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Dear editor,

We appreciate you and two reviewers for carefully reviewing our manuscript and providing the valuable suggestions to
improve our paper. We have carefully read all comments and revised the manuscript as suggested. The following are our
responses to all comments point by point. The italicized sentences are all comments, and the other sentences are the author's
responses. The green sentences and words are the specific revisions for anonymous reviewer #1. The blue sentences and words

are the specific revisions for anonymous reviewer #2. We also marked all relevant changes in the manuscript in the same way.
To reviewer #1,

Dear Reviewer,

Thank you very much for your comments on this paper. We have carefully read all comments and revised the manuscript
as suggested. The following are our responses to all comments point by point. The italicized sentences are all comments, and
the other sentences are the author's responses. The green sentences and words are the specific revisions. We also marked all

relevant changes in the manuscript in the same way.

This study investigated the important impacts of the northeast Asian anomalous anticyclone (NAAA) on the intraseasonal
variations of PM2.5 pollution in the North China Plain (NCP). The paper presents novel concepts, ideas and tools. The
scientific methods and assumptions are valid and clearly outlined so that substantial conclusions are reached. The description
of dataset and calculations are sufficiently complete and precise. Hence, the manuscript is recommended for publication after
minor revision. Specific comments can be found as follows.

General comments:

(1) In this study, the authors reported the air quality deterioration two day prior to the peak day of NAAA and suggested
that the geopotential height anomaly and meridional wind anomaly were the main causes. However, the cause and effect
between the anomalies and PM2.5 should be fully discussed. Because, increases in aerosols, especially absorbing aerosols,
can also heat the air, leading to the atmospheric stagnation (e.g., Ding et al., 2016), and decrease the winds over the NCP
(e.g., Lou et al., 2019). Therefore, the aerosol accumulation may also cause or at least intensify the dynamical or
thermodynamical anomalies.

Response: Thank you so much for your suggestion.

Following your advice, we have added a discussion about the effect of PM> s on the circulation anomalies in Section 4 of
the revised manuscript.

Lines 266—272: “In addition, as shown in Figs. 8-9, PM2.5 pollution occurred over the NCP one day before the peak
1
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day of the NAAA, which implies the former might exert an impact on its formation and thus form a positive feedback of PM2.5
pollution—atmospheric circulation. The increases in aerosols, especially absorbing aerosols, have been reported to heat the air,
and therefore lead to the atmospheric stagnation (e.g., Ding et al., 2016) and the weaker ventilation over the NCP (e.g., Lou et
al., 2019). Therefore, the PM2.5 accumulation before the peak day of the NAAA may also cause or at least intensify the
dynamical or thermodynamical anomalies, which in turn might support the formation of PM2.5 pollution over the NCP. This

is a potential interesting topic that deserves further investigation in the future.”

Specific comments:

1. Title: The term “air pollution” was used throughout the text including the title. But this study only focused on PM s
pollution. It should be revised for the whole text.

Response: Thank you for your valuable idea for this paper. We have revised this description in the whole text. So please

check the revised manuscript.

2. Lines 16 and 21: “day -3” and day “day -1" should be made clearer.
Response: Thank you for your good suggestion. We have revised these descriptions in the manuscript.
Line 17: “... day =3 ...” —> “... day 3 prior to its peak day ...”

Line 22: “... day —1 ...” = “... the next day ...”

3. Line 39: All sea surface temperature studies listed here are belong to ENSO impacts. It could be more accurately
presented. Also, a recent study also reveals impacts of different duration of El Nino on PM> s over China (Zeng et al., 2021).

Response: Thank you for your carefully check and help. We have revised this sentence as suggested, so please check the
revised manuscript.

Lines 40—41: “... including El Nifo (Chang et al., 2016; Jeong et al., 2018; Yu et al., 2020; Zeng et al., 2021), ...”

4. Line 43: Studies also revealed that the aerosol pollution over NCP during COVID-19 was related to NAAA, which
could be included here (Ren et al., 2021).

Response: Thank you for your carefully check and help. We have revised this sentence as suggested, so please check the
revised manuscript.

Lines 43—45: “Studies also revealed that the aerosol pollution over the NCP during COVID-19 was related to the

northeast Asian anomalous anticyclone (NAAA) (Ren et al., 2021).”

5. Line 77: The PM 5 data used in this study were from TAP generated using a machine learning approach and covers
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the period from 2000 to present. But the reanalysis data are from 1979 to present. The authors are suggested to use the long-
term aerosol data for the same period as meteorological parameters in future studies (e.g., Li et al., 2021).

Response: Thank you for your suggestion. We will use this data for future studies as much as possible. In fact, it has been
used to examine air pollution in our other papers. PM, s data provided by Yang (2020) is in excellent agreement with ground
measurements, and can capture a trend of continuous increase in the mean PM, s concentrations from 1985 to 2014 in China

(Li et al., 2021), even daily evolution characteristics of PM 5 over the North China Plain (An et al., 2022).

6. Line 100: What do the ‘e’ and ‘T’ mean?

Response: We are sorry for this confusion. “e” represents the spatial pattern of EOF1, which is mentioned in Line 100
(i.e., the EOF1 spatial pattern (¢)). We’re sorry we didn’t use italics for e. e’ is called the transpose of e. We have added these
descriptions into the manuscript.

Line 99: “... the EOF1 spatial pattern (¢) ...”

2

Line 102: “Here, ¢ is called the transpose of e.

