoalsoalsoalso predictedpredictedpredictedpredicted especiallyespeciallyespeciallyespecially duringduringduringduring thethethethe earlyearlyearlyearly morningmorningmorningmorning

whenwhenwhenwhen thethethethe higherhigherhigherhigher OHOHOHOH releasereleasereleaserelease viaviaviavia HONOHONOHONOHONO photolysis.photolysis.photolysis.photolysis. However,However,However,However, theirtheirtheirtheir simulationsimulationsimulationsimulation periodperiodperiodperiod isisisis tootootootoo

shortshortshortshort (1(1(1(1 day)day)day)day) andandandand thethethethe resultsresultsresultsresults isisisis lacklacklacklack ofofofof evaluationevaluationevaluationevaluation bybybyby observations."observations."observations."observations."

AlsoAlsoAlsoAlso addaddaddadd thethethethe correspondingcorrespondingcorrespondingcorresponding citationcitationcitationcitation inininin referencereferencereferencereference list:list:list:list:

GonGonGonGonççççalves,alves,alves,alves, M.,M.,M.,M., Dabdub,Dabdub,Dabdub,Dabdub, D.,D.,D.,D., Chang,Chang,Chang,Chang, W.L.,W.L.,W.L.,W.L., Saiz,Saiz,Saiz,Saiz, F.,F.,F.,F., Jorba,Jorba,Jorba,Jorba, O.,O.,O.,O., andandandand Baldasano,Baldasano,Baldasano,Baldasano, J.J.J.J. M.:M.:M.:M.: TheTheTheThe

impactimpactimpactimpact ofofofof differentdifferentdifferentdifferent nitrousnitrousnitrousnitrous acidacidacidacid sourcessourcessourcessources inininin thethethethe airairairair qualityqualityqualityquality levelslevelslevelslevels ofofofof thethethethe lberianlberianlberianlberian Peninsula,Peninsula,Peninsula,Peninsula,

Atmos.Atmos.Atmos.Atmos. Chem.Chem.Chem.Chem. Phys.Phys.Phys.Phys. Discuss.,Discuss.,Discuss.,Discuss., 10,10,10,10, 28183-28230,28183-28230,28183-28230,28183-28230, doi:doi:doi:doi: 10.5194/acpd-10-28183-2010,10.5194/acpd-10-28183-2010,10.5194/acpd-10-28183-2010,10.5194/acpd-10-28183-2010, 2010.2010.2010.2010.

Page 15083, top: The recent Science study by Hofzumahaus et al. about HONO measurements

at a later PRD campaign (see also their supplementary material) is missing here and also later in

the discussion.

Response:Response:Response:Response:

AddAddAddAdd thethethethe citationcitationcitationcitation inininin LineLineLineLine 29292929 asasasas "A"A"A"A nocturnalnocturnalnocturnalnocturnal peakpeakpeakpeak HONOHONOHONOHONOmixingmixingmixingmixing rationrationrationration ofofofof overoveroverover 8888 ppbppbppbppb VVVV waswaswaswas

reportedreportedreportedreported inininin PRIDE-PRDPRIDE-PRDPRIDE-PRDPRIDE-PRD 2006200620062006 campaingncampaingncampaingncampaingn (Qin(Qin(Qin(Qin etetetet al.,al.,al.,al., 2009,2009,2009,2009, HofzumahausHofzumahausHofzumahausHofzumahaus etetetet al.,al.,al.,al., 2009)."2009)."2009)."2009)."

SinceSinceSinceSince thethethethe topictopictopictopic sentencesentencesentencesentence ofofofof thisthisthisthis paragraphparagraphparagraphparagraph isisisis "measurements"measurements"measurements"measurements inininin PRDPRDPRDPRD regionregionregionregion indicateindicateindicateindicate thethethethe

presencepresencepresencepresence ofofofof elevatedelevatedelevatedelevated ambientambientambientambient HONOHONOHONOHONO levelslevelslevelslevels inininin urbanurbanurbanurban asasasas wellwellwellwell asasasas ruralruralruralrural areas",areas",areas",areas", thethethethe detaildetaildetaildetail

amplifiedamplifiedamplifiedamplified tracertracertracertracer gasgasgasgas removalremovalremovalremoval mechanismmechanismmechanismmechanism proposalproposalproposalproposal isisisis notnotnotnot describeddescribeddescribeddescribed here.here.here.here. However,However,However,However, laterlaterlaterlater inininin

sectionsectionsectionsection 3.23.23.23.2 onononon thethethethe discussiondiscussiondiscussiondiscussion ofofofof predictedpredictedpredictedpredicted daytimedaytimedaytimedaytime OHOHOHOH value,value,value,value, thethethethe OHOHOHOH measurementmeasurementmeasurementmeasurement inininin thisthisthisthis

paperpaperpaperpaper willwillwillwill bebebebe referred.referred.referred.referred.

AlsoAlsoAlsoAlso addaddaddadd thethethethe correspondingcorrespondingcorrespondingcorresponding citationcitationcitationcitation inininin referencereferencereferencereference list:list:list:list:



Hofzumahaus,Hofzumahaus,Hofzumahaus,Hofzumahaus, A.,A.,A.,A., Rohrer,Rohrer,Rohrer,Rohrer, F.,F.,F.,F., Lu,Lu,Lu,Lu, K.,K.,K.,K., Bohn,Bohn,Bohn,Bohn, B.,B.,B.,B., Brauers,Brauers,Brauers,Brauers, T,T,T,T, Chang,Chang,Chang,Chang, C,C,C,C, Fuchs,Fuchs,Fuchs,Fuchs, H.,H.,H.,H., Holland,Holland,Holland,Holland,

F.,F.,F.,F., Kita,Kita,Kita,Kita, K.,K.,K.,K., Kondo,Kondo,Kondo,Kondo, Y.,Y.,Y.,Y., Li,Li,Li,Li, X.,X.,X.,X., Lou,Lou,Lou,Lou, S.,S.,S.,S., Shao,Shao,Shao,Shao, M.,M.,M.,M., Zeng,Zeng,Zeng,Zeng, L.,L.,L.,L., WahnerWahnerWahnerWahner A.,A.,A.,A., Zhang,Zhang,Zhang,Zhang, Y.:Y.:Y.:Y.:

AmplifiedAmplifiedAmplifiedAmplified tracetracetracetrace gasgasgasgas removalremovalremovalremoval inininin thethethethe troposhpere,troposhpere,troposhpere,troposhpere, Science,Science,Science,Science, 324,324,324,324, 1702-1704,1702-1704,1702-1704,1702-1704, 2009.2009.2009.2009.

Page 15085, line 2, “known reactions”: Also nitroaromatics photolysis is missing (see above).

Response:Response:Response:Response:

ChangeChangeChangeChange linelinelineline 1-41-41-41-4 ofofofof PagePagePagePage 15085150851508515085 asasasas "The"The"The"The CB05CB05CB05CB05 gas-phasegas-phasegas-phasegas-phase chemicalchemicalchemicalchemical mechanismmechanismmechanismmechanism inininin CMAQCMAQCMAQCMAQ

modelmodelmodelmodel containscontainscontainscontains knownknownknownknown homogeneoushomogeneoushomogeneoushomogeneous reactionsreactionsreactionsreactions involvinginvolvinginvolvinginvolving HONOHONOHONOHONO exceptexceptexceptexcept thethethethe excitedexcitedexcitedexcited NONONONO2222

chemistrychemistrychemistrychemistry andandandand tttthehehehe photolysisphotolysisphotolysisphotolysis ofofofof orthoorthoorthoortho-nitrophenols-nitrophenols-nitrophenols-nitrophenols ((((BejanBejanBejanBejan etetetet al.al.al.al. 2006200620062006).).).). ReactionReactionReactionReaction R3R3R3R3 isisisis notnotnotnot

includedincludedincludedincluded inininin thisthisthisthis studystudystudystudy sincesincesincesince SarwarSarwarSarwarSarwar etetetet al.al.al.al. (2010)(2010)(2010)(2010) reportedreportedreportedreported thatthatthatthat itititit contributescontributescontributescontributes onlyonlyonlyonly aaaa smallsmallsmallsmall

amountamountamountamount totototo daytimedaytimedaytimedaytime HONO."HONO."HONO."HONO." AlsoAlsoAlsoAlso noticenoticenoticenotice thatthatthatthat thethethethe descriptiondescriptiondescriptiondescription ofofofof nitroaromaticnitroaromaticnitroaromaticnitroaromatic photolysisphotolysisphotolysisphotolysis isisisis

updatedupdatedupdatedupdated atatatat thethethethe SectionSectionSectionSection 1.31.31.31.3 HONOHONOHONOHONO heterogeneousheterogeneousheterogeneousheterogeneous reactionsreactionsreactionsreactions review.review.review.review.

