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A)Section 2-132: Lthe $Ppe&ctra measured with
of x®5Avoid the strong i mpact of stratos
i mpact <clearly.

ReThanks cfoonnmételtidsescri be the i mpacts in Su
Suppl anmBerctt i MM e®1 SZA is over 75A, the scat
the | ower stratospheratiame, uDPAS mMeadaPOS @I
are very sensitive to stratospherfiaceabsol

absorbers is relatively | ower. I n ot her
conshldgrao the measurements, especially
early morning and | ate evening. I n this s

absorbers cl ose t o t he ground sur face,
measurements owith SZA > 75A.

(2)Section B12Zt héiokodds have | arge i mpacts
describe this procedure and put it into t
ReThanks cdomméeieti save added the foll owing
Suppl emarnteariyal s .

Suppl ement afly Slketi @adi &2t ve transfer calc

trace gas profile retrieval, the |l ayers w
and c¢cloud i mpacts were not consitdher ed 1 n
presence of cloud woul d result i n i nhom
radiation transport conditions, whi ch mi
resul ts. Therefore, we needed to filter
densitbDe}) bDS€creening out cloudy scenes
profile retrieval (Chan et al ., 2019) . S
collisiomisomglaex yOconsi@R3IECDs tared r(ert ali aetv

intensitireys somadtthlty wiat h ti me, or with ¢t
Any rapidsbe@bgeamc Ontensities suggests
radi ative transport cortdihtei opnr,e swehnicceh oifs c



Thus, t o f i ldt ebry dianthao mongfelnueeonucse and/ or r ap

transport conditions, we applied a | ocal
(LOWESS) (Cleveland, 1981) wi ubS@Ds3s egr es s
and intensity time s.erDeatsa awi teha csah aerl pe vcah &
DSCDs and intensities were filsD&EC®d out .
and intensities were adopted for the subs:s
this cloudy scenes removiisngnatl gaolrlid htno i di

bet ween continuous and homogeneous <c¢l oud

the c¢cloud does not alter for a | ong ti me
homogeneous for all viewing directions.
0

B)Section WBRAS5AMt edre 16 :-O0t, i n hitei din gddi r mass
froMOtt®OGO t oward the surface at SJZ, with
0. 5%(Fn3)gdvhi ch shift do you want to emphas
by th-exthimgdti coomr aihre mahs & t of air mass?
sentence.

ReThank you foAst Bh®wonoi ne ¢t igons3ur ftahcee f ac
AEC gradual | ylefxtceere dlead: MQ Sierkdmni matt é d nt matr |
had a tendency of mAvcogditogartadst hded@tiom

transport |l ayer (MTL) i n Section 2.5, MT
and wind speed i n Wehevamdr rtes panmpchiansg zlea yt ehr
higeRkRtinctiiomt@aigueédsan increase in AEC in
eventcwmalgigleTt dr op f-AO0M0O3 M0t owarWks htalvee sur f
foll owed the suggestion and reorganized t
iln the | ate afternoon, aerosols gradual/l

triggered a vari ati oAf tiear t hee: @0 ,sAtHIGI é ud h iofn
air mass caused the trabh@@EA)yttodlumeseaset
1.1 and:.mlkfsprkmhe CAMS and S6Z stations, r

4Fig. Why is the data missing 2t2,NQo&rld® XH
ReThank yocuo mme nTthhiss Fi gure was comparison r
and clean days. According to Fig. S9, we k.
both sound on c¢clean days (March 6 and 22).
resahtdusty dayeiivposcsisi bb)e mar us to cal cul
asS=([PlHEusltean)/ [ P]cl ean.

Wehacvédecked the data of thelse nwwmbset adfi omest
HCH@Profiles was very few (tomd yf illOt)er iamgl sotn
(DOF>1, relative error<0.5). For XH statio
all of them were filtered according to our



Techni cal comment s:

Line @A@&, wind speedoirt htelas t s @b rdehwa snt@n ( WS)

speed (WS) i-montheceassmtutdhiwreesdct i on
Line-19¥#lue to the | arge discrepancy in thei

various pollutants were boundUtddue atvee tdh & f e

| arge discrepanay dnsthebwtion of wvarious
bound to have diffebdent varying characteri:

Line @i, ba ssievhia $ijmd r a ¥ dgii oinmd idon a |

Line 264, addVisaadie 6bmbewéengi c ofedtshit® dent ¢
reconsi dered.

Li ne ®c0c2:rding to the selection standards d
confirmed that Ma dxmd 46t gvaesd ans edlu 9 thny tdchey f o
paragraphs. However, I n Supppslte md motr mSen@atp.p ed
is defdwunmetdPdbh@dyase use the unified definitio
the supplementary materi al s.

Li ned&@3wo0,stations assigned to tbe ddvaa k gr ou

stations assi gnbeX) taor et heo cdaétrekd gornoutphe( ri ght
Li ne #4ddr pertimast:, weRBD t o NCP, tramsfor mat

Ud&our perti-dast -tVOE®MD, Transf or martRidbdfm, and N

keep in accordance with captions in Fig 12
Fig. 11:ortnady ydgamreedi fs di fferent from that of
take the unified date format.

Fig.-1s&aaurface, 500 m, 8®O murflaoe, msaad &60

and 1&00 m
ReThank yese fooWwmdhwse foll owed these sugge
these mistakes accordingly.
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Thank you for your careful review and const
guite valuable tomassuwsambepttel p | mprove our

Potrtnptoi nt responses

Weappreciate the reviewers for their valuab

very helpful for the i mprovement of the mal
carefully accorodommenhbst hderkbeavewaddr essed
C o mme nat sp-ooigmoti nt basi s as below fordconsider
comments bt ac@intded hien rbelsupeconses are in

Gene€Cmmment s :

|l will address the authors directly in thi:
pronoun "cyoou"e s(paomdd,i ngly the possessive pro
writing "the authors".

Il am still not convi ncerdeviaesw,altrheaatd yt hnee nsttiac
make, are really supported by the theaet a. I n
di fferent occasions where | ei ther di sagr
confirmed by the data. You should have man:
if you made the best choice of data to shc
p h emeon a” . |l suggest to screen your data aga

more continuous (less missing data) and pos
seems to very fit to discriminate between

data used to show your point (2) is convinc
me .
Re: Thank you for this comment. According

key problems to causeiansunderstanding and
For Section 3arle maeny | npgle ctunleartei ve ar gument
confusing and | ess convinciofBigWw8 hadeFsgp
into two parts, reducing the frequency of
some extent . Toornea kuen dSeercsttiaonnd a3b.lle mand empha
we have deleted many speculative concl usi c
aerosol transport among stations). The mai
varying char actaeriosstgilc,cand HMAQ. fWe have ch
structure of Section 3.1 and added some dei

the MTL more prominent in this section.

For Section 3.2, we f eel t hat we paid mucl
vertical profile shapes among different st
vertical profil e shapespecaokuladn db eG acul sassi sai nf i sel
cd ean days. However, as you said, some |itt

Gaus-shaped vertical profile wi-phakighape,y f



could be caused by other factors (e. g., e
pbl ut ant vertical di stribution itself. | n:
summari ze the varying features oft heertica
mo v e me n t-a lotfi thu Byde vpi ecauvkss vse duidoyatt el €itrh altay er s

of-50 m contribute most to trace gas profil e
1-5.5 km responded most sharply to perturba
al ., 2019). The trace gas profile below 1
Mooeer, the increase at AEC tends to intri:q
0500 m | ayers. Howewsi dewewhfintardad i tl hoae tthreac e
concentration always accompany a sharp 1inc
Terefore, we think the peaks of trace gas
concentration increase itself instead of i
For Section 3.3, we have modified the win

including eoawanktii algneé € améc cdexrc@in g mwtghe ar
wind speeds

After these revisions, we believe that the
more convincing.

| positively note that you i mprovkeddonnsom
the the section bel ow, |l would Ii ke to mot.i

references.

ReThank you foWetihmpgr cwenmewnt .ref erences acc
comment s.

Il find it hard to remembadri oanlsl bteH e ngt & toi amt
This, combined with the fact that the stat

well wvisible, |l suggest thatodegdu bymaKe egqgi ba
the main text (essmeantni alelxyt, amodv ei nMiparbd vee 1t hte
bit). Regarding the station abbreviations:
abbreviations is yours, | recommend to char
you can do. Si mil| arhley,abibfr ewowtcowml dCAMSEo0 ifd
stations, that would be something to consi
use #Hetwer abbreviation for stations and a
way, the text i mmedieat dloy rlkeacddomes a bit ea

Re Thank you fWer htalvies t{ococodendegctdledror e, but we
by editolreréetdatexitni tshaeaomanmalatdawi¢gpto.n, many

are assigned to the overlapglidficwbireogi dbes
codeifit elgpggFoor exampl e, all the stations bel on
NC, WD, SJZ, and XH), are also |l ocated in t
at the overlap of the NCP and YRD.

For abbreviations, they are fixed, and it i
easi er makareemedw. bt @&e manuscript, which [
acronyms, and exactonlsmc atdido n $ ooofn sdt & lraet @ tends ¢
containing a certain region, we add some st

Secti déinn 3t kg JJJ region (including NC, XH,
hi@htituédoe. peaks



Table 1.The names (codedjtitudes and longitudes sfations and their corresponding regions.

Regi on Station (Code) Longi Lat.
(AE) (AN)
NortHhJi-dagni Shijiazhuang (SJZ) 114.6:37.91
Ching(JJJ) Wangdu ( WD) 115.1:38. 17
Pl ai n Nancheng (NC) 116.1:39. 7¢
(NCP) Chinese Academy (116.3:239. 9t
Sciences (CAMS)
Xianghe ( XH) 116. 9¢39. 7¢
Dongying (DY) 118. 9¢37. 7¢
Overl appin¢cHuai bei Nor mal Uni 116.8:33. 9¢
Yangtze Ri Ni ngbo (NB) 121.9(29. 7¢
( YRD)
The di fiiggiuaresofpresented in the main paper
arbitrary. I n many of the descriptions of
di fferent |l ocations in both document s. Th
consumi ngt hteo rfeil mdh ant i nformation. I enco.
di stribution of information in the main art

choice of figures.

ReThank you foAftéi srevimenwinnhg tthlee mainwrsmal p
variation of colgumaughtantspobe pileaxest dd in
becausceompar Fson resu$%$dZ hies panuismpomtdarthag

transported aerosol and NO2, and WD is on
r eogn a | transport, which |l argelynaffffdetasair
transporWe pmaotvhenda yt.hi s Fi gure to the main te
In addition, we incorpopatandd gH®HW hi nrtaot eosn ec

( Fi7gT.he mdecmai n di scussiondemonshedi &patct en
of duwsetr oesm!|l anddOHCHO. Thus, the AEC growth
main text instead of in the Supplementary |
| n orrdeettubteo f requency of jumMpgng3dasdr Fpgi o
have changed the struWeufer off yS8fadnlidomwedd 11

introduced the spatiotemporal distribution
we mai nMeyd #ralmdodi scussed the MAId HEH@er oso
You frequently jump in the description of
whi ch makes It di fficult or al most I Mp oS S
description oift htehre sdtartiac,t |l ywouf ond ow a <cert a
station/ region nor an order in the figure:

and very much obscure the points you want
l'ist (or mamberbdttesta of points you want
by one how this statement is supported by
Re: Thank you fdhetdi areommengt specul ati ve
Section 3.1 confusing and |l ess convincing.



Fig. 3 and Fig. 4, whichhemnsfdiye,cawes ehamv s |

maj or revisionWeoff iSlslaoweadnf oBi. d. 3 and I ntr
Sspati otempor al di stribution of dominant po
foll owed Fig.4 and di segusasnedd HOHO.MTMe aonfw ha d
del etaendy specul ative conclugeonaesat(iearg, , aesre

transport aomompleagmarpdnsuyynder st andabl e and
mai n .gFoinmatl 4 vy, combining wiitt he Fa gr. o sSatl, awvred t
from SJZ and HCHO from WD wouldl baggely
sout mwadtheast transport pat hwalyh edumainng t h
paragraphs are | isted as foll ows.

iFi gure 3 presents the temporal vardations
and HCHO during thitdher e€AIMESN aln dt rNe&Cn ssg artti .o n/As
N Q, and HCHO concentrations were consi sten
because of the heavy traffic flow and dens
2016; Li et al., 208é3teBrehandbusrbandakes pa
i dominated by a combination of <coal bur n
re particulate pollution (Wang2and Hao
entration was hrimgihng( ~anld2 Ipaptbe) afnt etrineo o
entration was | owest (~ 6 ppb) near no
i ng rush hour. Compaizslaetvievlesl ywe rteh er eolvaetriz
he WD station, -wheud@BOadicotnrtii hwtoiusn hi
r rrlesdd Gatm Obet ween 11: 00 and 16:00. This
ocated in a farm field with |l ess traff]
e amounts of HCHO aire dourced yarmadai ste
uced by natur al and anthropogenic vol a
g et al., 2016; Wu et al., 2017a).
rthe3essanndét greveal the exact | ayer s
omena occurat FRohre iOAsMSamnscteat i on, the AEC
|l ayers both ‘“taeraocunnedd n-o oOn.,5 nkanki ng it di fficu
in which transport was more obvious. To fu
process of dif iwer eratl cpud [taentdd nthkse dh def i med |
MTL. As shown i nOiFidg.c adt,e sa tphoasti tailMie t ranspo
the somthweredast pathway are from sout hwest
The MTL s ofHCH® o samldsx, NCbi t ed di fferent S
characteristics. Alltth(ddiget)s uAE @ eb atnid rhe mgai
at a relatiwveBY)kmitghCAMSY eddr(i0g (F2g003), ¢t
a |l arge discreparnaspoiDdiawvgers t(HFeigr eé9r The
surf@wasl ~Kimmitasfter 127000, |vahiditd ho fal |
exceeded: nth.s2akan even “tremeshednd 22kOn0. At t
station, the BABCOOMt ayenf anmestdryd rahged fro
especially after 10: 00 (Fig. 3) 40B8®dWever, t
m t hroughout the day, with many transport f
' mi(sFig. 4). At et he {OM@ ss¢at atté mdhed ttho occur
( 41BOM) , wi t h "Owaxxci eneudm rlgmibst 0i6 KM at 15: 00. Th

® S5 S5 <

Z~T — T 0 ®D®O0 0 ”
('DE“‘Q.)U)O""<OO('DU)
(@]

5 D 5SS O —TC ~+~ 33 0O O 0



suggested that aerosol transport occurred
afternoon, aerosoddad tgowaruddad | yheacesumbhate,

variation i n Ohe Aditsetrr i1lb6u:t0iOo,f/ABE@fea isrhi mhas s n
caused the transportli®®@@xesoinntheas ®wkeo *
2 HKimmifsor the CAMS ,amdck sPlZ tsitvaetliyonsSur f ace a

is closely |Iinked to the coll apse of the mi
boundary | ayer (Ding et al ., -a2008;udRannaeeatos
air masses beganrfacei aewdsbl seafter 14:00
3), triggering a variation in the MTL (Fig
vertical mi xing due to the heating of t h

(Castell anos et aD19) 20GéneWwWahby.ettlmd . MTL
si tudadtfB8ddmatduring the dayti me, where vari at
increased vertical mi xXing can influence th:¢
a hvghueseONDequentdl y @b4d0ddet ager. Exeaphedhat

the highest | elveal4ahde0m® 50y eprp baltmlls6: 00 at t h
the ot héQdalhli glhcecsur red below 400 m at any s
indicated t hataGtdl0@. MRseuaroffa,eNe®i NO®i1 on sources
vehicle and factory emissions) mi ght be t
Compared with 2aew®sbobs ndan tuhedNt®B e @ehnded t o

hi gher altitudes. Taki nugndCAMSE asst r@mge s & mp
constantl yl10oedDw2emgf mgma®B: 00 to 13: 00, and av
L During the sameOpaidiyodyvesamgfacBowWa@wHW@mp,b L n
at the CAMS station, the suilnfgbhee HOKHQ ¢ dhmad
t hleO D102 010 | ayer between 8: 00 and -all3t:i0tOu d(eFi g
transport contributed more to overall HCHO
hi ghestO@iCaddDual |y i ncreasedatf (Wbhmi + h§tthe MT2Z
of HCHO ranging from 400 to 1000 "On. At S 1
increasda® toomphbdumlishdgDD: @Wi0Ot h the highest t
fluxes occu&liBOnmlg mMhetsley fatndi ngs i ndicated 1
was maoia2@Q The sharp variation in the MTL
caused by atmospheellcaves tetcadl mi x2 0Dl ; CWasn
shown in Fig. 3, high HCHO concentrations t

of aerosxol 4 podsNBIl e explanation is that t1l
are transported nheoehigtherntayeélC8HOanttr cogh
reactions, resulting in el evatKkudnaHCHQ@ cadnc

2020 Further moalet i tsutdreo n\gi nhdisghwer e more co
transport (Fig. S5), edqipamdifrug tthreang marmte afsl|
HCHOOwas enhanced around noon because the i
the secondary gene-tatmombetr HLtHIOo nsLomav e
secondary HCHO formation t hr oiucgehntV OCasl ep hior

Beijing (Liu et al ., 2020; Zhu et al ., 201
Il n addition, we di scov ®raemb ng witdd i dinsc If op a
pollutants (Fig. ®)decTlasatgei agd haerfmddlow

(3. 02adk My NC (RP1&IMLAY > CAMSL K 2l 4r3s



H > wDI (kOor Z:Y . Foetrr aNMfOspor t ,Owvtahleu easv eatag®J Z
(50769 pbH,, NCIUAHpdH2H, and CAMB pba sl 6

Y were substhaniahbygelhltbppdPHh( 2 Co0hversel vy,
aver@gfe HCHO was the hi@phpe4th,i nwhwOe(a3s. 2t1lh e
values in SJZ, NCIL16tnal.1A MaSn dwlefip. @bl ;17 6

respectivel yrell at itvea mso odt itchnres 'Of esuwlatt s ons
we considered that SJZ was an i mpgoratnadnt so
WD was one of the main HCHO sources during
affected the air qual intoy tdhifeasttiteanaslpondg p
corresponding eOraoiDwkirset rpirbowti idens®.onf Fi gs.

