


effect on urban air quality, with improvements in NO2 pollution and increases in ground-level ozone concentrations
(10.1016/j.envres.2023.115835). 

Line 324-325 & Line 401-402 (implication) - Hence, low VOCs emitting tree species should be selected for greening and re-
naturing programs (10.1126/science.add973). 

Reviewer #2 

(Remarks to the Author) 
This manuscript analyzed the long-term trends of ozone sensitivity using a satellite dataset. Taking into account the journal’s
high-quality standard, this study should be rejected. I found the following three flaws in this study. First of all, what’s new in
this study? The methodologies and approaches themselves have been well-used in so many other studies. Even though the
target areas extended into the tropics and/or global south, such analyses could be found in other literature. The simple
application to other areas would not meet the journal’s scope and criteria. Second, although the manuscript (and title itself)
emphasized the relation between ozone to warming climate, the analysis could be misleading. For example, as stated
“according to NASA, 2019 was the second warmest year since records”, Fig. 6 used the difference in the year 2019 and just
imposed the high-temperature biases. However, temperature can be variated year-to-year and the fact will not be so simple.
In addition, the ozone regime was diagnosed based on the column data whereas temperature and SWR are surface
datasets. I do not fully understand such confusing data analyses. Finally, the satellite data of HCHO and NO2 column can be
a proxy of emissions, but the bottom-up emission inventories need to be analyzed, and discussed the relation between
column concentration and emission if the authors suggest the policy regulation. 

Reviewer #3 

(Remarks to the Author) 
This manuscript evaluates the trends of OMI HCHO and NO2 in 41 megacities worldwide, explores ozone sensitivity through
their ratios, and analyses their correlation with temperature. The authors provide a global perspective on the study of ozone
and precursor changes. However, the current manuscript leaves something to be desired. I suggest that the manuscript be
further refined before it is considered for publication. 
1.Ozone sensitivity: The authors do not explicitly provide ozone sensitivity, let alone “ozone sensitivity trends”, but only FNR
values and qualitative analyses, which is insufficient for a study on the topic of Ozone sensitivity. 
2.Ozone data: It is recommended that authors use ground-level ozone data to analyze trends, even for just a few stations or
cities. This will allow for specific analyses rather than just speculation when exploring the influence of precursors or
meteorological factors on ozone changes, and will be more persuasive for the conclusion than just that “the observed trends
are contrary to what is required to reduce O3 levels”. 
3.Due to the long time scales of the study, there may be exceptions to the non-significant trends in ozone precursors, such
as the rapid decline in NO2 in Beijing from 2013, as shown in Figure 5, which is the case for many cities in China. This
change in trend helps to study the role of precursor changes under ozone sensitivity. 
4.Increase in temperature: The authors attempt to explore the effect of "temperature change" on ozone concentrations, but do
not give quantitative results for temperature change. Figure 6 only shows the situation in 2019. In addition, the term
"warming climate" is not appropriate for this scale of temperature change. 
5.Clustering analysis: The authors classify the cities into four clusters according to FNR values, but the significance of this
needs further consideration. In fact, they can be regarded as different ozone generation sensitivity classified by FNR. As the
authors state, emission trends differed among the grouped megacities, so what is the usefulness of cluster analysis? Authors
explain the different roles of meteorological factors in terms of whether they are developed regions or not, which in itself has
no relevance to the results of the clustering analysis. 
6.Figures and Table: The time scale and units of the data should be given in Table 1. The meaning of the colours should be
indicated in Figure 3. How was the trend calculated in Figure 5? 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors replied to open issues satisfactorily. The requested changes and suggestions were taken into account, and any
missing information added. The revised version is improved, and ready for publication. 

Reviewer #2 

(Remarks to the Author) 
This manuscript is the revised version that was previously submitted to this journal. I sincerely appreciate the authors’
revisions to address my comments. After the clarification from the authors, I reread this carefully, but I still have concerns
about considering it as a possible publication from this journal’s high-quality standard. My biggest concerns were the lack of
appropriate references and relevant discussions. Especially, the added discussion using O3 reanalysis data has been
severely lacking in discussion with previous research and strongly relates to the analysis using their data. 

Major points: 



The visualization and the relevant discussion will still be difficult to understand. In Fig. 2., HCHO and NO2 columns were
shown from 1.0E15 to 17.0E15 mol.cm-2, so I guess that these white colors will indicate lower concentration (less than
1.0E15), right? Thus, the white color in the FNR map corresponds to a higher value rather than 6, right? However, I am
confused “When mapping the data, masks for land–ocean, HCHO values below 7×1015 mol cm–2, NO2 values below
1×1015 mol cm–2, and FNR values above 10 were applied to facilitate data visualisation.” in line 501-503. Could you clarify
this analysis methodology? It is very interesting to see the behavior of HCHO, NO2, and FNR in Africa as categorized into
cluster no. 1. However, based on the analysis shown in Fig. 2, NO2 column corresponded to a relatively lower region. In this
sense, how could we consider the detection limit of NO2 column? The usage of HCHO was described in line 486, but it is
also required for the detailed description of NO2. I am afraid that a high FNR has simply drawn from a low NO2 which was
just lower than the detection limit. Without clarification, the analysis would be meaningless. 
The added analysis for O3 based on the reanalysis data seems to be partly critical; however, I do not speculate the
methodology of the re-gridding from a coarser resolution to a finer resolution. Although it could be easy in the re-gridding
from a finer resolution to a coarser resolution as HCHO column, it seems to be difficult how to regrid into a finer resolution.
Did this apply some a priori or other information? Related to this O3 analysis, the authors claimed that the transition from the
decreasing trend to the increasing trend in China. However, this result and discussion on China in lines 195-210 will be
conflict with the continuously increasing O3 trend reported in previous papers (https://doi.org/10.5194/acp-16-10637-2016;
https://doi.org/10.5194/acp-19-1455-2019; https://doi.org/10.1016/j.atmosenv.2021.118869). The discussion was very weak
in the current manuscript quality just relying on their data without referring to appropriate pieces of literature. Judging from
this careless analysis without the previous studies, I am sorry, but the results and discussion on other sites will also be
suspicious. 

Specific points: 
Line 72-78: I am confusing this explanation. Despite these discussions for FNR values, why did the authors use the method
of Duncan et al. (2010)? To avoid confusion, I will recommend moving or repeating the sentence in lines 495-497. I agree
with focusing on the trend analysis instead of the FNR value because the threshold values are still discussed. However, the
authors compared FNR at site-to-site and discussed the ozone formation regime. If there is a difference in the threshold
value site-by-site, it is not as simple as discussed. 
Line 162-166: It should be carefully defined which countries are developed/developing countries. Specifically, which is
categorized for China? 
Line 391-392: We cannot follow NOx emission itself from this manuscript. Need reference. Even though the measured
column can be a proxy of emissions, it could not be defined as emissions. 
Line 392-393: See my major concern. 
Line 396-398: This sentence seems to be redundant. 
Line 433: Related to the comment on lines 162-166, what was in China? Some literatures also reported the transition of
ozone sensitive regime in China, but they noted that the shift from VOC-limited to a transitional or NOx-limited regime
(https://doi.org/10.5194/acp-21-7253-2021; https://doi.org/10.1002/2017JD026720) 
Line 453: I am still wondering if this remark is overstated because the emissions themselves have never been analyzed. 

Reviewer #3 

(Remarks to the Author) 
The authors have revised the manuscript extensively to emphasize its importance and novelty. I recommend further
refinement of the manuscript before considering it for publication. 
1.Based on the FNR metric it is possible to clearly indicate which areas are VOC-sensitive or NOx-sensitive and
demonstrate the changes visually. What considerations did the author fail to provide this information? 
2.With regard to the effects of temperature and radiation, the authors focus mainly on the increase in biological VOC
emissions and seem to neglect their contribution to the chemical reactions that lead to ozone production. 
3.We already know that an increase in VOC or a decrease in NOx alone increases ozone levels in VOC-sensitive areas,
and that ozone precursor abatement measures depend on the O3 sensitivity. The authors build on this by conducting a
clustering analysis to categorize sites into four clusters. What is the significance of this? Any new insights into the
relationship between ozone changes and precursors? Further clarification is needed. 
4.The abstract is too succinct in its presentation of the results, simply stating "The O3 trends ... aligning with changes in
precursor emissions", which does not emphasize the novelty of this study at all. 
5.The colors in Figure 3 make it difficult to distinguish between positive and negative values. In addition, the marine portion
can be deducted as shown in Figure 2. 
6.The time frame is not indicated in table 1 and related text. 
7.Line 223-234: The sequence numbers of the clusters do not match those in the previous text and figure. 

Version 2: 

Reviewer comments: 

Reviewer #2 

(Remarks to the Author) 
This manuscript is the second revision that has been submitted to this journal. I greatly appreciate the authors’ revisions to
address concerns; however, I do not fully understand their response to the following Q&A. 



- Regarding the color scales for NO2, HCHO, and FNR, I can still see the white areas even in Supplementary Fig. 9 over
South America. This region will correspond to Amazonia Rainforest (AMZ), one of the significant regions classified as
cluster 1. Unfortunately, I cannot fully follow the discussion regarding the non-masked version. 
- Even in the possible spatial difference in the threshold value of FNR, I did not catch up with the added line in Line 149-154
“Due to the inherent spatial and temporal variability of the FNR values that define ozone sensitivity regimes, the results did
not aim to provide a specific threshold value for regime classification at every site, however they emphasised the observed
trends across regions. Sites displaying the lowest FNR were considered as VOC-limited conditions, intermediate as
transitional/NOx-limited, and the highest FNR as NOx-limited regions.”. Under the possible difference in the threshold value
of FNR as previous studies suggested, why can a relative discussion be made, and how can clustering analyses be
interpreted? In addition to this concern, the added line in Line 250-257, which will be related to the other reviewer’s
response, is further confusing. As shown in Table S9, NYC and LAX are classified as VOC-limited and transition,
respectively, based on the threshold value suggested by Jin et al.27. But when we assume the threshold value based on
Duncan et al. for other regions, Paris is categorized into NOx-limited for example. Again, because of the possible regional
difference in the threshold value, the discussion includes high uncertainty, and I cannot interpret the result. 
- Finally, regarding the mismatch between the observational results from the related reference and the CAMS reanalysis,
"Nonetheless, the coarse resolution of the used data limits the observation of local variations in Chinese megacity clusters.
Li et al. (2022)9 reported a continuous increase from 2006 to 2019 of the O3 50th percentile in the Pearl River Delta urban
sites, however a significant decrease in regional sites was observed. Due to the spatial resolution limitations, this study
cannot resolve these local variations.", I want to disagree with this statement. As the authors replied to my previous concern,
the finer resolution of the regriddinging process showed almost the same performance as the original dataset. I partly agree
that this could be the spatial resolution; however, I think this is the limitation of the current reanalysis dataset. It is hard to rely
on the reanalysis dataset without the appropriate reproducibility of the observational fact. This is just the case in China, and I
am suspicious of other cases in other regions analyzed in this study. This is not a denial of the reanalysis dataset, which is a
promising way to understand the air quality, but the reanalysis data should be carefully used. I believe observation-oriented
analyses should be established. 

Reviewer #3 

(Remarks to the Author) 
The authors fully responded to all suggestions and questions and made necessary adjustments, revisions, or explanations.
The revised version has been improved and is ready for publication. 
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Reviewer #1

Remarks to the Author: The topic and results are of interest. Overall, the paper is timely,

well-written, robust, and reports informative results. I suggest revising your paper, in

particular by: correcting the English/writing throughout the text (some typos),

developing your introduction further by highlighting the significance and novelty of your

work, and updating the state-of-the-art.

&B>S 4BWGBXBS eÁ

9B >QQSB@G>UB ZPVS UFPSPVEF SBWGBX >OA @POTUSV@UGWB DBBA?>@LÁ XFG@F FBMQBA ESB>UMZ

GNQSPWB PVS N>OVT@SGQUÀ $BMPXÁ XB QSPWGAB > QPGOUÇ?ZÇQPGOU SBTQPOTB UP B>@F PD UFB

SB@PNNBOA>UGPOT >OA UFB @F>OEBT N>AB GO UFB N>OVT@SGQUÀ

1.Abstract - The current version is not informative, i.e., missing quantified results (trend

magnitude), missing information about the applied approach (e.g., for trend analysis),

etc.

Response:

6FB >?TUS>@U F>T ?BBO NPAG`BA UP GO@MVAB RV>OUGU>UGWB SBTVMUT >OA GODPSN>UGPO PO UFB

>QQSP>@F VTBA DPS UFB >O>MZTGTÀ 6FB @F>OEBT >SB >T DPMMPXTÂ

Ï)SPVOAÇMBWBM P[POB Ë1gÌ SB>O>MZTGT A>U> DSPN UFB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE

5BSWG@B XBSB VTBA UP >TTBTT UFB @F>OEBT GO 1gÀ %F>OEBT DSPN fddi UP fdem >OA UFBGS

SBM>UGPOTFGQ XGUF UFB X>SNGOE BOWGSPONBOU GO he NBE>@GUGBT XPSMAXGAB XBSB BW>MV>UBA

VTGOE TB>TPO>M />OOÇ-BOA>MMÁ USBOA AB@PNQPTGUGPO NBUFPATÁ >OA 2B>STPO @PSSBM>UGPO

>O>MZTGTÀ 6FB SBTVMUT SBWB>MBA TGEOG`@>OU GO@SB>TBT GO *%*1Á XGUF ZB>SMZ @F>OEBT

S>OEGOE DSPN dÀe UP dÀge ËÖ edei NPMÀ@NÕfÌÁ XFBSB>T 01f W>SGBA DSPN ÕdÀff UP dÀdk ËÖ edei

NPMÀ@NÕfÌ ABQBOAGOE PO UFB SBEGPOÀ 6FB 1g USBOAT TFPXBA W>SG>UGPOT DSPN ÕdÀge UP dÀkd

QQ? ZB>SÕeÁ >MGEOGOE XGUF @F>OEBT GO QSB@VSTPS BNGTTGPOTÀÏ

Introduction

2. Line 30: ref - In 2016, 54% of the world's population lived in urban areas (UN, 2018)

where ground-level ozone, PM2.5, and NO2 are the most harmful air pollutants for

human health.



Response:

$>TBA PO UFB QSPWGABA SBDBSBO@BÁ UFB QPQVM>UGPO QBS@BOU>EB GO VS?>O >SB>T ?Z fdej F>T

?BBO >AABA GO MGOBT gfÇghÀ

Ï7S?>O >EEMPNBS>UGPOT F>WB GO@SB>TBA TGEOG`@>OUMZ PWBS UFB M>TU UXP AB@>ABTÀ +O fdejÁ

ihØ PD UFB EMP?>M QPQVM>UGPO MGWBA GO VS?>O >SB>TeÁ >OA ?Z fdffÁ edØ PD UFB VS?>O

QPQVM>UGPO X>T @PO@BOUS>UBA GO hh NBE>@GUGBTfÀÏ

3. Line 39: not only – ozone exposure leads to premature deaths & hospital admissions

for cardiovascular and respiratory diseases (e.g., 10.1016/j.atmosenv.2023.119926).

Response:

6FB GO@SB>TBA QSBN>UVSB AB>UFT @>VTBA ?Z P[POB >OA UFB SBDBSBO@B F>WB ?BBO

GO@MVABA GO MGOBT heÇhfÀ

Ï)SPVOAÇMBWBM P[POB Ë1gÌ GT SBTQPOTG?MB DPS GO@SB>TBA QSBN>UVSB AB>UFT >OA FPTQGU>M

>ANGTTGPOT AVB UP @>SAGPW>T@VM>S >OA SBTQGS>UPSZ AGTB>TBTgÏ

4. In 2019, the chronic ozone exposure led to 147,100 deaths in 13,160 urban areas with

more than 50,000 inhabitants in cities in 2019 worldwide (Malashock et al., 2022).

Response:

6FB NPSU>MGUZ S>UBT XGUF UFB QSPWGABA SBDBSBO@B F>WB ?BBO GO@MVABA GO MGOBT hfÇhhÀ

Ï+O fdemÁ @FSPOG@ 1g BYQPTVSB MBA UP ehkÁedd AB>UFT GO VS?>O >SB>T XPSMAXGABÁ XGUF >

QPQVM>UGPO BY@BBAGOE idÁdddhÀÏ

5. Line 40: Ozone is a threat to biodiversity (10.1126/sciadv.abc1176; 10.1007/s11676-

023-01645-y).

Response:

.GOBT hhÇhj F>WB ?BBO GO@MVABA UP AGT@VTT UFB >AWBSTB B^B@UT PD P[POB >OA GUT UFSB>U

UP ?GPAGWBSTGUZ ?>TBA PO UFB QSPWGABA SBDBSBO@BTÀ

Ï6FB >AWBSTB B^B@UT PD 1g PO @SPQTÁ B@PTZTUBNTÁ >OA N>UBSG>MT F>WB ?BBO XBMMÇ

AP@VNBOUBAiÈkÀ 1g >MTP QPTBT > UFSB>U UP ?GPAGWBSTGUZlÁm >OA TBSWBT >T > ESBBOFPVTB E>TÁ

@POUSG?VUGOE UP @MGN>UB @F>OEBedÀÏ



6. Global exposure of urban population to ozone increased, due to lower O3 titration by

NO. The summertime O3 MDA8 rose at 74% of cities

worldwide(10.1016/j.scitotenv.2022.160064).

Response:

6FB AGT@VTTGPO >?PVU UFB @F>OEBT GO UFB 1g /&"l Á >OA SBAV@BA 1g UGUS>UGPO GO 81%Ç

MGNGUBA >SB>T F>T ?BBO GO@MVABA GO MGOBT hmÇif XGUF UFB SB@PNNBOABA SBDBSBO@BTÀ

Ï$BUXBBO fddd >OA fdemÁ TVNNBSUGNB 1g A>GMZ N>YGNVN lF W>MVBT Ë/&"lÌ GO@SB>TBA

GO khØ PD VS?>O >SB>T XPSMAXGABÀ +O @GUGBT VOABS 81%ÇMGNGUBA @POAGUGPOTÁ NB>O 1g

@PO@BOUS>UGPOT >MTP GO@SB>TBA PXGOE UP SBAV@BA 01Y BNGTTGPOTÁ SBTVMUGOE GO MBTT

UGUS>UGPO PD 1g ?Z 01eeÏ

7. Ozone is rising also by night(10.1126/science.adm7628).

Response:

6FB GO@SB>TBA SBMBW>O@B PD OP@UVSO>M P[POB F>T ?BBO GO@MVABA GO MGOBT ihÇik ?>TBA PO

UFB SB@PNNBOABA SBDBSBO@BÀ

Ï(VSUFBSNPSBÁ OP@UVSO>M 1g QPMMVUGPOÁ XFG@F GT FGTUPSG@>MMZ @POTGABSBA UP ?B MPX >OA

VOUFSB>UBOGOEÁ GT >MTP PD SGTGOE @PO@BSO GO TBWBS>M SBEGPOTÁ TV@F >T UFB 7OGUBA 5U>UBT

>OA %FGO>Á PXGOE UP SBAV@BA 01Y BNGTTGPOT XGUFPVU TGNGM>S SBAV@UGPOT GO UFB 81%TÀefÀÏ

8. Line 45: in general, ozone levels are rising in cities and remote areas, and declining in

rural areas (10.1016/j.coesh.2020.100226)

Response:

6FB USBOAT GO VS?>O >OA SBNPUB >SB>T F>WB ?BBO GO@MVABA GO MGOBT hmÇid >OA ifÇih XGUF

UFB SB@PNNBOABA SBDBSBO@BTÀ

Ï$BUXBBO fddd >OA fdemÁ TVNNBSUGNB 1g A>GMZ N>YGNVN lF W>MVBT Ë/&"lÌ GO@SB>TBA

GO khØ PD VS?>O >SB>T XPSMAXGABÀÏ

Ï+O SBNPUB >SB>TÁ 1g MBWBMT SPTB PXGOE UP GO@SB>TBA 01Y BNGTTGPOT >OA US>OTQPSU PD 1g

>OA GUT QSB@VSTPS DSPN VS?>O >SB>TegÈeiÀÏ



9. Line 76-77: add a reference

Response:

6XP SBDBSBO@BT F>WB ?BBO >AABA UP UFGT @M>GN GO MGOBT miÇmjÀ

Ï%POTGABSGOE UF>U 1g SBQSBTBOUT > TGEOG`@>OU EMP?>M @PO@BSOehÁejÁ VOABSTU>OAGOE GUT

MPOEÇUBSN @F>OEBT >OA UFPTB DSPN GUT QSB@VSTPS BNGTTGPOT GT BTTBOUG>MÏ

4BTVMUT

10. Table 1: be careful with the number of digits. I suggest adding the trend magnitude

for ozone, or from literature, for instance the TOAR database (https://join.fz-juelich.de)

or the Global Reanalysis Datasets for all cities worldwide at a fine spatial resolution

from 2000 to 2019.