Page 15085, line 24 and also Figure 2: The unit is wrong. Should be mol sˆ-1 areaˆ-1. Most

probably this is the emission for each grid cell (4.5x4.5 km), but has to be defined. In addition,

“molec.” is the abbreviation for molecules, however should be moles with the unit [mol].

Response:Response:Response:Response:

ChangeChangeChangeChange linelinelineline 24242424 ofofofof PagePagePagePage 15085150851508515085 asasasas "Multiple"Multiple"Multiple"Multiple hotspotshotspotshotspotshotspots withwithwithwith averageaverageaverageaverage dailydailydailydaily emissionemissionemissionemission raterateraterate

greatergreatergreatergreater thanthanthanthan 0.50.50.50.5 molmolmolmol ssss-1-1-1-1areaareaareaarea-1-1-1-1 (area(area(area(area inininin thisthisthisthis studystudystudystudy isisisis 4.54.54.54.5××××4.5km)4.5km)4.5km)4.5km) areareareare foundfoundfoundfound atatatat GZGZGZGZ citycitycitycity ............".".".".

TheTheTheThe updatedupdatedupdatedupdated Fig.Fig.Fig.Fig. 2222 withwithwithwith correctcorrectcorrectcorrect unitunitunitunit isisisis shownshownshownshown below:below:below:below:



FigFigFigFig 2.2.2.2. (a)(a)(a)(a) AverageAverageAverageAverage dailydailydailydaily HONOHONOHONOHONO emissionemissionemissionemission raterateraterate (moles(moles(moles(moles ssss-1-1-1-1 areaareaareaarea-1-1-1-1)))) distributiondistributiondistributiondistribution patternpatternpatternpattern andandandand (b)(b)(b)(b)

diurnaldiurnaldiurnaldiurnal profileprofileprofileprofile ofofofof HONOHONOHONOHONO emissionemissionemissionemission inininin thethethethe PRDPRDPRDPRD urbanurbanurbanurban area.area.area.area.

Page 15087, line 7: Reaction R9 is not mentioned to be used in the model (see Tab. 1). Thus,

should be R8 here? In addition, not only this reaction should take place on aerosols in all layers

and on the ground only in the lowest layer, but all heterogeneous reactions, except the soot part

of R9, for which deactivation will take please before soot deposition on the ground (for

parameterization of this reaction, see above). Thus, also R8, R11, R12 should take place on

particles in all layers and on the ground in the lowest layer. See e.g. R11 on page 15087, line 22

and compare to Stemmler et al.,2007 (were aerosol experiments ...).

Response:Response:Response:Response:

InInInIn linelinelineline 7777 ofofofof PagePagePagePage 15087,15087,15087,15087, itititit shouldshouldshouldshould bebebebe reactionreactionreactionreaction R8.R8.R8.R8. ItItItIt isisisis aaaa typo,typo,typo,typo, alreadyalreadyalreadyalready corrected.corrected.corrected.corrected. AboutAboutAboutAbout thethethethe

availableavailableavailableavailable areaareaareaarea (S/V(S/V(S/V(S/V value)value)value)value) forforforfor heterogeneousheterogeneousheterogeneousheterogeneous andandandand photolysisphotolysisphotolysisphotolysis HONOHONOHONOHONO formationformationformationformation consideredconsideredconsideredconsidered

inininin CMAQCMAQCMAQCMAQ inininin thisthisthisthis study,study,study,study, reactionreactionreactionreaction R8R8R8R8 isisisis takentakentakentaken aerosolsaerosolsaerosolsaerosols surfacesurfacesurfacesurface areaareaareaarea inininin allallallall layerlayerlayerlayer andandandand thethethethe

groundgroundgroundground onlyonlyonlyonly inininin thethethethe lowestlowestlowestlowest layer,layer,layer,layer, however,however,however,however, reactionreactionreactionreaction R10,R10,R10,R10, R11R11R11R11 andandandand R12R12R12R12 isisisis onlyonlyonlyonly consideredconsideredconsideredconsidered

formationformationformationformation atatatat thethethethe lowestlowestlowestlowest modelmodelmodelmodel layerlayerlayerlayer followfollowfollowfollow SarwarSarwarSarwarSarwar etetetet al.al.al.al. (2008).(2008).(2008).(2008). However,However,However,However, unlessunlessunlessunless duringduringduringduring

heavilyheavilyheavilyheavily pollutedpollutedpollutedpolluted days,days,days,days, thethethethe S/VS/VS/VS/V ratioratioratioratio forforforfor aerosolaerosolaerosolaerosol isisisis muchmuchmuchmuch smallersmallersmallersmaller thanthanthanthan correspondingcorrespondingcorrespondingcorresponding S/VS/VS/VS/V

valuesvaluesvaluesvalues forforforfor availableavailableavailableavailable surfacesurfacesurfacesurface onononon thethethethe ground.ground.ground.ground. Hence,Hence,Hence,Hence, eveneveneveneven ifififif addingaddingaddingadding thethethethe surfacesurfacesurfacesurface areaareaareaarea bybybyby

aerosolaerosolaerosolaerosol inininin surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis reactionreactionreactionreaction R11R11R11R11 andandandand R12,R12,R12,R12, thethethethe impactimpactimpactimpact totototo HONOHONOHONOHONO yeildyeildyeildyeild fromfromfromfrom



heterogeneousheterogeneousheterogeneousheterogeneous reactionreactionreactionreaction isisisis relativelyrelativelyrelativelyrelatively small.small.small.small. PleasePleasePleasePlease alsoalsoalsoalso seeseeseesee thethethethe responseresponseresponseresponse totototo "General"General"General"General

commentcommentcommentcomment 1)1)1)1) usedusedusedused HONOHONOHONOHONO chemistry".chemistry".chemistry".chemistry".

Page 15089, line 19: The difference between model and measurements for sulphate looks more

than +-30 % in Fig. 3. Thus, not only PM but also sulphate and nitrate are underestimated ca. by

a factor of two. It seems that the model generates not enough OH radicals for oxidation of NO2

and SO2, see also below (modelled OH radical levels).

Response:Response:Response:Response:

ActuallyActuallyActuallyActually fromfromfromfrom thethethethe TableTableTableTable 2222 ofofofof PagePagePagePage 15106,15106,15106,15106, inininin termstermstermsterms ofofofof thethethethe meanmeanmeanmean value,value,value,value, thethethethe meanmeanmeanmean normalizednormalizednormalizednormalized

biasbiasbiasbias (NMB)(NMB)(NMB)(NMB) forforforfor PMPMPMPM2.5,2.5,2.5,2.5, aerosolaerosolaerosolaerosol sulfatesulfatesulfatesulfate andandandand aerosolaerosolaerosolaerosol nitratenitratenitratenitrate simulationsimulationsimulationsimulation isisisis aroundaroundaroundaround -40%,-40%,-40%,-40%, -20%-20%-20%-20%

andandandand +45%,+45%,+45%,+45%, whichwhichwhichwhich meansmeansmeansmeans thethethethe PMPMPMPM2.52.52.52.5 andandandand sulfatesulfatesulfatesulfate massmassmassmass concentrationconcentrationconcentrationconcentration isisisis underestimatedunderestimatedunderestimatedunderestimated whilewhilewhilewhile

thethethethe nitratenitratenitratenitrate isisisis underestimated.underestimated.underestimated.underestimated. TheTheTheThe authorsauthorsauthorsauthors agreedagreedagreedagreed thethethethe statementstatementstatementstatement bybybyby refereerefereerefereereferee thatthatthatthat thethethethe modelmodelmodelmodel

generategenerategenerategenerate insufficientinsufficientinsufficientinsufficient OHOHOHOH radicalsradicalsradicalsradicals totototo oxidate.oxidate.oxidate.oxidate. BesidesBesidesBesidesBesides thethethethe defectdefectdefectdefect ofofofof complexcomplexcomplexcomplex secondarysecondarysecondarysecondary

pollutantpollutantpollutantpollutant formationformationformationformation mechanismmechanismmechanismmechanism parameterizationparameterizationparameterizationparameterization inininin CMAQ,CMAQ,CMAQ,CMAQ, asasasas aaaa emission-basedemission-basedemission-basedemission-based model,model,model,model,

thethethethe uncertaintyuncertaintyuncertaintyuncertainty inininin emissionemissionemissionemission inventory,inventory,inventory,inventory, especiallyespeciallyespeciallyespecially uncertaintyuncertaintyuncertaintyuncertainty thethethethe locallocallocallocal VOCVOCVOCVOC speciationspeciationspeciationspeciation

profileprofileprofileprofile maymaymaymay influenceinfluenceinfluenceinfluence thethethethe accuracyaccuracyaccuracyaccuracy ofofofof emission,emission,emission,emission, hencehencehencehence thethethethe simulatedsimulatedsimulatedsimulated aerosolaerosolaerosolaerosol product.product.product.product. AlsoAlsoAlsoAlso

seeseeseesee thethethethe sensitivesensitivesensitivesensitive simulationsimulationsimulationsimulation reasonsreasonsreasonsreasons bybybyby increasingincreasingincreasingincreasing thethethethe activeactiveactiveactive VOCVOCVOCVOC speciesspeciesspeciesspecies emissionemissionemissionemission inininin thethethethe

responseresponseresponseresponse forforforfor "General"General"General"General commentcommentcommentcomment 3)3)3)3) unrealisticunrealisticunrealisticunrealistic modelmodelmodelmodel results".results".results".results".

Page 15089, line 23 and Fig. 1: Is PM2.5 or PM10 measured? In the text and Fig. it is PM2.5, in

the figure caption PM10?

Response:Response:Response:Response:

ItItItIt isisisis PMPMPMPM2.52.52.52.5 measurement.measurement.measurement.measurement. TheTheTheThe hourlyhourlyhourlyhourly PMPMPMPM2.52.52.52.5 massmassmassmass concentration,concentration,concentration,concentration, aerosolaerosolaerosolaerosol sulfate,sulfate,sulfate,sulfate, aerosolaerosolaerosolaerosol

nitrate,nitrate,nitrate,nitrate, asasasas wellwellwellwell asasasas SOSOSOSO2222,,,, NOx,NOx,NOx,NOx, andandandand OOOO3333 mixingmixingmixingmixing ratioratioratioratio areareareare providedprovidedprovidedprovided bybybyby HongHongHongHong KongKongKongKong

EnvironmentalEnvironmentalEnvironmentalEnvironmental ProtectionProtectionProtectionProtection DepartmentDepartmentDepartmentDepartment (HKEPD)(HKEPD)(HKEPD)(HKEPD) andandandand areareareare usedusedusedused forforforfor thethethethe routineroutineroutineroutine modelmodelmodelmodel

verificationverificationverificationverification inininin thisthisthisthis paper.paper.paper.paper. TheTheTheThe PMPMPMPM10101010 inininin Fig.Fig.Fig.Fig. 1111 captioncaptioncaptioncaption isisisis aaaa typo,typo,typo,typo, itititit alreadyalreadyalreadyalready corrected.corrected.corrected.corrected.



Page 15090, lines 10-11 and line 22: The argument is wrong here. The model under(…)estimates

sulphate and nitrate. Thus, the model needs a higher(…) uptake of N2O5 to get more closer to

the measurements and is not overestimating but underestimating.

Response:Response:Response:Response:

FromFromFromFrom thethethethe TableTableTableTable 2222 ofofofof PagePagePagePage 15106151061510615106 forforforfor thethethethe modelmodelmodelmodel performanceperformanceperformanceperformance ofofofof gaseousgaseousgaseousgaseous pollutantpollutantpollutantpollutant andandandand

particulateparticulateparticulateparticulate mattermattermattermatter simulationsimulationsimulationsimulation overoveroverover OctoberOctoberOctoberOctober 2004,2004,2004,2004, aerosolaerosolaerosolaerosol sulfatesulfatesulfatesulfate (ANO(ANO(ANO(ANO3333)))) inininin termstermstermsterms ofofofof meanmeanmeanmean

isisisis overestimatedoverestimatedoverestimatedoverestimated butbutbutbut notnotnotnot underestimated.underestimated.underestimated.underestimated. TheTheTheThe meanmeanmeanmean normlizednormlizednormlizednormlized biasbiasbiasbias (MNB)(MNB)(MNB)(MNB) atatatat CWCWCWCW sitesitesitesite isisisis

87.5%87.5%87.5%87.5% whilewhilewhilewhile thethethethe MNBMNBMNBMNB atatatat YLYLYLYL sitesitesitesite isisisis 19.1%19.1%19.1%19.1% (the(the(the(the detaildetaildetaildetail timetimetimetime seriseseriseseriseserise plotplotplotplot forforforfor ANOANOANOANO3333 isisisis shownshownshownshown inininin

Fig.Fig.Fig.Fig. 3333 (f),(f),(f),(f), thethethethe generalgeneralgeneralgeneral impressionimpressionimpressionimpression isisisis underestimation,underestimation,underestimation,underestimation, butbutbutbut noticenoticenoticenotice thethethethe highhighhighhigh predictedpredictedpredictedpredicted peakspeakspeakspeaks

duringduringduringduring OctOctOctOct 9999 ~~~~ Oct.Oct.Oct.Oct. 15151515 andandandand Oct.Oct.Oct.Oct. 26262626 ~~~~ Oct.Oct.Oct.Oct. 29,29,29,29, thethethethe simulationsimulationsimulationsimulation meanmeanmeanmean isisisis slightlyslightlyslightlyslightly higherhigherhigherhigher thanthanthanthan

observationobservationobservationobservation meanmeanmeanmean).).).). Hence,Hence,Hence,Hence, forforforfor thethethethe basebasebasebase casecasecasecase CB05,CB05,CB05,CB05, thethethethe modelmodelmodelmodel UNDERESTIMATEUNDERESTIMATEUNDERESTIMATEUNDERESTIMATE sulfatesulfatesulfatesulfate

butbutbutbut OVERESTIMATEOVERESTIMATEOVERESTIMATEOVERESTIMATE nitrate.nitrate.nitrate.nitrate. "The"The"The"The poorpoorpoorpoor nitratenitratenitratenitrate perfomance"perfomance"perfomance"perfomance" conclusionconclusionconclusionconclusion isisisis mainlymainlymainlymainly

derivedderivedderivedderived fromfromfromfrom thethethethe poorpoorpoorpoor correlationcorrelationcorrelationcorrelation betweenbetweenbetweenbetween simulationsimulationsimulationsimulation andandandand observationobservationobservationobservation (i.e.(i.e.(i.e.(i.e. LowLowLowLow indexindexindexindex ofofofof

agreementagreementagreementagreement value).value).value).value). InInInIn linelinelineline 10-2510-2510-2510-25 ofofofof PagePagePagePage 15090,15090,15090,15090, thethethethe authorsauthorsauthorsauthors suggestedsuggestedsuggestedsuggested thisthisthisthis nitratenitratenitratenitrate

overestimationoverestimationoverestimationoverestimation andandandand poorpoorpoorpoor performanceperformanceperformanceperformance maymaymaymay duedueduedue totototo "the"the"the"the highhighhighhigh uptakeuptakeuptakeuptake coefficientcoefficientcoefficientcoefficient forforforfor

heterogeneousheterogeneousheterogeneousheterogeneous hydrolysishydrolysishydrolysishydrolysis ofofofof N2O5,N2O5,N2O5,N2O5, raterateraterate constantconstantconstantconstant forforforfor homogeneoushomogeneoushomogeneoushomogeneous hydrolysishydrolysishydrolysishydrolysis ofofofof NNNN2222OOOO5555 asasasas

wellwellwellwell asasasas thethethethe uncertaintyuncertaintyuncertaintyuncertainty inininin ammoniaammoniaammoniaammonia emission".emission".emission".emission".