Additional confusion is introduced by rand:
clear whether a statement i s made and refer
section or paragraph, or whetheéerfitrtmatfi@inl o
of the statement, based on the dat a. Since
from giving advice here and instead sugges
use of different tenses.

Re We | et a | anguagel prewd spoini sihsoutt ut anguda

mi st akes.

Mg e 2
3

""Evaluation of Transport Processes over North China Plain
and Yangtze River Delta using MAX-DOAS Observations"

Yuhang Song

Except for paragraphs around Iine 291 and
see a |l ot of support for the statements mad
argumentation,tlbe datydbei hetaaosedoes not su
case, this iIis not good and both the sugges
order of argument s|] as wel |l as the comment
data and some | hckehpgp toal mpreyewt hi s.

The quality and presenting choices of the
choice how to display wind fields is not w
the actual orientation,| ltheDae rtoov telmelssiaz e
speed is also unclear. For thetrlanstpearr,enlt s
color map | ayer. For the former, | suggest
pl aced arrows. Howevaenp,r oavlesme nat, her gf.i gthrod s
or combination of colors and ordering of |



ReWe have i mproved all dteheifliegurceosnmemnd sr dier
Regarding the error anal ysitse:gr¥duwddac ol asvnni
surface error. | note this posit-reeigw. thar
However, neither the quality of that, nor t
how you get to the pereennag¢edeakome ¢gquat
used to calculate those values.

Re Thank you forWet heilsasboomamente.ach error def
formul ae, and esti mat iao3e ante.t hdd dass ifno ltlhewsS.u
iSecti3onEISror cakstul ammatoonand

The smootHyngsemrqua@tification of the erro
resolution of profile retrieval, bﬂ.hich can
represents the fittingoeingrtof thleeubDOASt A
measurements. The errod) oifs thhensgiedeari ed eas s
these two indepefndent, earnrdorc asnoubrecegyant i fi
(FrieCGC et al ., 2006) . tThhreuss,um m ft Isinso o thu dyg,
errors by averaging the error of retrieved

S, =(AK 4)S,(AK 1

(s1)
E_ (Tl 1y-1
E=(K'SiK 87%) (s2)
whe+é&i s the averaging kernel, which is the

true {state; are the covariance matrices of
respeckiisveltyne weighting function matrix (
sendgiyt ioMi t he measurement to perturbations

The algorithm error is t he) dansdc rnmeopdaenl clye do elxS.
("OoﬁH—), which is mainly caused by amn) i mperfe
in Eq. s3.fdrhdtsi em rofr tilse avi ewi ng angl e. Du
this error to each altitude-safr fparceef ivliad ,u etsh ¢
column densities are wusually estimated by
bet weeneashheed and model ed DSCDs at the min
angle (gxcepstpéobtively (Wagner et al ., 200:
cP=(y FxD)'S My F(xb) (¢ x)'S(x x) (s3)

wheioehf i s the fodwampd emenels; the metueorol ogi
i's the measuredt DECDspriori vector that ser

ei s the state vector.

The absorption cross section uncertainty i
the relative errpthetathei otgssranstabadi B
retrievih¢aspmeecal culated in the following

SL=(@ & (sa)

gain:=" KkTsik Si)KTS,
Hy (s5)



=gain § géir (s6)
wherlerepresents the error | mater ime adsain @tmes
t he sensisttiavtietew @cfimarchseuuPemenous study have
that the propagated error to the vertical
original uncertainty in the cross section
original Cross Gduwt i N@G umndr tRECIH®SI eébsur( f i na
resul ts.

Owing to a temperature dependence of trace
account the error related to the temperatul
Cross sections atr sttwoy tceanmhpceurl aattuer etsh e weempflii
Cross sections per Kel vin. Subsequentl vy,
temperature difference (~45K) during the m
error.

As one of i nput parfaneet erest rficerv atlr,a cteh eg aase rpor
plays a cruci al role in retrieving the tra
mass factor ( AMF) . The =errors in the aer

smoothing and npiceraggatreortsg ftclhe trace gas
( VMR) and vertical column density (VCD).

sensitivity study of the trace gas profile
i's demanded. Tnhley sienncsliutdievsi tsyl ingahit |l y i ncrea
extincti@nh ofaytehre by 1% of the total opt.i
di fference between the perturbedr.amdeorigi
partial air column informatsironThe wnomdrati anier
in aerosol profile refgiredilpe¢ eésrdesoteansdlya

trace gas-||j?#ﬂp'”pﬂra)rftmeba((eed by Eq. s7, and th
L ) iIs quantified by Eq. s8:

ag,o\?l(\jllR = DSa,aerosoI DT ( IS 7 )

Taén\)/SCOIID \/g U D ,gerosol DT l'(Dg ( S 8 )

whegies the total column ope|atppppmomr parti e
Il n our study, we just roughly estimated t
propagation of the errors according to the
Eq. s9:

s = (ST T A ST ¢ &S T (+ 5 (s9)

whey e I's the error of trace gas profile ca
» ' - andg rempsent t he err
budgets of aerosol retrieval related to sm

cross section, and temperature dependence



noting that algorithm errorurnces,otancdcddtelpes
s9 can only be considered as a rough genei

retrieval . | f a more realistic error esti|

Sshould be performed for different observat|

Si mirll vy, a gener al estimation of the total

of squares of different error terms, using
— 2 2 2 2

stotal _\/ ( ‘%mooth_ nois) -( % orithl)l (+ §0§$ec ti)n (+ te%perat) ( s 1 O )

S tota :\/( Simooth. nOiSQZ £ % Orith)l2 (t Sossec ti)n2 (+ té'%lpﬂr&t)z ( a-lérosgbz (s11)

0]

Further, for the error analysis, you concer
however you mainly use profiles in your an.
to discuss the reliability of d.heSipmodiy eu:
al so often argue that the data shows that

of certain trace gases, it is important to
possibly incorrect ("toonpeadkied"h)i st rcoomd ega:
frequent underestimation of dSCD errors ant
peak, oscillations).

ReWe have added some discussions in Section
iThe trace gas retrieval eaennosol aretsiingvdl
estimated as the total error budgets of t he
aerosol errors, the errors of trace gases

14% f esrurnfeaacre concentr aasi@$hes Jdgeorrt urhkeattiwong r
gas concentrations at each altitude cause

resulted in a slight change in the profilee
trace gas cofcéntkmatriesshpaornalit ynbtséd pert ur bati o
profile, especially oscillations in the AE
1.5 km shows a |l ow sensitivity to AEC var.

mainly on the concenmmration variation bel o
0

In Section 3.2, we mai nl yaldii $ awuses epde atklse i wna
focusing too much on pgorhe |lei tsthlagpedi. f fTérn esn
di fference besehwped Gauwusscah profile with h
and -ptenaok <sahaep ec,caucsed by ot her factors (e.g.,
instead of pol |l ut dn3i vveenr ttihcaatl tdriascter igbaust icoom
1.5 km exhibits a relativel yal owtedespéakst
all alt kinmewiOt h values mostly much higher ¢t}

are |l ess affeatedsly Paeevtiironpbssiadl icd attheed t hat
AEE€ n | aybe00s mfcdntri bute most to trace gas
concentr @8t iSork msmespo ®eldar ply to perturbatio
m (Friedrichhettradce @a&asd9profile below 1 Kk
AEC variation. Molrcead vt eAE Cdteheen d sn ctr e aisret raitg u e



at trace gas -xbhcmntagersn Haowdver, we f i
growt h-ahti t oghees taoancceent rati on al ways accomj
surface AEC on the dusty day. Therefore, we
are mainly attributed to concentration 1in
retrieval

It wouldo@ad sbobenclude more information ab
(for the wvalid data), to make a comment on
RMS and DO&ndcrti oeshaw at | east an exampl e
Addi tional Irya,cesigmce atnldi sae(rtos ol profiles) i
"final" quantity you use for the interpreta
error analysis (the contribution of the mo
the fl ux).

Re Thank you for th laiveededdt dhhremednetmo nWet r at i ons @
percentage of data filtered out in the mai:
Secti dho 2emssure the validity of the retrie
results with a root mMean3s@dree @RMS)yilnagr d
threshol d, 4 hé& OrHCHQA,t SHONO r@ mai ned at 69. 8
and 73. 1% oespectivel y.

iThe profiles of aerosols and trace gases w
and the retrioevevdsr ¢ laaTgew eettdjaan .ADPUQAL D . 5 U
10.7 %, and 11.6 % of al/l measame mMd@GHO wer
profile retridevals, respectively.

We add an exampl e ionf tahne aSvueprpa geimmegn tkaerryn erMat e
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Fi g.AnS2e.xampl e of averagi-DOQARemeaasuremehnts
HNU station (March 6, 2021 at %4:a&8md L(Tg) f o1
HCHO.

We supplement the transport fl ux error anal



Suppl a&nmercd: Ré@&ar kably, there 1s) acnauesrerdorb yo f

model wuncertainty and an )eratore aocfh plodyl eurt.a nTt
kinds of errors propagate i Otaon® hewhi nal t
can be quantified as foll ows:
F-:E-I_HQ \Q’W+q(

i W p; i

HVY (s12)
. =a( g M) AH G FHW ) (s13)
However, an accurate evalwuation of wind spe
and involves many factorsesgr apultyh amsd i mpudl
( GarBaussda amante et al ., 2008; Carval ho et .‘

comparing simulation and observation rest
relationship between rel ati ve bdsatsiemataendd a
wind speed relative -4e00 ofas 58 Od i, f €B0eONt h e
1200 m: 2105 0%, O9fi:2 QMO0 m:3 030 0%: >1 %) . For poc
concentration errors, we mainly oohsingered
and noise errors), which play a dominant r
Oan®are displayed in Fig. S6 and Fig. S7,
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Somewhat related to this: i1t is also not <c
grids from the retrieval and the model win
smal | paragraph on this. Further | am not
mi xing ratios, I think they shoulau be <cal
actually state you would do), more on this
ReThank you for this comment. We suppl emenit

Suppl ementary materiarSgcds fSoll ows (Suppl e
fiDue to the different height grids from the
design a unified height griddild®uzQ0@We di v
20i800,148006000860018600,112000140200116000

16020000,i320001330M0 We averaged the wind spe
concentrations atw aadh nl dyaegrert da ,r epErs@seernti v

the time resolution of wind simulation is
15 minutes. In order to unify the time res
hour to calculate transport fl ux. Given th
fit the situation of next HbumiHmMet tove m, awe
the hourly vertical profil es. For instance
to represent theovertical profile of 10: 00
Honestly speaking, we had considered wusin
However, conveetirmgg acgdatioonsemprer ature (T
foll ows.
X( pph) = C(my/ nt')s M,('g/ mo)
V_(L/ mol)

Vm:R-T

P
There are | arge differences at temperatur
Unfortunatielhyaveweandyonprofiles of T or P at
uni fied standard at mospheric pressur e or
uncernt &is, since the differences of T and F
But we think that using mixing ratios car
corresponding heights as well. I n additi on

rougdetyer mine the MTL, and wusing other uni



conclusi ons. Ghesef onmass we®nadgiesdhnrati ons her

Regarding mol ecule notation: HCHO: check ] c
HCHO or H2CO and iwdhwd hteo iomt moducge ut he che
writing "Formaldehyde (H2CO)...." at the f|

Ree Thank you for this correction.

fwe retrieved the veNQ i caanld pHGHO>! wiEsi nogf ae
retrieved thefvartriocsall , p N&ftjrlogsed fdoromaldee R
(HCHO) éasing
AéanckcOncend-»r afmdodno® z0one@o(Oednt rati ons

Aé,j ncl udy n®NO@E OG> nHéncluding subf,urcadiboxni de
monoxide (CO), N®@®idrogen dioxide (

Aéand HENOi&nd nitrou® acid (HONO)

Apart from the strange use of time (which

already did), |l do not have many comment s
have are |isted together with the detailed
ReWe | et a | anguage revision institution F

mi st akes.

Det aCét mment s :

I . 27: "..oppositely...also occurred in
something be "oppositely"”™ and "also" at
ReWehave rewritten the sentence here.
AiThe maxi mum transport flux of HCHO appear e
NQtransport fluxes were assumed to be high
being significant sourcerst fppaeddhwagys.egi onal
l .32: "Comparatively"™ to what?

ReWe have given up classifying the four sta
on t he cl|Tahsesrieffiocraet,i otnh.ese sentences are reo

t h
t h

iFor tohevieOSs, dust fafnedr eanetr oesfoflesc thsad Adi t he
(DY) stations, the decr gpahsoetdo |lyisgihst za nndt efnasvio
concentration i ncrease. I n contrast, dus

heterogeneous reactiahwel sreastulthegNamchendg
Xianghe (XH) stations.

|l . 37: What are "practical observations"?
Re: The "practicadd ob#MAXASAtObael v ptoiinns. T
amplifying dbeecmamnciosnmiihraned i n previous st uc
si mul atSioame previ ous studies also provided
haaeplifying mechanism, however, those mea
surface. This meneh @prmiesrm memwo loxedrg i ng at u
surface pollutant distribution informati on
The MAXXAS observations provided more convi
amplifying mechani smi.ngdgl,o weohi@wenipd ealtd 8 editl s



obserwvati ons

Il . 46: "remar-kablcyondantbruitlewst e e mar kabl y"
ReThanks for this comment .asWef chlalvewsorrect e
ifTransport contributes signidicantly to pol

| . 46: Maybe add some references?
ReWe expfiTaiamaeg@onatr kably contributesoto poll
in the follfrwirpgdt sémgpege@ec®e®geneous reactions

2014)0on@0)¥6 Amd rwmlauncyedprse widoes rel ated t o
of transport on som@& nteigtaec ianipe st e fiTehrudsh ¢ ewsei |
we had talked about the relevant papers bel
| . 46: I do not follow the phrase "transpor
tough the production and emission. . ."

Re Thank y ou for this comment . t Ve avhaive C |
mi sunderstanding

it ranspdiracitodéy deteriorates the environme
emi ssion of a | arge tiwmwumbksegrorof cpolrli etsantas ¢
pollutants, directoly deteriorating air qual
| .51/52: What i s tme gdiofnfadrreegm cbenidyle tdwreaenns pca ro
is +egranal transport the same as regional
Re: Ther eéegiosrrsal I's -thgi cmanle tarsanrsgggeronalwhi |
transport has the same meanrienggi tomsn s ggl Ona
(regional transport) referred to the trans
wi thte ts o untohrwtehsetast transport occurring in ttF
good examp-aefdoThle bmaksboundary transport b
a good caseegioofn-acergo(sosnakj transport, which p
bevteen two spWeijfust regednanot her expressio
|l .53: "l ocal contributions was": plural or
ReThank you fomfl achals ccoomrtoreidbfaidadna ncso mbarsi but i ¢
| .55/ 56: "interbacundvartyh Itahyeerp |l (amBli)araynd cr ¢
favorable for direct emission accumul ati on'
ReFor exampl e, tdha&n aefrfoisoilentlaysipmfhlenence t
they are transpor tedc dnmc giiilome ssmlp@ir sPlpressre
PBL height and weakened turbulence, thereby
Il n addition, if some aerosol precursors (n
PBL, it could resul tsoiln pegmiarcde d ns e @aonrdd arry
effects as described above.

Il . 59: "The movement of warm and humid air

the paragraph?

ReLi neS785urther mor e, under certain conditio
cant eirmct with the planetary boundary | aye
favorabl e for direct emi ssion accumul ati or
thereby indirectly amplifying the i mpacts

2016; tPedalajogddez2®L6)we mainly discussed that
affect air qguality by aggravating emitted



secondar yfiAlther matvieone.n t of warm and humi d ai
secondary ateiromsoby f@aggr avating aqueous anit
(Huang etowas$ .an2@&x2xdmpl e that transport pher
formati on.

| . 60: "Hence, ..." what does the "hence" r

humid air masses?

Re: Tthemaoef er to the direct and indirect [

tranBpoatise there are so many possible i mpes
it i s necewmsharys tfaomrd utshred nasiprorpg o ltlhuattamtccur s

clusters by using an appropriate measur eme
| .66: Add "To" before "characterize"

Re Char aotermiazeacberi zing

|l .66: "meni"tmoming'ted"

| .66: "gr®»uhslud eace™?

| .:éddd "to" between "used" and "investigate

ReThank yesgrfeoart tshuVeg ehsatvieonf ol | owed t hese s
corrected these mistakes accordingly.

|l . 71: what is "technological support"™?
ReHerfeechnol ogdpcaoail ntéeudpt pedorl ti t ed Soi bnsceer vsad ti eolnlsi
obser viandlbuokei zont al di stribution ti ncfaonr mlae i
considered an i mportant t ool to chomduct h
convey morplaheadpgpt addpke bi al of result
Aiég to proviale stuepcphonrotl ofgorc hori zoont>al pol I u
iSatellite observations can be used to inve
column densitiedofWwabs)e heg,fd eN@dH @H®@®)o,s 00 s on
scapreovite@gicmg@gol ogi cal support for dorizontal
| . 74: Are those references the best fittini
Re YuMmi moto et al., 2016; 2C8uLepHegatsho @2028b;

2016; Vee2Qlnaydgoet al .,
| . 75 /Th%®: chemical -%*r"ak sphanmi aeolde.l .". "
ReThank you foMWet ipilancooradbobiponpl ural here.

AT hdreani cal transport model can beigsad t o s
i mportant tool for monitoring, forecasting
et al .qg-> ZthES8a ) al transport model s can be

di stribution and they are also important t
at mospheric qualiody (Huang et al ., 2018a).
|l . 77: What are "hypothetical conditions"?

ReiHowever, considerable uncertainties rema
using model Ssimulations, primarily owing

met eorol ogical fi el d@r,elalndetbltala.g,s a2np®3 ;ons 2 |
Xu et al ., 201 ®; Zhang et al ., 2017) .