Response:

6F>OL ZPV DPS UFB GOTGEFUDVM TVEEBTUGPOÀ 9B F>WB GO@MVABA ESPVOAÇMBWBM P[POB

SB>O>MZTGT A>U> DSPN UFB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B Ë%"/5ÌÀ 6FB

GO@MVTGPO PD UFB A>U> MBA UP TGEOG`@>OU @F>OEBT GO UFB @POUBOUT PD PVS N>OVT@SGQUÀ 9B

MGTU FBSB UFB TB@UGPOT UF>U F>WB @F>OEBA >OA UFB NPAG`@>UGPOT UF>U F>WB ?BBO GO@MVABAÀ

Title

6FB UGUMB F>T ?BBO NPAG`BA UP @POTGABS UFB GO@MVTGPO PD UFB P[POB A>U>À

Ï1[POB USBOAT >OA UFBGS TBOTGUGWGUZ GO EMP?>M NBE>@GUGBT VOABS UFB X>SNGOE @MGN>UBÏ

Introduction

.GOBT mgÇmj >OA eddÇedi GOUSPAV@B UFB ESPVOAÇP[POB A>U> >O>MZTGT >OA FGEFMGEFU GUT

SBMBW>O@BÀ

Ï/POUFMZ 1g SB>O>MZTGT A>U> DSPN UFB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B

Ë%"/5Ì XBSB VTBA UP BW>MV>UB 1g USBOA @F>OEBT AVSGOE UFB T>NB QBSGPAÀ %POTGABSGOE

UF>U 1g SBQSBTBOUT > TGEOG`@>OU EMP?>M @PO@BSOehÁejÁ VOABSTU>OAGOE GUT MPOEÇUBSN

@F>OEBT >OA UFPTB DSPN GUT QSB@VSTPS BNGTTGPOT GT BTTBOUG>M DPS >TTBTTGOE UFB ?VSABO

PD BNGTTGPOÇASGWBO 1g PO UFB GO@SB>TBA EMP?>M ?VAEBUÀÏ

Ï6FB `OAGOET GODPSN UFB P?TBSWBA @F>OEBT GO >SB>T XGUF UFB NPTU TGEOG`@>OU TPVS@BT

PD QSB@VSTPST >OA FGEFBTU MBWBMT PD 1g QPMMVUGPO EMP?>MMZÁ XFG@F F>WB ZBU UP ?B >@FGBWBAÁ

>OA TBSWB >T TVQQPSU DPS BTU>?MGTFGOE 1g NGUGE>UGPO TUS>UBEGBT PO > EMP?>M T@>MBÀÏ



Results

.GOBT egmÇehh QSBTBOU UFB `OAGOET PD UFB P[POB @F>OEBT >U > EMP?>M T@>MBÀ

Ï6FB 1g MBWBMT ?BUXBBO fddi >OA fdem TFPXBA > TGEOG`@>OU EMP?>M GO@SB>TB Ë(GEVSB gÌÀ

6FB ZB>SMZ >WBS>EB >OPN>MZ DPS UFB idUF QBS@BOUGMB SBWB>MBA UF>U GO fdem Ë(GEVSB g@ÌÁ

@PO@BOUS>UGPOT XBSB SBN>SL>?MZ FGEFBS UF>O UFPTB GO QSBWGPVT ZB>STÁ XGUF @BSU>GO >SB>T

SBQPSUGOE >O GO@SB>TB PD VQ UP ei QQ?À 'VSPQBÁ UFB /GAAMB '>TUÁ '>TU "TG>Á >OA 5PVUFB>TU

"TG> >SB >NPOE UFB SBEGPOT XGUF UFB NPTU TV?TU>OUG>M 1g AG^BSBO@BTÁ XFG@F >MGEOT XGUF

UFBTB SBEGPOT F>WGOE UFB FGEFBTU BNGTTGPOT PD QSB@VSTPSTÀ

.GOBT emiÇfeh QSBTBOU UFB SBTVMUT GO UFB hi TGUBT ?>TBA PO UFB OBX P[POB A>U> >AABA GO

6>?MB eÀ

Ï%POTGTUBOU XGUF UFB QSB@VSTPS BNGTTGPO USBOATÁ UFB />OOÈ-BOA>MM UBTU SBTVMUT DPS 1g GO

6>?MB e SBWB>MBA GO@SB>TGOE 1g GO gi PD UFB hi TUVAGBA >SB>TÁ >MUFPVEF UFB USBOAT XBSB

TGEOG`@>OU GO POMZ fi TGUBTÀ +OUBSBTUGOEMZÁ 1g GO NPTU NBE>@GUGBT GO %FGO> AB@SB>TBA

UFSPVEFPVU UFB >O>MZTGT QBSGPAÀ *PXBWBSÁ UFB 1g TB>TPO>M USBOA AB@PNQPTGUGPO

>O>MZTGT GO 5VQQMBNBOU>SZ (GEVSB i AGTQM>ZT UXP QBSGPAT >U TBWBS>M TGUBTÂ fddiÈfdee

>OA fdefÈfdemÀ 5VQQMBNBOU>SZ 6>?MB g QSBTBOUT UFB USBOA >OA N>EOGUVAB @F>OEBT

ËQQ? ZB>SÕeÌ DPS fddiÈfdee >OA fdefÈfdemÀ

(SPN fddi UP fdeeÁ 1g SBN>GOBA SBM>UGWBMZ TU>?MB GO TBWBS>M NBE>@GUGBTÁ TV@F >T .PT

"OEBMBTÁ .POAPOÁ 2>SGTÁ /BYG@P %GUZÁ >OA 5BPVMÁ ?VU AB@SB>TBA GO NPTU NBE>@GUGBT GO

%FGO>À *PXBWBSÁ DSPN fdef UP fdemÁ > TGEOG`@>OU GO@SB>TB X>T P?TBSWBA >U fm PD UFB

>O>MZTBA TGUBTÁ XGUF UFB ESB>UBTU @F>OEBT P?TBSWBA GO NBE>@GUGBT GO "TG>Á TV@F >T

6BFS>OÁ 5BPVMÁ >OA ,>L>SU>À %FGOBTB NBE>@GUGBT US>OTGUGPOBA DSPN AB@SB>TGOE AVSGOE

fddiÈfdee UP > TGEOG`@>OU GO@SB>TGOE USBOA DSPN fdefÁ XGUF 9VF>O >OA UFB NBE>@GUZ

@MVTUBST PD UFB 2B>SM 4GWBS &BMU> >OA ;>OEU[B 4GWBS &BMU> TFPXGOE UFB NPTU N>SLBA

@F>OEBTÀ 5GNGM>SMZÁ NBE>@GUGBT GO +OAG> TFPXBA AB@SB>TGOE W>MVBT DSPN fddi UP fdee

?VU TGEOG`@>OU GO@SB>TGOE USBOAT DSPN fdef UP fdemÀ

6FB DPVS SBNPUB >SB>T >MTP TFPXBA GO@SB>TBA 1g MBWBMT DSPN fdefÁ XGUF UFB GO@SB>TB

?BGOE TGEOG`@>OU POMZ GO UFB "N>[PO >OA %POEP S>GODPSBTUTÁ QPTTG?MZ PXGOE UP FGEFBS

?GPEBOG@ TPVS@BT PD P[POB QSB@VSTPST UF>O GO UFB ABTBSU >SB>T PD UFB 5>F>S> >OA UFB

)SB>U 8G@UPSG> &BTBSUÀÏ



Discussion

.GOBT gimÇgjh AGT@VTT UFB P[POB AG^BSBO@BT GO UFB >O>MZ[BA NBE>@GUGBT ?>TBA PO UFB

QSB@VSTPS BNGTTGPOTÀ

Ï+O >MGEONBOU XGUF UFB TQ>UG>M AGTUSG?VUGPO PD QSB@VSTPS BNGTTGPOTÁ UFB NBE>@GUGBT XGUF

UFB FGEFBTU 1g MBWBMT >SB >MTP UFPTB XGUF UFB FGEFBTU QSB@VSTPS BNGTTGPOTÁ GOAG@>UGOE

UF>U BNGTTGPOÇASGWBO 1g @POTUGUVUBT UFB NPTU SBMBW>OU TPVS@B PD 1g GO NBE>@GUGBT

EMP?>MMZ >OA XGMM @POUGOVB UP AP TP N>GOMZ ?B@>VTB PD GO@SB>TBA 81% >OA SBAV@BA 01:

BNGTTGPOT GO 81%ÇMGNGUBA SBEGPOT >OA GO@SB>TGOE 01Y BNGTTGPOT GO SBEGPOT VOABS

US>OTGUGPO>MÆ01YÇMGNGUBA @POAGUGPOTÀÏ

.GOBT glmÇhem AGT@VTT UFB ASGWBST PD UFB P[POB USBOATÀ

Ï"MUFPVEF EMP?>M 1g USBOAT GOAG@>UB > EBOBS>MGTBA GO@SB>TBÁ SBEGPO>M AG^BSBO@BT >SB

>QQ>SBOU >OA >SB GOaVBO@BA ?Z AG^BSBOU D>@UPSTÀ 6FB >O>MZTGT PD QSB@VSTPS BNGTTGPOT

>OA UFBGS S>UGPT FBMQT BYQM>GO UFBTB AG^BSBO@BTÀ 01Y BNGTTGPOT GO %FGO> GO@SB>TBA DSPN

fddi UP fdef ?VU F>WB TGO@B AB@SB>TBAÀ +O @POUS>TUÁ 1g AB@SB>TBA DSPN fddi UP fdee

>OA GO@SB>TBA TGEOG`@>OUMZ DSPN fdef POX>SATÀ 6FB (04 GO NBE>@GUGBT GO %FGO> GT

>NPOE UFB MPXBTU GO UFB >O>MZTBA SBEGPOTÁ GOAG@>UGOE > 81%ÇMGNGUBA SBEGNBÃ UFBSBDPSBÁ

UFB GO@SB>TB GO 1g >T 01Y AB@SB>TBT GT BWGABO@B PD 81%ÇMGNGUBA @POAGUGPOTÀ

(VSUFBSNPSBÁ SBAV@GOE UFB QSB@VSTPS BNGTTGPOT XGUFPVU @POTGABSGOE UFB TBOTGUGWGUZ

SBEGNB N>Z MB>A UP GO@SB>TBA 1g PXGOE UP UFB OPOMGOB>S SBM>UGPOTFGQ ?BUXBBO 1g >OA GUT

QSB@VSTPSTÀ

*PXBWBSÁ UFB FGEF (04 ËUPX>SAT 01YÇMGNGUBA @POAGUGPOTÌ P?TBSWBA GO USPQG@>M

NBE>@GUGBT GO "DSG@> >OA 5PVUFB>TU "TG> GOAG@>UBT UF>U UFB TGEOG`@>OU GO@SB>TB GO 1g

USBOAT GT @>VTBA ?Z GO@SB>TBA 01Y BNGTTGPOTÀ /BE>@GUGBT GO UFB +OAG>O SBEGPO F>WB

?BBO GO@SB>TGOE UFBGS 01Y BNGTTGPOT >OA 1g MBWBMT TGEOG`@>OUMZ TGO@B fdefÁ GOAG@>UGOE

> 01YÇMGNGUBA @FBNG@>M SBEGNB DSPN UFB M>UBS QBSGPAÀ

+O @BSU>GO >O>MZTBA NBE>@GUGBT TV@F >T .PT "OEBMBTÁ /BYG@P %GUZÁ 2>SGTÁ .POAPOÁ 5BPVMÁ

>OA 1T>L>Á OPOÇTGEOG`@>OU @F>OEBT XBSB P?TBSWBA AVSGOE fddiÈfdee GO 1g MBWBMTÀ

*PXBWBSÁ > TUBBQ GO@SB>TB F>T ?BBO P?TBSWBA TGO@B fdeiÁ XFG@F GT QPTTG?MZ >TTP@G>UBA

XGUF FGEFBS UBNQBS>UVSBTÀ "@@PSAGOE UP 01""Á ?BUXBBO fdei >OA fdemÁ `WB PD UFB

X>SNBTU ZB>ST PO SB@PSA P@@VSSBAekÀ 6FGT UBNQBS>UVSB GO@SB>TB AVSGOE UFB M>UBS ZB>ST

NGEFU BY>@BS?>UB 1g MBWBMT AVB UP GO@SB>TBA BNGTTGPOT PD QSB@VSTPST PD ?GPEBOG@ PSGEGOÁ

Q>SUG@VM>SMZ GO >SB>T XFBSB UFB QPUBOUG>M UP SBAV@B >OUFSPQPEBOG@ BNGTTGPOT GT

AB@SB>TGOEelÀ "AAGUGPO>MMZÁ SBEGPO>M US>OTQPSU F>T GOaVBO@BA UFB GO@SB>TB GO 1g MBWBMTÁ



Q>SUG@VM>SMZ GO '>TU >OA 5PVUFB>TU "TG>emÁfdÀ (VSUFBSNPSBÁ WBSUG@>M US>OTQPSU F>T ?BBO

SBQPSUBA UP ?B > SBMBW>OU D>@UPS DPS QBSTGTUBOUMZ FGEF 1g MBWBMT GO UFGT SBEGPO feÁffÀ

6FB GO@SB>TBA 1g GO SBNPUB >OA SVS>M >SB>T F>T ?BBO >UUSG?VUBA UP GO@SB>TBA 01Y

BNGTTGPOT ASGWBO ?Z TPGM NG@SP?BTfgÀ 6FB DPVS SBNPUB >SB>T >O>MZTBA TFPXBA > QPTGUGWB

@PSSBM>UGPO ?BUXBBO UBNQBS>UVSB >OA 01Y BNGTTGPOTÀ *BO@BÁ ?B@>VTB 1g DPSN>UGPO GO

SBNPUB >SB>T GT TUSPOEMZ 01YÇMGNGUBAÁ 1g @POUGOVBT UP GO@SB>TB XGUF UBNQBS>UVSBÀÏ

Implications

.GOBT hgeÇhgk >OA hhhÇhhm TVNN>SG[B UFB P?TBSWBA USBOAT >OA UFBGS GNQMG@>UGPOTÀ

Ï6FB >O>MZTGT TFPXBA UF>U 1g GO@SB>TBA GO EMP?>M NBE>@GUGBT DSPN fddi UP fdem PXGOE

UP AG^BSBOU USBOAT GO QSB@VSTPS BNGTTGPOTÀ /BE>@GUGBT GO NPTU ABWBMPQBA B@POPNGBT

SBN>GO GO >SB>T XGUF T>UVS>UBA 01Y BNGTTGPOT ËUPX>SAT 81%ÇMGNGUBA @POAGUGPOTÌÀ

6FBSBDPSBÁ UFB GO@SB>TGOE 81% >OA AB@SB>TGOE 01Y TU>EO>UBA PS GO@SB>TBA UFB 1g MBWBMTÀ

+O @POUS>TUÁ NBE>@GUGBT BYQBSGBO@GOE S>QGA ABWBMPQNBOUÁ MP@>UBA N>GOMZ GO UFB USPQG@TÁ

TFPX UFB NPTU TGEOG`@>OU GO@SB>TB GO 01Y BNGTTGPOTÀ 1XGOE UP GUT US>OTGUGPO>MÆ01YÇ

MGNGUBA @POAGUGPOTÁ 1g XGMM MGLBMZ @POUGOVB UP SGTB GO UFB @PNGOE ZB>STÀÏ

Ï7S?>O QPQVM>UGPOT >SB >U FGEFBS SGTL PD BYQPTVSB UP VOFB>MUFZ 1g MBWBMTÀ "MUFPVEF MBTT

BYUBOTGWB VS?>O >SB>T >SB ABTGSBAÁ QSPJB@UGPOT GOAG@>UB UF>U NBE>@GUGBT XGMM @POUGOVB UP

ESPXÁ BTQB@G>MMZ GO D>TUÇABWBMPQGOE B@POPNGBT GO UFB USPQG@T >OA EMP?>M TPVUFÀ 9GUFPVU

B^B@UGWB NGUGE>UGPO B^PSUTÁ 1g XGMM @POUGOVB UP ?B > @SGUG@>M GTTVB DPS UFB QV?MG@ FB>MUF PD

GOF>?GU>OUT GO UFB M>SEBTU VS?>O >EEMPNBS>UGPOT EMP?>MMZÁ >MPOE XGUF UFB >AWBSTB B^B@UT

PD GO@SB>TGOE EMP?>M UBNQBS>UVSBTÀÏ

Methods

.GOBT idiÇiej QSBTBOU UFB NBUFPAT DPS SBUSGBWGOE >OA QSP@BTTGOE %"/5 P[POB A>U>À

ÏGround-level ozone data

6FB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B Ë%"/5Ì QSPWGABT SB>O>MZTGT A>U> PD

>UNPTQFBSG@ @PNQPTGUGPO Ë"%Ì DPS AG^BSBOU @FBNG@>M TQB@GBTÁ GO@MVAGOE P[POB fhÀ 6FB

DPVSUFÇEBOBS>UGPO A>U>TBUT Ë'"%hÌ @PWBS fddg UP fdfgÁ QSPWGAGOE GODPSN>UGPO GO >

EMP?>MMZ gÇAGNBOTGPO>M UGNBÇ@POTGTUBOU ESGA XGUF > FPSG[POU>M TQ>UG>M SBTPMVUGPO PD dÀki Ò

>U AG^BSBOU WBSUG@>M MBWBMT >OA UBNQPS>M SBTPMVUGPOTÀ (PS UFGT >O>MZTGTÁ EMP?>M NPOUFMZ

>WBS>EBA A>U> >U UFB ESPVOA MBWBM XBSB SBUSGBWBA DSPN fddi UP fdemÀ " SBESGAAGOE

QSP@BTT X>T >QQMGBA UP UFB A>U>TBUT UP BRV>M UFB ESGA TG[B UP UF>U DPS *%*1 >OA 01f



ËdÀfi Ò Y dÀfi ÒÌ VTGOE ?GMGOB>S GOUBSQPM>UGPOÀ 6FB >OOV>M EMP?>M >WBS>EBT XBSB @>M@VM>UBA

DSPN UFB NPOUFMZ A>U>TBUTÀ 6FB W>MGA>UGPO PD '"%h ?Z @PNQ>SGTPO XGUF )MP?>M

"UNPTQFBSB 9>U@F A>U> TFPXBA GNQSPWBNBOU @PNQ>SBA XGUF UFB QSBWGPVT WBSTGPOT PD

UFB SB>O>MZTGTÁ XGUF SBQPSUBA PWBSBTUGN>UGPOT XGUFGO gdØÁ Q>SUG@VM>SMZ GO OPSUFBSO

M>UGUVABT fiÀÏ

Tables

6>?MB e X>T NPAG`BA UP GO@MVAB UFB USBOAT PD ESPVOAÇMBWBM P[POBÀ

5VQQMBNBOU>SZ 6>?MB g X>T GO@MVABA UP AGT@VTT UFB P[POB USBOAT GO UFB PWBS>MM QBSGPA

>OA TV?AGWGABA GOUP UXP QBSGPATÀ

Figures

(GEVSB g X>T GO@MVABA UP QSBTBOU UFB EMP?>M P[POB >OPN>MZ GO UFSBB AG^BSBOU ZB>STÀ

5VQQMBNBOU>SZ (GEVSB i X>T GO@MVABA UP QSBTBOU UFB ABTB>TPO>MGTBA P[POB USBOA GO UFB

hi >O>MZTBA TGUBTÀ

11. In addition, with the future vehicle electrification,fostered by the ban of thermal

engines, is expected to have an important e ect on urban air quality, with

improvements in NO2 pollution and increases in ground-level ozone concentrations

(10.1016/j.envres.2023.115835).

Response:

.GOBT ghhÇghk F>WB ?BBO GO@MVABA UP AGT@VTT FPX WBFG@MB BMB@USG`@>UGPO NGEFU XPSTBO

UFB 1g GTTVB GO VS?>O >SB>T ?>TBA PO UFB QSPWGABA SBDBSBO@BTÀ

Ï"AAGUGPO>MMZÁ UFB 1g GTTVB NGEFU XPSTBO GO NBE>@GUGBT VOABS 81%ÇMGNGUBA @POAGUGPOT

PXGOE UP DVUVSB WBFG@MB BMB@USG`@>UGPOÁ XFG@F XGMM @>VTB > AB@SB>TB GO 01Y?VU GO@SB>TBA

1g MBWBMT @>VTBA ?Z SBAV@BA UGUS>UGPOfjÁfkÀÏ

12. Line 324-325 & Line 401-402 (implication) - Hence, low VOCs emitting tree species

should be selected for greening and re-naturing programs (10.1126/science.add973).