Page 15091, first paragraph: It would be nice to see the agreement between models and

measurements not only for the average data (Fig. 4) but also concentration-time profiles, e.g. like

in Fig. 3 or one campaign averaged day. Such a plot helps more to identify problems/agreements

of the model, see also Vogel et al. (2003), for which the daily averaged values would have

agreed well, but not the decay of HONO in the morning, from which a daytime source was

identified.

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 AAAA4444 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 AAAA5555 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 AAAA4444.... 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 AAAA5555.... DiurnalDiurnalDiurnalDiurnal patternpatternpatternpattern ofofofof simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO atatatat (a)(a)(a)(a) GuangzhouGuangzhouGuangzhouGuangzhou andandandand (b)(b)(b)(b) XinkenXinkenXinkenXinken withwithwithwith

differencedifferencedifferencedifference simulationsimulationsimulationsimulation casescasescasescases

Page 15092, first paragraph: The modelled OH concentrations (1.5-2.5x10ˆ6 cmˆ-3) are at least a

factor of two lower than those directly measured at PRD in Hofzumahaus et al. (ca. 5x10ˆ6 cmˆ-

3). This may be one reason for the too low secondary products (sulphate, nitrate, PM) and may

be at least in part caused by the still underestimated HONO (compare Fig. 4). However, since the

implementation of the HONO source in the model caused an increase of OH by ca. 20 %, it is

again not clear why ozone did not change in Fig 4.

Response:Response:Response:Response:

BaseBaseBaseBase onononon thethethethe suggestionsuggestionsuggestionsuggestion ofofofof referee,referee,referee,referee, thethethethe followingfollowingfollowingfollowing sentencesentencesentencesentence isisisis addedaddedaddedadded atatatat thethethethe endendendend ofofofof paragraph.paragraph.paragraph.paragraph.

"OH"OH"OH"OH concentrationconcentrationconcentrationconcentration werewerewerewere measuredmeasuredmeasuredmeasured duringduringduringduring PRD-PRIDEPRD-PRIDEPRD-PRIDEPRD-PRIDE 2006200620062006 campaigncampaigncampaigncampaign atatatat thethethethe upperupperupperupper windwindwindwind

ofofofof GuangzhouGuangzhouGuangzhouGuangzhou city,city,city,city, thethethethe averageaverageaverageaverage daytimedaytimedaytimedaytime OHOHOHOH concentratioconcentratioconcentratioconcentrationnnn isisisis aboveaboveaboveabove 5555 ×××× 101010106666 molecmolecmolecmolec cmcmcmcm-3-3-3-3 ,,,,

whichwhichwhichwhich isisisis aaaa factorfactorfactorfactor ofofofof twotwotwotwo higherhigherhigherhigher thanthanthanthan thethethethe simulatedsimulatedsimulatedsimulated OHOHOHOH valuevaluevaluevalue inininin GZ.GZ.GZ.GZ.""""

InInInIn Fig.Fig.Fig.Fig. 4,4,4,4, thethethethe increaseincreaseincreaseincrease HONO/OHHONO/OHHONO/OHHONO/OH sourcesourcesourcesource dodododo boostboostboostboost thethethethe formationformationformationformation ozoneozoneozoneozone aroundaroundaroundaround 2-92-92-92-9 ppbppbppbppb VVVV

(see(see(see(see TableTableTableTable 3,3,3,3, Fig.Fig.Fig.Fig. 9999 (a-2)).(a-2)).(a-2)).(a-2)). However,However,However,However, thethethethe increaseincreaseincreaseincrease atatatat GuangzhouGuangzhouGuangzhouGuangzhou andandandand XinkenXinkenXinkenXinken sitesitesitesite isisisis negligiblenegligiblenegligiblenegligible

asasasas shownshownshownshown inininin Fig.Fig.Fig.Fig. 4.4.4.4. PleasePleasePleasePlease alsoalsoalsoalso seeseeseesee thethethethe responseresponseresponseresponse belowbelowbelowbelow onononon "Contradiction"Contradiction"Contradiction"Contradiction ofofofof resultsresultsresultsresults forforforfor Fig.Fig.Fig.Fig. 4444

andandandand Fig.Fig.Fig.Fig. 9999 (a-2)"(a-2)"(a-2)"(a-2)" andandandand thethethethe responseresponseresponseresponse onononon "General"General"General"General commentcommentcommentcomment 3)3)3)3) unrealisticunrealisticunrealisticunrealistic modelmodelmodelmodel results".results".results".results".



Page 15092, second and third paragraph: The numbers of the modelled HONO concentrations

(2 ppb, <500 ppt and 800 ppt) are significantly different compared to those shown in Fig. 4 (ca.

1.3 ppb, <50 ppt, <100 ppt). Any reason?

Response:Response:Response:Response:

TheTheTheThe numbersnumbersnumbersnumbers ofofofof thethethethe modelledmodelledmodelledmodelled HONOHONOHONOHONO concentrationsconcentrationsconcentrationsconcentrations areareareare thethethethe estimatedestimatedestimatedestimated valuevaluevaluevalue directlydirectlydirectlydirectly readreadreadread

fromfromfromfrom thethethethe Fig.Fig.Fig.Fig. 5555 ofofofof PagePagePagePage 15112.15112.15112.15112. Moreover,Moreover,Moreover,Moreover, thethethethe FigFigFigFig 5.5.5.5. isisisis notnotnotnot thethethethe averageaverageaverageaverage spatialspatialspatialspatial distributiondistributiondistributiondistribution

ofofofof simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration filedfiledfiledfiled overoveroverover thethethethe 10101010 daysdaysdaysdays simulationsimulationsimulationsimulation window,window,window,window, itititit isisisis justjustjustjust thethethethe

oneoneoneone daydaydayday averageaverageaverageaverage onononon OctoberOctoberOctoberOctober 28,28,28,28, 2004200420042004 withwithwithwith thethethethe maximummaximummaximummaximum ozoneozoneozoneozone enhancementenhancementenhancementenhancement (see(see(see(see Fig.Fig.Fig.Fig. 9999 (a-(a-(a-(a-

2)2)2)2) ofofofof PagePagePagePage 15116).15116).15116).15116). NoticeNoticeNoticeNotice thatthatthatthat thethethethe numbersnumbersnumbersnumbers shownshownshownshown inininin Fig.Fig.Fig.Fig. 4444 atatatat GuangzhouGuangzhouGuangzhouGuangzhou andandandand XinkenXinkenXinkenXinken sitesitesitesite isisisis

thethethethe 10101010 daydaydayday averageaverageaverageaverage valuevaluevaluevalue forforforfor daytimedaytimedaytimedaytime andandandand nighttime,nighttime,nighttime,nighttime, thethethethe "significantly"significantly"significantly"significantly differentdifferentdifferentdifferent numbers"numbers"numbers"numbers"

cancancancan bebebebe explain.explain.explain.explain. ItItItIt cancancancan bebebebe seenseenseenseen that,that,that,that, atatatat thatthatthatthat day,day,day,day, thethethethe daytimedaytimedaytimedaytime averageaverageaverageaverage HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration

overoveroverover GuangzhouGuangzhouGuangzhouGuangzhou areaareaareaarea forforforfor simulationsimulationsimulationsimulation casecasecasecase CB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SPCB05+EM+HT+SP isisisis aroundaroundaroundaround 3333 ppbppbppbppb VVVV whilewhilewhilewhile thethethethe

predictedpredictedpredictedpredicted nighttimenighttimenighttimenighttime valuevaluevaluevalue isisisis aboutaboutaboutabout 5555 ppbppbppbppb V.,V.,V.,V., whichwhichwhichwhich isisisis singficantsingficantsingficantsingficant largerlargerlargerlarger thethethethe 10101010 daysdaysdaysdays averageaverageaverageaverage

daytimedaytimedaytimedaytime HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration atatatat GuangzhouGuangzhouGuangzhouGuangzhou (around(around(around(around 1.31.31.31.3 ppbppbppbppb V).V).V).V).