As we al |l know, there are some basic model



WRF/ Ch e m, MM5/ Chem), waad thhye tumexze tas st mets

be ignored.

For ex@mel le (2e0th 5aln.di cat ed t hat t he | eaf t
assumptiongzzshatusenced. Oln addition, ot her
surface | ayer par ametdartiizoat iaosnssumgprd omsuy n ca
model uncertainty.

| .80: What are "technical met hods" ?

Re Al | met hods wused for monitorifigcanmespher

met ks e. To avoid misunitiechhanddbnygnet wedg
fimoni tori®g met hods

| . 8ybe remove Wang from the reference I|ist
to add Wang here
Re (€ol Il i s, 19660o0vVvBarlroe6t7t; awedrgBfeea! lails.,, 12906260

Barr et t-Daw,d 01Be7 )
| . 92: BOéers lhasd by many many many groups, |
references

Re (King et al ., 2020 H° Honhnggetrt aiMek,ePB@22bh) 2
2004; Wagner et al ., 2004, FrieC et al ., 2
Xhg et al ., 2026; Hong et al ., 2022bhb)

|l .96: What do you mean by "hyperspectral si
ReWe have deleted this desamidptrisacrmantda bhak e

iam maturbageoduhgperspectr al steroeoaftopi c r
mat ur e-bgsredintd e sen®ing net wor k

| .98: "technical support"?

Re iThe data provided by the monitoring net
demands for vertical observations, and the
for anpabVktubhgon souroc-esThasd monan®pomniy ne
successfully meets the actual demands f or
support for analyzing pollutidton sources an
l .101: " .. .i mpadtosnsdm® and between re

Re" .. .impacts on -and. biempaeetns remgimneagi"ons"

|l .104f: | think this belongs to conclusi on:
ReThanks for this question. We have del eted
I . 107: I's it not more the ot hdeart awa yr oantr oNuCnPd
and YRD, you concentrate on transport phen:

Re Tlyaofukbr cohirecti on
irThe analyzed transport phenomena mainly oc
two of the maino-plOairn gsonceigsse di fMmaCmilnya on t h

phenomena in the NCP and YRD,0 two of the m:
Il . 112: This is wuncl ear: Il s the BTH region
Re The JJJ region is, admd ahaldrlewi atthieo nBsT Ho fr
usea other papers. Given that we wused JJJ

descriptions here to avoid some misunder st
| . 113: What charactemicleismathe? continent al |



ReHerwee, wanted t btaldedpghasigze®en was | argely af

Due hteo mtal di ffer encghed edhwerge | afndwiamdl dierae
winter and summer i s very obvious. I n wint e
continent al area,ndbl acwil dg amar tdhreyr; | yi nw s u mme
comes fr omotslsed ya hearn,y wind, humid and warm
Aln addition, the JJJ has oOa> ltiy pacdailticomt itk
has a typical continent ali ndomd @aygrs @&lni manpe r
in the | ocal clomate and environment.

|l .113: "The regional transport of poll utani
refer to a specific one, "The". Which?

Rel n order to better cotnhcel ufdoel |tohwei nagb,o vwee ahnad
the sentence.

"The regional transport of pollutants i1is pi
serious effects' >nihd oBami mi ge garadp hiyc al f e
continent al monsobnrebi matk tndnspbettha
affecting | ocal abr quality in the JJJ reg
Figure 1: Add a scale, enlarge the color ba
Blue on dark green/blue is nat "wellorwidsi Ipll
are not very wel |l di stinguishabl e- I sugoc
transparent (the orography ~col or scaling
additionally use a different |ine style to

ReThank yourfadvice. We have revised our pi
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|l .124: This is a skyspec 1D? Please specif:
ReThawn&fuor sulgigeWd itopeamve added this i nformati

AIMAXD OA S Il nstrument (Airy»,> NBXD@ADer g, (
instrume3kgSPEAE rHexi del ber g, Ger many)
end of page 6: There is a |l oose Table capt.i

ReThawn&fuor sulgigeWd iloamve corrected it.
Tabl e 1: For the fittindQantdeiOBalcrioes HKHEIH:!

orthogonalized?

ReYes, they are orthogonalized.

Il . 139: "measured DSCDs") maybe retrieved
Re ¢ meas Os PECD,sO-> Sipectr al anal ysis derives
densities (SCDs), i.e., the integrated con
we al culhaet efld f f erential sl ant column densiti
di fference -ben welzneanihbeh oSFADs .

| .140: Please check your statement about t
Re AFur t her mor e, we calcul ated the ring sp

considering the contributooihhefRithmhge Speatol



was added to the fitting settings to remo\
DSCDhs.

| .142ff: regarding the choice of retrieval
I f so, please add.

ReWe cited some referenides hiarv et ue efdo Isli onwil rag
settings in our previous studiod® @Xiomng et

mi sunder shamdi hgecowporated these two sente
fiWe analyzed the DSCDsg a@NQdtm et lhoex yigretne rdv arlerb
338 and 370 nng228MBmMwa8BiBsBh wheel engt h i nt e
for HCHO and HONO absorption analysis, resfg
settings in our previous 2s0t2ubdbi )As g nNXda Inygz ed &
the DSCDs of t he aomxdymNe@hh e iimetrer(Oal bet ween
and we 33J2Z23d58Btmh eBB8IB 78m wavel ength intervals
nitrous acid (HONO) absorpti ®&m;anXalnysiest, arl

202db) .

|l .147: Which fraction of data (approxi mat el
ReWe add some descriptions about it.

ifTo ensure the validity of the retrieved da

root mean sSqauare ¢ RMBNflt.exr Taplpd ying the RMS
resul 4,s N®HCRBO, HONO remained at 69. 8 %, 7]
respeotivel y.

|l .148: Can you specify "slowly"? How do yo
data wivar gilogl y."

ReWe had thought this filtering procedure W
thus we just cited theiflTcdheer rdeesman cidnd irl dfeeari
is provided byHGwaweet ali vef@20fbragq utehnitsl yque
proposed, we added a paragraph of descript]
i mpacts i n arhy nSatperfiearléso s

Supp!l e me n tinthyg radtadve transfe@calculations of the aerosol and trace

gas profile retrieviathe layers were assumed to be horizontally homogeneous and

cloud impacts were not considered in this calculation process. Notably, the presence

of cloud would result in inhomogeneous or/and rapidly fluctuating radiation transport
conditions, which mighibring uncertainties into the retrieval results. Therefore, we

needed to filter the retrieved differential slant column densities (DSCDs) by screening

out cloudy scenes before further processing for the profile retrieval (Chan et al.,

2019). Since the vecal distribution of the oxygen collision complex © nearly

constant, the retrieveds@SCDs and (relative) intensities ought to vary smoothly

with time, or with the solar and viewing geometry. Any rapid change; IDSICDs

and intensities suggests a sudden variation of the radiative transport condition, which

is possibly linkedo the presence of clouds. Thus, to filter data influenced by

inhomogeneous and/or rapidly varying radiation transport conditions, we applied

locally weighted regression smoothing filter (LOWESS) (Cleveland, 1981) with a

regression window of 3 h to thesOSCDs and intensity time series at each elevation

angle. Data with sharp changes in[@5CDs and intensities were filtered out. Only



data wth slowly varying Q DSCDs and intensities were adopted for the subsequent

profile retrieval. The limitation of this cloudy scenes removing algorithm is that the

algorithm is not able to distinguish between continuous and homogeneous cloud

conditions. Neveheless, it is rare that the cloud does not alter for a long time (within

an hour) and the cloud layer keeps homogeneous for all viewing diregtions.

[ . 152: Il think "maxi mum" should not direct
vector " llyut opeosneli hing | i ke I ikelihood or
RefwWe selected t.heocdetefmnoei bhe maxi mum &
vect®-»r By minimizing theweodeét dmumicneadnt he ¢
stateewector

| .154: add saefasel apbederands here in bra
Re (ifng atmospheric pressuwrxe (fang. ,t empmoaple
pressure and te@mperature profiles)

|l .155: You come back to how you cobhss$ruct
(theoretical concept, practical 1 mpl ement at
|l would put all of this together here. The
do not include informati on labnoiusts etdh e tt)r.a cFec
aerosol profile, i1t is unclear (1 .164) whe:i
the surface or whether it iIis the value use:
is |li kely not very di fofeerseretc,i fhiwet Il tt mi gk t
to actually include which AOD this corresp
stated for the choice of a priori i nstead
ReThank you for this comment . eAbowtvat hiisn g
order; we introduced, #xvamyl poareametexrac(t e .meg.a

equati onthiemst we described theavedtaisecal weer
tal ked about the specifiGivenrie@aslet siengi
descriptions erlepwae Itihtetm et olgoentgh,erw and at t |
which is also clear and understandabl e.

We feel sorry to make a mistake here. Havi |
find that there arae ptravexrrasdlIt i enxgt imoateiso ra bprud
set the bottom | ayer extinctionpr dfhiel etihrer
our study adopted the | atter one. Therefor
addition, we also add some information abol
for this comment.

Al n this study, we s &pdragteeds tfhreo matOmd op Be rken
resolution of 0.1 km under 1 km, and of 0.
retrieval, we selected an exponentially de:
as a pseodritandedemnmsiot y opAODBRaIto 0. 4. For t

profile, we set the bdHOmomedapdr sebnthet Ve

t o 11595 16508> and ®Bnol eddf or o, NGHCHO, and HONO,

respedMei selty.tthrec ear tpaiimtriies, ofandh & CHOr ¢ 0150
and HONO to 100 %, with a correlation heigl



empl oyed a fixed set of aesoabteoiphgcal bed
0.95, asymmetry pardmacetteralobfed®. ©0, Oamd .

| . 157: "our first" what?

Re odr ofsiofusrt f obr st step

| . 158: Which previous stuldy®) (Alowvee, rieff eyceuw
here, maybe highlight the difference to th
| . 159: wha'tsaguiamearity "Ry

Ree Gi ven that this reference is |l ess assoc
procedure, we planned to d&l9t e this descr |
I 163: add "the" between "For" and "aeroso
I 163: add "an" bexweraentisall lexted" and

| .163: add "profile" after a priori (or re
Al so everywhere: put a priori I talic.
ResponsesThandkiuolet 3 g eWdciherc k t he ACP guidel.i
safisor ei gnp hwarscess,, and abbreviations that ¢
dictionary (this does not apply to proper
are not italicized (for exampl e, et al ., (
eigeneoalhuer)ef oré®, i wal dcdmed a prior here.

= |[talicization
= |talic font may be used for emphasis, although this should be used sparingly (e.g. data were almost consistent).

= Foreign words, phrases, and abbreviations that cannot be found in any English dictionary (this does not apply to proper nouns) are italicized.
Common Latin phrases are not italicized (for example, et al., cf., e.g‘[ a priori, in situ,[bremsstrahlung, and eigenvalue).
—_——

= Ship names are italic, but their prefixes are roman (e.g. RV Polarstern).
= Genus and species names are italic; high-order taxonomic ranks are roman.

= When mentioned in running text, the names of books, journals, pamphlets, magazines, and newspapers are italicized.

iFor aerosol profile retrieval, we selected
height o0+$ F@.r5 tkhme. aer osol profile retrieval
decreasing plreofhdieghi tdhf a0 sEtakint as aar psbbr
density (AOD) to 0. 4.

| .166: what do you use to convert asymmetr:’
Re:
Herywee adapHedyegpnstein gphafsel fawms.t i on
1 1- ¢°
P(q/ 0=~ s
(1+9g” -2gcogy }
Set. 2. 4: Pl ease add the used formul ae.
Re Thank you forWet heilsasboommenteach error def
formul ae, and esti mat aoe ante.t hdd dass i fno It lhewsS.u |

Supp!l ementiSrcyt iSoencEtiISr 0¥: caksul smat oonand

The smootHyngsemrqua@tification of the erro
resolution of profile retrieval, ohich can
represents the fitting error of the DOAS f
measurements. The errod) oifs thhengiedari eed eas s



these two indepefndenft, earnrdorc asnoubrec.eg@nt i f i
(FrieC et al ., 2006). Thus, I n this study,
errors by averaging the error of retrieved

S, =(AK 4)S,(AK 1

(s1)
F_ Tl -1y-1
E=(K'SiK 87%) (s2)
wheé&i s thagiavge kernel, which is the sensit

true {state; are the covariance matrices of
respeckiisveltyne weighting function matrix (
sensitivaedasurodmdgrnte tmo perturbations in the
The algorithm error i s t he) dansdc rnmeopdaenl clye do elxS.
("OoﬁH—), which is mainly caused by amn) i mperfe
in Egq. s3. Thi d her vore wi snga afnigd eet.i ddrueoft o t h
this error to each altitude-safr fparceef iviad ,uetsh ¢
column densities are wusually estimated by
bet ween t hred meadcdalredd BBSCDs at the mini mum

angle (gxcepstpébtively (Wagner et al ., 200:
ct=(y Fxb)'S,(y F(xb) (¢ x)'S*x x) (s3)

wheioeiff i s the fodwampd emenels; the meteor ol ogi
i's the measuredt DECDspriori vector that ser

ei s the state vector.
The absorption cross section uncertainty i
the relative err®thefubber tnoostayns eecrrimweh ding

retrievih¢aspmeecal culated in the following
St =(d) & (s4)
gain:=E {K'siKk S)KTs,
W (s5)
S =gain § gaid (s6)

wherlerepresents the error | # mater imeadan@tmes
t he sensisttiavtietenw eccfimetrchseuPemenodous study have
that the propagated error to the vertical
original uncertainty in the cross section
original Cross Gdwt i N@G umndr tRECIH®sI eébsur( f i na
resul ts.

Owing to a temperature dependence of trace
account the error related to the temperatul
Cross sections atr sttwoy tceamhpceurl aattuer etsh e weempflii
Cross sections per Kel vin. Subsequentl vy,



temperature difference (~45K) during the m
error.

As one of i nput parfaneet erest rficerv atlr,a cteh eg aase rpor
plays a crucial role in retrieving the tra
mas s factor ( AMF) . The errors i n t he aer

smoothing and npiceraggatreortsg ftclhe trace gas
( VMR) and vertical column density (VCD).

sensitivity study of the trace gas profile
i's demanded. Tnhley sienncsliutdievsi tsyl ingahit |l y i ncrea
extincti@nh ofatehre by 1% of the total opt.i
di fference between the perturbedr.anmdeorigi
partial air column informationThe wnoomdrati anier
in aerosol profile refyiredilreé eésrdesoteansdlya

trace gas-||j?%{ﬁ&)'”p'(ra)rftmdea((eed by Eq. s7, and th
L ) is quantified by Eq. s8:

| I
T VMR = DSa,aerosoI DT

G,VMR (37)
$%7%=4g’U D Q... D Bg o8
whegies the total column ope|atppppfmr partie
Il n our study, we just roughly estimated t

propagation of the errors according to the
Eq. s9:

s S T € ST ¢ ST (4800 (s9)

whey e i's the error of trace gas profile ca
” ' : ang remgsent t he err
budgets of aerosol retrieval rel ated to sm
cross section, and temperature dependence

noting that algorithm errorurnces,otancdcdtelpesn
s9 can only be considered as a rough genei

retrieval. | f a more realistic error esti|

should be performed for different observat|

Simrlly, a general estimation of the total

of squares of different error terms, using
— 2 2 2 2

stotal _\/ ( ‘%mooth_ nois) -( % orithl)l (+ §0§$ec ti)n (+ te%perat) ( s 1 O )

S ol :\/( oot nOiSQZ £ % Orith)l2 (+ Sossec ti)n2 (+ te%lpﬂret)2 ( a-lérosgbz (s11)
0
| . 175: Smoothing error is related to AK ar



directly to the DOAS fit?

ReSorry, there i s a mistake in our demonstr
ASmoot hing and noise errornsi treedf evre rttoi ctahle reers
of profile retrieval, and tdhe fitting erro
|l .177ff: You start arguing about | ocal mi n

talking about which elevationhanglhes (hhlad
Sshould be characterized by your gain matr.i

connection here. Please el aborate.

ReThere is a mistake in our demonstrating
el aboratmaiint t 2wpgp lheadeyn mat eri als as foll ows
Mai n fMAlegori thmic error (i .e., the differen:
DSCDs) arises from an i mperfect minimum of
of the viewing angl e. Hdweseeepamdci ass hdd tf W
measured and model ed DSCDs at each profile

on t herumfeamaace values and column densities ca
that measurements at 1Aidande3dAd dlhevdtoiwen
air |l ayer s, respectivel vy, the average 71 el ¢

model ed DSCDs eflervaa ilonamdhgdles can be used

errors oasnurtfhaec enevaarl ues asgecbivehy deWagner
2004). Considering its trivial role in the
t he -snuerafrace values and the column densities
for,, N@and 4 and 11 % dAocoHGHB®g tesWecgi el §
Suppl ementidhye Ségobri 8hm error is the discr
(¢) and modelobhp, DBEDsh (i s mainly caused by
of the ca9t ifnureqgt.i e N(cThior erdfr ahei ¥ia&wfiumg
the difficulty of assigning this error to
t he -snuerafrace values and column densities ar ¢
average relative diefhserenceasndb entondeeel ne dt hDeS (

mi ni mum and maxi mum el)e,vat e ®ome atnigv el y( e(xWeaeg

2004) .

ct=(y F(xb)'S, 'y F(xb) (¢ %)'S*(x %) (s3)
wheioehf i s the fodwampd emenels; the metueorol ogi
i's the measuredt DECDspriori vector that ser
ei s the ®tate vector.

As a more common reference for o4, I know
accuracy which 1s substanti avery thheghguo tteh
reference is also more recent (2013), mayb
Re: We have double <checked it The variati

correspond to differentabsoret. omher bempere
selected is 293K, and i tBheoXT0®seromar nygo e rn
corresponadbsooptihenOcross section at 203K.