Response:

$>TBA PO UFB QSPWGABA SBDBSBO@BÁ UFB GNQPSU>O@B PD @FPPTGOE UFB SGEFU TQB@GBT DPS

VS?>O ESBBOBSZ F>T ?BBO GO@MVABA GO MGOBT gieÇgigÀ



Ï1XGOE UP UFB GO@SB>TBA SBMBW>O@B PD $81% BNGTTGPOTÁ @FPPTGOE UFB SGEFU TQB@GBT DPS

ESBBO VS?>O GODS>TUSV@UVSB TFPVMA ?B POB PD UFB TUS>UBEGBT DPS AB@SB>TGOE 81% GO VS?>O

>SB>T VOABS 81%ÇMGNGUBA @POAGUGPOTflÀ

Reviewer #2

Remarks to the Author: This manuscript analyzed the long-term trends of ozone

sensitivity using a satellite dataset. Taking into account the journal's high-quality

standard, this study should be rejected. I found the following three flaws in this study.

&B>S 4BWGBXBS fÁ

9B >SB UF>OLDVM DPS UFB DBBA?>@L ZPV QSPWGABAÀ 9B >QQSB@G>UB UFB @PO@BSOT S>GTBA >OA

XPVMA MGLB UP >AASBTT UFBN >T DPMMPXT GO UFB QPGOUÇ?ZÇQPGOU SBTQPOTBÂ

1. First of all, what's new in this study? The methodologies and approaches themselves

have been well-used in so many other studies. Even though the target areas extended

into the tropics and/or global south, such analyses could be found in other literature.

The simple application to other areas would not meet the journal's scope and criteria.

Response:

"MUFPVEF QSBWGPVT TUVAGBT F>WB BY>NGOBA P[POBÁ GUT TBOTGUGWGUZÁ >OA GUT SBM>UGPOTFGQ XGUF

NBUBPSPMPEZÁ PVS SBTB>S@F GT UFB `STU UP @PNQSBFBOTGWBMZ >O>MZ[B UFBTB D>@UPST >@SPTT

NVMUGQMB EMP?>M NBE>@GUGBTÁ GO@MVAGOE VOABSSBQSBTBOUBA SBEGPOT GO UFB USPQG@T >OA UFB

)MP?>M 5PVUFÀ $Z @PNQ>SGOE NBE>@GUGBT XGUF AGWBSTB TP@GPB@POPNG@Á @MGN>UG@Á >OA

EBPES>QFG@>M @POAGUGPOTÁ XB QSPWGAB OBX GOTGEFUT GOUP UFB D>@UPST UF>U ASGWB P[POB

QPMMVUGPO GO AG^BSBOU VS?>O @POUBYUTÀ .GOBT ljÇmd F>WB ?BBO NPAG`BA UP FGEFMGEFU UFBTB

D>@UPSTÀ 6FB QSBTBOUBA ?SP>ABS T@PQB >MMPXT DPS > NPSB FPMGTUG@ VOABSTU>OAGOE PD UFB

AZO>NG@T PD P[POB >OA GUT QSB@VSTPS BNGTTGPOT EMP?>MMZÀ

Ï0POBUFBMBTTÁ NPTU TUVAGBT F>WB DP@VTBA PO SBEGPOT GO OPSUFBSO M>UGUVABTÃ UFBSBDPSBÁ

TUVAGBT PD NBE>@GUGBT GO UFB USPQG@T >OA UFB EMP?>M TPVUF >SB SBM>UGWBMZ DBXÁ FGEFMGEFUGOE

UFB OBBA DPS >O BYUBOTGWB >O>MZTGT UP >AASBTT UFGT AGTQ>SGUZÁ NPSB TP XFBO UFB

QSPJB@UGPOT GOAG@>UB UF>U ?Z fdgdÁ NBE>@GUGBT XGMM ?B @PO@BOUS>UBA GO UFB MBTT

ABWBMPQBA SBEGPOT PS UFB EMP?>M TPVUFeÀÏ

"AAGUGPO>MMZÁ >MUFPVEF XB BNQMPZBA XBMMÇBTU>?MGTFBA NBUFPAPMPEGBTÁ UFB

@PN?GO>UGPOT PD AG^BSBOU TU>UGTUG@>M NBUFPAT FBMQBA VT WBSGDZ UFB GABOUG`BA USBOAT

SP?VTUMZÀ /PSBPWBSÁ GO UFB SBWGTBA WBSTGPO PD UFB N>OVT@SGQUÁ UFB USBOAT PD ESPVOA P[POB



F>WB ?BBO GO@MVABAÁ XFG@F DVSUFBS SBGODPS@BT PVS >O>MZTGT ?Z TFPXGOE @POTGTUBO@Z

?BUXBBO UFB QSB@VSTPS BNGTTGPO USBOAT >OA UFB P[POB USBOATÀ $Z GOUBES>UGOE OBX A>U>

TPVS@BT DPS P[POBÁ XB QSPWGAB NPSB >@@VS>UB GOTGEFUT GOUP P[POB USBOAT >OA UFBGS

TBOTGUGWGUZÀ 6FBTB D>@UPST F>WB ?BBO FGEFMGEFUBA GO MGOBT eddÇediÀ

Ï6FBSBDPSBÁ UFB >GN PD UFGT TUVAZ X>T UP QSPWGAB > TZOPQUG@ BW>MV>UGPO ?Z QBSDPSNGOE >

SP?VTU >O>MZTGT UF>U GOUBES>UBT TBWBS>M UPPMT DPS USBOA BTUGN>UGPOÀ 6FB `OAGOET GODPSN

UFB P?TBSWBA @F>OEBT GO >SB>T XGUF UFB NPTU TGEOG`@>OU TPVS@BT PD QSB@VSTPST >OA

FGEFBTU MBWBMT PD 1g QPMMVUGPO EMP?>MMZÁ XFG@F F>WB ZBU UP ?B >@FGBWBAÁ >OA TBSWB >T

TVQQPSU DPS BTU>?MGTFGOE 1g NGUGE>UGPO TUS>UBEGBT PO > EMP?>M T@>MBÀÏ

9B ?BMGBWB UFBTB >TQB@UT @PMMB@UGWBMZ SBQSBTBOU > TGEOG`@>OU >AW>O@BNBOU GO UFB `BMA

>OA NBBU UFB JPVSO>MÐT T@PQB >OA @SGUBSG> ?Z QSPWGAGOE OBX LOPXMBAEB >OA VTBDVM

GOTGEFUT DPS NGUGE>UGOE P[POB QPMMVUGPOÀ

2. Second, although the manuscript (and title itself) emphasized the relation between

ozone to warming climate, the analysis could be misleading. For example, as stated

"according to NASA, 2019 was the second warmest year since records", Fig. 6 used the

di erence in the year 2019 and just imposed the high-temperature biases. However,

temperature can be variated year-to-year and the fact will not be so simple. In addition,

the ozone regime was diagnosed based on the column data whereas temperature and

SWR are surface datasets. I do not fully understand such confusing data analyses.

Response:

9B >ESBB >?PVU UFB QPUBOUG>M ?G>T UF>U @PVMA ?B GOUSPAV@BA ?Z TBMB@UGOE > TGOEMB X>SN

ZB>SÀ 9FBO SBDBSBO@GOE 0"5" A>U>Á XB GOUBOABA UP QSPWGAB @POUBYU DPS UFB Q>SUG@VM>S

TGEOG`@>O@B PD fdem >T >O >OPN>MPVTMZ X>SN ZB>SÀ 9B F>WB DVSUFBS SBGODPS@BA UFGT

@M>GN ?Z SBDBSSGOE UP UFB A>U> TBUT QSPWGABA ?Z 01""Á XFBSB UFBZ @PNQ>SB UBNQBS>UVSB

USBOAT ?BUXBBO AG^BSBOU A>U>TBUT ËGO@MVAGOE UFPTB DSPN 0"5"ÌÁ BNQF>TG[GOE UFB QBSGPA

DSPN fddi UP fdemÀ (GEVSB j TFPXT UFB >OPN>MZ DPS fdem @>M@VM>UBA PWBS UFB >WBS>EB DPS

fddiÇfdemÀ "MUFPVEF >OPN>MGBT >SB UZQG@>MMZ @>M@VM>UBA >U >WBS>EGOE gd ZB>STÁ UFB

`DUBBOÇ?>TBMGOB @PNQ>SGTPO GO PVS >O>MZTGT @>O QSPWGAB > @MB>SBS QG@UVSB PD FPX

UBNQBS>UVSBT F>WB ABWG>UBA GO UFB TUVAGBA QBSGPAÁ OPU POMZ ?BUXBBO UXP ZB>STÀ 9B F>WB

SBWGTBA UFB @>QUGPO GO (GEVSB j UP GNQSPWB @M>SGUZ >OA SBAV@B QPUBOUG>M @PODVTGPOÀ

"AAGUGPO>MMZÁ 5VQQMBNBOU>SZ 6>?MB i >OA OBXMZ >AABA 5VQQMBNBOU>SZ (GEVSB l QSPWGAB

ABU>GMBA GODPSN>UGPO PO FPX 6BNQBS>UVSB >OA TFPSUX>WB S>AG>UGPO @F>OEBA GO BWBSZ

TGUB AVSGOE UFB >O>MZ[BA QBSGPAÀ 6BNQBS>UVSB GO@SB>TBA TGEOG`@>OUMZ GO NPTU TGUBTÁ



EGWGOE BWGABO@B PD > X>SNGOE BOWGSPONBOUÀ .GOBT filÇfjf >OA fjiÇfjm QSBTBOU UFB

>?PWBÇNBOUGPOBA @F>OEBTÀ

Ï(GEVSB j TFPXT UFB UBNQBS>UVSB >OA 594 >OPN>MGBT GO fdemÁ SBM>UGWB UP UFB >WBS>EB DPS

fddiÈfdemÀ 6BNQBS>UVSBT GO@SB>TBA ?BUXBBO dÀiÈeÀi Ò% GO NPTU PD UFB QM>OBUÁ >OA

>@@PSAGOE UP 01"" >OA 0"5"Á fdem X>T UFB TB@POA X>SNBTU ZB>S TGO@B SB@PSATÁ >OA

UFB QBSGPA TQ>OOGOE fddi UP fdem FBMA OGOB PD UFB UBO X>SNBTU ZB>ST GO SB@PSATekÁ

BWGABO@GOE UFB GO@SB>TGOE EMP?>M UBNQBS>UVSBT AVB UP @MGN>UB @F>OEBÀÏ

Ï.P@>MMZÁ GO UFB hi >SB>TÁ UFB USBOA >O>MZTGT GO 5VQQMBNBOU>SZ 6>?MB i TFPXT UF>U UFB

UBNQBS>UVSB GO@SB>TB X>T TU>UGTUG@>MMZ TGEOG`@>OU GO NPTU SBEGPOTÁ XGUF +TU>O?VMÁ 6BFS>OÁ

>OA 2>SGT BYFG?GUGOE UFB NPTU TGEOG`@>OU GO@SB>TBÀ 5VQQMBNBOU>SZ (GEVSB l TFPXT UFB

ABTB>TPO>MGTBA USBOA PD UBNQBS>UVSBT >U UFB hi TGUBTÃ >O GO@SB>TGOE USBOA X>T P?TBSWBA

>U NPTU PD UFB >O>MZTBA TGUBTÀÏ

4BE>SAGOE UFB VTB PD @PMVNO A>U> UP BW>MV>UB UFB P[POB SBEGNBÁ TGO@B P[POB DPSN>UGPO

P@@VST >U AG^BSBOU MBWBMT UFSPVEFPVU UFB 2M>OBU $PVOA>SZ .>ZBS Ë2$.ÌÁ @PMVNO A>U> GT

VTBDVM DPS @>QUVSGOE >MM UFB W>SG>UGPOT >U UFB AG^BSBOU MBWBMTÀ 6FBTB W>SG>UGPOT PD P[POB

QSB@VSTPST UFSPVEF UFB 2$. AGSB@UMZ GOaVBO@B ESPVOAÇMBWBM P[POB @PO@BOUS>UGPOTÀ

6FBSBDPSBÁ 1/+ @PMVNO A>U> F>WB ?BBO XGABMZ VTBA DPS AG>EOPTGOE P[POB TBOTGUGWGUZ >U

UFB ESPVOA MBWBMÁ >T SBDBSBO@BA GO MGOBT khÇki GO UFB GOUSPAV@UGPOÀ

3. Finally, the satellite data of HCHO and NO2 column can be a proxy of emissions, but

the bottom-up emission inventories need to be analyzed, and discussed the relation

between column concentration and emission if the authors suggest the policy

regulation.

Response:

5GO@B DPSN>MABFZAB GT > TB@POA>SZ QSPAV@U GO UFB PYGA>UGPO Q>UF PD NPTU 81% >OA 01f

GT @MPTBMZ SBM>UBA UP 01Y ËAVB UP UFB S>QGA PYGA>UGPO PD 01 UP 01fÌÁ UFB 1/+ *%*1 >OA

01f F>WB ?BBO XGABMZ VTBA >T QSPYGBT PD 81% >OA 01YÁ UFGT GT AGT@VTTBA GO MGOB jl UP

kf GO UFB GOUSPAV@UGPOÀ

Ï(PSN>MABFZAB Ë*%*1Ì GT > TB@POA>SZ QSPAV@U PD 81% PYGA>UGPOÁ >OA OGUSPEBO AGPYGAB

Ë01fÌ GT @MPTBMZ SBM>UBA UP 01Y PXGOE UP UFB S>QGA PYGA>UGPO PD 01 UP 01f
fmÀ 6FBSBDPSBÁ

*%*1 >OA 01f F>WB ?BBO XGABMZ VTBA >T QSPYGBT DPS 81% >OA 01Y BNGTTGPOTÁ

SBTQB@UGWBMZÁ >OA UFB *%*1 UP 01f S>UGP Ë(04Ì F>T ?BBO VTBA >T >O GOAG@>UPS PD 1g

DPSN>UGPO TBOTGUGWGUZgdÀÏ



"MUFPVEF XB AP OPU AGSB@UMZ @PNQ>SB @PMVNO A>U> XGUF ?PUUPNÇVQ BNGTTGPOTÁ AG^BSBOU

TUVAGBT F>WB TFPXO UF>U 1/+ A>U> @PSSBM>UBT XBMM XGUF ESPVOAÇ?>TBA NB>TVSBNBOUTÁ

QSPWGAGOE @PO`ABO@B GO GUT VTB DPS BTUGN>UGOE ESPVOAÇMBWBM BNGTTGPOT PD P[POB

QSB@VSTPSTÀ .GOBT hkgÇhki >OA hlfÇhlg GO UFB NBUFPAT TB@UGPO AGT@VTT >OA QSPWGAB

SBDBSBO@BT >?PVU GUÀ

Ï8>MGA>UGPO PD UFB 1/+ *%*1 QSPAV@UT TFPXBA > TUSPOE TQ>UG>M @PSSBM>UGPO XGUF >GS@S>DU

P?TBSW>UGPOTÀ *PXBWBSÁ > OBE>UGWB ?G>T VOABS FGEFÇ*%*1 @POAGUGPOT >OA > QPTGUGWB

?G>T VOABS MPXÇ*%*1 @POAGUGPOT F>WB ?BBO SBQPSUBAgeÁgfÀÏ

Ï2SBWGPVT TUVAGBT F>WB TFPXO EPPA >ESBBNBOU >NPOE 1/+Á ESPVOAÇ?>TBAÁ >OA >GS@S>DU

P?TBSW>UGPOTÁ XGUF @PSSBM>UGPO D>@UPST PD ×dÀkggÀÏ

"AAGUGPO>MMZÁ UFB SBWGTBA WBSTGPO PD UFB N>OVT@SGQU GO@MVABT ESPVOAÇMBWBM P[POB

SB>O>MZTGT A>U> EMP?>MMZ >OA GO UFB hi TBMB@UBA TGUBTÀ 9B F>WB BW>MV>UBA UFB P[POB

USBOAT AVSGOE UFB T>NB QBSGPA >T XGUF 1/+ A>U>Á `OAGOE @POTGTUBO@Z GO UFB QSB@VSTPS

BNGTTGPO USBOAT >OA ESPVOAÇMBWBM P[POB USBOATÁ DVSUFBS W>MGA>UGOE UFB VTBDVMOBTT PD

1/+ P?TBSW>UGPOT UP AG>EOPTB UFB P[POB TBOTGUGWGUZ >U UFB TVSD>@B MBWBMÀ 6FB AGT@VTTGPO

PD UFB ESPVOAÇMBWBM P[POB A>U> ?>TBA PO UFB (04 F>T ?BBO >AABA GO MGOBT glmÇhdgÀ

Ï"MUFPVEF EMP?>M 1g USBOAT GOAG@>UB > EBOBS>MGTBA GO@SB>TBÁ SBEGPO>M AG^BSBO@BT >SB

>QQ>SBOU >OA >SB GOaVBO@BA ?Z AG^BSBOU D>@UPSTÀ 6FB >O>MZTGT PD QSB@VSTPS BNGTTGPOT

>OA UFBGS S>UGPT FBMQT BYQM>GO UFBTB AG^BSBO@BTÀ 01Y BNGTTGPOT GO %FGO> GO@SB>TBA DSPN

fddi UP fdef ?VU F>WB TGO@B AB@SB>TBAÀ +O @POUS>TUÁ 1g AB@SB>TBA DSPN fddi UP fdee

>OA GO@SB>TBA TGEOG`@>OUMZ DSPN fdef POX>SATÀ 6FB (04 GO NBE>@GUGBT GO %FGO> GT

>NPOE UFB MPXBTU GO UFB >O>MZTBA SBEGPOTÁ GOAG@>UGOE > 81%ÇMGNGUBA SBEGNBÃ UFBSBDPSBÁ

UFB GO@SB>TB GO 1g >T 01Y AB@SB>TBT GT BWGABO@B PD 81%ÇMGNGUBA @POAGUGPOTÀ

(VSUFBSNPSBÁ SBAV@GOE UFB QSB@VSTPS BNGTTGPOT XGUFPVU @POTGABSGOE UFB TBOTGUGWGUZ

SBEGNB N>Z MB>A UP GO@SB>TBA 1g PXGOE UP UFB OPOMGOB>S SBM>UGPOTFGQ ?BUXBBO 1g >OA GUT

QSB@VSTPSTÀ

*PXBWBSÁ UFB FGEF (04 ËUPX>SAT 01YÇMGNGUBA @POAGUGPOTÌ P?TBSWBA GO USPQG@>M

NBE>@GUGBT GO "DSG@> >OA 5PVUFB>TU "TG> GOAG@>UBT UF>U UFB TGEOG`@>OU GO@SB>TB GO 1g

USBOAT GT @>VTBA ?Z GO@SB>TBA 01Y BNGTTGPOTÀ /BE>@GUGBT GO UFB +OAG>O SBEGPO F>WB

?BBO GO@SB>TGOE UFBGS 01Y BNGTTGPOT >OA 1g MBWBMT TGEOG`@>OUMZ TGO@B fdefÁ GOAG@>UGOE

> 01YÇMGNGUBA @FBNG@>M SBEGNB DSPN UFB M>UBS QBSGPAÀÏ



Reviewer #3

Remarks to the Author: This manuscript evaluates the trends of OMI HCHO and NO2

in 41 megacities worldwide, explores ozone sensitivity through their ratios, and

analyses their correlation with temperature. The authors provide a global perspective

on the study of ozone and precursor changes. However, the current manuscript leaves

something to be desired. I suggest that the manuscript be further refined before it is

considered for publication.

&B>S 4BWGBXBS gÁ

6F>OL ZPV DPS ZPVS W>MV>?MB DBBA?>@L PO PVS N>OVT@SGQUÀ 9B >QQSB@G>UB ZPVS UGNB >OA

B^PSU GO QSPWGAGOE ABU>GMBA @PNNBOUT >OA TVEEBTUGPOTÀ $BMPXÁ XB >AASBTT B>@F PD ZPVS

QPGOUT >OA ABT@SG?B PVS SBWGTGPOT UP UFB N>OVT@SGQUÀ

1. Ozone sensitivity: The authors do not explicitly provide ozone sensitivity, let alone

"ozone sensitivity trends", but only FNR values and qualitative analyses, which is

insu icient for a study on the topic of Ozone sensitivity.