InInInIn casecasecasecase ofofofof confusion,confusion,confusion,confusion, oneoneoneone sentencesentencesentencesentence isisisis addedaddedaddedadded inininin linelinelineline 11111111 afterafterafterafter "..."..."..."... areareareare presentedpresentedpresentedpresented inininin Fig.Fig.Fig.Fig. 5555

separately":separately":separately":separately":

TheTheTheThe HONOHONOHONOHONO feildsfeildsfeildsfeilds forforforfor differentdifferentdifferentdifferent casescasescasescases inininin Fig.Fig.Fig.Fig. 5555 areareareare thethethethe dailydailydailydaily averageaverageaverageaverage ofofofof OctoberOctoberOctoberOctober 28282828 withwithwithwith thethethethe

maximummaximummaximummaximum ozoneozoneozoneozone enhancementenhancementenhancementenhancement duringduringduringduring thethethethe simulationsimulationsimulationsimulation period.period.period.period.

Page 15094, lines 17-19: While the surface reactivity (uptake coefficient) of NO2 may be lower

than that of HONO the overall deposition velocity (convective, molecular and surface residence)

to be used in a model will not differ very much in the 17 m layer and should be mainly limited

by the transport to the surface (both have gamma values higher than 10ˆ-6 on the ground. Thus,

the deposition velocity of NO2 is most probably too low in the model (see above, difference in

the two model approaches).



Response:Response:Response:Response:

TheTheTheThe lowlowlowlow depositiondepositiondepositiondeposition velocityvelocityvelocityvelocity ofofofof NONONONO2222 maymaymaymay causecausecausecause thethethethe surfacesurfacesurfacesurface HONOHONOHONOHONO underestimation.underestimation.underestimation.underestimation. TheTheTheThe

differencedifferencedifferencedifference withwithwithwith simulationsimulationsimulationsimulation casecasecasecase 'CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP''CB05+EM+HT+SP' andandandand 'HONO_DV''HONO_DV''HONO_DV''HONO_DV' bybybyby replaceingreplaceingreplaceingreplaceing thethethethe

depositiondepositiondepositiondeposition velocityvelocityvelocityvelocity ofofofof HONOHONOHONOHONO totototo NONONONO2222 stillstillstillstill cancancancan notnotnotnot solvesolvesolvesolve thethethethe HONOHONOHONOHONO underestimationunderestimationunderestimationunderestimation

problemproblemproblemproblem (see(see(see(see Fig.Fig.Fig.Fig. 8).8).8).8). IndeedIndeedIndeedIndeed asasasas thethethethe refereesrefereesrefereesreferees pointedpointedpointedpointed out,out,out,out, thethethethe smallsmallsmallsmall layerlayerlayerlayer heightheightheightheight forforforfor thethethethe firstfirstfirstfirst

layerlayerlayerlayer maymaymaymay willwillwillwill smoothsmoothsmoothsmooth thethethethe differencedifferencedifferencedifference forforforfor thethethethe uptakeuptakeuptakeuptake coefficientcoefficientcoefficientcoefficient betweenbetweenbetweenbetween NONONONO2222andandandand HONO.HONO.HONO.HONO.

Page 15096, line 2: Caused by the VOC limited conditions, additional HONO/OH sources

should lead to increasing O3 levels, which are observed here (up to 6 ppb). However, the results

of Fig. 9a2 are in contradiction with those shown in Fig. 4? In addition, caused by the significant

OH initiation by the additional HONO sources (5x10ˆ7 cmˆ-3 sˆ-1, see above), I would expect

much stronger increase.

Response:Response:Response:Response:

Fig.Fig.Fig.Fig. 4444 (b)(b)(b)(b) andandandand Fig.Fig.Fig.Fig. 9999 (a-2)(a-2)(a-2)(a-2) bothbothbothboth displaydisplaydisplaydisplay thethethethe ozoneozoneozoneozone enhancementenhancementenhancementenhancement bybybyby consideringconsideringconsideringconsidering thethethethe HONOHONOHONOHONO

formationformationformationformation sourcesourcesourcesource bybybyby directdirectdirectdirect emission,emission,emission,emission, heteregenousheteregenousheteregenousheteregenous reactionreactionreactionreaction andandandand surfacesurfacesurfacesurface photolysis,photolysis,photolysis,photolysis, butbutbutbut

fromfromfromfrom differentdifferentdifferentdifferent angle.angle.angle.angle. InInInIn Fig.Fig.Fig.Fig. 4444 (b),(b),(b),(b), predictedpredictedpredictedpredicted ozoneozoneozoneozone concentrationconcentrationconcentrationconcentration time-serisetime-serisetime-serisetime-serise atatatat GuangzhouGuangzhouGuangzhouGuangzhou

sitesitesitesite andandandand XinkenXinkenXinkenXinken SiteSiteSiteSite areareareare pin-pointedpin-pointedpin-pointedpin-pointed andandandand averagedaveragedaveragedaveraged duringduringduringduring thethethethe wholewholewholewhole simulationsimulationsimulationsimulation windowwindowwindowwindow (10(10(10(10

days)days)days)days) withwithwithwith daytimedaytimedaytimedaytime andandandand nighttimenighttimenighttimenighttime separately.separately.separately.separately. ItItItIt isisisis aaaa point-by-pointpoint-by-pointpoint-by-pointpoint-by-point comparisoncomparisoncomparisoncomparison withwithwithwith meanmeanmeanmean

value.value.value.value. Differently,Differently,Differently,Differently, inininin Fig.Fig.Fig.Fig. 9999 (a-2),(a-2),(a-2),(a-2), thethethethe spatialspatialspatialspatial distributiondistributiondistributiondistribution ofofofof maximummaximummaximummaximum ozoneozoneozoneozone enhancementenhancementenhancementenhancement

atatatat singlesinglesinglesingle daydaydayday (i.e.(i.e.(i.e.(i.e. OnOnOnOn 28282828 OctoberOctoberOctoberOctober 2004200420042004 associateassociateassociateassociate withwithwithwith thethethethe northeasterlynortheasterlynortheasterlynortheasterly moderatemoderatemoderatemoderate synopticsynopticsynopticsynoptic

windwindwindwind andandandand relativelyrelativelyrelativelyrelatively steadysteadysteadysteady atmosphere)atmosphere)atmosphere)atmosphere) isisisis presented.presented.presented.presented. ItItItIt isisisis aaaa snapshotsnapshotsnapshotsnapshot plot.plot.plot.plot. TheTheTheThe purposepurposepurposepurpose ofofofof

Fig.Fig.Fig.Fig. 4444 (b)(b)(b)(b) isisisis totototo comparedcomparedcomparedcompared thethethethe AVERAGEAVERAGEAVERAGEAVERAGE impactimpactimpactimpact ofofofof HONOHONOHONOHONO chemistrychemistrychemistrychemistry onononon ozoneozoneozoneozone

enhancementenhancementenhancementenhancement ONLYONLYONLYONLY atatatat GuangzhouGuangzhouGuangzhouGuangzhou andandandand XinkenXinkenXinkenXinken sites,sites,sites,sites, wherewherewherewhere thethethethe observationobservationobservationobservation datadatadatadata availableavailableavailableavailable

forforforfor comparison.comparison.comparison.comparison. WhileWhileWhileWhile thethethethe purposepurposepurposepurpose ofofofof Fig.Fig.Fig.Fig. 9999 (a-2)(a-2)(a-2)(a-2) isisisis totototo givegivegivegive moremoremoremore 'big'big'big'big picture'picture'picture'picture' onononon