I . 191: Pl ease check the sentence, somethi n;
ReiGi ven t hat the measur ement perioadthfer om
winspering sweasomughly estimated the maxi mum
45 oK.

|l .192: What do you mean by "temperature ga|
ReTo avoid misundéeramtgerdd it gt dwe elradpdi roe ng ap
fimaxi mum tempercature difference

| . 1194:ery strongly recommend, as already me
such investigations. Given the i mportance
is I mportant to have a really good wunder st
retrieval on the trace gas retrieval

ReThank you for this comment. We have done
descriptions about the effect of I mperfect
iThe trace gas retrieval error s, arising fr
esti mahedtasal error budgets of the aerosol
aerosol errors, the errors of trace gases

14% f esrurnfeaacre concentratihes dgerrt uarhkeattiwong r
gasKncentrations at each altitude caused b

resulted in a slight change in the profile
trace gas cofcéntkmatrieem® nalt mb.s§ sharply to
profile, especially oscillations in the AEC
1.5 km shows a |l ow sensitivity to AEC vari

mainly on the concentbation variation bel o
Eq. 2: Or just sqrt(0.5)(va + wua)
ReThese two equatisoogrst (a.e5)d(i & et spma e Twiend

t he drigealcti ony’Y WhAi-@ 6t@EIr epr etsheentwsi nd speed

projection inonrtheasouplhwvdsay.
| mpactedeldiasi me t ospoougtrhawehsyt er | 'y or sout her |

i mportant rol & ipoltthe addJtraegsport . I n th
attenti on tnoo rtthhee assofuhtéhrweehsstpe r t we adopted th
Th&Oan®Wboth potneanspothefl ux pr-opettheantin

pat hway
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To avoid misunderstanding, we have changed
2. 5.
fOwi ng to-babensempography, sout hwesterly
domi nant rmotl et iaangpmdritutian the JJJ region. I
on pollutant tramsopdrhteaish tdOheesbudthwesand
di fferent stations along this pathway, na .l

Nancheng (NCAcadphyCbindeeeorol ogical Sci e
We cal culoautrddy ttheorfs parci®afndyleasmf transport

(Oat each station to illustrate the dynami
sout mwadthatbthaey .deTt ai |l ed cal cul ati on met hooc
First, the wind speed p FnoOjr et chteiaossnt (dWS)e cit n
cal cul atedoas foll ows:

Eq 3: The dimension of flux should be "qua
indi cated by this equation, i n fact the <co
di mension is comoglecd/, cwm3htemmoluegket m2/ s. Ha
this seems not to be what you actually di
concentration in terms of molec/cm3 corresp
terms of ppb at di fferent height s, I woul c
guantity to use (al so, it is more tiyn | ine
per area per ti me).

Re Thank you for this comment . Honestly s
concentrations before. However, converting

and pressure (P) as foll ows.



C(my/ nt')s M,('g/ mo)

X (ppb = V. (L/ mol)
Vm:R-T

P
Ther e ar e | arge differences at temperatur
Unfortunatielhyaveweandyonprofiles of T or P at
uni fied standard atmospherlc iptessdguce bar
uncertainties, since the differences of T

But we think that using mixing ratios car
corresponding heights as weltlr.anlsnpoaddiftliuoxn

roughly determine the MTL, and wusing othe
conclusions. dhesef coecewée raitdmns here.
Eq.4: I n order not to introduce "per uni-t
recommendivide by sum/H_i, that way you ke

Ree Thankt hyiosu afdowi seammHo@euwbe) plied by the |
each nmiagyer match with the def'©Onibteitotneraogf sdml
‘Ome atnlse sum o trnamspawyterf |l ux and idtisvisnhgap e
byBOto get tOenigher @age, ate fr olm imask eortihgisn
section more under st andaddsecrdadkianhgpyvecadsded
met hodsrié¢eghe. di fferent height gridg from t

in Suppl ementSampy | manteerrt iaalys Sect . 4)

| . 221-> hiighest

Re Thankt hyiosu afdovri ce. We have corrected this
| . 222s Bgq.mp4yi the definition, it does not

RefEquation 3 demonstrated that MTL was det e
speed in the oeorAftecsoprodnidnign gt ol atyheer .def i ni t i on
that the MTL tihse dceanecrem tnreadt iboyn and wi nd spe
| ayer .

Sect. 2.5: You need to include a discussi o
the effect on the total flux error. You do

generalscomment
ReThank you foWeyaudedomimest. canSeecntt.s S4n S
as foll ows:

fRemar kably, there i s) acnauesrerdorb yo fmowdi enld usnpceeel

an error of polll)utaatn te accohn cleatyterratt iTdmis@r ¢ wo

propagate into the fi'Gad ®t,r awnhsipcohr tc afnl ubxe r e
guantified as foll ows:
dFi:EiQ \Q,IW-I_Q‘

WG (s12)
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Si mul athiadns% the time resolution of the da
Re Thankt aw i c@err. We have added some inform
resolution in this Section 2.6 as foll ows.
fiWe obtained 2t hBMsQO fzxawmdc @t r ati ons from ¢t}
with a samplinghtepsl Utqoat 96 fdtl.trheet /MAX /) .
DOAS measurements by comparing tDHOAASI owes't
observations with the CNEMEConNdcaetnat.r atlsiomg , |
performed source apportionment of ambient
of pr i neacroyn daanrdy sHCHO. Moreover, we depicted
of 2PM reflectings saandf acencPBMtrati on vari a
transboundary transport process.

The Aerosol Robotic Net warslkd( AERONBT) riesnoa ¢
observation network joint-PHOEONSDb( BsNeHoble
et al ., 1998). During the measurement peric
CAMS (34, PB@EB1and Xi am\yHel 6fE3P%.27a5d4 acent t o
MAXDOAS st atniaones vy, GWMMS1 I@#R)93 Drbd XM, (39. 76
116498 In this study, we used the Level 1.1
sites to validat e-DO@ADBs measured by MAX

We obtained the s paatnidalHCHIOs tf rriobnu tTIREOPLO Md f aN
resolution of 3.5 I 7.0 km (Veefkind et al
and dust f#8omi Hhmaw&r5 12.0 km spatial res
resolution (Besshosetvation20hé)pedatdehtt
transport phenomena becausesctal anscpoonrtti ntu e
di stribution of pollutants that can be det
We simul ated the wind speedaramhd an d efdri eocna
Model , version 4.0 (WRF 4.0). See Suppl eme
and parameter settings. I n terms of wind s;j
|l ayer s, we calcul ated trandgdacerctt ftlhex edsy natn
transport processes of vari ofuiselpdo!lil nuftarnmast.i
to reveal the transport direction at diff el
We cal cul-latleac Kwer 24t rajectories of-the air
Parltei dagrangian Integrated Trajectory (HYS
Il n our s thudbyac kiwhaer d2 4 r aj ectori es were calc
origins and pathways that oreached the NCP

About reanal yssimo ddadrmy i ntghetrreati it i's widel
However, for our study,itddbase aefmaaagh der
resolutions DbeERABHBOI lkmamphlingts vertical
include(Lo®apEmMPHR0 IBOHPBO m), 925hPa (~800
(~ 93Mhem)MAXXAS retrieval I's more sensitive
which means the vertical di stribution of p
paid more attent Wkik tels | QGoyrap ar &feil wed w,s ek m.
reanal ysinstemambéeéreigihitds i n Section 3.1 wi
which is unfavorable for us NMoreéocarnt,e tthe 4



resolutionl10f)k WRsFe (eltChan t hdat aof% Or eafn)a.l ysi

Using WRF simulation, we could get denser
| .228: add "See" before "Supplement"

| . 229: add "of" between "details" and "the
Re Thank you for these suggestions. We hav
ASuppl ement Secthe Mddedetamnd s paraBfeeer set
Suppl ementary Sect. S5 which details the m
| .228ff: This refers to horizontal?

ReYes, it referfida spahioadi soasalajptl essed be t h
characteristic of the satellite.

| . 231: Wha#? s Hi mawar i
ReThis is anothearectaype JdROPONMbInIdiataen t he s
di stributioaeios$olr mapti ootalbdtdewsi tgedandwe uls 4
the data f8omeHemawari detailed introducti
ref erBreesds htq@ @1 6 )é . ci ted this reference at t
| .237: A corPellaisomo€ane@abbyrgbatde the dif
find to the errors you quote in Sect. 2.47?
Re For | esseni nda btnhoer maitopnavcdtlilseeodor r el ati on,
filtering method here to Iimprove the corre
Suppl ement a@royr 9eecsts.em@ancgiadtnhoef madlc avakde by
occasi onal extreme conditions, we needed t
values and filter them out. I n a series of
medi an (Q2), and thhe ht hairred tghuea r2tSitlhe, (5@3t)h, &
of all values from small to | arge, respect
called interquartil-@lyanflee (B¢ ra(nidi. shiotwel(rQF
i it were desfi@Q&dplus | QR, and Q1 minus |
@3+1 @R, @1 QR) . The valluesorl argwer tthhlaan
were defined as abnor mal val ues, and di
orrelatreaskddfrom 0.615 to 0.752,; and 0.
espeotivel y.
n adde thiaovne, awd slaecdc cerrdrionrg btaor t he SSwrnfeace er
rel ati wellyemidghh o have higher error s, whi c
deviations.

— = 0 c:c
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I 238: You do not just exclude "some" stati
I agree on your <criterion, saying "some" |
seems | i ke "arbitrary", youdi gr®iu@enoifn8t st
"closeness" to a monitoring station: 4 of
further away than 15 km. Maybe there is a
actually a good choice, and chobdsinmg &mawen
changed anything.

Re : Thank you for this saefgestiova. oei cal
determine the distance threshol d, which i

calcul ation proxr&Sewerte iISY.Suppl ement

Mai n MWe xt¢al culsat edctihee Oopti cal patth as th
k m) t o excl udbeOAS onset a MAXnNn s from the cor
(Suppl ementoary Sect. S7).

Supp!l &@m3erctt l NS7:rder t o determine which sta
t hceorrel ation analysis,sewdencéeededopoicalcep
di stance thekesbdolidve Taopt Oc al path can be c;
et al ., 2004):

_bscn,

Mo, (sl 4)

wheteEerepr etsheentrsumber 4 demseamc eonft r@Qt i on eque
guadradteincsi@y (Greenbl atoatcomtceaktratii®f@0heant
constant, which is propiortiToheralcalt cubdtmosph
of tmemMery diemsags foll ows:

n, =(n,,)” %0.20942C,, § (s15)

At mospher 6c chenn diet Wi rectly calcul ated usi n
_N P,

VTR (s16)

O,




where N denotes the numberofo faliad;rAMmwoogl aedcruol e

con

P a

st ahtdd®b). 02R i s mol ar gas comsiKdnt , wit't

nd T represent the atmospheric pressure

standard atmospheric presklutdpa ammnddt2mPpelath

res

pectively. After bringing al/l the value

6 ,which . waddmolm Subsequently, we durther

3.120mol%?en® In this trheeasauveD&&E Wwas around
1. 521 6®mol?em® Accordingly, we couéfdf eccatlicvuel a't
optical path in Eq. s14, which was around
km as the distance threshold to exclude so
I . 242: ixfilufelncerdc e s

RThaw&fuon st mWwei cave corrected it.
Figu€C&n2you comment on the vasPl datéemakee
those correlation Llomtss diese uesdungl aasdpddterre
as Theil Sen, by "eye'f,Hawearydu nceoarrs ifder d do
al so AOD comparison to aeronet stations?
considering the Rlegsatrati Hsagntsu hseleaptaar:a tle | ays?s u me
are available on a vergstinbedimpb BESDbDURI
clear to me whether you use the closest 1in
you use the closest in time: |Is this a gooc
the time resdliutiilear byfcoes gdN? a single stz
maybe have sever al stations | ocated in th
i nstr Hoem tdsoes the distance relate to the a
Re:

We consi daredneéd BHatcompari son btewor e, bu
stations aroundOASr ssalteonsd (MAXS, XH). He
our compariins oFni grRees@u3istpsot s represent CAMS, 3
XH. The correlationsg fgf thhe8T@larmdi0.i941 odar
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We revise the correlation plots using equal
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We add the time resolution of CNEMC in Sect
iWe obtained 2t hBMsQO fzxawmdc @t r ati ons from ¢t}
with a sampl i n(ghtrtepsso:l/utqgiooont sooff t1. nhet / ai r /) .
Thei l Sen estimate is insensitive to abnor:
varying tendency in the future. -BOWNBVer, wi
measuremenftspredteadng ©hepo thileyTidaeg tesfeonrdee n ¢
using other estimates sUpenso a&kenloiwi, nktar uheas
squdrnes has been used i n DOAY stesdiles,t comp
them witlbthers ob(sWaonwgateitonasl ., 2017; Lampel
et al., 2020; Chan eFewlof g00t8ie€haseedt A
But we wused anot her wayantdo dfeislctrerb etdh & hab nm
Suppl emetnt a8y Sec
Suppl ement @royr 9deecsts.e n8 :n dgia btnhoer miairttpaaucat ksd e obf y

occasi onal extreme conditions, we needed t
values and filter them out. I n a &ler,i es of
medi an (Q2), and the third quartile (Q3),

of all values from small to | arge, respect
called interquartil-@lyanflee (B¢ ra(nidi shiotwel(rQF
l i it were defined as Q3 plus | QR, and Q1
0 @3+1 @R, @1 QR) . The valluesorl argwer tthhlaan
0 were defined as abnoAmakr val lbesriagdt ke
correlation had increased from 0.6125 to 0.
respeotivel y.

Given that the sampOAS® gild ek @ | ainhsd oeNaGoyf tMA Xg e
phot ole zttisdege vav ermnd@e as chett(5a mi n )r eassu INO at eac
hour. For aerosol, we thought its I|ifecycl
30 #MB3® min) as aerosol results at each hou
We <cal c ualveetreadgfef BOet i ve( o9 taksm)dlurp asteth ect i on ¢
menti oneWe acbhoovseee CNEMC stations if the dis
MAXDOAS station 5w&ai.tl erwea h d dhlkainng, we f ound



one CNEMC station within the mdrtective opt

l . 249 ff: I wonder if this paragraph shoul
ReThaw&tori st mdwoiweei exr ,t he i ntroducti on, we
introduction that transport had a [ arge I m
was not specific enough. I n Section 3.1, w
occurring within the WwWddksebisnhedand thus
about regional transport in the JJJ region
introduction because this paragraph is | es
we tal ked abouttr adndgcemrtenitn tdipfefserodnt secti c
| . 252: " s> Muslianuiloant”i ons "
ReThawnd&fuon st mWwWei beve corrected it.

|l . 257: "According to the TROPOMI resul ts" i
Al so, you could rewes gyounnestademebhhs" whbkee
still be true. I do not see the difference

wher eas" .

Re Adcording to the TROPOMNQwaesukosii waol®l
di stributed betwhneermraSJa HCHOWHD, stribution
with CAMS on Febr weryheé, T RORAMI( Frigs ulSt2s) .i nc
NQwas homogeneously distributed between SJ
2021, the HCHO distri b QAMS® n( boed.t Sdo)n.nect ed
Figure S2: This is double, and Figure S1 i/
ReThawn&fuorn st mWwei bave corrected it.

| .260: For me i-t> |E0odksanmlBoh Trhaarte iW t he 1 mp
from Fig. S3.

ReAdmi ttedly, there arA&Ethao 8WA N asdplagedr ect i or
in Fig. S3n Skocwesvaerdr pX.uls,ed on t he dlramgport
the pambwgyt he Alaonmigsstttwiagyns we coul d find
winds gradually converted into southwester
most winds blew from west to east. When yol
many winds gradually turfdé@ddsi mighsobehaé¢se
topography of tareeadyJhirghgi moluemffthewmfs tome g é e

stations (Fig. 1). | t -nfoarvtohresa stth et rfaonrsnpaotrito nw
region.

Mo s t of westerly highdtsi tmede droecaast edc amltor ed
br own I n Ficg.nt di butidndke vl essosobthavd €ta st trans

phenomena occurring ad@ tdthecpbkai hheamntfietRBus
Fig. S3: Please enhance ottheyear rtoow tbhaidc k nle sc
direction of arrows, but | cannot see the
speed here,fifolrd | mltetrs wtimids i s not the cas
respect.

ReThank you f or htalvies reovmmendt FiWye S3. We hav
t hickness and 6c b bBangeeadr dihreg atramaMshd gs peeéest a
and direction more obvious.
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Fi g.ThS5 .wi nd f Dig D(db)i-AD@0he6® ) ) d BW& Ord
|l ayers simulated by WRF at 13:30 on Februal

wind direction, and their |l engths and col ol
| .266: "also": Where did you additionally |
Reiwe al so idenhwhoweéed hehss B6egi onal transp
temporal variations oifnatheswért iNO2DH dadingt HIC
> Fih gure 3 presents the temporal variation:
NQ, and HCHO duwrailng agtamissp orregi

| .267: You just refer to Fig. 3, and | do
maybe intended to say that you will furthet
this is not clear.

R To make the meafmi mgtl ycl fealrleo wedw Fi g. 3 ar
spati otemporal distributiomsoff oddmiwsant po
iFi gure 3 presents the temporal wvardations

and HCHO during thitdher e€AIMSn aln dt rNe&Cn ssg artti .o n/s



N Q, and HCHO concentrations wer e consi sten

because of the heavy traffic flow and dens
2016; Li et al., 208é@y3teBrehndbusrbandakes pa
i s dominated by a combination of coal bur n
severe particulate pollution (Wang2and Hao
concentration was hrimgihng( ~anld2 Ipaptbe) aifnt etrimeo o
concentration was | owest (~ 6 ppb) near no
evening rush hour. Compazlaetvievies] ywe rteh er eolvaetri:e
at the WD station, -wheud@BOadicotnrtii hwtoiuesn hi
occur rlesdobatmObet ween 11: 00 and 16:00. This
is |l ocated in a farm field with | ess traff]
|l arge amounts of HCHO aire dourcesd yamai see
produced by natur al and anthropogenic vol a
(Wang et al., 2016; Wu et al., 2017a).

| .268: How do you deal with the different
model | ayers?