Response:

9B >@LOPXMBAEB UFB OBBA DPS > NPSB BYQMG@GU >O>MZTGT PD P[POB TBOTGUGWGUZ ?>TBA PO UFB

(04À 7TGOE UFB />OOÇ-BOA>MM >OA USBOA AB@PNQPTGUGPOÁ 9B F>WB GO@MVABA >

RV>OUGU>UGWB BW>MV>UGPO PD UFB P[POBÇTBOTGUGWGUZ USBOAT UFSPVEF UFB (04À 5VQQMBNBOU>SZ

6>?MB f >OA 5VQQMBNBOU>SZ (GEVSB h F>WB ?BBO GO@MVABAÁ >OA UFB SBTVMUT F>WB ?BBO

>AABA GO MGOBT elhÇemhÀ

Ï6FB />OOÇ-BOA>MM >O>MZTGT PD (04 Ë5VQQMBNBOU>SZ 6>?MB fÌ GOAG@>UBT UF>U P[POB

TBOTGUGWB USBOAT >SB TFGDUGOE UPX>SAT US>OTGUGPO>MÆ01YÇMGNGUBA @POAGUGPOT GO NPTU PD UFB

@PNQ>SBA TGUBTÁ QSGN>SGMZ PXGOE UP UFB EBOBS>MG[BA GO@SB>TB GO *%*1 USBOATÀ 6FB

ESB>UBTU N>EOGUVAB @F>OEBT XBSB P?TBSWBA GO NBE>@GUGBT GO UFB USPQG@T >OA UFB EMP?>M

TPVUFÁ TV@F >T ,>L>SU> >OA 5>P 2>VMPÁ PXGOE UP UFBGS TGEOG`@>OU BMBW>UGPOT GO *%*1 >OA

AB@SB>TGOE USBOAT GO 01fÀ /BE>@GUGBT GO ABWBMPQBA B@POPNGBT >SB >MTP NPWGOE UPX>SAT

FGEFBS (04 W>MVBT ?VU >U > TMPXBS Q>@BÀ &F>L> >OA .>EPT XBSB UFB POMZ NBE>@GUGBT XGUF

TGEOG`@>OU SBAV@UGPOT GO UFBGS (04Á @PGO@GAGOE XGUF ?BGOE UFB NBE>@GUGBT XGUF UFB NPTU

TGEOG`@>OU GO 01fÀ 5VQQMBNBOU>SZ (GEVSB h TFPXT UFB ABTB>TPO>MGTBA USBOAT DPS (04 GO

>MM UFB >O>MZTBA TGUBTÀÏ



2. Ozone data: It is recommended that authors use ground-level ozone data to analyze

trends, even for just a few stations or cities. This will allow for specific analyses rather

than just speculation when exploring the influence of precursors or meteorological

factors on ozone changes, and will be more persuasive for the conclusion than just that

"the observed trends are contrary to what is required to reduce O3 levels".

Response:

9B >QQSB@G>UB ZPVS W>MV>?MB @PNNBOUÀ 9B F>WB GO@MVABA SB>O>MZTGT A>U> PD ESPVOAÇ

MBWBM P[POB DSPN UFB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B Ë%"/5Ì DPS >MM UFB

>O>MZ[BA TGUBTÀ 6FB P[POB A>U> GO@MVTGPO MBA UP N>JPS @F>OEBT GO UFB @POUBOUT PD PVS

Q>QBSÁ XFG@F >SB ABU>GMBA ?BMPXÂ

Title

6FB UGUMB F>T ?BBO NPAG`BA UP @POTGABS UFB GO@MVTGPO PD UFB P[POB A>U>À

Ï1[POB USBOAT >OA UFBGS TBOTGUGWGUZ GO EMP?>M NBE>@GUGBT VOABS UFB X>SNGOE @MGN>UBÏ

Introduction

.GOBT mgÇmj >OA eddÇedi GOUSPAV@B UFB ESPVOAÇP[POB A>U> >O>MZTGT >OA FGEFMGEFU GUT

SBMBW>O@BÀ

Ï/POUFMZ 1g SB>O>MZTGT A>U> DSPN UFB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B

Ë%"/5Ì XBSB VTBA UP BW>MV>UB 1g USBOA @F>OEBT AVSGOE UFB T>NB QBSGPAÀ %POTGABSGOE

UF>U 1g SBQSBTBOUT > TGEOG`@>OU EMP?>M @PO@BSOehÁejÁ VOABSTU>OAGOE GUT MPOEÇUBSN

@F>OEBT >OA UFPTB DSPN GUT QSB@VSTPS BNGTTGPOT GT BTTBOUG>M DPS >TTBTTGOE UFB ?VSABO

PD BNGTTGPOÇASGWBO 1g PO UFB GO@SB>TBA EMP?>M ?VAEBUÀÏ

Ï6FB `OAGOET GODPSN UFB P?TBSWBA @F>OEBT GO >SB>T XGUF UFB NPTU TGEOG`@>OU TPVS@BT

PD QSB@VSTPST >OA FGEFBTU MBWBMT PD 1g QPMMVUGPO EMP?>MMZÁ XFG@F F>WB ZBU UP ?B >@FGBWBAÁ

>OA TBSWB >T TVQQPSU DPS BTU>?MGTFGOE 1g NGUGE>UGPO TUS>UBEGBT PO > EMP?>M T@>MBÀÏ

Results

.GOBT egmÇehh QSBTBOU UFB `OAGOET PD UFB P[POB @F>OEBT >U > EMP?>M T@>MBÀ

Ï6FB 1g MBWBMT ?BUXBBO fddi >OA fdem TFPXBA > TGEOG`@>OU EMP?>M GO@SB>TB Ë(GEVSB gÌÀ

6FB ZB>SMZ >WBS>EB >OPN>MZ DPS UFB idUF QBS@BOUGMB SBWB>MBA UF>U GO fdem Ë(GEVSB g@ÌÁ

@PO@BOUS>UGPOT XBSB SBN>SL>?MZ FGEFBS UF>O UFPTB GO QSBWGPVT ZB>STÁ XGUF @BSU>GO >SB>T

SBQPSUGOE >O GO@SB>TB PD VQ UP ei QQ?À 'VSPQBÁ UFB /GAAMB '>TUÁ '>TU "TG>Á >OA 5PVUFB>TU



"TG> >SB >NPOE UFB SBEGPOT XGUF UFB NPTU TV?TU>OUG>M 1g AG^BSBO@BTÁ XFG@F >MGEOT XGUF

UFBTB SBEGPOT F>WGOE UFB FGEFBTU BNGTTGPOT PD QSB@VSTPSTÀ

.GOBT elhÇfeh QSBTBOU UFB SBTVMUT GO UFB hi TGUBT ?>TBA PO UFB OBX P[POB A>U> >AABA GO

6>?MB eÀ

Ï%POTGTUBOU XGUF UFB QSB@VSTPS BNGTTGPO USBOATÁ UFB />OOÈ-BOA>MM UBTU SBTVMUT DPS 1g GO

6>?MB e SBWB>MBA GO@SB>TGOE 1g GO gi PD UFB hi TUVAGBA >SB>TÁ >MUFPVEF UFB USBOAT XBSB

TGEOG`@>OU GO POMZ fi TGUBTÀ +OUBSBTUGOEMZÁ 1g GO NPTU NBE>@GUGBT GO %FGO> AB@SB>TBA

UFSPVEFPVU UFB >O>MZTGT QBSGPAÀ *PXBWBSÁ UFB 1g TB>TPO>M USBOA AB@PNQPTGUGPO

>O>MZTGT GO 5VQQMBNBOU>SZ (GEVSB i AGTQM>ZT UXP QBSGPAT >U TBWBS>M TGUBTÂ fddiÈfdee

>OA fdefÈfdemÀ 5VQQMBNBOU>SZ 6>?MB g QSBTBOUT UFB USBOA >OA N>EOGUVAB @F>OEBT

ËQQ? ZB>SÕeÌ DPS fddiÈfdee >OA fdefÈfdemÀ

(SPN fddi UP fdeeÁ 1g SBN>GOBA SBM>UGWBMZ TU>?MB GO TBWBS>M NBE>@GUGBTÁ TV@F >T .PT

"OEBMBTÁ .POAPOÁ 2>SGTÁ /BYG@P %GUZÁ >OA 5BPVMÁ ?VU AB@SB>TBA GO NPTU NBE>@GUGBT GO

%FGO>À *PXBWBSÁ DSPN fdef UP fdemÁ > TGEOG`@>OU GO@SB>TB X>T P?TBSWBA >U fm PD UFB

>O>MZTBA TGUBTÁ XGUF UFB ESB>UBTU @F>OEBT P?TBSWBA GO NBE>@GUGBT GO "TG>Á TV@F >T

6BFS>OÁ 5BPVMÁ >OA ,>L>SU>À %FGOBTB NBE>@GUGBT US>OTGUGPOBA DSPN AB@SB>TGOE AVSGOE

fddiÈfdee UP > TGEOG`@>OU GO@SB>TGOE USBOA DSPN fdefÁ XGUF 9VF>O >OA UFB NBE>@GUZ

@MVTUBST PD UFB 2B>SM 4GWBS &BMU> >OA ;>OEU[B 4GWBS &BMU> TFPXGOE UFB NPTU N>SLBA

@F>OEBTÀ 5GNGM>SMZÁ NBE>@GUGBT GO +OAG> TFPXBA AB@SB>TGOE W>MVBT DSPN fddi UP fdee

?VU TGEOG`@>OU GO@SB>TGOE USBOAT DSPN fdef UP fdemÀ

6FB DPVS SBNPUB >SB>T >MTP TFPXBA GO@SB>TBA 1g MBWBMT DSPN fdefÁ XGUF UFB GO@SB>TB

?BGOE TGEOG`@>OU POMZ GO UFB "N>[PO >OA %POEP S>GODPSBTUTÁ QPTTG?MZ PXGOE UP FGEFBS

?GPEBOG@ TPVS@BT PD P[POB QSB@VSTPST UF>O GO UFB ABTBSU >SB>T PD UFB 5>F>S> >OA UFB

)SB>U 8G@UPSG> &BTBSUÀÏ

Discussion

.GOBT gimÇgjh AGT@VTT UFB P[POB AG^BSBO@BT GO UFB >O>MZ[BA NBE>@GUGBT ?>TBA PO UFB

QSB@VSTPS BNGTTGPOTÀ

Ï+O >MGEONBOU XGUF UFB TQ>UG>M AGTUSG?VUGPO PD QSB@VSTPS BNGTTGPOTÁ UFB NBE>@GUGBT XGUF

UFB FGEFBTU 1g MBWBMT >SB >MTP UFPTB XGUF UFB FGEFBTU QSB@VSTPS BNGTTGPOTÁ GOAG@>UGOE

UF>U BNGTTGPOÇASGWBO 1g @POTUGUVUBT UFB NPTU SBMBW>OU TPVS@B PD 1g GO NBE>@GUGBT

EMP?>MMZ >OA XGMM @POUGOVB UP AP TP N>GOMZ ?B@>VTB PD GO@SB>TBA 81% >OA SBAV@BA 01:



BNGTTGPOT GO 81%ÇMGNGUBA SBEGPOT >OA GO@SB>TGOE 01Y BNGTTGPOT GO SBEGPOT VOABS

US>OTGUGPO>MÆ01YÇMGNGUBA @POAGUGPOTÀÏ

.GOBT glmÇhem AGT@VTT UFB GOaVBO@B PD UFB (04 PO UFB P?TBSWBA P[POB USBOATÀ

Ï"MUFPVEF EMP?>M 1g USBOAT GOAG@>UB > EBOBS>MGTBA GO@SB>TBÁ SBEGPO>M AG^BSBO@BT >SB

>QQ>SBOU >OA >SB GOaVBO@BA ?Z AG^BSBOU D>@UPSTÀ 6FB >O>MZTGT PD QSB@VSTPS BNGTTGPOT

>OA UFBGS S>UGPT FBMQT BYQM>GO UFBTB AG^BSBO@BTÀ 01Y BNGTTGPOT GO %FGO> GO@SB>TBA DSPN

fddi UP fdef ?VU F>WB TGO@B AB@SB>TBAÀ +O @POUS>TUÁ 1g AB@SB>TBA DSPN fddi UP fdee

>OA GO@SB>TBA TGEOG`@>OUMZ DSPN fdef POX>SATÀ 6FB (04 GO NBE>@GUGBT GO %FGO> GT

>NPOE UFB MPXBTU GO UFB >O>MZTBA SBEGPOTÁ GOAG@>UGOE > 81%ÇMGNGUBA SBEGNBÃ UFBSBDPSBÁ

UFB GO@SB>TB GO 1g >T 01Y AB@SB>TBT GT BWGABO@B PD 81%ÇMGNGUBA @POAGUGPOTÀ

(VSUFBSNPSBÁ SBAV@GOE UFB QSB@VSTPS BNGTTGPOT XGUFPVU @POTGABSGOE UFB TBOTGUGWGUZ

SBEGNB N>Z MB>A UP GO@SB>TBA 1g PXGOE UP UFB OPOMGOB>S SBM>UGPOTFGQ ?BUXBBO 1g >OA GUT

QSB@VSTPSTÀ

*PXBWBSÁ UFB FGEF (04 ËUPX>SAT 01YÇMGNGUBA @POAGUGPOTÌ P?TBSWBA GO USPQG@>M

NBE>@GUGBT GO "DSG@> >OA 5PVUFB>TU "TG> GOAG@>UBT UF>U UFB TGEOG`@>OU GO@SB>TB GO 1g

USBOAT GT @>VTBA ?Z GO@SB>TBA 01Y BNGTTGPOTÀ /BE>@GUGBT GO UFB +OAG>O SBEGPO F>WB

?BBO GO@SB>TGOE UFBGS 01Y BNGTTGPOT >OA 1g MBWBMT TGEOG`@>OUMZ TGO@B fdefÁ GOAG@>UGOE

> 01YÇMGNGUBA @FBNG@>M SBEGNB DSPN UFB M>UBS QBSGPAÀ

+O @BSU>GO >O>MZTBA NBE>@GUGBT TV@F >T .PT "OEBMBTÁ /BYG@P %GUZÁ 2>SGTÁ .POAPOÁ 5BPVMÁ

>OA 1T>L>Á OPOÇTGEOG`@>OU @F>OEBT XBSB P?TBSWBA AVSGOE fddiÈfdee GO 1g MBWBMTÀ

*PXBWBSÁ > TUBBQ GO@SB>TB F>T ?BBO P?TBSWBA TGO@B fdeiÁ XFG@F GT QPTTG?MZ >TTP@G>UBA

XGUF FGEFBS UBNQBS>UVSBTÀ "@@PSAGOE UP 01""Á ?BUXBBO fdei >OA fdemÁ `WB PD UFB

X>SNBTU ZB>ST PO SB@PSA P@@VSSBAekÀ 6FGT UBNQBS>UVSB GO@SB>TB AVSGOE UFB M>UBS ZB>ST

NGEFU BY>@BS?>UB 1g MBWBMT AVB UP GO@SB>TBA BNGTTGPOT PD QSB@VSTPST PD ?GPEBOG@ PSGEGOÁ

Q>SUG@VM>SMZ GO >SB>T XFBSB UFB QPUBOUG>M UP SBAV@B >OUFSPQPEBOG@ BNGTTGPOT GT

AB@SB>TGOEelÀ "AAGUGPO>MMZÁ SBEGPO>M US>OTQPSU F>T GOaVBO@BA UFB GO@SB>TB GO 1g MBWBMTÁ

Q>SUG@VM>SMZ GO '>TU >OA 5PVUFB>TU "TG>emÁfdÀ (VSUFBSNPSBÁ WBSUG@>M US>OTQPSU F>T ?BBO

SBQPSUBA UP ?B > SBMBW>OU D>@UPS DPS QBSTGTUBOUMZ FGEF 1g MBWBMT GO UFGT SBEGPO feÁffÀ

6FB GO@SB>TBA 1g GO SBNPUB >OA SVS>M >SB>T F>T ?BBO >UUSG?VUBA UP GO@SB>TBA 01Y

BNGTTGPOT ASGWBO ?Z TPGM NG@SP?BTfgÀ 6FB DPVS SBNPUB >SB>T >O>MZTBA TFPXBA > QPTGUGWB

@PSSBM>UGPO ?BUXBBO UBNQBS>UVSB >OA 01Y BNGTTGPOTÀ *BO@BÁ ?B@>VTB 1g DPSN>UGPO GO

SBNPUB >SB>T GT TUSPOEMZ 01YÇMGNGUBAÁ 1g @POUGOVBT UP GO@SB>TB XGUF UBNQBS>UVSBÀÏ



Implications

.GOBT hgeÇhgk >OA hhhÇhhm TVNN>SG[B UFB P?TBSWBA USBOAT >OA UFBGS GNQMG@>UGPOTÀ

Ï6FB >O>MZTGT TFPXBA UF>U 1g GO@SB>TBA GO EMP?>M NBE>@GUGBT DSPN fddi UP fdem PXGOE

UP AG^BSBOU USBOAT GO QSB@VSTPS BNGTTGPOTÀ /BE>@GUGBT GO NPTU ABWBMPQBA B@POPNGBT

SBN>GO GO >SB>T XGUF T>UVS>UBA 01Y BNGTTGPOT ËUPX>SAT 81%ÇMGNGUBA @POAGUGPOTÌÀ

6FBSBDPSBÁ UFB GO@SB>TGOE 81% >OA AB@SB>TGOE 01Y TU>EO>UBA PS GO@SB>TBA UFB 1g MBWBMTÀ

+O @POUS>TUÁ NBE>@GUGBT BYQBSGBO@GOE S>QGA ABWBMPQNBOUÁ MP@>UBA N>GOMZ GO UFB USPQG@TÁ

TFPX UFB NPTU TGEOG`@>OU GO@SB>TB GO 01Y BNGTTGPOTÀ 1XGOE UP GUT US>OTGUGPO>MÆ01YÇ

MGNGUBA @POAGUGPOTÁ 1g XGMM MGLBMZ @POUGOVB UP SGTB GO UFB @PNGOE ZB>STÀÏ

Ï7S?>O QPQVM>UGPOT >SB >U FGEFBS SGTL PD BYQPTVSB UP VOFB>MUFZ 1g MBWBMTÀ "MUFPVEF MBTT

BYUBOTGWB VS?>O >SB>T >SB ABTGSBAÁ QSPJB@UGPOT GOAG@>UB UF>U NBE>@GUGBT XGMM @POUGOVB UP

ESPXÁ BTQB@G>MMZ GO D>TUÇABWBMPQGOE B@POPNGBT GO UFB USPQG@T >OA EMP?>M TPVUFÀ 9GUFPVU

B^B@UGWB NGUGE>UGPO B^PSUTÁ 1g XGMM @POUGOVB UP ?B > @SGUG@>M GTTVB DPS UFB QV?MG@ FB>MUF PD

GOF>?GU>OUT GO UFB M>SEBTU VS?>O >EEMPNBS>UGPOT EMP?>MMZÁ >MPOE XGUF UFB >AWBSTB B^B@UT

PD GO@SB>TGOE EMP?>M UBNQBS>UVSBTÀÏ

Methods

.GOBT idiÇiej QSBTBOU UFB NBUFPAT DPS SBUSGBWGOE >OA QSP@BTTGOE %"/5 P[POB A>U>À

ÏGround-level ozone data

6FB %PQBSOG@VT "UNPTQFBSB /POGUPSGOE 5BSWG@B Ë%"/5Ì QSPWGABT SB>O>MZTGT A>U> PD

>UNPTQFBSG@ @PNQPTGUGPO Ë"%Ì DPS AG^BSBOU @FBNG@>M TQB@GBTÁ GO@MVAGOE P[POB fhÀ 6FB

DPVSUFÇEBOBS>UGPO A>U>TBUT Ë'"%hÌ @PWBS fddg UP fdfgÁ QSPWGAGOE GODPSN>UGPO GO >

EMP?>MMZ gÇAGNBOTGPO>M UGNBÇ@POTGTUBOU ESGA XGUF > FPSG[POU>M TQ>UG>M SBTPMVUGPO PD dÀki Ò

>U AG^BSBOU WBSUG@>M MBWBMT >OA UBNQPS>M SBTPMVUGPOTÀ (PS UFGT >O>MZTGTÁ EMP?>M NPOUFMZ

>WBS>EBA A>U> >U UFB ESPVOA MBWBM XBSB SBUSGBWBA DSPN fddi UP fdemÀ " SBESGAAGOE

QSP@BTT X>T >QQMGBA UP UFB A>U>TBUT UP BRV>M UFB ESGA TG[B UP UF>U DPS *%*1 >OA 01f

ËdÀfi Ò Y dÀfi ÒÌ VTGOE ?GMGOB>S GOUBSQPM>UGPOÀ 6FB >OOV>M EMP?>M >WBS>EBT XBSB @>M@VM>UBA

DSPN UFB NPOUFMZ A>U>TBUTÀ 6FB W>MGA>UGPO PD '"%h ?Z @PNQ>SGTPO XGUF )MP?>M

"UNPTQFBSB 9>U@F A>U> TFPXBA GNQSPWBNBOU @PNQ>SBA XGUF UFB QSBWGPVT WBSTGPOT PD

UFB SB>O>MZTGTÁ XGUF SBQPSUBA PWBSBTUGN>UGPOT XGUFGO gdØÁ Q>SUG@VM>SMZ GO OPSUFBSO

M>UGUVABT fiÀÏ



Tables

6>?MB e X>T NPAG`BA UP GO@MVAB UFB USBOAT PD ESPVOAÇMBWBM P[POBÀ

5VQQMBNBOU>SZ 6>?MB g X>T GO@MVABA UP AGT@VTT UFB P[POB USBOAT GO UFB PWBS>MM QBSGPA

>OA TV?AGWGABA GOUP UXP QBSGPATÀ

Figures

(GEVSB g X>T GO@MVABA UP QSBTBOU UFB EMP?>M P[POB >OPN>MZ GO UFSBB AG^BSBOU ZB>STÀ

5VQQMBNBOU>SZ (GEVSB i X>T GO@MVABA UP QSBTBOU UFB ABTB>TPO>MGTBA P[POB USBOA GO UFB

hi >O>MZTBA TGUBTÀ

3. Due to the long time scales of the study, there may be exceptions to the non-

significant trends in ozone precursors, such as the rapid decline in NO2 in Beijing from

2013, as shown in Figure 5, which is the case for many cities in China. This change in

trend helps to study the role of precursor changes under ozone sensitivity.