MAXIMUMMAXIMUMMAXIMUMMAXIMUM ozoneozoneozoneozone enhencementenhencementenhencementenhencement bybybyby consideringconsideringconsideringconsidering HONOHONOHONOHONO chemistry.chemistry.chemistry.chemistry. Hence,Hence,Hence,Hence, theretheretherethere isisisis nononono

contradictioncontradictioncontradictioncontradiction forforforfor thethethethe resultsresultsresultsresults shownshownshownshown inininin Fig.Fig.Fig.Fig. 4444 (b)(b)(b)(b) andandandand Fig.Fig.Fig.Fig. 9999 (a-2).(a-2).(a-2).(a-2). Indeed,Indeed,Indeed,Indeed, causedcausedcausedcaused bybybyby hehehehe VOCVOCVOCVOC

limitedlimitedlimitedlimited conditionsconditionsconditionsconditions (Zhang(Zhang(Zhang(Zhang etetetet al.,al.,al.,al., 2008),2008),2008),2008), additionaladditionaladditionaladditional HONO/OHHONO/OHHONO/OHHONO/OH sourcessourcessourcessources willwillwillwill leadleadleadlead totototo thethethethe



increasingincreasingincreasingincreasing ofofofof O3O3O3O3 levels.levels.levels.levels. However,However,However,However, thethethethe maximummaximummaximummaximum impactimpactimpactimpact locationlocationlocationlocation isisisis neitherneitherneitherneither atatatat thethethethe

GuangzhouGuangzhouGuangzhouGuangzhou nornornornor XinkenXinkenXinkenXinken sitessitessitessites shownshownshownshown inininin Fig.Fig.Fig.Fig. 4444 (b),(b),(b),(b), butbutbutbut normallynormallynormallynormally onononon thethethethe downwinddownwinddownwinddownwind ofofofof

GuangzhouGuangzhouGuangzhouGuangzhou site.site.site.site. EvenEvenEvenEven forforforfor thethethethe singlesinglesinglesingle pointpointpointpoint locationlocationlocationlocation GuangzhouGuangzhouGuangzhouGuangzhou andandandand Xinken,Xinken,Xinken,Xinken, thethethethe averageaverageaverageaverage

simulatedsimulatedsimulatedsimulated ozoneozoneozoneozone bybybyby consideringconsideringconsideringconsidering HONOHONOHONOHONO chemistrychemistrychemistrychemistry dodododo increase,increase,increase,increase, butbutbutbut inininin aaaa veryveryveryvery insignificantinsignificantinsignificantinsignificant

portion.portion.portion.portion. ThatThatThatThat isisisis whywhywhywhy inininin linelinelineline 15-1915-1915-1915-19 ofofofof PagePagePagePage 15091,15091,15091,15091, thethethethe authorsauthorsauthorsauthors summarizedsummarizedsummarizedsummarized thethethethe modelmodelmodelmodel

performanceperformanceperformanceperformance bybybyby "..."..."..."... TheTheTheThe HONOHONOHONOHONO chemistrychemistrychemistrychemistry doesdoesdoesdoes notnotnotnot havehavehavehave obviousobviousobviousobvious improvementimprovementimprovementimprovement onononon thethethethe NONONONO2222

andandandand OOOO3333 modelmodelmodelmodel performenceperformenceperformenceperformence atatatat XKXKXKXK andandandand GZGZGZGZ sitessitessitessites duringduringduringduring thethethethe campaign.campaign.campaign.campaign. InInInIn otherotherotherother placesplacesplacesplaces overoveroverover

PRDPRDPRDPRD region,region,region,region, thethethethe HONOHONOHONOHONO chemistrychemistrychemistrychemistry doesdoesdoesdoes havehavehavehave potentialpotentialpotentialpotential totototo enhanceenhanceenhanceenhance thethethethe simulatedsimulatedsimulatedsimulated O3O3O3O3 peakpeakpeakpeak

valuevaluevaluevalue ..."...."...."....". InInInIn addition,addition,addition,addition, inininin TableTableTableTable 3333 ofofofof PagePagePagePage 15107,15107,15107,15107, thethethethe authorsauthorsauthorsauthors alsoalsoalsoalso highlightedhighlightedhighlightedhighlighted thethethethe

importanceimportanceimportanceimportance ofofofof morningmorningmorningmorning OOOO3333 enhancementenhancementenhancementenhancement bybybyby additionaladditionaladditionaladditional HONO/OHHONO/OHHONO/OHHONO/OH sourcessourcessourcessources comparedcomparedcomparedcompared withwithwithwith

dailydailydailydaily meanmeanmeanmean 8888 hrhrhrhr maximummaximummaximummaximum OOOO3333:::: thethethethe formerformerformerformer enhancementenhancementenhancementenhancement valuevaluevaluevalue isisisis betweenbetweenbetweenbetween 3-93-93-93-9 ppbVppbVppbVppbV whilewhilewhilewhile

thethethethe latterlatterlatterlatter valuevaluevaluevalue isisisis 3-73-73-73-7 ppbV,ppbV,ppbV,ppbV, whichwhichwhichwhich againagainagainagain confirmedconfirmedconfirmedconfirmed thethethethe importantimportantimportantimportant ofofofof HONOHONOHONOHONO sourcesourcesourcesource totototo

providingprovidingprovidingproviding OHOHOHOH radicalradicalradicalradical forforforfor ozoneozoneozoneozone productionproductionproductionproduction especiallyespeciallyespeciallyespecially inininin thethethethe morning.morning.morning.morning.

InInInIn termstermstermsterms ofofofof expectingexpectingexpectingexpecting "stronger"stronger"stronger"stronger ozoneozoneozoneozone increase",increase",increase",increase", pleasepleasepleaseplease referreferreferrefer totototo thethethethe responseresponseresponseresponse forforforfor thethethethe

"General"General"General"General commentcommentcommentcomment 3)3)3)3) UnrealisticUnrealisticUnrealisticUnrealistic modelmodelmodelmodel results".results".results".results".

Page 15108, figure 1: The sites mentioned in Fig. 1 and in the caption have a different spelling

compared to the text: Guang Zhou vs. Guangzhou; Xin Ken vs. Xinken; etc.

Response:Response:Response:Response:

AllAllAllAll thethethethe sitessitessitessites namenamenamename inininin mainlandmainlandmainlandmainland ChineseChineseChineseChinese appearedappearedappearedappeared inininin thisthisthisthis paperpaperpaperpaper areareareare unifiedunifiedunifiedunified inininin thethethethe samesamesamesame

formatformatformatformat bybybyby ““““GuangzhouGuangzhouGuangzhouGuangzhou”””” andandandand ““““XinkenXinkenXinkenXinken””””.... TheTheTheThe sitessitessitessites namenamenamename inininin HongHongHongHong KongKongKongKong appearedappearedappearedappeared inininin thisthisthisthis

paperpaperpaperpaper areareareare unifiedunifiedunifiedunified thethethethe standardstandardstandardstandard spellingspellingspellingspelling bybybyby ““““YuenYuenYuenYuen LongLongLongLong””””,,,, ““““TuseTuseTuseTuse WanWanWanWan””””,,,, andandandand ““““TapTapTapTap MumMumMumMum””””....

SeeSeeSeeSee thethethethe updatedupdatedupdatedupdated FigureFigureFigureFigure 1111 here.here.here.here.