ReWe have added some descriptions about t
Supplamemrtteri al s

Suppl ement @aDye Stecatt he&s3di fferent height gri
model wind, we needed to design a unified
13 | &v&®dm0sii200013200148001608001860011800,7T 1000
1200,71140200i116000i1206001320001330M0 We averaged

the wind speeds and pollutantwcaonndciemtr ati o
l ayer i, respectivel y. In addition, the ti
whereas that oflb&hmimetescal npootietetbsuni
we averaged vertical profiles of an hour to
of last 15 minutes in each hour fit the si

resul t-85 f mioomd 5t omi n as the hourly vertical
calcul ated the average from 9:45 ©o 10: 45

| .28®3: This description jumps all the tim
i mpossi bladtb tehhow aee the statements ma
far too |l ong) confirmed in the dat a, or at
already suggreestieaw: nt rmy ex el ai-innivnogl -vyeodu rc op o
worker aed Dadakeaddoti onal information/ pl ot

order to coworiknere tylbautr tclbe st atements you
dat a.

R Thank you fOor dbhssrcepmmenst. jump bet ween
easily cause misunder srteaordgiamg .z edh et \veef opr aer, a
firstly followed Fig.3 and introduced the
poll utants at eaohysfatiowedTRkReéeg, 4wannohaidi s
aerosol , NO2, and HCHO. Meanwhil e, we del e
secondary aerosol generati on, aerosol tran
more understandabl e armsdr@mpmashigz ea pthtse amei n



as foll ows.

iFi gure 3 presents the temporal wvardations
and HCHO during this regional transport. A
N Q, and HCHO coprceminsatitemd | wehmi gh near t|

because of the heavy traffic flow and dens
2016; Li et al., 2017). Previous studies ha
i's dominatednbgf accalmbbwmanimg and vehicle ¢
severe particulate pollution (Wang2and Hao
concentration was high (~ 12 pphb) i n the
concentration wasedoweson,~wibi pipbi s expl ai |
evening rush hour. Compazlaetvievies|] ywe rteh er eolvaetri:e
at the WD station, -whbuead#dC8BOcdnstnubusi &
occur rlesd00atmObet weeB011TO0Osaondcl6red becaus
is located in a farm field with | ess traff]
|l arge amounts of HCHO are directly emitte
produced by natur all eand gamt lkcr ccppogpeoruinad W oVIO(
(wang et al., 2016; Wu et al., 2017a).

Neverthe3esanndt greveal t he exact |l ayers
phenomena occur. For instance, at the CAMS
| ayer schedt h~taéraosu nkdm noon, making it diffict
in which transport was more obvious. To fu
process of different poldaunt®® ntasn,d wlee fd anleau I1
MTL. AsishBwg. 4Qi nadipcoastietsi vtehat al | transpo

the somdthweresedast pathway are from sout hwest
The MTL s of aer osglesx,hi ICH®d dntf eNG®nt S
char act eruigsht iscusr.f afxllett héadBI0dD) g AECs bot h r emai
at a relatiVeBY)kmitghCAMS edTr(ic0g (F29003), tt
a |l arge discrepancy WWetaveers t(lFeigr d6dorr digo
surf@wasl ~Kimmitasfter 127000, |vahdiBtd ho fal I

exceeded: nt.s2akd even +temdbeshednd 22k00. At t
station, the BABCOOMLt ayenf anmestdrydrahged fro
especi dlol:ypOaf(tFerg. 3). However, #0BB60MTLsSs of
m throughout the day, with many transport f
1 mi(sFig. 4). At the "'OMD ssa attd mdied tthe dd aglhre s:
( 41BOM) with fMeexxicrevend i Albgmibst Vi6 KM at 15: 00. Th
suggested that aerosol transport occurred
afternoon, aerosol s gradually accumul ated
vari ati oni biun i ©Ome Aditsetrr 16: 00 ,-AEQ eaisrhimhdass n
caused the transportli®®@@xesoinntheaseo®wkeo *
2 HKimimifsor the CAMS and SJZ stations, respect
is cl osted yt he nkeldl apse of the mixing | ayer
boundary | ayer (Ding et al ., -a2008;udRanaeetos
air masses beganrfacemi aewdshbhl seafter 14:00
3),gdmiigg a variation in the MTL (Fig. 4) .



vertical mi xing due to the heating of t h

(Castellanos et al ., 2011, Wang et al ., 2
SsituadtiBdmatduri ng the dayti me, where vari at
increased vertical mi xi ng can influence th:¢

a hvghueONDequently 004cOciut ageri nExeaphedhat

the hegekesof | ~ti H04tQGhGgedr Mlasy er at 16: 00 at th
the ot hédalhli glhcecsur red below 400 m at any s
indicated t hawaGt4li0dd. Mskuaroff a,eéNe®i NO®i1 on sour ces
vehiclfeacaowmdy emissions) mi ght be the mai |
Compared with aewe®sobs nvadantuhedNtGBeW Oehnded t o

hi gher altitudes. Taking CAMS as ®n examp
constantl yl10eDw2omgf mgma®B: 00 to 13: 00, and av
L During the sameOpaidiyodyvesamgflacBowWwa@wW@mp,b L n
at the CAMS station, the surface HCHO conc
the 11000 | ayer between 8: 00 and -all3t:i0tOu d(eFi g
transport contributed more to overall HCHO
hi ghestO@iCdddDual 'y increasedatf rweDnp -~wi8t h ot h-e 2l
of HCHOngafgom 400 to 1000 m. At Ostati on
increasda® toomphdumlishdgDD: ®Wi0Ot h the highest t
fluxes occu&liBOnmlg mMoetsley fatndi ngs i ndicated 1
was maoi@?2 AT he sharp variation in the MTL ¢

caused by atmospheric vertical mixing (Cas:
shown in Fig. 3, high HCHO concentrations t
of aerosxolpfosasndINO expl anation is that the
are transported to higher | ayers and conv
reactions, resulting in el evatKkudnaHCHQ@ cadnc,
2020 Furtherhmogtlet i tsutdceonyi nds wer e more <coO
transport (Fig. S5), which further i1increas

HCHOOwas enhanced around noon because the i
the secondary gene-tatmombetr H&LHIOo nsLomav e
secondary HCHO formation through VOCs pho
Beijing (Liu et ab. , 2020; Zhu et al ., 201
| .271: The wind field you > oBEviadte S-JsZ fnrootm S
> NE.

ReAccording to the calhe€Qudm®bomnhi poSection
transport flux pr oj enotritdire asitnT optahtetvwayd.ut h

mi sunderstanding, we have changed the sent
AAs shown i n FiOgoiwdcda ttehde -tpCEtOItN@ed aer osol s
all transported from sout lOweAst sthoowno ritr eRisc
4, a pisndiiocveet es that all transport helagx pr

pat hway are from southwe®t to northeast at

| .272: high AEC over 300 m at WD around 11
11, it seems & gWerat aits tthiee sdirsta@dnce here?



with the wind speed and the time distance |
| .273: | can maybe see an increase at 11, |
/I km. Pl ease check.

| . 274:-80®8t m®G& CAMS®ratmeld:tl5"o,0ks more as

aerosol | ayer than a transported one. How
Responls.e27M2d: We had thought to discuss aerc
stations-2i7mt . L iHoeve2 &0 , It may ul @®caHk ddiwi ¢ ht e
existing data, it iIs not convincing to dis
wind speed and the time distance. This 1is
NC is too long (> 40 km), amud cveirnd i ;np ecehdasn g
during this process. Maybe these arguments
on the observations instead of conclusions

Given that the main points ofarSeatsi ol 3 ul a
we decide to delete such descriptions.

|l . 275: "After 16:00", is this really 4pm? [
even clear with respect to which station vy
RWe have changed the demonstration.

PAf ter 16:-d@0t i ndtei din gdhi r mMBODOMOit fotwead dMT Lh ef 1
surface at SJZ, with the(AKBG-DgAifatdeuralll6y: 0e0x, c
the shi ffAECnai hemhsghcaused the tr@nsport
200 m) to increas@mbtésor tthd @AMS ~amd kSnw Z
respeotivel y.

l . 276 " f-rkdmM 0t an" R0 0

RAAfter 16:-@X0t i ndtei dvn gdhi r mBHD OHMOitfotweadr dMT L
the surface at SJZ, ewi tinly ) Fd3 JAECH gtr aed ulad tl g
afternoon, aerosol s gradually accumul ated
variation i n 1Ohe Aditsetrr ilb6u:t0iOo,sABE@feaisrhimdas s n
caused the transportli®®@@xesoiinntheaseo®wkeo *
2 Kimmitfsor the CAMS and S&8&Z stations, respec

l . 277: "similar": similar in which way?
R:The descr ifispitmdoins r | viakgeu e . We have adopted
demonstrations here as foll ows.

Aln tédeaft@aer noon, aerosols gradually accur

triggered a vari aiO oARftier theé: @0 sAtEG daudrh iofnt ¢
mass caused the transpgd@Dm@)I| ded nicm etabe It ®

and kmtntfsor the CAMS and SJZ stations, 1€
accumul ation is closely Iinked to the coll
stable nocturnal boundary | ayer (Di-ng et al
al t iateu dbes o | air massessubdmpare tacrmis» | wi talh t ree
NC station (Fig. 3), triggering a variatiol
by enhanced vertical mi xing due to the hea
dp (Castellanos et al ., 2011; Wang et al .,

situadtiBdmatduri ng the dayti me, where variat



increased vertical mé xi ng can influence th

.280: Surelgmitéoei bastatdatr ometraffic cant

I

| .281: "because of the heavy traffic fl ow i
37

| . 283: What i s me@momihclewynwt'taanioat'i7on in high
| . 283/ 284: How does ilte agorreswehdi wwg t MTIE & &
| don't even know what | should be searchi |

Response®28to vien28®at the description struct
reorganized this pastf albloawst he MTL of NO
il n cont sadts,t avea & mwanldu M@ e gau ehntglhy occur r e
0i40@ | ayer. @Bxeaphedhtahe hi gheditn Wtohdeel of -
600 m | ayer at 16: 00 at 'Oald SJcZ usrtreetdi done,| otw
at sathayti on and at any ti me.owa@48m0.i nNhleacrat ed
sur f acxeeni N@Gi on sources (e.g., vehicle and f
reason for tohis phenomenon.

| .284: When and where do yaeboshoWCHDI 1 ¥ha
you?

RThis meawsl|lthéaurwher explain thits inmtt he

cleaamrd easily make readers confusing. Thus,
di scussion about the MTL of HCHO.

fiCompared wiahl ,Néwve sfod sAvda | tuhea tBEKiOgehn ded t o

higher altitudes. Tékhing CAMS as an exampl ¢

| .285: Can you actually exclude that this |
| . 285: But it iIs actually ibnhtrenspbyted? shi
| . 287: |t i's unclear to me how the satell]

presence.

Response528tlon 12i2B8 7e wad t houHCtHOGthoerdi scus
di sttarnacndgs @towe en NC. ahkhadwe&AMISmoirtee ata y dleac le .
Besitdeiss mot convincing to discuss whether
speed and t he stivnmed dipseteadrscewoul d experienc
changes during thitatpmead¢ is beMaoypheat ike esl a
based on t he observations i nstead of con
measur ementtshe Gmaiem pdhiarnt of he hMBCH@fTrt 1 s t
we deci dkei he2@8®8bete

| . 288 "much more | i ksednye sstoautnidsst ilciakle aynoaul yns
is it? What is this statement based on?
R To avoid misunderstanding, we have change

irThe WMTLHCHO ranged from 400 to 1400 m, and
to higher atltoft uaderso-d @dieamparmaNOwi t haer osol
we foundvahae BEWOended t o ohigher altitude:



| .289: What is "strong"? By which measures
RiTaking CAMS as an exampl@,oaBdi0fidwnd a st
which |1 a@s028d0@PHg-> Tmaki ng CAMS as an exampl
the stron@esethsHE&HOI y1 OD2EMgif mgma®B8: 00 to 13:
averaging 9. Dairpmlglk mlhe s ame Owelrliyo da,v es wargfea c
6.44 plpbHomwever, at the CAMS station, the
much higher tlh8wW2 OOhbhayef bédeween 8: 00 and
proving-att hat uldiegh ransport contrilbuted more
| . 29 0e:wi"slei"k | i kewi se what? "increased to" |
val ue?

RiLi kewi se, the MTL of HCHO increased to ov
the WD osxt Aaften. 10: 00, we founOgtaadwaltlhye h
increased fromtlat 8WD,0 wi 2190 tphpd LMLIs of HCHO
to 1@®00 m.

I . 291ff : I woul d start the whole paragrap
concentrations tend to apmfNesarnaler obbfbgber . al
This is one of the few things in the descri
whol e set of sound explanations foll owing

RThaw&tuoyrour .pfeaweel d revise the whole pas
structure of this part.

| .297: Can you exclude a retrieval artifac:
| . 298: If it is at the same time, how can |
| . 299: If | am not mistaken, tatenCAMS iasg gu
due to transport? Now ydN®B?attribute it to -
| .300: Or you can use the argument from | i
How do you decide when you attribute it t
secondasyl|l 8® This is not <cl ear.

Respons@8®8B0t® |h.aal t houghatteadomeakryg ati on

accompanied this regLon@aB 238 rHonweloadk spirtoc e
confirWetdomhavneodaenly cal culnaeta sounrsé eceret ctlhte r

could only be considered as Omres iode rsipreg utl ha
it is |l ess associated Wwihéd MhE ohiwnapiooms$ sp
we have deleted these demonstrations.

Figure 4dateBhitso rmeyy comment to Eq. 2: I t h
concentrations and not mixing ratios. Apar:t
(mol ecules instead of mol ecules fraction) i
not sureulhdow rleasthoa fl ux with di mensions m/
you treated missing data. Compared to Fig. 3
E. dQat SJZ shows many gaps inn Fig. 3 but
Re Thank you for this comment. Honestly s
concentrations before. However, converting

and pressure (P) as foll ows.



C(my/ nt')s M,('g/ mo)

X =
(PPD V_(L/ mol)
v, = ReT
P

There arda ffargaces at temperatures and pr
Unf ortunatielhya v ewea ndyo npato ftiH ese offffo uflweogda @ p o n
uni fied standard at mospheric pressur e or
uncertaineieisffesnemcreed hof T and P at diffe
But tvwhdtnhka't using ameipmngsemt i ohecdensity o
corresponadisngweHl ehi gahdtdsi t i on, we Jjust wuse th
roughly detTer,misnedngoeithtdér t t |l e 1 mpacts on
concl asieomrs or®e, usve dodoentrations here.

It seems more data poi ntTshiisn iFi d.e cda,ushkeu tFiac
4 have differemhhe tlinEep¥ &0 | wrie omisece of ve
of pol |l ut angFoprere xlabmpnhienutien t he HCHO resul"
four different HCHO wverti cadontpiasrtartiibvuetliyg n sl
Fig.4 only has oneindssgi®upameamelolmutidinnc
To get enough data points, we got the vert.
in a certain period. ther vexamglaé¢, difstwe bwd
average the resudit4s5,froimnOe 4%e tc-bds0der ed
matched better with the situation at 10:0
situation at 11: 00 better.

| .313ff: Could this also be a bias introduc
Eg.: CAMSQWMas$ anédkH,om & i me where values for
|l ow.

ReThank you for this comment. But we find
can be negldecdfefde catn dt dea nmRaom exah@ &0 ochsr i
16: 00, therez¢cl mmn mirsananmorMNtO fl ux at any
therNeGult of CAMS (purple color) is higher
hour . For wverification, we also dota comp

fluxes at the selected time period, during
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11:-1000: 00 (9&Z.oF¥®K)M:-my > MBG 13K2M: Ay >

CAMS §H 23®41L Ay > 8Dl {kamk Ay

12:06: 00) SNDBD. DBPP pbLYPYNC 4 (6P p b-H CAMS

(6.1100 p b2 HHWD 2( 4T7® p b2

(11 : Q4 @ :)4Q104 -1080: 00) (SH@H.AQHEO0p p b2H NC 2 (1110
PpLLYHCAMS . (9P p b2 HanwWD 3(I77FPpb’Hrh The HCHO
column transport flux at WD is the highest,
stations.

Therderddoecésamge, and thus we know that the
can be neglected.

The main purpose of compgarfilmnug edsi fafmeorngn tf ocuar
here i s filon stteartnes tohfatt he r el ative Mocati on:
results, we considered that SJZ wasg, an | mpo
and WD was one of the tmuaiisn rHe&CHIOo nsaolu rtcreasn sdf
|l argely affected the airnamqrutalhedgt otf rzndspert

| .318ff: This shoulldowev ewo,v eddi e ciotn cil U su r«
you discriminate btwraodaantsipomtandocasi pg, r
producti on, |l do not see your statement su|

ReThank you foWethawe cdenimeine d t hHlihse rse mtreenc e
many speculative arguments making Section
Theref diraadee lveet ed many specul ative concl usi
generation, aerosol transport among stati ol
angdmphasize tfidemaMTh pPdi m@and3 HICHONO

| .323: which satellite? what are the satel]
Re: iT h e sateféerted t 0-8,t hehiHihmawani moni tor

distribution of aerosols and dust.

The satellite result was displayed in Fig.
severely affected by the dust storm (repre:



To make it clearer, we have changed some w
AiThe sateéd->»fTleer els Dhwdsieéedvati ons

fiFi g . AsSebveeu®et st orm invaded northern China a
15, @9 Ffh g. ThSeB8.Hi ®awadrsier saetvie@mres: sa orm i nva
northern China at (a) 8: 0Otheardd s(hke)d b4 :aCkk ol
| iinredi cat es tob8upERBenyetgd roinal s)

Fig. S5: |l am very | ost here. Can you pl ea
The | egend is not readable. What is the sou
i's the sourompootftanthe Homswhich way is this

analysis? What was the main point of doing
clear to me.