Response:

9GUF UFB GO@MVTGPO PD UFB ESPVOAÇP[POB A>U>Á UFGT P?TBSW>UGPO X>T WBSZ FBMQDVM GO

GABOUGDZGOE >TTP@G>UGPOT GO UFB P[POB USBOAT XGUF UFPTB DSPN 01fÁ BTQB@G>MMZ >T UFB

SBWGBXBS NBOUGPOBAÁ GO NBE>@GUGBT GO %FGO>À 6FB SBTVMUT >OA >O>MZTGT @POTGABSGOE UFGT

>TQB@U F>WB ?BBO GO@MVABA GO MGOBT emiÇfde >OA glmÇgml

Ï%POTGTUBOU XGUF UFB QSB@VSTPS BNGTTGPO USBOATÁ UFB />OOÈ-BOA>MM UBTU SBTVMUT DPS 1g GO

6>?MB e SBWB>MBA GO@SB>TGOE 1g GO gi PD UFB hi TUVAGBA >SB>TÁ >MUFPVEF UFB USBOAT XBSB

TGEOG`@>OU GO POMZ fi TGUBTÀ +OUBSBTUGOEMZÁ 1g GO NPTU NBE>@GUGBT GO %FGO> AB@SB>TBA

UFSPVEFPVU UFB >O>MZTGT QBSGPAÀ *PXBWBSÁ UFB 1g TB>TPO>M USBOA AB@PNQPTGUGPO

>O>MZTGT GO 5VQQMBNBOU>SZ (GEVSB i AGTQM>ZT UXP QBSGPAT >U TBWBS>M TGUBTÂ fddiÈfdee

>OA fdefÈfdemÀ 5VQQMBNBOU>SZ 6>?MB g QSBTBOUT UFB USBOA >OA N>EOGUVAB @F>OEBT

ËQQ? ZB>SÕeÌ DPS fddiÈfdee >OA fdefÈfdemÀÏ

Ï"MUFPVEF EMP?>M 1g USBOAT GOAG@>UB > EBOBS>MGTBA GO@SB>TBÁ SBEGPO>M AG^BSBO@BT >SB

>QQ>SBOU >OA >SB GOaVBO@BA ?Z AG^BSBOU D>@UPSTÀ 6FB >O>MZTGT PD QSB@VSTPS BNGTTGPOT

>OA UFBGS S>UGPT FBMQT BYQM>GO UFBTB AG^BSBO@BTÀ 01Y BNGTTGPOT GO %FGO> GO@SB>TBA DSPN

fddi UP fdef ?VU F>WB TGO@B AB@SB>TBAÀ +O @POUS>TUÁ 1g AB@SB>TBA DSPN fddi UP fdee

>OA GO@SB>TBA TGEOG`@>OUMZ DSPN fdef POX>SATÀ 6FB (04 GO NBE>@GUGBT GO %FGO> GT

>NPOE UFB MPXBTU GO UFB >O>MZTBA SBEGPOTÁ GOAG@>UGOE > 81%ÇMGNGUBA SBEGNBÃ UFBSBDPSBÁ

UFB GO@SB>TB GO 1g >T 01Y AB@SB>TBT GT BWGABO@B PD 81%ÇMGNGUBA @POAGUGPOTÀ



(VSUFBSNPSBÁ SBAV@GOE UFB QSB@VSTPS BNGTTGPOT XGUFPVU @POTGABSGOE UFB TBOTGUGWGUZ

SBEGNB N>Z MB>A UP GO@SB>TBA 1g PXGOE UP UFB OPOMGOB>S SBM>UGPOTFGQ ?BUXBBO 1g >OA GUT

QSB@VSTPSTÀÏ

4. Increase in temperature: The authors attempt to explore the e ect of "temperature

change" on ozone concentrations, but do not give quantitative results for temperature

change. Figure 6 only shows the situation in 2019. In addition, the term "warming

climate" is not appropriate for this scale of temperature change.
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fdemÀ 9B F>WB SBWGTBA UFB @>QUGPO GO (GEVSB j UP GNQSPWB @M>SGUZ >OA SBAV@B QPUBOUG>M

@PODVTGPOÀ "AAGUGPO>MMZÁ 5VQQMBNBOU>SZ 6>?MB h >OA OBXMZ >AABA 5VQQMBNBOU>SZ

(GEVSB l QSPWGAB ABU>GMBA GODPSN>UGPO PO FPX 6BNQBS>UVSB >OA TFPSUX>WB S>AG>UGPO

@F>OEBA GO BWBSZ TGUB AVSGOE UFB >O>MZ[BA QBSGPAÀ 6BNQBS>UVSB GO@SB>TBA TGEOG`@>OUMZ

GO NPTU TGUBTÁ EGWGOE BWGABO@B PD > X>SNGOE BOWGSPONBOUÀ 6FB SBTVMUT >SB AGT@VTTBA GO

MGOBT filÇfjf >OA fjiÇfjmÀ

Ï(GEVSB j TFPXT UFB UBNQBS>UVSB >OA 594 >OPN>MGBT GO fdemÁ SBM>UGWB UP UFB >WBS>EB DPS

fddiÈfdemÀ 6BNQBS>UVSBT GO@SB>TBA ?BUXBBO dÀiÈeÀi Ò% GO NPTU PD UFB QM>OBUÁ >OA

>@@PSAGOE UP 01"" >OA 0"5"Á fdem X>T UFB TB@POA X>SNBTU ZB>S TGO@B SB@PSATÁ >OA

UFB QBSGPA TQ>OOGOE fddi UP fdem FBMA OGOB PD UFB UBO X>SNBTU ZB>ST GO SB@PSATekÁ

BWGABO@GOE UFB GO@SB>TGOE EMP?>M UBNQBS>UVSBT AVB UP @MGN>UB @F>OEBÀÏ

Ï.P@>MMZÁ GO UFB hi >SB>TÁ UFB USBOA >O>MZTGT GO 5VQQMBNBOU>SZ 6>?MB i TFPXT UF>U UFB

UBNQBS>UVSB GO@SB>TB X>T TU>UGTUG@>MMZ TGEOG`@>OU GO NPTU SBEGPOTÁ XGUF +TU>O?VMÁ 6BFS>OÁ

>OA 2>SGT BYFG?GUGOE UFB NPTU TGEOG`@>OU GO@SB>TBÀ 5VQQMBNBOU>SZ (GEVSB l TFPXT UFB

ABTB>TPO>MGTBA USBOA PD UBNQBS>UVSBT >U UFB hi TGUBTÃ >O GO@SB>TGOE USBOA X>T P?TBSWBA

>U NPTU PD UFB >O>MZTBA TGUBTÀÏ

5. Clustering analysis: The authors classify the cities into four clusters according to FNR

values, but the significance of this needs further consideration. In fact, they can be

regarded as di erent ozone generation sensitivity classified by FNR. As the authors

state, emission trends di ered among the grouped megacities, so what is the

usefulness of cluster analysis? Authors explain the di erent roles of meteorological

factors in terms of whether they are developed regions or not, which in itself has no

relevance to the results of the clustering analysis.



Response:

9B F>WB SB`OBA UFB AGT@VTTGPO UP ?BUUBS JVTUGDZ UFB TGEOG`@>O@B PD @MVTUBSGOE >O>MZTGT

XFBO >O>MZ[GOE UFB P[POB USBOATÀ 9B F>WB BYQMG@GUMZ MGOLBA UFB @MVTUBST UP UFB P[POB

TBOTGUGWGUZ SBEGNBT >OA AGT@VTTBA UFB P[POB USBOAT GO B>@F ESPVQ ?>TBA PO UFB (04À

6FGT AGT@VTTGPO F>T ?BBO GO@MVABA GO MGOBT ghdÇghh >OA gihÇgjh

Ï%MVTUBSBA NBE>@GUGBT XGUF UFB MPXBTU (04T Ë81%ÇMGNGUBAÌ OPU POMZ GO@MVABA SBEGPOT

XGUF UFB NPTU TGEOG`@>OU 01f BNGTTGPOT EMP?>MMZ ?VU >MTP UFPTB XGUF UFB TF>SQBTU 01f

AB@SB>TBÀ *PXBWBSÁ 01Y SBAV@UGPO GT GOB^B@UGWB GO AB@SB>TGOE 1g VOABS 81%ÇMGNGUBA

@POAGUGPOTÁ BWBO NPSB TP XFBO 81% BNGTTGPOT >SB >MTP GO@SB>TGOEÁ >T GOAG@>UBA ?Z UFB

GO@SB>TGOE *%*1 USBOATÀÏ

Ï6FB NPTU TGEOG`@>OU GO@SB>TB GO 01f MBWBMT X>T P?TBSWBA GO %MVTUBS fÁ XFG@F ESPVQBA

>SB>T VOABS US>OTGUGPO>MÆ01YÇMGNGUBA SBEGNBÀ +O Q>SUG@VM>SÁ &F>L> >OA $BOE>MVSV

TFPXBA UFB FGEFBTU SBM>UGWB AG^BSBO@BT ?BUXBBO fddi >OA fdem Ë5VQQMBNBOU>SZ 6>?MB

jÌÀ 5GNGM>SMZÁ %MVTUBS g PD NBE>@GUGBT XGUF UFB FGEFBTU (04T ËTUSPOE 01YÇMGNGUBA

@POAGUGPOTÌ AGTQM>ZBA GO@SB>TGOE 01Y USBOATÀ

+O >MGEONBOU XGUF UFB TQ>UG>M AGTUSG?VUGPO PD QSB@VSTPS BNGTTGPOTÁ UFB NBE>@GUGBT XGUF

UFB FGEFBTU 1g MBWBMT >SB >MTP UFPTB XGUF UFB FGEFBTU QSB@VSTPS BNGTTGPOTÁ GOAG@>UGOE

UF>U BNGTTGPOÇASGWBO 1g @POTUGUVUBT UFB NPTU SBMBW>OU TPVS@B PD 1g GO NBE>@GUGBT

EMP?>MMZ >OA XGMM @POUGOVB UP AP TP N>GOMZ ?B@>VTB PD GO@SB>TBA 81% >OA SBAV@BA 01:

BNGTTGPOT GO 81%ÇMGNGUBA SBEGPOT >OA GO@SB>TGOE 01Y BNGTTGPOT GO SBEGPOT VOABS

US>OTGUGPO>MÆ01YÇMGNGUBA @POAGUGPOTÀÏ

6. Figures and Table: The time scale and units of the data should be given in Table 1. The

meaning of the colours should be indicated in Figure 3. How was the trend calculated

in Figure 5?
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XB F>WB >AABA > ABT@SGQUGPO PD UFB USBOA @>M@VM>UGPO NBUFPAPMPEZ GO UFB @>QUGPOÁ >OA
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"Seasonal trend decompositions using LOESS

5B>TPO>M USBOA AB@PNQPTGUGPOT VTGOE .1'55 Ë56.Ì X>T QBSDPSNBA UP @PNQMBNBOU UFB

5- UBTUÀ 6FGT GT > SP?VTU NBUFPA DPS >O>MZTGOE UGNBÇTBSGBT A>U> XGUF SB@VSSGOE UBNQPS>M

Q>UUBSOTÀ 6FB NBUFPA QSPQPTBA GO %MBWBM>OA BU >MÀ ËemmdÌ AB@PNQPTBT UFB UGNBÇTBSGBT

A>U> 1= GOUP UFSBB N>GO @PNQPOBOUT >T DPMMPXTÂ

1= I 0= H , /=
J<K8

<42 H .= ËgÌ

XFBSB 0= GT UFB @F>OEGOE USBOAÁ /=
J<K

GT UFB TB>TPO>M @PNQPOBOUÁ >OA .= GT UFB SBN>GOGOE

@PNQPOBOUÀ 6FGT NBUFPA VTBT NVMUGW>SG>UB MP@>MMZ XBGEFUBA SBESBTTGPO Ë.PBTTÌgi DPS

TNPPUFGOE PQBS>UGPOTÀ 56. >O>MZTGT X>T QBSDPSNBA VTGOE UFB NPOUFMZ idUF QBS@BOUGMB PD

>MM W>SG>?MBT >U UFB hi TGUBT VTGOE UFB 5U>UTNPABMT NPAVMB GO 2ZUFPOgjÏ
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ËfdedÌ



Reviewer #1

Remarks to the Author: 5C@ ;SRCMPQ P@NJD@? RM MN@L DQQS@Q Q;RDQA;>RMPDJW¾ 5C@

P@OS@QR@? >C;LB@Q ;L? QSBB@QRDMLQ U@P@ R;I@L DLRM ;>>MSLR¿ ;L? ;LW KDQQDLB

DLAMPK;RDML ;??@?¾ 5C@ P@TDQ@? T@PQDML DQ DKNPMT@?¿ ;L? P@;?W AMP NS=JD>;RDML¾

&B>R 4BVFBWBR dÀ

9B >RB DR>TBCUL COR YOUR TFMB >NA B]ORT FN RBVFBWFND OUR M>NUS@RFPT¿ ;OUR FNSFDETCUL

@OMMBNTS E>VB ?BBN FNSTRUMBNT>L FN BNE>N@FND TEB QU>LFTY >NA RBLBV>N@B OC OUR P>PBR¿

9B >RB PLB>SBA TE>T TEB RBVFSFONS WB E>VB M>AB >LFDN WFTE YOUR BXPB@T>TFONS¿

Reviewer #2

Remarks to the Author: 5CDQ K;LSQ>PDNR DQ RC@ P@TDQ@? T@PQDML RC;R U;Q NP@TDMSQJW

QS=KDRR@? RM RCDQ GMSPL;J¾ + QDL>@P@JW ;NNP@>D;R@ RC@ ;SRCMPQÎ P@TDQDMLQ RM ;??P@QQ KW

>MKK@LRQ¾ "AR@P RC@ >J;PD^>;RDML APMK RC@ ;SRCMPQ¿ + P@P@;? RCDQ >;P@ASJJW¿ =SR + QRDJJ C;T@

>ML>@PLQ ;=MSR >MLQD?@PDLB DR ;Q ; NMQQD=J@ NS=JD>;RDML APMK RCDQ GMSPL;JÎQ CDBCÅOS;JDRW

QR;L?;P?¾ /W =DBB@QR >ML>@PLQ U@P@ RC@ J;>I MA ;NNPMNPD;R@ P@A@P@L>@Q ;L? P@J@T;LR

?DQ>SQQDMLQ¾ 'QN@>D;JJW¿ RC@ ;??@? ?DQ>SQQDML SQDLB 1e P@;L;JWQDQ ?;R; C;Q =@@L

Q@T@P@JW J;>IDLB DL ?DQ>SQQDML UDRC NP@TDMSQ P@Q@;P>C ;L? QRPMLBJW P@J;R@Q RM RC@

;L;JWQDQ SQDLB RC@DP ?;R;¾

&B>R 4BVFBWBR eÀ

9B >PPRB@F>TB YOUR @ONSFABR>TFON OC OUR RBVFSBA M>NUS@RFPT >NA >@KNOWLBADMBNT OC

TEB PRBVFOUS RBVFSFONS¿ 9B UNABRST>NA YOUR @ON@BRNS >NA E>VB T>KBN TEBM FNTO

>@@OUNT¿ $BLOWÀ WB PROVFAB > POFNTÅ?YÅPOFNT RBSPONSB TO TEB FSSUBS R>FSBA >NA TEB

@E>NDBS M>AB TO TEB M>NUS@RFPT¿

Major points:

1. 5C@ TDQS;JDX;RDML ;L? RC@ P@J@T;LR ?DQ>SQQDML UDJJ QRDJJ =@ ?D\D>SJR RM SL?@PQR;L?¾ +L (DB¾

d¾¿ *%*1 ;L? 01d >MJSKLQ U@P@ QCMUL APMK c¾b'cg RM ci¾b'cg KMJ¾>KÅd¿ QM + BS@QQ

RC;R RC@Q@ UCDR@ >MJMPQ UDJJ DL?D>;R@ JMU@P >ML>@LRP;RDML ÉJ@QQ RC;L c¾b'cgÊ¿ PDBCRÃ 5CSQ¿

RC@ UCDR@ >MJMP DL RC@ (03 K;N >MPP@QNML?Q RM ; CDBC@P T;JS@ P;RC@P RC;L h¿ PDBCRÃ

*MU@T@P¿ + ;K >MLASQ@? Í8C@L K;NNDLB RC@ ?;R;¿ K;QIQ AMP J;L?ÆM>@;L¿ *%*1 T;JS@Q

=@JMU iÒcbcg KMJ >KÆd¿ 01d T;JS@Q =@JMU cÒcbcg KMJ >KÆd¿ ;L? (03 T;JS@Q ;=MT@



cb U@P@ ;NNJD@? RM A;>DJDR;R@ ?;R; TDQS;JDQ;RDML¾Í DL JDL@ gbcÅgbe¾ %MSJ? WMS >J;PDAW RCDQ

;L;JWQDQ K@RCM?MJMBWÃ

Response:

9B >POLODFZB COR TEB @ONCUSFON >NA >PPRB@F>TB YOUR ABT>FLBA O?SBRV>TFON¿ 6EB WEFTB

>RB>S FN TEB *%*1 M>PS @ORRBSPONA WFTE V>LUBS ?BLOW jÓdcdh MOL¿@MÆe >NA COR 01e

?BLOW dÓdcdh MOL¿@MÆe¿ *OWBVBRÀ WB SBT TEB @OLOR ?>RS TO ST>RT CROM dÓdcdh MOL¿@MÅe FN

?OTE @>SBS COR @ONSFSTBN@Y >NA ?BTTBR @OLOR AFSTRF?UTFON¿ 1N TEB OTEBR E>NAÀ TEB (04

M>PS SEOW ONLY A>T> COR V>LUBS dÅi¿ 9B SBT TEBSB V>LUBS TO ARFVB TEB CO@US TO TEB MOST

POLLUTBA RBDFONSÀ WEF@E >RB TEB M>FN T>RDBTS OC OUR >N>LYSFS¿ 9B E>VB FN@LUABA > NONÅ

M>SKBA VBRSFON OC TEB M>PS FN SUPPLBMBNT>RY _DURB l COR @OMP>R>TFVB PURPOSBS¿ 6O

>AARBSS TEFS @OMMBNTÀ WB E>VB MOAF_BA TEB ABS@RFPTFON FN LFNBS hhdÅhhhÀ TO FNAF@>TB

TE>T COR (04À TEB M>SK W>S i >NA NOT dc >S BRRONBOUSLY MBNTFONBA B>RLFBR¿ 9B E>VB >LSO

FN@LUABA TEFS ABS@RFPTFON FN TEB (FDURB e @>PTFON COR ?BTTBR UNABRST>NAFND¿

Í8C@L K;NNDLB RC@ ?;R;¿ K;QIQ AMP J;L?ÆM>@;L¿ *%*1 T;JS@Q =@JMU i Ò cbcg KMJ >KÆ

d¿ 01d T;JS@Q =@JMU c Ò cbcg KMJ >KÆd¿ ;L? (03 T;JS@Q ;=MT@ h U@P@ ;NNJD@? RM A;>DJDR;R@

?;R; TDQS;JDQ;RDML ;L? AMP ?PDTDLB ;RR@LRDML RM RC@ NMJJSR@? ;P@;Q¾ /;NQ UDRC LMLÅK;QI@?