FigFigFigFig 1.1.1.1. TheTheTheThe geographicgeographicgeographicgeographic coveragecoveragecoveragecoverage ofofofof CMAQCMAQCMAQCMAQmodelmodelmodelmodel overlappedoverlappedoverlappedoverlapped withwithwithwith urbanurbanurbanurban densitydensitydensitydensity fractionfractionfractionfraction

(scaled(scaled(scaled(scaled fromfromfromfrom 0%0%0%0% totototo 100%)100%)100%)100%) overoveroverover PearlPearlPearlPearl RiverRiverRiverRiver DeltaDeltaDeltaDelta region,region,region,region, China.China.China.China. ▲▲▲▲ representsrepresentsrepresentsrepresents thethethethe locationslocationslocationslocations

ofofofof urbanurbanurbanurban citiescitiescitiescities overoveroverover thisthisthisthis region,region,region,region, inininin whichwhichwhichwhich thethethethe starstarstarstar sitessitessitessites YuenYuenYuenYuen LongLongLongLong (YL),(YL),(YL),(YL), TsuenTsuenTsuenTsuenWanWanWanWan (TW)(TW)(TW)(TW)

andandandand TapTapTapTapMumMumMumMum (TM)(TM)(TM)(TM) areareareare theretheretherethere ambientambientambientambient airairairair qualityqualityqualityquality monitoringmonitoringmonitoringmonitoring stationsstationsstationsstations inininin HongHongHongHong KongKongKongKong withwithwithwith

hourlyhourlyhourlyhourly continuouscontinuouscontinuouscontinuous observationobservationobservationobservation datadatadatadata forforforfor criteriacriteriacriteriacriteria pollutants.pollutants.pollutants.pollutants.

Page 15110, Fig. 3: Better use two different coloured lines for model and measurements to better

follow the diurnal variations (the symbols look like “noise”, but which is a nice diurnal variation).

In addition, in the caption it should be “blue symbols” (not blue lines) and “red lines” (not

green ...).

Response:Response:Response:Response:

SomeSomeSomeSome periodperiodperiodperiod ofofofof observationobservationobservationobservation datadatadatadata duringduringduringduring OctOctOctOct 2004200420042004 isisisis missing,missing,missing,missing, sosososo thatthatthatthat ifififif thethethethe linelinelineline insteadinsteadinsteadinstead

scatterscatterscatterscatter dotdotdotdot isisisis usedusedusedused totototo plotplotplotplot thethethethe monthlymonthlymonthlymonthly observationobservationobservationobservation variation,variation,variation,variation, somesomesomesome suddensuddensuddensudden jumpjumpjumpjump willwillwillwill appear,appear,appear,appear,

whichwhichwhichwhich makesmakesmakesmakes thethethethe figurefigurefigurefigure lookslookslookslooks weird.weird.weird.weird.



TheTheTheThe captioncaptioncaptioncaption ofofofof thethethethe figurefigurefigurefigure isisisis changechangechangechange totototo ““““Fig.Fig.Fig.Fig. 3.3.3.3. ComparisonComparisonComparisonComparison ofofofof modeledmodeledmodeledmodeled andandandand observedobservedobservedobserved (a)(a)(a)(a)

NOx,NOx,NOx,NOx, (b)(b)(b)(b) SOSOSOSO2222,,,, (c)(c)(c)(c) OOOO3333,,,, (d)(d)(d)(d) PMPMPMPM10101010,,,, (e)(e)(e)(e) aerosolaerosolaerosolaerosol sulfate,sulfate,sulfate,sulfate, andandandand (f)(f)(f)(f) aerosolaerosolaerosolaerosol nitratenitratenitratenitrate concentrationconcentrationconcentrationconcentration atatatat

YuenYuenYuenYuen LongLongLongLong (YL)(YL)(YL)(YL) stationstationstationstation inininin OctoberOctoberOctoberOctober 2004.2004.2004.2004. (The(The(The(The blueblueblueblue dotsdotsdotsdots areareareare thethethethe EPDEPDEPDEPD observation,observation,observation,observation, whilewhilewhilewhile thethethethe

redredredred lineslineslineslines areareareare thethethethe CMAQCMAQCMAQCMAQmodelmodelmodelmodel results)results)results)results) ””””

Page 15111, Fig. 4: The hatching of the bars for “CB05+EM” for Guangzhou is different

compared to the legend and to that for Xinken.

Response:Response:Response:Response:

Re-plottedRe-plottedRe-plottedRe-plotted thethethethe Fig.Fig.Fig.Fig. 4444 totototo makemakemakemake suresuresuresure thethethethe hatchinghatchinghatchinghatching ofofofof barsbarsbarsbars forforforfor differentdifferentdifferentdifferent simulationsimulationsimulationsimulation casescasescasescases atatatat

XinkenXinkenXinkenXinken andandandand GuangzhouGuangzhouGuangzhouGuangzhou sitesitesitesite areareareare thethethethe same.same.same.same. SeeSeeSeeSee thethethethe newnewnewnew Fig.Fig.Fig.Fig. 4444 below.below.below.below.



Fig.Fig.Fig.Fig. 4.4.4.4. ModelModelModelModel validationsvalidationsvalidationsvalidations afterafterafterafter incorporationincorporationincorporationincorporation ofofofof differentdifferentdifferentdifferent HONOHONOHONOHONO chemistrychemistrychemistrychemistry atatatat XinkenXinkenXinkenXinken (XK)(XK)(XK)(XK)

andandandand GuangzhouGuangzhouGuangzhouGuangzhou (GZ)(GZ)(GZ)(GZ) sitesitesitesite forforforfor (a)(a)(a)(a) NONONONO2222,,,, (b)(b)(b)(b) OOOO3333 andandandand (c)(c)(c)(c) HONOHONOHONOHONO simulation.simulation.simulation.simulation.

Page 15112, Fig. 5: The quality of the figures should be improved. Even when zoomed in, the

names in the figures (e.g. Guang Zhou) are nearly not visible.

Response:Response:Response:Response:



Re-plottedRe-plottedRe-plottedRe-plotted thethethethe Fig.Fig.Fig.Fig. 5,5,5,5, especiallyespeciallyespeciallyespecially totototo makemakemakemake suresuresuresure thethethethe namesnamesnamesnames inininin thethethethe figuresfiguresfiguresfigures isisisis visible.visible.visible.visible. UnifiedUnifiedUnifiedUnified thethethethe

namenamenamename spellingspellingspellingspelling forforforfor mainlandmainlandmainlandmainland ChinaChinaChinaChina observationobservationobservationobservation site,site,site,site, i.e.i.e.i.e.i.e. GuangzhouGuangzhouGuangzhouGuangzhou andandandand Xinken.Xinken.Xinken.Xinken. SeeSeeSeeSee thethethethe

newnewnewnew Fig.Fig.Fig.Fig. 5555 below.below.below.below.

Fig.Fig.Fig.Fig. 5.5.5.5. SpatialSpatialSpatialSpatial distributiondistributiondistributiondistribution ofofofof simulatedsimulatedsimulatedsimulated HONOHONOHONOHONO throughthroughthroughthrough homogeneoushomogeneoushomogeneoushomogeneous reactions,reactions,reactions,reactions, directdirectdirectdirect

emission,emission,emission,emission, heterogeneousheterogeneousheterogeneousheterogeneous reaction,reaction,reaction,reaction, andandandand surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis formationformationformationformation pathwaypathwaypathwaypathway atatatat daytimedaytimedaytimedaytime (a-(a-(a-(a-

d)d)d)d) andandandand nighttimenighttimenighttimenighttime (e-h).(e-h).(e-h).(e-h).

Page 15114, Fig. 7: The diurnal variation of the contribution of HONO emissions in Xinken is

unclear. Are there zero HONO emissions during daytime and no rush hour peak in the model?