ReTo make it clearer, we have revised the F
To make trmereadabdeag,edwd henllaerqdecrtdiaddd/, f omt &
|l egend, we just needed to focus on the pin

stood for diffkeneaddttypes, diaesdhaeaweksiaadure d tF
l'ine to indicate the NCP region.
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Fi g.Ths8 . Hi ®awhrsieragaveéoe®s: storm invaded nort
(a) 8: 00 and (b) .TheOO@acsmeMdambmdmck5coad@dlr
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The mai nbapcoki nttr agfewd 0 rtyo afnian o sdi ils®€t soduorcm. off
Fi 8(s@tellite results), we could only see
obvious9bbhokFitgaj owteocplud maltyhshkee adw st st or m



was sourced .f rWam mmbwareg oltihaicso nrfeisrutidice ftfulwattrh e r
stations we selected werBRasdd damftlluiesn ceeadn doi
could only discuss the ef bBleocctasl oef n vdiursa n niernatl
This source informatfohl owingtasal 8mpsertaat
and BPRiign. the Suppl enBeuntt atrlyi smadest absorm i ¢

extraordinawel yhdokti stbsmpnecessary to cl al
ot her pol | ut aanetrso s(oal.9d,. ,2 trded@m nigs dnot s o comp
Figure 5: Why such an inconsistent choice
But since you have many more months of dat
Maybe use a different daygl?om™Maiyb et hrasxi ab esle pfa

scale for the different days (although | al
and i f you had used the same, Il wbul dsmayb
just that you commeonstolo nprsoofmel edse toani |2s0 201f. Oa3
visible in the plot. Maybe you could add al

ReThank you forAstlyioss cammdentwepc dhmdlii an@e ncth oo
periods to minimize missing data and make
Different from frequgntaeocgtolsed )pdlrlamtsgpmotrg , (
events are quite rare in China now. Such a
2015, affd hvaevedodnat a ®@Bor hwghlkdh aMepeoi oldogi ca
Oganization (htepsdmedpabisascswines viem e/

hi-ad si agcdesds: 6 November 2021) and CNN
(https://edition. cnnsamdsidt2rankdk®B/ 1&ds@si al/ b
access: 6 November s2a0n2dl )a nddeesdcw sitth esds otrthiee 3h ilc
onien al mosWhast deoccraede .t hi s dust storm event
had no choice but to use the data on March
We had considered to use a dié&ferentHowkwoer
there had been four colors to represent f ol
for the dusty day, the total number of col
reatdceomd usi on. Compared withdahaets, awetthieol @
5 to distinguish the results might be bett
Usi ng t haexissanmsec axl e coul d make the concentr a
obvious.

We have revised Fig.5 as fetitolwstiidsmeofdeFhm
l'isted 5 .Table. S3
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Figumhee &i.1 y averaged verti e(ami dodlod)i,| easn d fH®
(right) at DY, NC, SJZ, and XH stations dur
and one dusty day (March 15, 2021). The wup
their corresponding time peredds hedgriemag e s
amount of data as possi bl e.

| .334: | agree on the AEC part, but for HCI
ReYe®n one hand, outages of the instrument
make some statiobhbel aekt SCDspeuiroadg On t he
results cannot meet the selection criteria

filtered @ufilterwéheodata, there wild/l be
obviously .unreasonabl e

| . 33”1 é"w | do not see any discrepancy her
"whil e"?

ReiOn t he dust storm day, the AEC and HCHO c
especially near t hwhiNQCcfomce nitFiag.i ohd and & oS
Il ot at SJIEi gocSCEY t he dust storm day, t he
concentrations substantially increased, es
Meanwhitencd@trations al s&JZnandabedgyi ggi {
(Fig.o S11)

| . 335/ 336 Fig. 5 does not show a <cl assi f
classification.

ReiAs shown éior A8 gshodwn i n Fig. 6, the vert
stations di sphliagyhe d apyeearks® oinn ctlheean days.



As you said, some I|ittle differseshaesed | ik

vertical profile with hpgak sashdpee comicenb
by other factors (e.g., ad ompenffeéaut aner o
di stribution itself. I nstead, we find a be
features of vertical dtrlod i mesve meantt heefudisd by
peaks.

| . 337: I't'"s hard to sneetophiosf beeaccahu set hehre: c
Figure 5. Maybe make an insert?

ReThank you fWa hé&ve iamdsvarcteed aheea@l arged p
| . 339: Do you really consider these profil
aren't Bhewpystather same profile? In fact, w
singl e AK.

ReThank you for your comment. We feel that

bet ween the veratmomgl dprfdfeirleents sapmpes ons bef
t hotugthhe vertical profi |lmulsthgEdeCamasli dnbe
shapes on doevernvedgysas you said, some | itt]l
bet ween -sGaaupsesd avner t i cal profil e wiptermkhi gh s
shape, could be caused by other factors 1in
I n awdhei di fferent vertical profile shapes
pointshheyesuch descripti®bmes maigmtp miont blen
di scuss the profile variation caused by th
di fference of wvertical p rTohfe rl eef oorne ,t hwee dhuasvt e
up emphasizing the profile sHapd ediidf,f evree rfd
a better method, which can summaomnzehe¢he v
dusty dday eb emrtotveermahnht i ofudlei gleaks.

For clean days , iAwestdewmonshrBteg. | 6kethe vert
stations displayed peak& in the high | ayer.
When it is on the edwsrtiyn gl adyys twye prsi@aadd,e da
HCHO concentrations notably increased, par:
(Fig. 6}.ayTelre pheiagkhbs dr opped to | ower altitu
S3&E5) . For examplwe foou ntdraet thdiautsutdiye gdpaeya, k s di s
and the only peak emerggdaatd HICHOsweraceaf
at the NC, XH, and-SS)zZ dMeanwbabe ( A€EHIBe SNOS
concentration peaks Yo hatdrtorpepelYtsotetthleoriLO((
These changes might trigger variations 1in

vertical profile shapes (e.g., AEC vertica
shape ¢ Fig. 6).

INn summary,oaoes madrntldfeifgiht i t uet weark st he dus

day and cl ean days, not paying much attent
di fferent stations any mor e.
| .342: This was not shown. But maybd hysu me

paragraph? Not <clear. ..
Reln this paragraph, we wexpleainidatntehre3 3c6r der
340 wemonshirghedtuae peaks statiWeshawne cl ea



changed descriptions as foll ows.

fMAs di scussed ,i n h®ecptrieovm | 3&nt regional tran
air quality in the JJJ regi en,t ictourdree sppeoankdsi.
Aln the JJJ region, we selected three stat
hi@aht iptelakes o c3d0iBrOnde d oat aex osomlds HCN@ ( Tabl e
S5) . For exampl e, the AEC vertical di strib

kmat 500 m on March 6 (Table S3). At the N
exhi bit epde akhe( ®p.n7a0y WBMiIOs nmay be explained by
regi onal transport, which strongly influen:
2018; Wu et al ., 2017 Xiang et-adltituz2e21l)
transieponrotmema tvrail ueer ofi @l l l utant distribut
surface peaks on clean days were possibly c

in the JJJ region (Qi et al., 2017)0 Zhu et
I n the sentence ahbiogvhet,i twed ea tp & a kbduH ,e dand eSJ
clean days to regional transport (as disc

expl ainalttiet hdg hp@ ak<coat rR¥t itro thenJJJ re
i 0

|l .345: "On dusty day", maybe on "the" dust"’
| .350: what's the dof? How does it compare
Re We d@ommenti on the DOF here. We have suppl
DOF in Section 2.3 as foll ows. 't has no r
irfThe sum of the diagonal el ements in the a

freedom (DOF)t hehnembeerenot esndependent pie
can be measured.

| . 352: really? Seems rather f1l at i f not S
concentration doubl ed?

Re Our meaning is to emphasize tGauwsgiha&n ver
shape here, even 1 f concentration increasete

di fferent varying featur es avmeorniga tdii-onf eafe nhi
altitude peak can summari ze thet@halhlgeshat
stations.

iDuring dusty periaondd, HGHRO ocongcenMtO ati ons
particularly near the sur flaacyeer apte arkoss td rso pap
| ower altitudes and -8y)en EHosappampeddygdapl
we foundaltthiatudte gmeaks di sappeared and the
for aemnosand HOHO vertical profiles at the
S35) . Me anwhainlde ,HGQHGCe cNoOr c ent rpapteido nt op etahkes 1bO
m | ayer at the DY0ostation (Tables S4, S5).
| . 355f: I don"t follow your argumentation.
ReThis statement i sanndaiHHQHO apbecaukts wohnyl yNQlr op
instead of the sWeflawee adarkghuenranytt a&atiiactn omer e



| .358: 1 think this should refer to Fig. S¢

directly rE®@étheéof &wgvabrd data that 1is th
rather similar to the same times at the 22
dusty day and the clean days, but between t
the clean day after.

. 358: This is not true any |l onger i f you t
you make a more detailed comparison, compar
| "' d rather keep the more detailedisene in

description here.

| .360: XH seems to actually show higher SC
your statement here.

Responses3600 |&@i58en that wecamaiindlhyi bdiits cdiissss if
aggravate polluttophg@aemumat-abhiomnwmdeangdaks,

have followed your suggesti onsvaardi adteiloent e d
caused by dust wil/ be discussed in detail
| .361: what is meant by "optical variation'
Figure 6o0w twowsl d oglket her with the histogra
box pl ot s, the division Iine you chose sece

would also need to explain why you consi de
di stinctiromimecrcea eyl gda om the histograms.

| .368: 1t is not clear what the "optical si
Pl ease specify.

Fig. S10: It is not clear to me at which d;
| . 372ff: I do not iftolmakved htist allefs enge,onb yt
weird)

Responses®8 720 | . 361

According to the suggestions of Redsseade 3,
on the classification AoMAXDPABcahsinumast sy
usual rpdinomet ri cdlhléyptciaclailbrsidgmalnt 8 ntt @n stihte

averaged optical signal iIEvteean s ift  hree segiewd d
are of the same type, the signals from diff
to eablker since they depend on many par amet
as wel |l as on the adjustment of the telesc
On the other hand, this classification 1is
di scussiongt hAst ¢ isai al r ecmmchyd wériys avdrl dnym
readers confused easily. Therefore, we gi V¢

We have changed t He/ 4d eassc rfiofd tlioowss @fn dL 3 &8no v
SO.

iln addition to aggravating pollutant accu
environment and pollutant concentrations i
the i mpacts of dust on various podatitiuveants,
anal ysis (Suppl ementary Sect. S9). For con

results of March 6 and 15, 2021, as prec



comparison between March 15 amd 22, 2021, a
Instead, mwel @teppy@meaope i cal iIintensity betwee
days ds$3 Hihg.s Fi gur e tihse uisnepda cttos doefs cdu sbte s |
i ntensitthyee gtht e at ® enuati on of dust and enha

(@ NC XH s1z by
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Fig. The3di foptecaé of gnal i n tDeOnASSI thieet swereenc e |
dusty day andagl eRE: ddyndiéensiengi { Ma(dMay chb)
POST: Il nt ensiiltnyt e(nMsairtcyh ,( Ma5r)ch, 22) .

| .377: Where are the "proofs" of this stat

ReThi guss$¢ one of our specul ations here. We
met hod to descrasdef wlulrovaws sumpti ons

fA s described above, the advent of dust r
conditions (e.g., decrease@an®Blenhangbkt &b
poll utant accumul ation, which boosts aeros
such meteorological conditions are al ways
| ower PBL (Huang et al ., 2020)s eccaredariyng
production of aefpdhsacsles atnhdr ochuegthe raoqgeencewsu s ct
(Ravishankara, 1997; Mcmurry and Wil son, 1¢
reasons for the enhanced a@®rosol concentr al

| . 386"->" Wit bh
ReThawn&fuor adh.i sWe clbpavected this one

Fig. S11: Are these means? medians? How do
of time during day (in terms of valid meas
DG (al so, Il think the text is already very
DARK) .

ReThe Fig. S11 presents averaged AEC vertiec
comparing process, we also considered the
at different stations and oenacdh fsfteateinan dhaa
much data ians epaccshsichdmepar i son, we el ected
di fferent stations (i .e., NC, SkhZ, armH, an

HCHO), and comparison groups (i .e., PRE an



For exampclteg d : -48&:t408l ccompar e AEC vertical pr c
with that Aod Mafi 6 h13B:80000 mpar e AEC vertical

Mar c h, 15 with2ltthate an sMdragh,di fferent ti me
t hi s may cso.n fTuhseer erf@oargee, e sweentdosnel ect ed ti me

Wehawgermnwuep cl assi fyi nignttoh et whoa sgerdosubpast | oght i n
and Itdolhesl s are not needed any mor e. To sor
number of ace oinryansr.pMeathead Fig. SFEigand)Fig
to present the i mpacts of dust on various
| .386: | thought it was just argued that th
ReThe AEC increadgedldubltea sitmeli bgnse d wahti | J 2
DY, and decreased at NC and sXHwhWehhesar ha
avoid misunderstanding.

MAs shown in Fig. 7A, the AEC noticeably i1
especi alwl Yolhe km,.

il n contrast to aerosol s, >gureo wthls er ateals | @F ig@
At SJZ andomDdentN©Oati ons exhibited a subste
surface growth rates at the SJZ aandd DZY. @ a
and 6.50 in POST, -Ir,€sciedled) veln €BnhngrasB, (w
decreax®hcM@trati ons at al most every heigh
surface growth ratles8l1®dtaidB@Ciand-0xB eR&mMa and
0.59 in the POST, -lr,€sagdebkthb)vellThi 6Figdi ¢Bt €d
and aewvesadl $§fraent effectsoon the trace ga
| .386ff/ Fig.7: | do not see the added val:
shows that there is a |l ack of data to comp.
XH shoul d shhiogwh earc tSuCal I(ymy previ ous argument
the different stations I f you compare at V.
Re: In the comparing process, we have cons
measurements at didifférerintstdat esnesalcanadr admer
station had as moncladat aompapdbsenbl awe sel e
periods for different stations (i.e., NC, ¢
and HCHO), and c.oemp,arfA R nangd oRUST )(.i

For exampl €l,0 :-48é):t405 | ceaccrhpeadr e AEC vertical pr c
with that on Ma#f0hI30:60000AmEarwe AEICOYTeTrti cal

Mar c h, 15 with2ltthate an sMdaragh glifhetbat Ft g me

each comparison wil/|l contain a certain ti
Theref orGe,prwes amth sel ected ti me periods her
| . 386ff: I |l i ke this paragraph (in fact bo
foll awat hathe rest of the manuscript (with
very <Lowred) .that | arge parts of HCHO are no
use tracers from surface measurements? Of c
y oluav e . But maybe you can discuss a bit mor

part of the "unexplained" HCHO could be at
and HCHO? How does the fit translate to er
seondalr ywoul d maybe also build up the parag



can have different effects on the trace ga
recei ved radi ati oNQ dasdt rhuecntcieonpr elvnent Be S ¢

(conrcaetniton Il ncrease) acts t he effect of r
di mini shing of mi Xi ng. However, the aerosc
heterofg&@uWesutsucti on processes aM@ (tThhies | ea
received t ott@®loslriteegl anM®@c ovndenttrheet i on and h
Re: Thank you for this comment .

Apporti oneiasg rthle HCHO using a multiple |ine
wi delyiuwmtiphriezedug XmeanegtstaaltdRed22GaiSui atet
2006 ; Hong et al ., 20T7T&; sFi beadfed|Itdnedth ballc $,
separate sources of ambientquH@HrO.vall utalbil ek t
and worth di scussing. Howevefrr,om hstsatiisst di
perspective. I n the future, we plan to di s

This is a gWedhbswiglgtesupg otnhe paoagreaphatabo
variation according to your suggestions as
il n contrast btseraerdod alrg,egaeofwtehr ernacteess i(nF i Ny
At SJZ andomdentN©Oati ons exhibited a subste
surface growth rates at the SJZ and DY st a
and 6.50 in POST, -Ir,&€sciedld) veln €BnhgrasB, (w
decreax®mddati ons at al most every Hheight a
urface growth rat®es8l®#dadBCiand-0xB3 eR&Ma and
.59 in the POST, -Ir,@sadeb@pi)velThi EFigpgdi ¢Bt €d
nd aer odclrse nhta ved fceicft s on the trace gas co
i mited the received radiatpbot OFygi s S1@&hi
rolongs its |ifetime and favors its accum
hey al ®d flrad t©lhiereducing turbulence and i
ntensi fyixag cuumuflacde oMO On the other hand,
an act as surfaccedestounchevonoar pgoececsesNOI e
n oNOOnd utshtey day, | arge amounts of dust and
eterogeneous reactions and deposition of
eactions on dust and aerosol surfaces C
t mospherics cofncternaacetgamesroganhoasd®©s, al
xides (Kumar et al ., 2014; Bauer, 2004; De
t he convex(NOonr dcNfOo NBONO pl ays adr eimopraarlt ant
(Stemml er etr aeét ,al200620N&o0uGeorge et al .,
RH conditions, toh® HOMNWe rissi ofnurafheMO pr omo't
2021b). With March 6 and 22 as the compari s
growth rates in drONO2 .cbhcemd r&a.td2onatw t he NC
which validates owr hypothesis (Fig. S14).
Suppl ement Sect . 4 . This refers to Fig. 1
probably refer to Figure S13a? Bbease expl
Figure Sl1l3a.

ReThanks cfoomr ef¢dtiimande a mi st ake about Figure
had moved some Figures from manuscript to

(7))
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coding in ntéeer &9 gnt eSdl 3tahlen ed esrpseicti f 1 &¢f me@ti
Sspots number widalienm wmieta rmsfd ali @4 uedt byHdr e

example, it stands for 2t hei muenbisceabEen iatpolt cf
yscal e are both ppbv. WMangdce wiotl oy ¢ e umnint s
andscyal e, it i1 sauonsul abbl eheoeadd

|l .402: Why is this owning to the worsening
ReAs descri bed -30ogv,e o(nl edney ta3tderd a yd,u st conce
weakeamr bul ence and dUencfraevaosrea bR BeL nheetiegohrtosl o gi ¢

not only i mpede pollutant dissipation and -
l ocally produceddiproelcltuteammitsss i(oinnsc launddi nsge c o n d
To awoisdinder standing, we have 6changed the ¢
iOwi ng to amplified pollutant accumul ati on
recorded at both stations SJZ and DY (Fig.
Her e, we firstly discussedgtgleantedtulrd amet eor

growth of HCHO, and then el aborated the ir
HCHO concentration.

|l .405: How did you "note" it?