T;JS@Q ;P@ QCMUL DL 4SNNJ@K@LR;PW (DBSP@ k AMP >MKN;P;RDT@ NSPNMQ@Q¾Í





RBDFON FN "CRF@>À @>TBDORFZBA FN @LUSTBR dÀ TEB MB>N 01e @ON@BNTR>TFON W>S c¿gk Xdcdh

MOL¿@MÅeÀ >LSO >?OVB TEB RBPORTBA ABTB@TFON LFMFT¿ 6EB 01e MB>N V>LUBS >T BVBRY SFTB

E>VB ?BBN >AABA TO SUPPLBMBNT>RY T>?LB hÀ >NA >S O?SBRVBAÀ >LL >RB >?OVB TEB

ABTB@TFON LFMFT¿ 6EBRBCORBÀ TEB EFDE (04 FN TEB RBMOTB >RB>S FS AUB TO LOW 01e LBVBLS ÊYBT

WFTEFN TEB ABTB@TFON LFMFTË >NA TEB EFDE *%*1 AUB TO TEB >?UNA>NT $81% SOUR@BS¿ 6EB

AO@UMBNT>TFON COR TEB A>T> PROAU@T VBRSFON g¿c RB@OMMBNAS TE>T >LL V>LFA

MB>SURBMBNTSÀ RBD>RALBSS OC TEBFR SFDNÀ SEOULA ?B FN@LUABA TO >VOFA ?F>SBS WEBN

@OMPUTFND ST>TFSTF@Sf¿ 6EBRBCORBÀ NO _LTBRFND W>S >PPLFBA TO TEB 01e A>FLY RBTRFBV>LS¿ 6EFS

FNCORM>TFON E>S ?BBN FN@LUABA FN LFNBS hfkÅhgc¿

Í(MP 01d¿ AMJJMUDLB RC@ P@>MKK@L?;RDMLQ DL RC@ ?M>SK@LR;RDML MA RC@ .e 1/01d? Tf¿

;JJ ?;DJW T;JS@Q U@P@ DL>JS?@? DL RC@ ;T@P;BDLB NPM>@?SP@¿ P@B;P?J@QQ MA RC@DP QDBLeÍ

3. 5C@ ;??@? ;L;JWQDQ AMP 1e =;Q@? ML RC@ P@;L;JWQDQ ?;R; Q@@KQ RM =@ N;PRJW >PDRD>;JÁ

CMU@T@P¿ + ?M LMR QN@>SJ;R@ RC@ K@RCM?MJMBW MA RC@ P@ÅBPD??DLB APMK ; >M;PQ@P

P@QMJSRDML RM ; ^L@P P@QMJSRDML¾ "JRCMSBC DR >MSJ? =@ @;QW DL RC@ P@ÅBPD??DLB APMK ; ^L@P

P@QMJSRDML RM ; >M;PQ@P P@QMJSRDML ;Q *%*1 >MJSKL¿ DR Q@@KQ RM =@ ?D\D>SJR CMU RM P@BPD?

DLRM ; ^L@P P@QMJSRDML¾ &D? RCDQ ;NNJW QMK@ ; NPDMPD MP MRC@P DLAMPK;RDMLÃ

Response

0O >PRFORF FNCORM>TFON OR >SSUMPTFONS WBRB USBA COR TEB RBDRFAAFND PRO@BSS¿ 4BDRFAAFND

OR RBM>PPFND FNVOLVBS TR>NSCBRRFND A>T> ?BTWBBN AF]BRBNT DRFAS WEFLB PRBSBRVFND TEB

QU>LFTFBS OC TEB ORFDFN>L A>T>SBT¿ "MOND TEB MOST USBA MBTEOAS >RB ?FLFNB>R >NA

@ONSBRV>TFVB FNTBRPOL>TFONSÀ WEF@E >RB MONOTONF@ OPBR>TORSÀ FNAF@>TFND TE>T NO NBW

A>T> >RB DBNBR>TBA AURFND TEB PRO@BSSg¿ 9B >@KNOWLBADB TE>T RBDRFAAFND CROM > _NBR TO

> @O>RSBR RBSOLUTFON FS MORB STR>FDETCORW>RA¿ *OWBVBRÀ TEB S>MB >PPRO>@E >PPLFBS

WEBN DOFND CROM > @O>RSB TO > _NBR RBSOLUTFONÀ TEB SP>TF>L ABT>FL OC TEB ORFDFN>L A>T>SBT

RBM>FNS TEB S>MBÀ >NA TEB _NBR DRFA RBPRBSBNTS TEB S>MB A>T> WFTE MORB POFNTSÂ TEB

FNEBRBNT RBSOLUTFON OC TEB A>T>SBT AOBS NOT FN@RB>SB¿ 5PB@F_@>LLYÀ ?FLFNB>R FNTBRPOL>TFON

FS >N >ABQU>TB MBTEOA COR EFDELY SP>TF>LLY @ORRBL>TBA A>T> FN > RBDUL>R RB@TFLFNB>R DRFAhÀ

>S FS TEB @>SB WFTE TEB A>T> USBA FN OUR >N>LYSFS¿ 6EB '>RTE 5YSTBM /OABLLFND

(R>MBWORK FS > WBLLÅKNOWN TOOL TE>T PROVFABS BX>MPLBS OC RBDRFAAFND CROM > @O>RSB TO

> _NBR RBSOLUTFON USFND ?FLFNB>R FNTBRPOL>TFONi¿

6O BXBMPLFCY TEB >?OVB COR TEB SPB@F_@ @>SB OC TEB DROUNAÅOZONB A>T> CROM %"/5 USBA

FN OUR >N>LYSFSÀ EBRB WB PROVFAB Ê(FDURB 4dË TWO M>PS COR TEB OZONB A>T> FN ,ULY ecde

WFTE TEB ORFDFN>L DRFA SFZB OC c¿jh ABDRBBS Ê>Ë >NA TEB RBDRFAABA A>T>SBT TO > DRFA SFZB OC





6>?LB 4d¿ /B>NÀ hcTE PBR@BNTFLB ÊhcPËÀ >NA ST>NA>RA ABVF>TFON Ê5&Ë COR TEB %"/5

DROUNAÅLBVBL OZONB A>T> >T FTS N>TFVB RBSOLUTFON Êc¿jh°Ë >NA >CTBR RBDRFAAFND FT TO c¿eh°.

Grid size 

(°) n Mean 50p SD 

0.75 115680 29.28 31.92 8.12 

0.25 1036800 29.28 31.92 8.17 

4. 3@J;R@? RM RCDQ 1e ;L;JWQDQ¿ RC@ ;SRCMPQ >J;DK@? RC;R RC@ RP;LQDRDML APMK RC@

?@>P@;QDLB RP@L? RM RC@ DL>P@;QDLB RP@L? DL %CDL;¾ *MU@T@P¿ RCDQ P@QSJR ;L? ?DQ>SQQDML

ML %CDL; DL JDL@Q ckgÅdcb UDJJ =@ >ML_D>R UDRC RC@ >MLRDLSMSQJW DL>P@;QDLB 1e RP@L?

P@NMPR@? DL NP@TDMSQ N;N@PQ ÉCRRNQÀÄÄ?MD¾MPBÄcb¾gckfÄ;>NÅchÅcbheiÅdbchÁ

CRRNQÀÄÄ?MD¾MPBÄcb¾gckfÄ;>NÅckÅcfggÅdbckÁ

CRRNQÀÄÄ?MD¾MPBÄcb¾cbchÄG¾;RKMQ@LT¾dbdc¾ccjjhkÊ¾ 5C@ ?DQ>SQQDML U;Q T@PW U@;I DL RC@

>SPP@LR K;LSQ>PDNR OS;JDRW GSQR P@JWDLB ML RC@DP ?;R; UDRCMSR P@A@PPDLB RM ;NNPMNPD;R@

ND@>@Q MA JDR@P;RSP@¾ ,S?BDLB APMK RCDQ >;P@J@QQ ;L;JWQDQ UDRCMSR RC@ NP@TDMSQ QRS?D@Q¿ +

;K QMPPW¿ =SR RC@ P@QSJRQ ;L? ?DQ>SQQDML ML MRC@P QDR@Q UDJJ ;JQM =@ QSQND>DMSQ¾

Response

+N OUR >N>LYSFSÀ WB O?SBRVBA > TR>NSFTFON CROM > AB@RB>SFND TO > SFDNF_@>NTLY FN@RB>SFND

1® TRBNA FN SPB@F_@ RBDFONS OC %EFN>¿ 6EFS _NAFND M>Y >PPB>R TO @ONTR>AF@T TEB

@ONSFSTBNTLY FN@RB>SFND TRBNAS RBPORTBA FN TEB PROVFABA RBCBRBN@BS¿ *OWBVBRÀ WB

?BLFBVB TEFS >PP>RBNT AFS@RBP>N@Y @>N ?B BXPL>FNBA ?Y AF]BRBN@BS FN TEB T>RDBTBA

RBDFONSÀ TFMB PBRFOASÀ SP>TF>L S@>LBSÀ >NA MBTEOAOLODFBS USBA FN OUR STUAY @OMP>RBA

TO TEBSB PRBVFOUS WORKS¿

6EB >RTF@LB TFTLBA Î5FDNF_@>NT FN@RB>SB OC SUMMBRTFMB OZONB >T /OUNT 6>F FN %BNTR>L

'>STBRN %EFN>Î ?Y 5UN BT >L¿ ÊecdiËj >N>LYZBS TEB FN@RB>SB FN SURC>@B OZONB Ê1®Ë

@ON@BNTR>TFONS CROM eccf TO ecdh >T /OUNT 6>FÀ %EFN>¿ 6EB >UTEORS RBPORT > SFDNF_@>NT

FN@RB>SB FN TEB 1f LBVBLS¿ *OWBVBRÀ TEB >N>LYZBA RBDFON FS NOT P>RT OC OUR T>RDBTBA >RB>SÀ

WEF@E MFDET BXPL>FN TEB AF]BRBN@BS¿ 6EB >RTF@LB Î+MP>@TS OC MBTBOROLODY >NA

BMFSSFONS ON SUMMBRTFMB SURC>@B OZONB FN@RB>SBS OVBR @BNTR>L B>STBRN %EFN>

?BTWBBN eccf >NA ecdhÎ ?Y 5UN BT >L¿ ÊecdlËk >N>LYZBS TEB SFDNF_@>NT RFSB FN SURC>@B

OZONB LBVBLS OVBR @BNTR>L %EFN> USFND >N >FR QU>LFTY MOABL¿ 6EB >N>LYZBA RBDFON

BN@OMP>SSBS SBVBR>L OC TEB FN@LUABA MBD>@FTFBS FN OUR STUAY¿ 9EFLB OUR >N>LYSFS



@>L@UL>TBA MONTELY TFMB SBRFBS COR ecch TO ecdl USFND ST>TFSTF@>L MBTEOAS @ONSFABRFND

SB>SON>LFTYÀ 5UN BT >L¿ ÊecdlË BV>LU>TBA TEB 1f AF]BRBN@BS ONLY AURFND TEB SUMMBR

?BTWBBN eccf >NA ecdh¿ (O@USFND ON > SFNDLB SB>SON ?BTWBBN ONLY TWO YB>RS MFDET

E>VB LBA TO AF]BRBNT RBSULTSÂ >AAFTFON>LLYÀ eccf W>S NOT @ONSFABRBA FN OUR >N>LYSFS¿ 6EB

>RTF@LB Î.ONDÅTBRM TRBNA OC OZONB FN SOUTEBRN %EFN> RBVB>LS CUTURB MFTFD>TFON STR>TBDY

COR >FR POLLUTFONÎ ?Y .F BT >L ÊeceeËl¿ FNVBSTFD>TBS TEB OZONB TRBNAS CROM ecci TO ecdl FN

TEB 2B>RL 4FVBR &BLT>À ONB OC OUR >N>LYSFSÏS T>RDBTBA >RB>S¿ 6EB >UTEORS >N>LYZBA OZONB

TRBNAS >T > _NB S@>LB USFND A>T> CROM di MONFTORFND ST>TFONSÀ _NAFND TE>T TEB hcTE

PBR@BNTFLB >T UR?>N SFTBS @ONTFNUOUSLY FN@RB>SBAÀ ?UT RBDFON>L SFTBS SEOWBA AB@RB>SFND

TRBNAS¿ 6EB _NBR SP>TF>L RBSOLUTFON USBA FN TEBFR >N>LYSFS >LLOWBA TEBM TO FABNTFCY LO@>L

TRBNA AF]BRBN@BSÀ WEF@E FS ONB OC TEB LFMFT>TFONS OC OUR >N>LYSFS¿ 6EB @O>RSB RBSOLUTFON

OC TEB A>T> USBA FN OUR STUAY M>KBS FT @E>LLBNDFND TO FABNTFCY RBDFON>L V>RF>TFONS FN TEB

OZONB TRBNAS¿ (URTEBRMORBÀ TEOSB NONÅ>@@OUNTBA RBDFON>L AF]BRBN@BS MFDET BXPL>FN

TEB AB@RB>SFND TRBNAS O?SBRVBA CROM ecch TO ecdd FN OUR RBSULTS¿ 6O >AARBSS TEFS FSSUBÀ

WB E>VB RBVFSBA TEB M>NUS@RFPT TO FN@LUAB > AFS@USSFON OC TEB LFMFT>TFONS OC OUR >N>LYSFS

?>SBA ON .F BT >L¿ ÊeceeË FN LFNBS gfgÅgfl¿

Í0ML@RC@J@QQ¿ RC@ >M;PQ@ P@QMJSRDML MA RC@ SQ@? ?;R; JDKDRQ RC@ M=Q@PT;RDML MA JM>;J

T;PD;RDMLQ DL %CDL@Q@ K@B;>DRW >JSQR@PQ¾ .D @R ;J¾ ÉdbddÊk P@NMPR@? ; >MLRDLSMSQ DL>P@;Q@

APMK dbbh RM dbck MA RC@ 1e gbRC N@P>@LRDJ@ DL RC@ 2@;PJ 3DT@P &@JR; SP=;L QDR@Q¿ CMU@T@P

; QDBLD^>;LR ?@>P@;Q@ DL P@BDML;J QDR@Q U;Q M=Q@PT@?¾ &S@ RM RC@ QN;RD;J P@QMJSRDML

JDKDR;RDMLQ¿ RCDQ QRS?W >;LLMR P@QMJT@ RC@Q@ JM>;J T;PD;RDMLQ¾Í

Specific points:

Line 72-78: + ;K >MLASQDLB RCDQ @VNJ;L;RDML¾ &@QNDR@ RC@Q@ ?DQ>SQQDMLQ AMP (03 T;JS@Q¿

UCW ?D? RC@ ;SRCMPQ SQ@ RC@ K@RCM? MA &SL>;L @R ;J¾ ÉdbcbÊÃ 5M ;TMD? >MLASQDML¿ + UDJJ

P@>MKK@L? KMTDLB MP P@N@;RDLB RC@ Q@LR@L>@ DL JDL@Q fkgÅfki¾ + ;BP@@ UDRC AM>SQDLB ML

RC@ RP@L? ;L;JWQDQ DLQR@;? MA RC@ (03 T;JS@ =@>;SQ@ RC@ RCP@QCMJ? T;JS@Q ;P@ QRDJJ

?DQ>SQQ@?¾ *MU@T@P¿ RC@ ;SRCMPQ >MKN;P@? (03 ;R QDR@ÅRMÅQDR@ ;L? ?DQ>SQQ@? RC@

MXML@ AMPK;RDML P@BDK@¾ +A RC@P@ DQ ; ?D\@P@L>@ DL RC@ RCP@QCMJ? T;JS@ QDR@Å=WÅQDR@¿ DR DQ

LMR ;Q QDKNJ@ ;Q ?DQ>SQQ@?¾

Response

6E>NK YOU COR YOUR R>FSBA @ON@BRN¿ 6EB M>FN O?IB@TFVB OC LFNBS jeÅjk W>S TO PROVFAB >

RO?UST CR>MBWORK COR USFND (04 COR OZONB SBNSFTFVFTY >N>LYSFS¿ 5FN@B TEB WORK ?Y

&UN@>N BT >L¿ ÊecdcËdc W>S TEB _RST TO PROPOSB USFND *%*1 >NA 01e R>TFOS CROM 1/+À



WB ?>SBA TEB TBXT FN LFNBS jeÅjk ON FT¿ *OWBVBRÀ TEB UN@BRT>FNTFBS FN TEB (04 TERBSEOLA

V>LUBS >@ROSS AF]BRBNT SFTBS >NA TFMBS WBRB >LSO EFDELFDETBA¿ 6EB RBSULTS AFA NOT >FM TO

PROVFAB > SPB@F_@ TERBSEOLA V>LUB COR RBDFMB @L>SSF_@>TFON SFTB ?Y SFTB¿ "S TEB RBVFBWBR

POFNTBA OUTÀ BST>?LFSEFND R>TFOS COR FNCBRRFND OZONB SBNSFTFVFTY RBQUFRBS > SPB@F_@

>N>LYSFS TE>T @ONSFABRS TEB @EBMF@>L @E>R>@TBRFSTF@S OC BVBRY SFTB¿ 9B >PPRB@F>TB YOUR

SUDDBSTFON OC FN@LUAFND TE>T @L>RF_@>TFON FN TEB RBSULTS >NA NOT ONLY FN TEB MBTEOAS¿ 6EB

SFTBÅ?YÅSFTB >N>LYSFS ÊLFNBS dkdÅdllË W>S ?>SBA ON TEB O?SBRVBA TRBNAS WFTEOUT

PROVFAFND > SPB@F_@ TERBSEOLA COR RBDFMB @L>SSF_@>TFON COR B>@E MBD>@FTY¿ 6O @L>RFCY TEFS

@OMMBNTÀ WB E>VB FN@LUABA LFNBS dgkÅdhf¿

Í&S@ RM RC@ DLC@P@LR QN;RD;J ;L? R@KNMP;J T;PD;=DJDRW MA RC@ (03 T;JS@Q RC;R ?@^L@ MXML@

Q@LQDRDTDRW P@BDK@Q¿ RC@ P@QSJRQ ?D? LMR ;DK RM NPMTD?@ ; QN@>D^> RCP@QCMJ? T;JS@ AMP

P@BDK@ >J;QQD^>;RDML ;R @T@PW QDR@¿ CMU@T@P RC@W @KNC;QDQ@? RC@ M=Q@PT@? RP@L?Q

;>PMQQ P@BDMLQ¾ 4DR@Q ?DQNJ;WDLB RC@ JMU@QR (03 U@P@ >MLQD?@P@? ;Q 71%ÅJDKDR@?

>ML?DRDMLQ¿ DLR@PK@?D;R@ ;Q RP;LQDRDML;JÄ01VÅJDKDR@?¿ ;L? RC@ CDBC@QR (03 ;Q 01VÅ

JDKDR@? P@BDMLQ¾Í

Line 162-166: +R QCMSJ? =@ >;P@ASJJW ?@^L@? UCD>C >MSLRPD@Q ;P@ ?@T@JMN@?Ä?@T@JMNDLB

>MSLRPD@Q¾ 4N@>D^>;JJW¿ UCD>C DQ >;R@BMPDX@? AMP %CDL;Ã

Response

6E>NK YOU COR YOUR SUDDBSTFON¿ 6O >AARBSS TEFS @OMMBNTÀ WB E>VB USBA TEB 9ORLA

$>NKÏS FN@OMB @L>SSF_@>TFON SYSTBM TO @>TBDORFZB TEB @OUNTRY OC BVBRY MBD>@FTY¿ 6EFS

SYSTBM @>TBDORFZBS @OUNTRFBS FNTO LOWÀ LOWBRÅMFAALBÀ UPPBRÅMFAALBÀ >NA EFDE FN@OMB

B@ONOMFBS¿ 1UR >N>LYSFS @ONSFABRBA EFDE FN@OMB B@ONOMFBS TO ?B ABVBLOPBA, while 

the rest of the classifications were @ONSFABRBA ABVBLOPFND B@ONOMFBS¿ 1N TE>T ?>SFSÀ

%EFN> WOULA ?B > ABVBLOPFND B@ONOMY¿ 9B E>VB FN@LUABA 5UPPLBMBNT>RY 6>?LB j >NA

>AABA LFNBS hleÅhli FN TEB M>FN TBXT TO >AARBSS TEFS @OMMBNT¿

Í5C@ >MSLRPD@Q MA RC@ fc K@B;>DRD@Q U@P@ >;R@BMPDQ@? ;Q ?@T@JMN@? ;L? ?@T@JMNDLB

=;Q@? ML RC@ 8MPJ? $;LI DL>MK@ >J;QQD^>;RDML QWQR@Kcc¾ +L RCDQ QRS?W¿ K@B;>DRD@Q DL

CDBCÅDL>MK@ >MSLRPD@Q ;P@ >MLQD?@P@? ?@T@JMN@?¿ ;L? RCMQ@ DL SNN@PÅKD??J@¿ KD??J@Å

JMU¿ ;L? JMUÅDL>MK@ >MSLRPD@Q ;P@ >MLQD?@P@? ?@T@JMNDLB É4SNNJ@K@LR;PW 5;=J@ jÊ¾Í

Line 391-392: 8@ >;LLMR AMJJMU 01V @KDQQDML DRQ@JA APMK RCDQ K;LSQ>PDNR¾ 0@@?