Response:Response:Response:Response:

DirectDirectDirectDirect HONOHONOHONOHONO emissionemissionemissionemission overoveroverover PRDPRDPRDPRD regionregionregionregion isisisis estimatedestimatedestimatedestimated fromfromfromfrom on-roadon-roadon-roadon-road andandandand off-roadoff-roadoff-roadoff-road vehiclevehiclevehiclevehicle

sourcessourcessourcessources asasasas aaaa fractionfractionfractionfraction ofofofof NOxNOxNOxNOx vehiclevehiclevehiclevehicle emission,emission,emission,emission, hencehencehencehence thethethethe emissionemissionemissionemission raterateraterate ofofofof HONOHONOHONOHONO atatatat certaincertaincertaincertain

locationlocationlocationlocation isisisis proportionalproportionalproportionalproportional withwithwithwith thethethethe vehiclevehiclevehiclevehicle milesmilesmilesmiles traveledtraveledtraveledtraveled amount.amount.amount.amount. XinkenXinkenXinkenXinken isisisis chosenchosenchosenchosen asasasas aaaa ruralruralruralrural

sitesitesitesite (also(also(also(also seeseeseesee Fig.1Fig.1Fig.1Fig.1 inininin PagePagePagePage 15108,15108,15108,15108, thethethethe urbanurbanurbanurban densitydensitydensitydensity fractionfractionfractionfraction isisisis nearlynearlynearlynearly 0%0%0%0% andandandand Fig.Fig.Fig.Fig. 5555 inininin PagePagePagePage

15112151121511215112 forforforfor thethethethe locationlocationlocationlocation ofofofof Xinken)Xinken)Xinken)Xinken) bybybyby comparisoncomparisoncomparisoncomparison withwithwithwith thethethethe conditionconditionconditioncondition inininin urbanurbanurbanurban sitesitesitesite

Guangzhou.Guangzhou.Guangzhou.Guangzhou. FromFromFromFrom FigFigFigFig 2.2.2.2. (a)(a)(a)(a) inininin PagePagePagePage 15109,15109,15109,15109, itititit cancancancan bebebebe alsoalsoalsoalso demonstratedemonstratedemonstratedemonstrate thatthatthatthat thethethethe averageaverageaverageaverage

dailydailydailydaily HONOHONOHONOHONO emissionemissionemissionemission raterateraterate atatatat XinkenXinkenXinkenXinken sitesitesitesite isisisis trivialtrivialtrivialtrivial comparedcomparedcomparedcompared withwithwithwith thethethethe GuangzhouGuangzhouGuangzhouGuangzhou sitesitesitesite



(noticed(noticed(noticed(noticed thatthatthatthat thethethethe FigFigFigFig 2.2.2.2. (b)(b)(b)(b) justjustjustjust givegivegivegive thethethethe 'typical''typical''typical''typical' HONOHONOHONOHONO emissionemissionemissionemission diurnaldiurnaldiurnaldiurnal profile,profile,profile,profile, whichwhichwhichwhich

maymaymaymay excludeexcludeexcludeexclude thethethethe conditionconditionconditioncondition inininin Xinken).Xinken).Xinken).Xinken). Hence,Hence,Hence,Hence, nononono rushrushrushrush hourhourhourhour peakpeakpeakpeak forforforfor HONOHONOHONOHONO emissionemissionemissionemission isisisis

expectedexpectedexpectedexpected aroundaroundaroundaround XinkenXinkenXinkenXinken sitesitesitesite andandandand thethethethe contributioncontributioncontributioncontribution ofofofof HONOHONOHONOHONO emissionemissionemissionemission totototo predictedpredictedpredictedpredicted HONOHONOHONOHONO

isisisis negligiblenegligiblenegligiblenegligible inininin XinkenXinkenXinkenXinken duringduringduringduring daytimedaytimedaytimedaytime afternoonafternoonafternoonafternoon (i.e.(i.e.(i.e.(i.e. 12:00-16:0012:00-16:0012:00-16:0012:00-16:00 LST).LST).LST).LST). PleasePleasePleasePlease alsoalsoalsoalso noticenoticenoticenotice

thatthatthatthat duringduringduringduring thethethethe daytime,daytime,daytime,daytime, thethethethe contributioncontributioncontributioncontribution ofofofof surfacesurfacesurfacesurface photolysisphotolysisphotolysisphotolysis pathwaypathwaypathwaypathway totototo predictedpredictedpredictedpredicted

HONOHONOHONOHONO concentrationconcentrationconcentrationconcentration isisisis dominatedominatedominatedominate withwithwithwith thethethethe weightingweightingweightingweighting aroundaroundaroundaround 55%~67%.55%~67%.55%~67%.55%~67%.

Page 15116, Fig. 9: In the captions for (e) it should be “aerosol ammonia” and not “daily mean

organic matter”, see Figure. In addition, explanation for figures a-1 and b-1 are missing.

Response:Response:Response:Response:

TheTheTheThe captioncaptioncaptioncaption ofofofof Fig.Fig.Fig.Fig. 9999 isisisis changedchangedchangedchanged totototo ““““SpatialSpatialSpatialSpatial distributiondistributiondistributiondistribution ofofofof thethethethe maximummaximummaximummaximum enhancementenhancementenhancementenhancement duedueduedue

totototo HONOHONOHONOHONO chemistrychemistrychemistrychemistry duringduringduringduring thethethethe entireentireentireentire simulationsimulationsimulationsimulation periodperiodperiodperiod forforforfor (a)*(a)*(a)*(a)* dailydailydailydaily 8h8h8h8h maximummaximummaximummaximum ozone,ozone,ozone,ozone,

(b)*(b)*(b)*(b)* dailydailydailydaily meanmeanmeanmean PMPMPMPM2.52.52.52.5,,,, (c)(c)(c)(c) dailydailydailydaily sulfate,sulfate,sulfate,sulfate, (d)(d)(d)(d) dailydailydailydaily meanmeanmeanmean nitrate,nitrate,nitrate,nitrate, (e)(e)(e)(e) dailydailydailydaily meanmeanmeanmean aerosolaerosolaerosolaerosol

ammonia,ammonia,ammonia,ammonia, andandandand (f)(f)(f)(f) dailydailydailydaily meanmeanmeanmean SOA.SOA.SOA.SOA.

*(a-1)*(a-1)*(a-1)*(a-1) andandandand (b-1)(b-1)(b-1)(b-1) isisisis thethethethe spatialspatialspatialspatial distributiondistributiondistributiondistribution ofofofof basebasebasebase casecasecasecase simulationsimulationsimulationsimulation CB05CB05CB05CB05 whilewhilewhilewhile (a-2)(a-2)(a-2)(a-2) andandandand (b-2)(b-2)(b-2)(b-2)

isisisis thethethethe spatialspatialspatialspatial distributiondistributiondistributiondistribution ofofofof differencedifferencedifferencedifference betweenbetweenbetweenbetween simulationsimulationsimulationsimulation casecasecasecaseHONO_S/VHONO_S/VHONO_S/VHONO_S/V andandandand CB05CB05CB05CB05 (see(see(see(see

TableTableTableTable 1).1).1).1).””””

Some Typos (but not carefully checked):

Page 15077, line 17 and Page 15078, line 9, page 15079, line 3: Should be “Kleffmann”

Response:Response:Response:Response:

ChChChChangedangedangedanged thethethethe wrongwrongwrongwrong spellingspellingspellingspelling ofofofof ““““KelffmannKelffmannKelffmannKelffmann”””” totototo ““““KleffmannKleffmannKleffmannKleffmann””””.... ThanksThanksThanksThanks forforforfor thethethethe correction.correction.correction.correction.

Page 15081, line12: Should be “Ammann”

Response:Response:Response:Response:

Changed.Changed.Changed.Changed. ThanksThanksThanksThanks forforforfor thethethethe correction.correction.correction.correction.
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Alicke et al. 2002: Impact of Nitrous Acid Photolysis…

Alicke et al. 2003: Pätz, H.-W., Schäfer

Ammann et al.: Rössler, Gäggler,: : :

Please check all reference again (I stopped here...).

Response:Response:Response:Response:

Changed.Changed.Changed.Changed. TheTheTheThe authorsauthorsauthorsauthors willwillwillwill gogogogo throughthroughthroughthrough allallallall thethethethe namenamenamename spellingspellingspellingspelling ofofofof thethethethe citationcitationcitationcitation inininin thisthisthisthis paperpaperpaperpaper andandandand

makemakemakemake suresuresuresure thethethethe allallallall ofofofof thethethethe EuropeanEuropeanEuropeanEuropean namenamenamename appearedappearedappearedappeared inininin referencesreferencesreferencesreferences willwillwillwill followfollowfollowfollow thethethethe originaloriginaloriginaloriginal

publicationpublicationpublicationpublication format.format.format.format. ThanksThanksThanksThanks forforforfor thethethethe correction.correction.correction.correction.