ReTo atvmpoiighggsmf usi on, we have changed this s
Al n addi ti on, we netdeded heoliamp &HC8HIO oaft i o n
concend-xhmiaamdi ti on, we believed that reduc

the HCHO c®ncentration.

|l . 407: Maybe quickly say that you wused CO
not a cheawestnewart deein t NG hothatvieomnady 6
NOx.] for photo chemical production (So yo
ReThanks sfugrgeBhio®> Gt N9r ef eordsol xtyqgewhixl e NO
(NG NO JamMedtrogen Thieiydeas i dgéfelfbrt not at i
has appeared i n M&nyd petevalou,s 3@ L@; eSun et
2019; Hong.Téh@scaln.c,en2(x1a&)i ons were coll ected
I . 424>" 61 h"

ReThanks sfugrg etsitWescctioa wee.ct ed it

| . 424f: You mean this is what you are goi ng
Ree To avoid misunderstanding, we have si mp
| . 425: "owetpaseedghg”

ReThanks sfugrg etsitWescctioa wee.ct ed it

| . 425ff: according to map 1, only parts of
well . The east part of YRD is much more co:
start? For még itthel Ak snomecerse wess ti, al so it |
ReLed focus on XH station. At the start, or

influenc@&®Dbwi hi gnksses, with XH station o
January 19, 2021 ,tfuheharf f eotXddd scaadecea@nghbat
compledwdrye dAOY &iighnmans sleasnuary 20, 2021, t
kept expanding and nearly the wheAGD NCP r e
air masses. When it came to January 21, 20
been | ocated at t he suspése rJ amwanrdyar2y2 ,0f2 O 2hli,s



had been completely separated from this ai
bet ween XH sA®DIi anramédéskiegh we could find
tendency. However, Gt hencdsatwehnldi tde rees wlotns i a
we just took tahmyant ersi &lup.pl Eme nmor e convi nci
si mul attihoenss camtdhwar d moving was more obvi ol
2021 in Fig. 8.

You said the AEsmcvoved dwastso dedexipil ai ned by
As we sai d, t he neardtCPya rfdi rtsrtalnys ptoorotk (sYhRaDp e
(84400 mM) on January 19, 2021, whoiOl em)wi nd
(Fi g . SThi s wovuelldye dceafaimrei tparts of pol |l utan
However, this was not the main discussion i
transport between the NCP and YRD here.

| . 427: How -dteesthhisasspoboht fit together wi
in |ine 42572

Re:

Satellite observations helped identify th
transport temdualtto comtseamubasgeai stribution
detected by satAeltluiatlé yme Seect emeant3s 1, 3. 2 al
in this | ogic: satellite observation (poll
transport ->phvwmaomena)l d i nformation or backw
occurrence hefnomeams pardt rppveal MADOASpoOr t d
observations (analyze the transport proces:
I n this tphaer agaraipdat,i on of AOD Hi mawabuti on
satellitei nhbisecatvad i ohbabatnfler eh mbgphwwepart
the NCP .@negweY&®d wind simulations Taom furthe
make i1 techeaklke&ptgheidsw paragraph as foll ows

AT h &i mawarait el | iterebealredtiaonsubstanti al T

concentrations within the NCP from Januar.y
overpassing QubdsddugrtolBclésnhirghi on aer osol
assumed a southward movementhet NiCPemay, cPIN &I
YRD on 2@&n2u,ar®e2aittributed thi s-aimpflhcerntobmenon
transport of aerosols between t hefsieeltdwo r e
simul dheowsnd field resulw st oiwadridcsa ttehde tEhaastt
Sea at every altitude o#A -©Joarntuha rtyr aln8s,p 02r0t2 1b g
formed in thAdGEPYeronl aywerusary 19 and | asted
Around 12: 00 on Januaryt ®1c¢ hdarge ,wianrdd dti hree ¢
south transport t0ile0h@ tayengbhedaduianyt Re.
variation of wind fiel #1B82i,n aRi2fef, eprreonvti dleady ei
Fi gs-S23%171In terms of ovedalslsitn awsAiShret MdAiXr
monitoring result4-&arsttot WERDy PramnoHfder madve s o
NCRYRD, to further explore their vertical
processo (Fig. 9).

| .426: | do not see this in the data

Re Theni 4D air masses movemen@ a@oauwl d hlre ws enad




simulations could confirm its southward m
understandabl e, we have simplified this pa:
|l .429: | jthsts canhbe peets, | cannot see wi
in this plot. Please work with colors for t
make them way thicker and | onger (i .e. the
ReThankf oyrout hi s comment. We h&aS2el Wevihaee Fi
enhanced the arrow t hidc & kaeascso radhidn g¢ htaon gweidn d F
making orientation and direction more obvi
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| .436: "wind gathered towards"??

ReWe changedt éehce as foll ows.

fiOn January 18, -2@Rde noansperct odboagrred be
YRD (Fig. 80and Fig. S17).

| . 437: Do you base this comment for the wh
don't you use theoheG®BoskabfiohaRPgélnumbet
|l would present it earlier)

Re Thagbtior qtulreissweord ound t hat we had mi ssec



information at the b(elgiimé2 & h)gwhoifc ht hnei gShe c thiec
reason for tri Dwmemrefmgr econwaishauwse. rewritt el
foll ows:

fiBaekrfdor t h t r an srbaonugned atbrgat thsepeogr tt he NCP and
common, especially during wi,nt2016)Huabuwr iertc

transport pridPBdsd . ,ntteheaacaemms aelan amplify th
and deteriorate the air quality of these tv
Huang et al ., 2014; Huarng satmudlat, o281 8 Hu.a
(2020) el aborated on t kainsp |tirfayni snpgo rnte cphraonci essns
stages. First, air pollutants from the YREC
NCP and substantially affwerderPBtLhedyinmafmli «en
aer #8Badl i nteraction, | ocal pol l utant accumi
aerosols are enhanced, causing severe poll
patterns (e.g., coiPBLf pohttshtea NtGsPh iadni ds stirpaant s
them over | ong distances back to the YRD.
that the mecHhRBL simntodr aacetriossmlampl i fies the
during the transport processualnPgeteatj aale.t, a2
Huang et al ., 22DAQR B ) me s u mg meMA X , w e i nv
spati otempor al variation in aerosols al ong
haaelpl i fying mechanism ob this transbounda

Thi s-almdlokamsboundary transport process bet
its corresamopndifnyg nfgazreec hani s yma mpgrde vbieoeuns ¢ o n
studies (Huang et al ., 2020). Huang et al

model Si mul atsioo nuss,e da nGIB tshteayt iaolns as vali dat
find that some parts f@ifr tpalhnilsptoant prorcemst
transporteé®Bboet heoheppl€Pd not be validated
since GB statiossirtaockdpohl ytawlill eohcentr a
used vertical distribut DoOMA So ft oa evrad st odlast ec a |hl

anfdorth transport process. Thi s psreecvtiioouns c o u
rel ated Isft uWle eshbyi osase, GBt wi | | | argely rec
this section.

| . 438: |l can clearly see a region exceedin

average? Not <clear.

ReThere werzearaodredv d®Pmgmdivre rDolm2g0yi ng regi on,
stations had a2 g elvetli,vewlyi clhowmakM t heir

concentrati onsng/orn| Tihae oaenan t4 3s.p7alt i ot empor al
i.e., the sum of 9hceinhe ami mmenrsdd i @l &d sb yn
12 (a total of 12 hours from 8:00 to 19: 00
iThese two regions both had acceptable air

stations beinYy Hiegs.s 8t)h aann dO .t8h8e konv erzad | spat
concentration agw(BxgmaSePg) 43. 71

Fig. S20: add date headers here.

ReThanks sfugrg etshiWexatdalveel Fhem §822



@) 2021.01.18 ® 2021.01.19

- ~y
R

2 23
fw?”*;g‘
e 3

120

L A 1
B "‘/'.” g
-

1TE MTE 123

ME 123

WIE

HIE WTE 129 HreE  MrE 123

(© 2021.01.20

WE MTE 123 MIE MTE 123 e WTE 128

k.%ot s
€ M MTE  1BE

e

How do you define and how do you i d:
Re | f there was-vabuéedngpostuihbghi on at a cel
accompanied with obvious transport direct.i
make this sentence more unilermstapodatbdbe,] t we
iconutbousABC gherosob. distribution

| .440: How do valwues of 6.1 fit to the col
ReThank you for this comment.d@ Weehavéder exia:
upper | imit for the color bar




| .440: The vaseemoftd.dd matoherd t he value i
in th720Q@O0mM | ayer ?

ReYe s, but we | ust Gp omanxtiendihrd,roeBeGatc hl isntiatteido n
certain | ayer. To avoid misunderstanding,
ones.

fiWe notedr raanrspsaalt XbleliOids4tOtel ayer, 2a6060DY in
1000 m | ayer, 16®0dm alta yNeBr ,i nwitthhe t he peak AE!
1.41, andtO.XHG KY, and NBp->rWks pneoctteidv etlhya t( F
contuisn WBIECh di stri buti on 10id@cAWMrleay eart, XaH DY
t 200000 | ayer, addiddH NByen (Reg. 9). The m
reached 6.10, *flar4 1XH,anRY,0.a%n6d kNB, respectiyv
|l .441: Where do you show this?

ReTo avoid confusion, we have changed the d
the tYy&®&OP transport -150&i mgonnRiagh.e a8 YaONLd Hi
S18. Therefore-AEChaeeosser® hnguhpper | ayers

t hday (Fig. 9).

iThe wind simulatitomoirndtdi cataedspohat i sowifl
|l ayeb5@Q2®»@0 on January 198),Fiwhi &8h awma da fgi.n €&
start ofdNCRetYBDsport period. During this
stations began to increase in vadAfEiICnhg degr
di stribution otoQd46med aygtenHZA@hGeOOMD ¢ ayer ,
and at NBOOM®@ Itdyer (Fig. 9). The maxi mum A
and 0!f96&r kXx\H, DY, and NB, respectively.

|l .442: | do not see this.

ReWe have reorganized this partiomh,dasdrinp
added corresponding figure numbers to the
iOn January 18, -2P@R2de noawnsperct odoagrred be
YRD (Fig. 8 and Fig. S17). These two regi ol
maxi mu@n aAtE t he four statildrmFs gbei8ng alnels ¢ hteh
spati otempornalonzwantaqd i BM ang/p’r( &x igma tSe2l2ya ) 4 3
The wind simulati darmoirndi cdataends ptolmat i out lal
|l ayeb5 @020 on January 19 (Fig. 8 and Fig. $

eous and heterogeneous reactions (Huang
harp increase in AECs in the high | ayer
trast, theasrumémeasAdAECnwaBeshower than t|

aq
a
co

start ofdNCRetYBDsport period. During this
stations began to increase in vadAfEiIChg degr
distridbuti ech aE OBRBWODA atylee, 200 O®®O0 1 ayehe
and at NBOO®@ Itdyer (Fig. 9). The maxi mum A
and 0!f96&r kXx\tH, DY, and NB, respectively. Acc
Janu®2 t,he -Y®0OP transport | asted @ntainld 12:0
Fi g.-SZA)8. During this period, | arge amoun:
transported t &iGtGhoa) upfpetrhéd aN@R.s I n addition
formation iwmgenshéi ¢edabepart of warm and

u

S

n



January 19, for instance, thesuomaté6: BECs
to 16: 00 in XH, while surface peak AECs in
explained byttbe dnhnuPB&al heagha (Ding et al
At the DY station, the averageloswudfamauarAEC
18 to o.n62aknmary 19. The reason is that st
by the east W9 n@Fiog. J&)n,u aerognscuelnttirnagt i iom sP Mt
western CNEMCsynegkEegdi 892BYD. From January
surface wind converted into a ssowrtfhacw nd,
transport contri buitgeed 8 i an-820F)t.g. HBEOVNCER (\

continued to observe a substantiaf2lincreas
2021 (Fig. 9). At station DY, for exampl e,
kmon January MMo&h tlJamaniwdli3c hRiwas a 68. 9% gr ov
possible reason for this walsaydre se¢erongl slo
resul t ofiP BLh ei nateerroascotli on, PBL height decre
humi dity increase in theutlowerackRBInul athii @t
secondary aerBhsaorlalpr oedtuHatdinogn &0 181 . , 2020;
2016) . GenertalCR ,t tdansporRID i ntensi fies | oc
region, causing a substand iad J&2Zcq Eragg.e i n
S16) .

| .446: But the surface AEC seem to increas:
ReOur description here was inaccurate, and
iThi s al so explainsswhyatédeAEGcwaaséessas nk
hi ghero-> efiyecaentrast, t hseurifnaccree aAsEeC iwna st hsel orv
that in Righer | ayers.

| .446 vs. |line 451: This seems to be a coni

ReWe have rewritten these two sentences to
iThi s al so explai me-awhyatbeAEGcwaaséessns th

hi ghero-> efiyecaentrast, t hseurifnaccree aAsEeC iwna st hsel orw
that in Righer | ayers.

iDespite the mini mal contribution from sur |
increaset hae @dEQwuealtd o2 02Jlan R&@rgyp-> However,

we continued to observe a substantDal i ncr
21, 2024 (Fig. 9).

In this way, | believe there winlelaubbd ace con

AEC was vali ODASd reyuMAX on January 19. A
increase coul dD (bAeS foobusnedr viant iMAIX on January
|l . 449: XH decreased after the 19th? (c.f.
ReCompared witthhlédhet ineshhi § sdenAEC decreased
hi gherhe hABC | evels at corfewpooldi sggbes gé
hig@ghtitude transport phéhoTreigsa afitfdedclt @xirs
conclusion.

|l .461: 4. 4ZollmrFisgal @ windh ng at 2

| .466: The station in both regions should |
|l ater?



ReAs stated i n tHAEE€s maltmukdnhrdi goyte ra sahta meNU a
continuously increasing temdancydrdpmimg. t |
attributed this to a longer dome effect de:
Fig.9: As mentioned above, maybe col or sca
you have 4 aanudes> o6f. > f you freasmll|l adipnd sd e tma
consider a |l ogarithmic scale?

Reponses to | . 440, 461, Fig. 9:

We havel agaresdt ®ame cas foll ow®s, sbem vkeyr gsod
cannot di splay the remarkable variation ir
process.
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Sect . 4 : I do not see much of the conclusi o

are | i-heaed9802 which | do sleoewisnugp ptohratte, d .( I’
503510) | cannot say whether | agree or no
provided wind field plots. | could give yol
to see this more clearlogur nsurhrearmpy oftlsi.nd Tk
because I don't think that the data was c¢l
ReThank you for this comment. According to

key problems to cause misunderstanding and
For Section 3. 1lmanmnmye dSpecdultanteirvee aarregu ment s |
confusing andVel ehsasy ec srewiamaitregd. t he di scussi

4 into ttevobugiamg st he frequency of jJumping di
toonmse eXbemake Section 3.1 more understand
points, we have del et ed many specul ati ve
generation, aerosol. Theamap oir tpoamdn go fs tSaetcitc

di scuss rdyiffgremar vat eri std candfWel@Hhil@ad.vfeor ae
changesd rtulted ure @aimdSaddiedn s®me demonstrat.
descriptions about the MTL more prominent |
For Sectweomhedl 2t hat we paid much attenti on

vertical profile shapes among different st
vertical profil e shapespecaokuladn db eG acul sassi sai nf i sel
clean days.asHoweuvesrai d, some | ittle differe
Gaus-shaped vertical profile wi-phakighapeae,r f
could be causedqebg. otaer i mMpet Denstt eadr wsol
poll utant stvreirbutciadn di tsel f. Il nstead, we f
summari ze the varying features oft heertica
mov ement-alotfi thu @heppalksyi ous study indicated
0500 m contribatedgawspr oobil e variati on, al

1.-35.5 km responded most shar pl (Frtioc dpdrcthu relxa
al20)19 The tradbvel gwvshpihwvef il loew AEG@swvarvatyoho
Moreover, the increase at AEC tends to intr
0500 m | ayer s. However, we f-alntdi ttuhdae ttrhaec ee
concentration al ways accompamy tdes darsg yi rdc
Theref or atkthewepetahk s of trace gas below 0.5
concentration increase itself instead of i
For Section 3.3, we have modified the win
incl edhiaggher aw t hi ckneatglse adicdo msloscog di ng t o
wind speeds

| . 4812: "attributed"” iIs repeated
| . 486: remove "the"
ReThawn&fuor stelhgge.stWeoaolsave cted these sentence

[ . 490f f : ' s it maybemitxheadt hcelreea?n Yeorud schwswie dd
dusty days, not for the clean days.



|l .491: when is 1t maintaining a Gaussian s|
Respon4@®89 1.0

Thank you for your comment . We mixed the
changed our description as foll ows.

By comparing the results of the dusty day
March 6 and 22, 2 02I11t) i, t uvke foamae ntthraat ihong hp

| ower | ayer and even disappeared on the dt
being able to suppress dissipation, we ake
poll ution 6éaccumul ati on.
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Referee#3

Thank you for your careful review and const
guite valuable to us, and help i mprove our

Potrtnptoi nt responses

Weappreciate the reviewers for their valuab

very helpful for the i mprovement of the mal
carefully accorodommenhbst hderkeavewaddr essed
C o mme nat sp-ooigmoti nt basis as below fordconsider
comments bt ac@intded hien rbelsupeconses are in
Gener al Comment s:

The manuscript entitled "Evaluation of Trar
Yangtze River -D@AS aOlussarmmwatMAaXns " by Song et
transport patterns and vertical di stribut.
numbearnsafrument sDGAS mMmeat WbAXKk i n China. The
of the air mass composition has been inves
all ow to identify air masses moving from tt
i's a vuelr yapupsreafach t hat all ows to investig
processing of individual air masses.