P@A@P@L>@¾ 'T@L RCMSBC RC@ K@;QSP@? >MJSKL >;L =@ ; NPMVW MA @KDQQDMLQ¿ DR >MSJ? LMR

=@ ?@^L@? ;Q @KDQQDMLQ¾



Response

6E>NK YOU COR POFNTFND TEFS OUT¿ 4BCBRBN@BS @ON_RMFND TEB O?SBRVBA TRBNAS FN OUR

>N>LYSFS E>VB ?BBN FN@LUABA¿ 6EB WORA ÎBMFSSFONSÎ E>S ?BBN RBPL>@BA ?Y Î@OLUMN

ABNSFTFBSÎ¿ 6EB @E>NDBS >RB FN LFNBS gfd Æ gff¿

Î01e @OLUMN ABNSFTFBS FN %EFN> FN@RB>SBA CROM ecch TO ecde ?UT E>VB SFN@B

AB@RB>SBAÀ WEF@E E>S >LSO ?BBN @ON_RMBA ?Y OTEBR STUAFBSlÀdeÀdf

Line 392-393À 4@@ KW K;GMP >ML>@PL¾

Response

6E>NK YOU COR YOUR @OMMBNT¿ 9B E>VB >AARBSSBA TEFS M>IOR @ON@BRN ?Y FN@LUAFND >

AFS@USSFON OC TEB LFMFT>TFON OC OUR >N>LYSFS FN LFNBS gfgÅgfl¿

Í0ML@RC@J@QQ¿ RC@ >M;PQ@ P@QMJSRDML MA RC@ SQ@? ?;R; JDKDRQ RC@ M=Q@PT;RDML MA JM>;J

T;PD;RDMLQ DL %CDL@Q@ K@B;>DRW >JSQR@PQ¾ .D @R ;J¾ ÉdbddÊk P@NMPR@? ; >MLRDLSMSQ DL>P@;Q@

APMK dbbh RM dbck MA RC@ 1e gbRC N@P>@LRDJ@ DL RC@ 2@;PJ 3DT@P &@JR; SP=;L QDR@Q¿ CMU@T@P

; QDBLD^>;LR ?@>P@;Q@ DL P@BDML;J QDR@Q U;Q M=Q@PT@?¾ &S@ RM RC@ QN;RD;J P@QMJSRDML

JDKDR;RDMLQ¿ RCDQ QRS?W >;LLMR P@QMJT@ RC@Q@ JM>;J T;PD;RDMLQ¾ Í

Line 396-398: 5CDQ Q@LR@L>@ Q@@KQ RM =@ P@?SL?;LR¾

Response

6E>NK YOU COR POFNTFND TEFS OUT¿ 6EB LFNBS E>VB ?BBN RBMOVBA¿

Line 433: 3@J;R@? RM RC@ >MKK@LR ML JDL@Q chdÅchh¿ UC;R U;Q DL %CDL;Ã 4MK@

JDR@P;RSP@Q ;JQM P@NMPR@? RC@ RP;LQDRDML MA MXML@ Q@LQDRDT@ P@BDK@ DL %CDL;¿ =SR RC@W

LMR@? RC;R RC@ QCDAR APMK 71%ÅJDKDR@? RM ; RP;LQDRDML;J MP 01VÅJDKDR@? P@BDK@

ÉCRRNQÀÄÄ?MD¾MPBÄcb¾gckfÄ;>NÅdcÅidgeÅdbdcÁ CRRNQÀÄÄ?MD¾MPBÄcb¾cbbdÄdbci,&bdhidbÊ

Response

6E>NK YOU COR POFNTFND TEFS OUT¿ +N OUR >N>LYSFSÀ MBD>@FTFBS FN %EFN> WBRB >MOND TEB

RBDFONS WFTE TEB EFDEBST 01e @OLUMN ABNSFTFBSÀ WEF@E @>USBA TEBM TO ?B UNABR 01XÅ

S>TUR>TBA Ê81%ÅLFMFTBAË @ONAFTFONS¿ *OWBVBRÀ TEB (04 TRBNAS SEOWBA FN@RB>SFND

V>LUBS AUB TO AB@RB>SFND 01e >NA FN@RB>SFND *%*1¿ 1UR _NAFNDS >DRBB WFTE TEOSB FN

TEB PROVFABA RBCBRBN@BSÀ >LTEOUDE SOMB AF]BRBN@BS BXFST FN TEB >N>LYZBA TFMB PBRFOASÀ

>NA MBTEOAS¿ 9>ND BT >L¿ ÊececË RBPORTBA TE>T MBD>@FTFBS FN %EFN> WBRB UNABR 81%Å

LFMFTBA @ONAFTFONS AURFND ecdiÀ >NA TEBY RBPORTBA TE>T >RB>S FN TEB 0ORTE %EFN> 2L>FNÀ



TEB ;>NDTZB 4FVBR &BLT>À >NA TEB 2B>RL 4FVBR &BLT> SEFCTBA TO TR>NSFTFON>L RBDFMBS¿

*OWBVBRÀ TEB @BNTR>L RBDFONS OC TEB MBD>@FTFBS RBM>FNBA UNABR 81%ÅLFMFTBA @ONAFTFONS¿

,FN BT >L¿ ÊecdlË PBRCORMBA > MORB ABT>FLBA >N>LYSFS @OMP>RFND TEB MONTELY (04 FN

MBD>@FTFBS FN %EFN> ?BTWBBN ecch >NA ecdh¿ 6EBFR _NAFNDS SEOWBA TE>T 81%ÅLFMFTBA

@ONAFTFONS PRBV>FL COR k TO l MONTES PBR YB>R TEROUDEOUT TEB BNTFRB >N>LYZBA PBRFOA >NA

d¿g TO e¿e MONTES UNABR 01XÅS>TUR>TBA @ONAFTFONS¿ 6EUSÀ MBD>@FTFBS FN %EFN> RBM>FN

M>FNLY UNABR 81%ÅLFMFTBA @ONAFTFONS¿ 6EFS AFS@USSFON WFTE TEB PROVFABA RBCBRBN@BS E>S

?BBN FN@LUABA FN LFNBS ggcÅggh¿

Í5C@ (03 DL K@B;>DRD@Q DL %CDL; DQ ;KMLB RC@ JMU@QR DL RC@ ;L;JWQ@? P@BDMLQ¿ ;L? RC@

DL>P@;Q@ DL 1e ;Q 01V ?@>P@;Q@Q DQ @TD?@L>@ MA 71%ÅJDKDR@? >ML?DRDMLQ¾ *MU@T@P¿ RC@

(03 QCMU@? DL>P@;QDLB RP@L?Q ?S@ RM P@?S>@? 01d ;L? DL>P@;Q@? *%*1¿ UCD>C UDJJ

JDI@JW >;SQ@ ; QCDAR RMU;P?Q RP;LQDRDML;JÄ 01VÅJDKDR@? >ML?DRDMLQ DL RC@ >MKDLB W@;PQ¾

1RC@P QRS?D@Q C;T@ P@NMPR@? RCDQ >C;LB@ DL RC@ MXML@ Q@LQDRDTDRW P@BDK@ DL Q@T@P;J

P@BDMLQ MA %CDL; cf¿cgÍ

Line 453: + ;K QRDJJ UML?@PDLB DA RCDQ P@K;PI DQ MT@PQR;R@? =@>;SQ@ RC@ @KDQQDMLQ

RC@KQ@JT@Q C;T@ L@T@P =@@L ;L;JWX@?¾

Response

6E>NK YOU COR POFNTFND TEFS OUT¿ 9B >@KNOWLBADB TE>T AFRB@T BMFSSFONS WBRB NOT

MB>SURBA FN OUR >N>LYSFS¿ *OWBVBRÀ S>TBLLFTB O?SBRV>TFONS PROVFAB V>LU>?LB PROXFBS COR

BMFSSFONSÀ BSPB@F>LLY FN >RB>S WEBRB DROUNA O?SBRV>TFONS >RB UN>V>FL>?LB OR LFMFTBA¿

9B E>VB RBVFSBA TEB WORAFND OC TEB ST>TBMBNT TO >AARBSS TEFS @OMMBNT¿ 6EB @E>NDBS

>RB FN LFNBS hccÅhce¿

Í5C@ P@QSJRQ MA RCDQ ;L;JWQDQ QSNNMPR RC@ Q@J@>RDML MA ;?@OS;R@ QRP;R@BD@Q AMP P@?S>DLB 1e

=;Q@? ML RC@ JMLBÅR@PK RP@L?Q MA DRQ NP@>SPQMP¿ ;Q DLA@PP@? APMK Q;R@JJDR@ M=Q@PT;RDMLQ¾Í



Reviewer #3

Remarks to the Author: 5C@ ;SRCMPQ C;T@ P@TDQ@? RC@ K;LSQ>PDNR @VR@LQDT@JW RM

@KNC;QDX@ DRQ DKNMPR;L>@ ;L? LMT@JRW¾ + P@>MKK@L? ASPRC@P P@^L@K@LR MA RC@

K;LSQ>PDNR =@AMP@ >MLQD?@PDLB DR AMP NS=JD>;RDML¾

&B>R 4BVFBWBR fÀ

9B >PPRB@F>TB YOUR @ONTFNUBA BND>DBMBNT >NA V>LU>?LB CBBA?>@KÀ WEF@E E>VB ?BBN

CUNA>MBNT>L FN BNE>N@FND TEB @L>RFTY >NA RBLBV>N@B OC OUR M>NUS@RFPT¿ $BLOWÀ WB

PROVFAB > POFNTÅ?YÅPOFNT RBSPONSB TO B>@E OC TEB RB@OMMBNA>TFONS >NA TEB @E>NDBS

M>AB FN TEB M>NUS@RFPT¿

1. $;Q@? ML RC@ (03 K@RPD> DR DQ NMQQD=J@ RM >J@;PJW DL?D>;R@ UCD>C ;P@;Q ;P@ 71%Å

Q@LQDRDT@ MP 01VÅQ@LQDRDT@ ;L? ?@KMLQRP;R@ RC@ >C;LB@Q TDQS;JJW¾ 8C;R >MLQD?@P;RDMLQ

?D? RC@ ;SRCMP A;DJ RM NPMTD?@ RCDQ DLAMPK;RDMLÃ

Response

6E>NK YOU COR YOUR R>FSBA @ON@BRN¿ 9B AFA NOT PROVFAB > SPB@F_@ RBDFMB @L>SSF_@>TFON

COR TEB >N>LYSBA SFTBS AUB TO TEB SP>TF>L >NA TBMPOR>L ABPBNABN@Y OC TEB TERBSEOLA

V>LUBS COR B>@E OZONB SBNSFTFVFTY RBDFMB¿ 5TUAFBS E>VB SEOWN TE>T TEB TERBSEOLAS COR

RBDFMB @L>SSF_@>TFON NBBA TO ?B >AIUSTBA COR BVBRY RBDFONÀ T>KFND FNTO @ONSFABR>TFON TEB

@EBMFSTRY CBBA?>@KdhÀdi¿ " ABT>FLBAÀ LO@>TFONÅSPB@F_@ >N>LYSFS WOULA ?B RBQUFRBA TO

>@@UR>TBLY ABTBRMFNB > TERBSEOLA TO @L>SSFCY B>@E OC TEB gh >N>LYSBA >RB>SÀ WEF@E @OULA

ABTR>@T CROM TEB ?RO>ABR FNSFDETS PRBSBNTBA FN OUR STUAY¿ 6EBRBCORBÀ OUR >N>LYSFS

CO@USBA ON >N>LYZFND TEB TRBNAS OC TEB FNAF@>TORSÀ WEF@E FS >LSO EBLPCUL FN FNCORMFND

MFTFD>TFON STR>TBDFBS¿ 6EFS AFS@USSFON E>S ?BBN FN@LUABA FN LFNBS dgkÅdhf FN TEB RBSULTS

SB@TFON¿

Í&S@ RM RC@ DLC@P@LR QN;RD;J ;L? R@KNMP;J T;PD;=DJDRW MA RC@ (03 T;JS@Q RC;R ?@^L@ MXML@

Q@LQDRDTDRW P@BDK@Q¿ RC@ P@QSJRQ ?D? LMR ;DK RM NPMTD?@ ; QN@>D^> RCP@QCMJ? T;JS@ AMP

P@BDK@ >J;QQD^>;RDML ;R @T@PW QDR@¿ CMU@T@P RC@W @KNC;QDQ@? RC@ M=Q@PT@? RP@L?Q

;>PMQQ P@BDMLQ¾ 4DR@Q ?DQNJ;WDLB RC@ JMU@QR (03 U@P@ >MLQD?@P@? ;Q 71%ÅJDKDR@?

>ML?DRDMLQ¿ DLR@PK@?D;R@ ;Q RP;LQDRDML;JÄ01VÅJDKDR@?¿ ;L? RC@ CDBC@QR (03 ;Q 01VÅ

JDKDR@? P@BDMLQ¾Í

0ONBTEBLBSSÀ TO SEBA LFDET ON TEB RBDFMB @L>SSF_@>TFONÀ 5UPPLBMBNT>RY 6>?LB l E>S

?BBN FN@LUABAÀ WEF@E SEOWS TEB MB>N V>LUBS OC *%*1À 01eÀ >NA (04 ?BTWBBN ecch

>NA ecdl FN B>@E OC TEB gh >N>LYSBA SFTBS¿ " RBDFMB @L>SSF_@>TFON E>S ?BBN >SSFDNBA TO



BVBRY SFTB ?>SBA ON TEB TERBSEOLA V>LUBS BST>?LFSEBA ?Y ,FN BT >L¿ ÊececË¿ "LTEOUDE TEFS

@L>SSF_@>TFON @>N PROVFAB SOMB FNSFDETS FNTO TEB RBDFMB COR BVBRY SFTBÀ FT SEOULA ?B

NOTBA TE>T TEB TERBSEOLA V>LUBS WBRB ABTBRMFNBA SPB@F_@>LLY COR UR?>N >RB>S FN TEB 75¿

6EB MB>N V>LUBS FN 5UPPLBMBNT>RY 6>?LB h WBRB USBA COR TEB @LUSTBRFND >N>LYSFS¿ 6EUSÀ

TEB RBLBV>NT AFS@USSFON E>S ?BBN >AABA FN LFNBS egkÅehh¿

Í4SNNJ@K@LR;PW 5;=J@ g QCMUQ RC@ K@;L *%*1¿ 01d¿ ;L? (03 ;R @;>C QDR@ SQ@? DL RC@

>JSQR@PDLB ;L;JWQDQ APMK dbbg RM dbck¾ 8C@L >MKN;PDLB RC@ (03 ;R @;>C QDR@ UDRC RC@

RCP@QCMJ? T;JS@Q @QR;=JDQC@? =W ,DL @R ;J¾ ÉdbdbÊci AMP P@BDK@ >J;QQD^>;RDML¿ UC@P@ RC@

RP;LQDRDML;J P@BDK@ U;Q ;R (03 eÅf¿ DR U;Q M=Q@PT@? RC;R QDR@Q DL >JSQR@P e UMSJ? =@

SL?@P 71%ÅJDKDR@? >ML?DRDMLQ¿ UCDJ@ RC@ P@QR U@P@ SL?@P RP;LQDRDML;J MP 01VÅJDKDR@?

>ML?DRDMLQ¾ "JRCMSBC RCDQ >J;QQD^>;RDML >;L NPMTD?@ QMK@ DLQDBCRQ DLRM RC@ P@BDK@ MA

@;>C QDR@¿ DR QCMSJ? =@ LMR@? RC;R RC@ SQ@? RCP@QCMJ? T;JS@Q U@P@ ?@R@PKDL@?

QN@>D^>;JJW AMP SP=;L ;P@;Q DL RC@ 64¾Í

2. 8DRC P@B;P? RM RC@ @\@>RQ MA R@KN@P;RSP@ ;L? P;?D;RDML¿ RC@ ;SRCMPQ AM>SQ K;DLJW ML

RC@ DL>P@;Q@ DL =DMJMBD>;J 71% @KDQQDMLQ ;L? Q@@K RM L@BJ@>R RC@DP >MLRPD=SRDML RM RC@

>C@KD>;J P@;>RDMLQ RC;R J@;? RM MXML@ NPM?S>RDML¾

Response

6E>NK YOU COR POFNTFND TEFS OUT¿ 9B E>VB >AARBSSBA TEFS @OMMBNT ?Y BXTBNAFND TEB

AFS@USSFON OC TEB RBLBV>N@B OC TEB W>RMFND BNVFRONMBNT ON TEB PEOTO@EBMF@>L

PRO@BSSBS TE>T LB>A TO 1f POLLUTFON¿ 6EB TBXT E>S ?BBN FN@LUABA FN LFNBS fggÅfic

Í(SPRC@PKMP@¿ DL ;??DRDML RM DL_S@L>DLB RC@ NP@>SPQMP @KDQQDMLQ¿ RC@ U;PKDLB

@LTDPMLK@LR ;JQM DL_S@L>@Q RC@ P@;>RDML P;R@Q MA RC@ NCMRM>C@KD>;J NPM>@QQ@Q

>MLRPMJJDLB 1e AMPK;RDML¾ )JM=;JJW¿ PDQDLB R@KN@P;RSP@Q J@;? RM DL>P@;Q@? $71%

@KDQQDMLQ ;Q U@JJ ;Q CDBC@P 1e AMPK;RDML P;R@Q MUDLB RM DL>P@;Q@? P@>W>JDLB MA 01V APMK

DQMNP@L@ LDRP;R@Q AMPK@? APMK $71% MVD?;RDML¿ ;Q ?@KMLQRP;R@? =W +RM @R ;J¾ ÉdbbkÊcj¾

%M;R@Q @R ;J¾ ÉdbchÊck >ML?S>R@? ; KM?@JJDLB QRS?W RC;R @T;JS;R@? RC@ @\@>RQ MA

R@KN@P;RSP@ ML 1e SL?@P ?D\@P@LR 01V >ML?DRDMLQ¿ ^L?DLB RC;R DL>P@;Q@? 71% MVD?;RDML

P@;>RDML P;R@Q ;L? DL>P@;Q@? N@PMVW LDRP;R@ ?@>MKNMQDRDML P;R@Q J@? RM CDBC@P 1e

NPM?S>RDML ;Q R@KN@P;RSP@ DL>P@;Q@?¾ 4DKDJ;PJW¿ /@LB @R ;J¾ ÉdbdeÊdb ;L;JWQ@? RC@ 1e

AMPK;RDML SL?@P @VRP@K@ R@KN@P;RSP@ @T@LRQ DL SP=;L ;P@;Q MA %CDL;¿ >MK=DLDLB

M=Q@PT;RDMLQ UDRC QDKSJ;R@? ?;R;¾ 5C@DP ^L?DLBQ QCMU@? RC;R P;?D>;J >W>JDLB DQ KMP@

@\@>RDT@ ;R CDBC R@KN@P;RSP@Q¾ 5C@P@AMP@¿ RC@ P;R@ MA *1d Ð 01 QDBLD^>;LRJW DL>P@;Q@Q

UDRC R@KN@P;RSP@¿ J@;?DLB RM 01 P@KMT;J UDRCMSR 1e >MLQSKNRDML¿ UCD>C DQ ; K;GMP



A;>RMP DL >;SQDLB ; L@R 1e ;>>SKSJ;RDML¾ /MP@MT@P¿ RC@W P@NMPR@? RC;R 1e NPM?S>RDML

?SP;RDML DQ JMLB@P SL?@P @VRP@K@ C@;R R@KN@P;RSP@Q RC;L SL?@P >MJ? U@;RC@P¾

1T@P;JJ¿ RC@ U;PKDLB >JDK;R@ DQ >;SQDLB DL>P@;Q@? @KDQQDMLQ MA MXML@ NP@>SPQMPQ APMK

=DMB@LD> QMSP>@Q UCDJ@ @LC;L>DLB RC@ NCMRM>C@KD>;J NPM>@QQ@Q RC;R P@QSJR DL 1e

NPM?S>RDML¾ 5C@ ;=MT@ @KNC;QDQ@Q RC@ L@@? RM >MLQD?@P RC@ ?DP@>R ;L? DL?DP@>R @\@>RQ

MA DL>P@;QDLB R@KN@P;RSP@Q DL ; >MLRDLSMSQJW U;PKDLB @LTDPMLK@LR UC@P@ @VRP@K@

R@KN@P;RSP@ @T@LRQ ;P@ @VN@>R@? RM PDQ@¾Í

3. 8@ ;JP@;?W ILMU RC;R ;L DL>P@;Q@ DL 71% MP ; ?@>P@;Q@ DL 01V ;JML@ DL>P@;Q@Q MXML@

J@T@JQ DL 71%ÅQ@LQDRDT@ ;P@;Q¿ ;L? RC;R MXML@ NP@>SPQMP ;=;R@K@LR K@;QSP@Q ?@N@L?

ML RC@ 1e Q@LQDRDTDRW¾ 5C@ ;SRCMPQ =SDJ? ML RCDQ =W >ML?S>RDLB ; >JSQR@PDLB ;L;JWQDQ RM

>;R@BMPDX@ QDR@Q DLRM AMSP >JSQR@PQ¾ 8C;R DQ RC@ QDBLD^>;L>@ MA RCDQÃ "LW L@U DLQDBCRQ DLRM

RC@ P@J;RDMLQCDN =@RU@@L MXML@ >C;LB@Q ;L? NP@>SPQMPQÃ (SPRC@P >J;PD^>;RDML DQ

L@@?@?¾

Response.

6E>NK YOU COR YOUR R>FSBA @ON@BRN¿ 6EB RBLBV>N@B OC TEB @LUSTBRFND >N>LYSFS E>S ?BBN

EFDELFDETBA ?Y AFS@USSFND FTS USBCULNBSS FN _NAFND IOFNT STR>TBDFBS COR MFTFD>TFND 1f

POLLUTFON¿ 9B E>VB FN@LUABA LFNBS eilÅejl¿

Í5CPMSBC >;R@BMPDQDLB RC@ QDR@Q =;Q@? ML RC@DP MXML@ Q@LQDRDTDRW¿ DR DQ NMQQD=J@ RM ^L?

;P@;Q RC;R >MSJ? QC;P@ QDKDJ;P ;NNPM;>C@Q DL RC@DP 1e P@BSJ;RDMLQ¾ 5C@ P@BDMLQ UDRC RC@

CDBC@QR 1e J@T@JQ A@JJ UDRCDL RC@ Q;K@ BPMSN MUDLB RM RC@DP QDKDJ;P (03¿ UCD>C DL?D>;R@Q

RC;R GMDLR @\MPRQ RM >MLRPMJ ;DP NMJJSRDML ;KMLB RC@Q@ P@BDMLQ >MSJ? =@ ;L @\@>RDT@

;NNPM;>C RM ;??P@QQ RC@ DQQS@¾ "??DRDML;JJW¿ RC@ >JSQR@PQ CDBCJDBCR@? RC;R @>MLMKD>

?@T@JMNK@LR DL_S@L>@Q 1e Q@LQDRDTDRWÁ 1e AMPK;RDML DQ KMP@ ?@N@L?@LR ML RC@ 71%

@KDQQDMLQ DL ?@T@JMN@? ;L? DL?SQRPD;JDQ@? @>MLMKD@Q¾ (SPRC@PKMP@¿ RC@DP DL>P@;QDLB

(03 DL?D>;R@Q RC;R 1e Q@LQDRDTDRW UMSJ? T;PW ;R ?D\@P@LR J@T@JQ MA ?@T@JMNK@LR¾ 5CSQ¿ RC@

;DP OS;JDRW K;L;B@K@LR ;L? NMJD>W K@;QSP@Q MA K@B;>DRD@Q DL ?@T@JMN@? P@BDMLQ >MSJ?

Q@PT@ ;Q ;L @V;KNJ@ AMP RCMQ@ DL ?@T@JMNDLB @>MLMKD@Q¿ UCD>C ;P@ DL RP;LQDRDML;JÄ01VÅ

JDKDR@? P@BDK@Q¾Í

4. 5C@ ;=QRP;>R DQ RMM QS>>DL>R DL DRQ NP@Q@LR;RDML MA RC@ P@QSJRQ¿ QDKNJW QR;RDLB Í5C@ 1e

RP@L?Q ¾¾¾ ;JDBLDLB UDRC >C;LB@Q DL NP@>SPQMP @KDQQDMLQÍ¿ UCD>C ?M@Q LMR @KNC;QDX@ RC@

LMT@JRW MA RCDQ QRS?W ;R ;JJ¾

Response



6E>NK YOU COR YOUR O?SBRV>TFON¿ 9B E>VB RBVFSBA TEB >?STR>@T TO UNABRS@ORB TEB NOVBLTY

>NA SFDNF_@>N@B OC OUR STUAYÀ EFDELFDETFND EOW TEB RBSULTS @ONTRF?UTB TO UNABRST>NAFND

TEB 1f TRBNAS >NA TEBFR RBL>TFON TO PRB@URSOR BMFSSFONS >NA @LFM>TB @E>NDB¿ 6EB RBVFSBA

VBRSFON FS >S COLLOWSÁ

Í5PMNMQNC@PD> MXML@ AMPK;RDML DQ Q@LQDRDT@ RM RC@ @KDQQDMLQ MA DRQ K;DL NP@>SPQMPQ¿

TMJ;RDJ@ MPB;LD> >MKNMSL?Q É71%Ê ;L? LDRPMB@L MVD?@Q É01VÊ¾ +L K@B;>DRD@Q¿ ;=SL?;LR

71% ;L? 01V QMSP>@Q >;SQ@ P@J@LRJ@QQJW CDBC 1e @NDQM?@Q¿ ;\@>RDLB ; J;PB@ NPMNMPRDML

MA RC@ BJM=;J NMNSJ;RDML¾ +L RCDQ QRS?W¿ AMPK;J?@CW?@ É*%*1Ê ;L? LDRPMB@L ?DMVD?@ É01dÊ

>MJSKL ?@LQDRD@Q APMK RC@ 1XML@ /MLDRMPDLB +LQRPSK@LR U@P@ SQ@? ;Q NPMVD@Q AMP 71%

;L? 01V @KDQQDMLQ¿ P@QN@>RDT@JW¿ SQDLB RC@DP P;RDM ;Q ;L DL?D>;RMP MA MXML@ Q@LQDRDTDRW¾

)PMSL?ÅJ@T@J MXML@ É1eÊ P@;L;JWQDQ ?;R; APMK RC@ %MN@PLD>SQ "RKMQNC@P@ /MLDRMPDLB

4@PTD>@ U@P@ SQ@? RM ;QQ@QQ RC@ >C;LB@Q DL 1e¾ %C;LB@Q APMK dbbg RM dbck ;L? RC@DP

P@J;RDMLQCDN UDRC RC@ U;PKDLB @LTDPMLK@LR DL fc K@B;>DRD@Q UMPJ?UD?@ U@P@ @T;JS;R@?

SQDLB Q@;QML;J /;LLÅ-@L?;JJ¿ RP@L? ?@>MKNMQDRDML K@RCM?Q¿ ;L? 2@;PQML >MPP@J;RDML

;L;JWQDQ¾ 5C@ P@QSJRQ P@T@;J@? QDBLD^>;LR DL>P@;Q@Q DL *%*1¿ UDRC W@;PJW >C;LB@Q

P;LBDLB APMK b¾c RM b¾ec ÉÒ cbcg KMJ¾>KÑdÊ¿ UC@P@;Q 01d T;PD@? APMK Ñb¾dd RM b¾bi ÉÒ cbcg

KMJ¾>KÑdÊ ?@N@L?DLB ML RC@ P@BDML¾ 5C@ 1e RP@L?Q QCMU@? T;PD;RDMLQ APMK Ñb¾ec RM b¾ib

NN= W@;PÑc¿ CDBCJDBCRDLB RC@ QDBLD^>;LR DL_S@L>@ MA NP@>SPQMP P;RDMQ ;L? RC@DP @\@>R ML

1e J@T@JQ¾ (SPRC@PKMP@¿ RC@ QRPMLB >MPP@J;RDML =@RU@@L NP@>SPQMP @KDQQDMLQ ;L?

DL>P@;QDLB R@KN@P;RSP@ QSBB@QRQ RC;R 1e UDJJ >MLRDLS@ RM PDQ@ ;Q >JDK;R@ >C;LB@ N@PQDQRQ¾

5CDQ QRS?W NPMTD?@Q QSNNMPR AMP @QR;=JDQCDLB BJM=;J 1e KDRDB;RDML QRP;R@BD@Q¾Í

5. 5C@ >MJMPQ DL (DBSP@ e K;I@ DR ?D\D>SJR RM ?DQRDLBSDQC =@RU@@L NMQDRDT@ ;L? L@B;RDT@

T;JS@Q¾ +L ;??DRDML¿ RC@ K;PDL@ NMPRDML >;L =@ ?@?S>R@? ;Q QCMUL DL (DBSP@ d¾

Response

6E>NK YOU COR POFNTFND TEFS OUT¿ 9B E>VB RBVFSBA (FDURB f TO M>KB TEB 1f AF]BRBN@BS

MORB STR>FDETCORW>RA¿ 6EB S@>LB OC TEB @OLOR ?>R W>S MOAF_BA TO FMPROVB TEB @OLOR

AFSTRF?UTFONÀ and an ocean-land mask was also included¿



(FDURB f¿ )LO?>L SURC>@B OZONB Ê1fË >NOM>LFBS FN ecch ÊaËÀ ecde ÊbËÀ >NA ecdl ÊcË RBL>TFVB

TO TEB >VBR>DB COR ecchÆecdl¿

6. 6EB TFMB CR>MB FS NOT FNAF@>TBA FN T>?LB d >NA RBL>TBA TBXT¿

Response

6E>NK YOU COR YOUR @OMMBNT¿ 6EB TFTLB COR 6>?LB d E>S ?BBN MOAF_BA TO FN@LUAB TEB TFMB

CR>MB OC TEB >N>LYSFS¿ 6EB ABS@RFPTFON FN TEB M>FN TBXT E>S >LSO ?BBN RBWORABA TO

FN@LUAB TEB TFMBCR>MBÂ TEFS @E>NDB FS FN LFNBS dghÅdgj¿



Í5C@ P@QSJRQ MA RC@ /;LLÆ-@L?;JJ R@QR AMP RP@L? ?@R@>RDML ;L? 4@LÎQ QJMN@ R@QR AMP RC@

K;BLDRS?@ MA >C;LB@ =@RU@@L dbbg Ñ dbck ;P@ QCMUL DL 5;=J@ c AMP *%*1¿ 01d¿ ;L?

1e¾Í

7. .FNB eefÅefgÁ 6EB SBQUBN@B NUM?BRS OC TEB @LUSTBRS AO NOT M>T@E TEOSB FN TEB

PRBVFOUS TBXT >NA _DURB¿

Response

6E>NK YOU COR YOUR O?SBRV>TFON¿ 6EB @LUSTBR ABS@RFPTFON E>S ?BBN RBVFSBA TO >DRBB WFTE

TEOSB FN 5UPPLBMBNT>RY (FDURB j >NA 5UPPLBMBNT>RY 6>?LB g¿ 6EB @E>NDBS >RB FN LFNBS

eeiÅefl¿

Í/@B;>DRD@Q DL RC@ KMQR ?@T@JMN@? @>MLMKD@Q¿ QS>C ;Q 0@U 9MPI¿ 2;PDQ¿ /MQ>MU¿ 5MIWM¿

;L? 1Q;I;¿ U@P@ BPMSN@? DLRM P@BDMLQ UDRC CDBC 01d ;L? DLR@PK@?D;R@ J@T@JQ MA *%*1

É%JSQR@P bÊ¾ 6P=;L ;P@;Q DL +L?D;¿ 4MSRC "APD>;¿ +P;L¿ ;L? 2;IDQR;L U@P@ ;JQM ;QQDBL@? RM

RCDQ BPMSN¾ 5C@ P@K;DLDLB QDR@Q C;? QDKDJ;P 01d @KDQQDMLQ =SR U@P@ ?D\@P@LRD;R@? =W

RC@DP *%*1 J@T@JQ¾ .MQ "LB@J@Q¿ +QR;L=SJ¿ %;DPM¿ ;L? -;P;>CD U@P@ ;KMLB RC@ P@BDMLQ

UDRC JMU@P 01d ;L? *%*1 J@T@JQ É%JSQR@P dÊ¾ 0MR;=JW¿ RC@Q@ K@B;>DRD@Q C;T@ ?PW

>JDK;R@Q ;L? JMU T@B@R;RDML¾ 5C@ P@KMR@ ;P@;Q MA RC@ 4;C;P;L ;L? )P@;R 7D>RMPD;L

?@Q@PRQ U@P@ ;JQM ;QQDBL@? RM RCDQ >JSQR@P¾ +L >MLRP;QR¿ SP=;L ;P@;Q UDRC RPMND>;J

>JDK;R@Q¿ QS>C ;Q ,;I;PR;¿ 4<M 2;SJM¿ $;LBIMI¿ ;L? *M %CD /DLC¿ U@P@ BPMSN@? ;Q

P@BDMLQ UDRC JMU@P 01d ;L? CDBC *%*1 É%JSQR@P cÊ¾ 3@KMR@ ;P@;Q DL RC@ "K;XML ;L?

%MLBM P;DLAMP@QRQ U@P@ ;JQM DL RCDQ >JSQR@P¾Í
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Reviewer 2

Remarks to the Author: This manuscript is the second revision that has been

submitted to this journal. I greatly appreciate the authors’ revisions to address

concerns; however, I do not fully understand their response to the following Q&A.

Dear Reviewer 2:

We appreciate your time in carefully revising our manuscript and appreciate your

raised concerns. Here, we provide a point-by-point response to the issues raised:

1. Regarding the color scales for NO2, HCHO, and FNR, I can still see the white

areas even in Supplementary Fig. 9 over South America. This region will correspond

to Amazonia Rainforest (AMZ), one of the significant regions classified as cluster 1.

Unfortunately, I cannot fully follow the discussion regarding the non-masked version.

Response: Thank you for your comment. As the reviewer points out, the white areas

for FNR in Supplementary Figure 9 correspond to the Amazon and Congo rainforests.

Since these regions have the highest HCHO column densities, their FNR is among

the highest in the compared sites, with median values above 25, as shown in

Supplementary Table 5. Since the scale of the non-masked map for FNR was set to

25, these regions appeared as white areas. To address this issue, we have modified

the scale of the figure, extending it to 35. As observed, the pointed-out regions are

not shown as white areas in the new Supplementary Figure 9. We apologize for the

confusion caused.



Supplementary Figure 9. Global distribution of yearly averaged column densities

from OMI for formaldehyde (HCHO), nitrogen dioxide (NO2), and their HCHO/NO2

ratios (FNR) in 2005 (a-c), 2012 (d-f), and 2019 (g-i) at a 0.25 × 0.25 degrees of

spatial resolution with non-masked values (except for land-ocean). Units for HCHO

and NO2 are ×1015 mol cm-2, and FNR is dimensionless. Thin black lines represent

country boundaries or shorelines.

2. Even in the possible spatial difference in the threshold value of FNR, I did not

catch up with the added line in Line 149-154 “Due to the inherent spatial and

temporal variability of the FNR values that define ozone sensitivity regimes, the

results did not aim to provide a specific threshold value for regime classification at

every site, however they emphasised the observed trends across regions. Sites

displaying the lowest FNR were considered as VOC-limited conditions, intermediate

as transitional/NOx-limited, and the highest FNR as NOx-limited regions.”. Under the

possible difference in the threshold value of FNR as previous studies suggested,

why can a relative discussion be made, and how can clustering analyses be



interpreted? In addition to this concern, the added line in Line 250-257, which will be

related to the other reviewer’s response, is further confusing. As shown in Table S9,

NYC and LAX are classified as VOC-limited and transition, respectively, based on

the threshold value suggested by Jin et al.27. But when we assume the threshold

value based on Duncan et al. for other regions, Paris is categorized into NOx-limited

for example. Again, because of the possible regional difference in the threshold

value, the discussion includes high uncertainty, and I cannot interpret the result.

Response: Thank you for your comment. The discussion on lines 149-154 was

intended to explain that our analysis does not seek to provide a universal threshold

value for regime classification. However, clustering regions with similar

characteristics in their HCHO, NO2, and FNR levels could help to identify trends

across areas, making it possible to interpret regions with similar ozone sensitivities.

We acknowledge that these specific lines might confuse readers due to the section

where they are placed. The lines have been removed, and the explanation has been

included in the clustering analysis section. The description is now in lines 213-220.

“Due to the inherent spatial and temporal variability of the FNR values that define

ozone sensitivity regimes, the analysis did not aim to provide a single universal

threshold for each site. However, by clustering regions with similar HCHO, NO2, and

FNR, it was possible to identify areas with similar ozone sensitivities. In the clusters,

sites displaying the lowest FNR were considered to have VOC-limited conditions,

sites with intermediate FNR were considered to have transitional/NOx-limited

conditions, and sites with the highest FNR were considered NOx-limited regions.”

Regarding the classification provided in Supplementary Table 5, we agree that

thresholds from different studies can lead to different classifications. This region-

dependant classification has been emphasized in the revised manuscript, and the

uncertainties associated with the regime classification in Supplementary Table 9

have been highlighted. The discussion has been included in lines 233-237.

“Although this classification can provide some insights into the regime of each site,

it should be interpreted with caution because of the high uncertainty associated with

it due to the spatial and temporal dependency of the established thresholds. In the

case of Jin et al. (2020), the values were determined specifically for urban areas in

the US.”

3. Finally, regarding the mismatch between the observational results from the related

reference and the CAMS reanalysis, "Nonetheless, the coarse resolution of the used

data limits the observation of local variations in Chinese megacity clusters. Li et al.



(2022)9 reported a continuous increase from 2006 to 2019 of the O3 50th percentile

in the Pearl River Delta urban sites, however a significant decrease in regional sites

was observed. Due to the spatial resolution limitations, this study cannot resolve

these local variations.", I want to disagree with this statement. As the authors replied

to my previous concern, the finer resolution of the regriddinging process showed

almost the same performance as the original dataset. I partly agree that this could

be the spatial resolution; however, I think this is the limitation of the current reanalysis

dataset. It is hard to rely on the reanalysis dataset without the appropriate

reproducibility of the observational fact. This is just the case in China, and I am

suspicious of other cases in other regions analyzed in this study. This is not a denial

of the reanalysis dataset, which is a promising way to understand the air quality, but

the reanalysis data should be carefully used. I believe observation-oriented analyses

should be established.

Response: Thank you for your insightful comment. Despite its utility in providing a

broader regional understanding, we fully agree that reanalysis datasets have

inherent limitations. In response, we have clarified in the manuscript that while

reanalysis data offer a valuable tool for identifying large-scale trends, they may not

fully replicate the variability seen in ground-based observations, especially at the

local level. We have emphasized caution when interpreting reanalysis data for

localized analysis and the need for observation-oriented analyses for a more precise

understanding of air quality trends. The discussion has been included in lines 453-

465.

“Additionally, although the CAMS EAC4 reanalysis dataset provided valuable

insights into the regional ozone trends and their precursors across the sites analysed,

the inherent spatial resolution was insufficient to resolve the fine-scale spatial

heterogeneity observed in extensive urban areas fully. Therefore, caution is

warranted when using reanalysis data for site-specific interpretations. Future studies

should consider integrating higher-resolution datasets to complement the regional

insights provided by reanalysis.

Lastly, satellite and reanalysis datasets comprehensively view atmospheric

conditions over large areas. However, they may not fully replicate the detailed

variability captured by ground-based observations. Thus, improving the monitoring

infrastructure in developing regions is essential for obtaining a better-integrated

analysis, which would help validate the accuracy of satellite-based and reanalysis

datasets at global scales.”