A main problem of the manuscript 1is that 1
di stinction has been made bet weoen thk) C Ol
measurement s, (2) findings from other stud
hypot heses based on the observations. Many
are highly speculative, for example that t
AECand that secondary aerosols are present
statement "We discovered that secondary ae
regional transport process"” (L302), for wh

meaganemd s nor any other study mentioned t ha
Re Thank you f orThteries acemmeamnty. specul ati ve
Section 3.1 confusing and | ess convincing.
Fig. 3 and Fig. 4, whi choma&k=i ISyecd awsne 3mils
under st aredmphhlassi ared t he weadiled veg ®idntnsany specu

conclusions (e.g., seaendably naean)s pabnrdgeanmo
chantghsel r uct ur e asf fScelcltawsn 3. 1
iFi gure 3 presents the temporal vaNrQ ations

and HCHO during this regional transport. A
N Q, and HCHO concentrations were consi sten
because of the heavy traffic flow and dens
2016; Li et al., 2017). Previous studies ha



is dominated by a combination of coal burn
severe particulate pollution ( Wahneg :NaOhd Hao
concentration was high (~ 12 pphb) i n the
concentration was | owest (~ 6 ppb) near no
evening rush hour. Compazlaetvievies] ywe rteh er eolvaetri:e
at the WD station, -whbueaddCBOcdnstnubusi &
occur rlesdo 0Gatm Obet ween 11: 00 and 16: 00. This
is |l ocated in a farm field with | ess traff]
lrage amounts of HCHO are directly emitted
produced by natur al and anthropogenic vol a
(Wang et al ., 2016 ; Wu et al ., 2017a) .

Neverthel3esanndt greveal thetbramai haytarans
phenomena occur. For instance, at the CAMS

|l ayers both ‘“taeraocunnedd n-o oOn.,5 nkanki ng it di ffi ct
in which transport was mor edymamioaustr ams g a
process of different poldaunt®® ntasn,d wlee fd anleau I1
MTL. As shown i nOiFidg.c adt,e sa tphoasti tailMie transpo
the somthwkeresdast pathway are from sout hwest
The MTL s of aer osolesx,hi ICH®d dntf eNG®nt S
characteristics. AlltdhdddiB@)s uUAE @ eb atnid rhe mai
at a relatiVeBY)kmitghCAMS edTr(ic0g (F29003), ¢t
a |l arge discrepancy WWetaweers t(lFeigr d&dorr digo
surf@wasl ~Kimmitasfter 112600, |vahii®Bd ho fal |
exceeded nt.s2akd even +trembeshednd 22k00. At t
station, the BABCOOMLt ayenf anmestdrydrahged fro
especially after 10: 00aé¢grFdsal s3)wlelBedWeossetrl, y t
m throughout the day, with many transport f
' mi(sFig. 4). At the "'OMD ssa attd mdied tthe dd aglhre s:
( 41BOM) , wi t h "Owaxxci eneudm rlgmibst Vi6 KM at 15: 00. Th
suggested that aerosol transport occurred
afternoon, aerosol s gradually accumul ated
variation i n 10he AditsetrrsiHb6d: ttOi Od, A E@fleai mi mas s
caused the transportli®®@@xesoinntheas o®wkeo »
2 HKimmifsor the CAMS and SJZ stations, respect
is closely |l inked t oert haend ofl drampastei cof afh ea ns
boundary | ayer (Ding et al ., -a2008;udRanaeetos
air masses beganrfacemi rRewdshbhl seafter 14:00
3), triggering a va#d)atiTansi mi ghe MeéLekPpl g

vertical mi xing due to the heating of t hi
(Castell anos et al ., 2011; Wang et al ., 2
situadtiBdatduri ng t he dtaiyomsnei, n whlee ebovandar
increased vertical mixing can influence the

a hvaghueONDequently 0d4cOciut ageri nEBxeephedhat
the highest | elveal4Qnde O- B 0l pyerk md:ts 16: 00 at



the ot heéQdalhli gohcecsur red below 400 m at any s
indicated t hawaGt4li0dd. Mskuaroff a,eéNe®i NO®i1 on sources
vehicle and factory éemi srseiacsnosn) fmoirg htt hibse pt
Compared with aewe®sobs nvadan tuhedNtG@EeK OQehnded t o
hi gher altitudes. Taking CAMS as ®n examp
constantl y10eD2om@gf nmgma®B: 00 to 23180pphbthlkav
L During the sameOpaidiyodyvesamgflacBowWwa@wW@mp,b Ll n
at the CAMS station, the surface HCHO conc
t he0D1020M | ayer between 8: 00 and -allt3tuid® ( Fi g
transport contributed more to overall HCHO
hi ghestO@iCdddDual 'y increasedatf rwaDnp -~wi8t h ot h-e 2l
of HCHO ranging from 400 to 1000 "On. At S |
inased floothé~ p phdumlish gDD: WOt h the highest t
fluxes occu&liBOnmlg mMoetsley fatndi ngs i ndicated 1
was maoia2@Q The sharp variation in the MTL

causetdmdsypmeri c vertical mixing (Castell andoa
shown in Fig. 3, high HCHO concentrations t
of aerosxol 4 podsNBOlIl e explanation is that t1l
arenstproar t ed to higher | ayers and converted
reactions, resulting in el evatKkudnaHCHQ@ cadnc
2020 Further moalet i tsutdreo n\gi nhdisghwer e more co
transporwhi(€&€hgfuSther increased the corres

HCHOOwas enhanced around noon because the i
the secondary gene-tatmombetr H&LHIOo nsLomav e
secondary HCHO formation through VOCs pho

Beijing (Liueetahbhl,,2208D; Zhu

I n addition, we di scov ®raemb ng witdea | dinsc If op a
pollutants (Fig. ®)decTlasatgei agd haerfmddlow
(3.dJ2dkmAyY > NC1ORM6EARY > CAMSIPK 24 Ar3s

Y > WDl (komt 2y . Foetrr aNlOspor t ,"Ovtahleu easv eata g®J Z

(50769 pbH,, NCIUAHpdH2HH, and CAMB pba sl 6

% were substantially Ihifgpe’kht h&onveosel gt
aver@agfe HCHO was the hi@phpedth,i nwhwOe(a3s. 2t1lh e
values in SJZ, NCIL16tana.1A MSn duviefip. @bl ;17 6

respectivel y. I n terms of ) hanerltedstuilvies ,I oc
we considered that SJZ was an i mgoratnadnt so
WD was one of the main HCHO sources during
affected the air qual intoy t didenassptd ritte sp atl lomay .t
corresponding eOraoiDwkirset rpirbowtiideerds o onf Fi gs.
I suggest to remove the discussion on dus
i ntensi-0DQ@AS MANXst ruments are uboateég. nBvenar
the spectrometers are of the same type, the
directly compared to each other since they
of the amplifier, as well opsiosa, thkbealdgegngt



fibre bundl e, et c. I therefore suggest to
and 83848, which anyway do not provide much
retrieved extinction profiles.

ReThank you for this comment. We have give
basntghe following discussiWashawe tthleamndead s
descripti-2om4s aosf fLAI6IB80ows, and removed Fig. 6
iln addagpgoavating pollutant accumul ati on,
environment and pollutant concentrations i
the i mpacts of dust on various pollutants,
anal ysliemé sSuppy Sect. S9). For convenience,
results of March 6 and 15, 2021, as prec
comparison between March 15 amd 22, 2021, i
Instead, we depi dtn aprtalcatli Vv exntckinfsfidrye rboccd we e
days as Fi g. 10. This Figure is used to d
intensity, due to the | ight attenuation of
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Finally, the manuscript appears stageequire
the English |l anguage. I have mentioned onl"
Re : We | et a |l anguage revision institution

mi st akes.



""Evaluation of Transport Processes over North China Plain
and Yangtze River Delta using MAX-DOAS Observations'

Yuhang Song

Specific:Comment s

L46: How does the trtammstploe t prodd wcotlilount aan &
pollutants? Please expl ain.
Re Thank y ou for this comment . We have C |

mi sunderstandi ng.

it ranspdiracitodéy deteriorates the environme
emi ssion noufmbaer | afgep o bunspaot ¢ carries | arcg
pollutants, directoly deteriorating air qual
L73: This sentence iIs not only too gener al
data is certainly extremekpeusaemolspher manii
(although with no or only | imited vertical
ReThank you foWethasve comanegued our descripti
AFurt heganoeglel,ite remaneosebei nug éndkativaer mooat
f eatoufarecs var i aatinossp hienr itch-edidanpwese it ,i omecause
their | imited tempor al and spati al resol ut
continuous monitoring of a specifittarea (
is difficult to characterize the vertical

only satellite remodte sensing or CNEMC dat
L76: I guess the statement "Large uncert
estimation” onl yatebass tobemsedek!| sar mby.

Re Ye s, it only refers to model simul ati ons
changed this sentence.

iLarge uncertainties remain in pollutant di
effects of emimedieom ol ogeoabrifese,l ds, and h
(Huang et al ., 2016; 20U featHoawlever20t6nsidaen
uncertainties remain in estimating poll ut
primarily owingi $®i dmei eVdricarsi eoed§, emeteoro

assumpti 6nel madtdu@min.g, e20@®@39;., 2016; Xu et a



2 0107) .
L77: What do you mean with "hypothetical ¢

ReMaybe flassompits omestAsewe al | know, there ar
assumptions I n Ssimul ati on model s (e. g.,

uncertainties caused by these assumptions
For ex@mel le (2e0th5adi cated t hat t he | eaf t el
assumption3shat leanmad.i Oi on, ot her model C
surface | ayer parameterizations and bounda
model uncertainty.

L86: Describing DGAdSg easand paomiugitngng met |
iappropriate. DOAS is a wel/l established a
applied for the measurement of atmospheric

ReThank you for this comment.

iThe differenti al optical a b s(oPrlpattito na nsdp eScttur
2008) | se dag ec uatntdi npgr omi si ng met hod for the
cruci al at mboepmhlee | di ffasreesnt i al optical ab
(DOAS) technique (Pl aggt amnldi sSheud nze h R2o0d0eBf)0 A b
the quantitative analysi® of many crucial
L93: I think this statement i's not correc
resoluti oobOASaphatMAXeast for aerosol s).
ReThank you foWetlhawe comenemed this sentence
iCompared with the ®DOABei sedhmihd wews,cbMAX on
and its operatiCompias ealutwo mat itdhe -BOA8e t ech
does not require radiomet ranct acgad s bsruacth oans as
design, | ow power demand, possi bl eodoautomat |
L96: -MBXS is a not a hyperspectral met hod
obtained from a single viewicdgadi rehgt iMANX a
DOAS should be a stereoscopic technique.
ReWe have deleted this description to make

fia maturbageoduhgper spectr al steroeaftopi c r
mat ur e-bgs@ednd emot edsensing networ Kk
Section 2. 3: Pl easdetdestufssr tthime frsat reirewed

The optical density of HCHO and HONO shown
trace gases be detectoadisel i rabl pusafidliics en

retrieval of the vertical di stribution of
Re: We have supplemented the discussion ab
Section. 2.3 as foll ows.

fiWe assumed two times the fitting error RMS
al ., 2017; Lampel et 1labl(mo I2€@a#)1,5) 11.O8vhi ch we

3.6L8° andl®mo8l cerdf o, HNOHCHO, and HOMNO, resp

The resubwscan meet®t memdRM®tE<cti on | i mit f]
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But we plan to use another HCHO and
this Figure as foll ows.
(3)12 x10 3| T T T T (b) T T T
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L140: Here i1t is not clear
measured spectrum, considering the
Re iAFurt her mor e, we calcul ated t he
considering the contributa-ofimhef Ri hg
was added to the fitting settings

DSCs .

HONO

whatrymuameahew

contri b
ring sp

speat o
to remo



Section 2.4: Gioweinsd hradt itdhheappagmant in Fi gl

| ow, I am surprised that the smo@HOGIi ng an
profiles are similar to those of the NO2 |
"algorighmic error". |Is this error due to I
incapabilities of the forward mhgeli cts® r eal

ReActuall vy, the HCHO smoothing amasunloti,se e
especi aldwr ffaoade nwealruex CHSGHO: WhWc hN@®gr ees wi
retrieved resul ts.

The descrifigpigioon $ romb gt r bceornaf ulsiitntgl.e We have

the demonstrations in the main texaryas f ol l
Sect. S3.

Mai n fmAkegorithmic error (i.e., the differen:
DSCDs) arises from aen cionspte rffuencctt inoinn.i nfuhm so fe
of the viewing angl e. However, it is diff
measured and model ed DSCDs at each profile

on t hxrumfeamce val ues caanndn octo | buemmnr edael nissittiiceasl | y
that measurements at 1A and 30A elevation
air |l ayer s, respectivel vy, the average 71 el

model ed DSCDs eflervadeaf naemthgl® used to esti me

errors asnurtfhaec enevaarl ues and column densitie
2004). Considering its trivial role in the
t he -snuerafrace val ualsnasnd itelse adol4dunamd 8 % f or
for, Nand 4 and 11 % for HCHO, respectively
Suppl em¥enatiAT he3al gori thm error i s the discr
(¢) and mode’IObﬁﬁf)j,D\ﬂhSDsnha(inly caused by an i m

of the cas9t ifnuregt.i em.( This error is a func
the difficulty of assigning this error to
t he -snuerafrace viadmre sdeamdi tcioes are wusually est

average r—relative differences bet ween the

mi ni mum and maxi mum el)e,vat & ®ome atnigv el y( e(xWeaeg

2004) .
c’=(y F(x,b)'S, " (y F(xb) (¢ x)S*(x x) (s3)
wherOshf i s the fodwampd asheechénset eor ol ogi cal pa
is the measuredt DECDspriori vector that ser

ei s the ®tate vector.
L208: Expl aispwbygy e ndarrbelict i on (and not i

direction) is of relevance here.

ReThank you for this comment. We have supp
Section 2.5.

iGi ven the major role of pollutant transpor

of dacyOa 6 and col umn oapnsptor eadh useat i(c



calculated to illustrate the dynamic trans

northeasd-> pGwihnwjayt o-babBéen séempography, sout
southerly winds play a dominant role 1 n poc
study, we mainly focused onnoprotlhleuatsatn td itrreacnt
and thus selnetctsetda tfioounrs dailfofnegr e¢ hi s pat hway,
Wangdu (WD), Nancheng (NC), and Chinese Ac
( CAMS) (Fi g. 1) hoWel galtcahfspedd iOhgtnadx ers  (

column tr a@@ptohdadasd buxes to i1l lustrate the

of poll ut amtugs Mavleatnthge atsbte pat hway.
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Figure 2: Convertingtohepbnwesiut d HO2 ofwr 6 mr C
guantitative assessment otfsthe agreement b
ReWe have convert éd gumidppidbhgNOhef foml owi ng

X(ug/ m*)¥ (L/ mo)

Clppt) ==

V(LI mol = R(J/(molOK))s T K

P(kpa
In addtidi beassen t he effects of wekctasednalhe
fabnor madofvaMA®EASNd i n situ measureméEmlmits bef

filterimgr ddwdepedsfrredmtd.o;nl5 to 0. 752, and



aerosol; arnedspNeCct i vely.

The filtering procedure i s elaborated i n Su
iSect 8ome Sabnor mal values definition and fi
For | esseni mgbhn dheméddpuwueddemnyf occasi onal ext

we needed to adopt a method to seek out th
series of dat af,i wet fquearttliyl d ou@d) t hmedi an (
(Q3) , which are the 25t h, 50th and 75th pe
respectively. The difference between Q1 ando
| QR =0Q1Q3 Thlei miptp)e(rand | wwwe rwelriemidtef i ned as
plus I QR, and Q1 miniws =NOR)] QResQEtE QR) vel y (
The valued | aorgelrowghranveae defined as abnor
and discarded. After filtering the data, tF
and 0.671 to 0. 34,r efsopre cateirvoesloyl. and NO

0

300 T T T T T 50
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Figure 3: Why are there so many missing p
instrument fotehaetthevptofailed in these c:
ReOn one hand, outages of the instrument re
some stati dus ilngck h®Ckksertain period. For e
are | acked after 16:00 at the WD station,
failure. On the other hand, some >efults <c
rel at i<bwé® fPoerarnadr ar e f i |Gt efrieldt eorutt. hd fdawvtea ,d otnh
profil es, bubbmaoystrgsuhteasopable (as fol

are >BABCskmat each allt2i:tO0deatd urhiengSJ1zl :sOt0at i



L270ff: tlhef edeels ctrhiaptt i on of the temporal anc

at the different stations is not represen
example, it is stated that there i s a "subt
but niot im&ntioned that this iIis just the ons:

throughout the afternoon. The finding that
present at SJZ, and | ater at NC tanmesCAMS, |

which the aerosol | ayer reaches the differ
times from station to station as esti mated
evidencer drhpd tlrommgsport has i rhdee erde acscoou rfroer

the much | ower AECs at WD than at the ot hel
Re Thank you for this commemake Asl garu diadg tdi
bet wele)yn conclusions evidently inferred fror
ot her stsdpeaer tt htalh e measur ement s and ( 3)
observatOndnesx wst hngndtaitsa onvalincduingst wdhet her
di stance fitbkBetwiged hsepeedt ATnhdi st hies th encea udsies
di stance among iSs] Zt, o ONDIkampghd(@N &4 Gvi nd s peed:
experience many uncertain changes during ¢t
be conshypothle mes basednen etaliee bdulsd eornvsa teiva rds
inferred from tGiev ene atshua te ntemd sae eéon dg sicrutss o
the MTL of various pollutant.s, we deci de t
To emphasize the main points, we have chang
mai nly di scusdi sstpratsbiudtie mgporaamldlaHCMNIO f f er ent
st atdiuonsng this mBegif ohatohvs rrasdagdonm tf or t he n
AECs at WD t han iast alhseo octohnetraisnteadt iiomnst he f o
fiFi gure 3 presentnss tine ttheempreoerrali cvadrddatsita i bu
and HCHO during this regional transport. A
N Q, and HCHO concentrations were consi sten
because of the heaviyattafVyiemibeowonsadi deBes