7. Line 125: “which is conduced to the accumulation of pollutants in the NCP” should be given after “is weaker than
normal”.

Response: Thank you for your carefully check and suggestion. We have revised this sentence.

Lines 127-128: “... is weaker than normal (Wang et al., 2009), which is conduced to the accumulation of pollutants in

the NCP (An et al., 2020).”

8. Line 154: Please give a short description about the wavenumbers 1-10.

Response: Thank you for your valuable advice. We have added the description of the wavenumbers 1-10 in Section 3.1
of the revised manuscript.

Lines 153—155: “Wavenumbers 1—10 are the spectral components on wave-number domain produced by Fourier
transform in the spatial domain. Among them, wavenumbers 1—2 represent ultra-long wave, wavenumbers 3—5 denote long

wave, and wavenumbers 6—10 are synoptic waves.”
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To reviewer #2,

Dear Reviewer,

We appreciate you for carefully reviewing our manuscript and providing the valuable suggestions to improve our paper.
We have carefully read all comments and revised the manuscript as suggested. The following are our responses to all comments
point by point. The italicized sentences are all comments, and the other sentences are the authors’ responses. The blue sentences

and words are the specific revisions. We also marked all relevant changes in the manuscript in the same way.

In this study, the authors investigated the impacts of the northeast Asian anomalous anticyclone (NAAA) on the PM2.5
concentrations in the North China Plain (NCP) on the intraseasonal timescale. The authors found that, under NAAA condition,
the probability of regional air pollution for at least three days in the NCP is 69% in NDJ (November to January) period 2000-
2021. The manuscript is well written, and results are clearly presented. I have a few comments for the authors to consider.

General Comments:

(1) The authors mentioned in the abstract that there is considerable intraseasonal variability of NAAA in NDJ period.
One of the objectives for this study is to derive the characteristics of air pollution evolution in the NCP under the background
of the NAAA in NDJ on the intraseasonal timescale. It is a little unclear to me that what the authors mean for intraseasonal
variability. Is it for temporal evolution (up to 17 days) of the PC time series for 94 NAAA events and evolution of PM2.5
concentration anomaly? If yes, it seems more like synoptic/weather scale to me.

Response: We are sorry for the confusion. The intraseasonal variability is for temporal evolution (up to 17 days) of 94
NAAA events instead of evolution of PM> s concentration anomaly. In this manuscript, we have filtered out high-frequency
signal (i.e., synoptic scale) using 8-90-day Butterworth bandpass-filter for the PC time-series of the NAAA (Fig. 1¢), which
thus reflects the intraseasonal variability of the NAAA events instead of synoptic-scale variability. Song et al. (2016) also
extracted the intraseasonal variability of East Asian trough using 8-90-day Butterworth bandpass-filter and found the
intraseasonal East Asian trough events have a life span of 18 days. In addition, the range of synoptic scale is usually one week
approximately (Fig. S1). In the current manuscript, the time-scale range of the NAAA is up to 17 days (more than 2 weeks),
exceeding the synoptic scale (i.e., one week) (Figs. S1—S2). However, it is synoptic variability if it is only for the temporal
evolution of the PM» s concentration anomaly. In other words, we find that the intraseasonal NAAA events can cause air
pollution process (3—7 days). In any case, the definition of the time scale for NAAA events will not change the results of this

study. Thank you again for your advice.



Source of Predictability

T \‘l\l\llll I‘l\l\\l\l T T T T T T T

g

| Solar Radiatidn Fluctuatlorts 3
| I Green Heuse Gases I

\
|
‘ AerLscIs
|

|
Volcanoes

| & Watgr Table 5

‘ F Ve?etatian 3
¢ Soil Moisture > ‘
< Snow Cover, 5 | ‘
|

e Land Heat Content 3

A-L-linteraction A-Q interaction External forcin

€ MXOZM\SV 3‘ |

| 1

AM/SAM/NAD/AS

ing/ Strat-polar veftex |
1

internal dynamics

T\W

ECCEW 3
T S WET! Lot

10’ 10’ 1 1’ 10° 10° g 107 (days)

0
<304 ‘ 20~100d | 1 vr ‘ 27 yr ‘ 8~70 yr ‘ 70°500yr [500~3000vr | o
1DV Centennial | Millennial

Atmosphere-ocean

rornnl e vl r llrwlu\‘ roro il L

synoptic
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Figure S2: Schematic depiction of (bottom) temporal ranges and (top) sources of predictability for weather and climate

prediction (Merryfield et al., 2020).

(2) I wonder how many NAAA events of the selected 94 events occurred in November and January. Are these events evenly

10 distributed in the three months? Are there any differences for the characteristics of NAAA in the three months, like time duration
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and strength? Is the probability of regional air pollution under NAAA similar for all three months in NDJ? There are some
similar composite analyses from Zhong et al. (2019) for December. I wonder if there are any notable/important differences for
the impacts of NAAA on the air pollution among the three months. Or the inclusion of November and January is just for more
NAAA events?

Response: We are sorry for this confusion. The NAAA events during November to January were selected because air
pollution over the NCP occurs frequently in these months (Wang et al., 2019; An et al., 2020; Yin et al., 2021). Furthermore,
atmosphere circulations leading to haze events might be consistent in December and January (Yin et al., 2021). Of course,
there are more NAAA events if November and January are included, compared to that by Zhong et al. (2019). Figure S3
displays the distribution of geopotential height anomalies at 500 hPa in November, December and January. The characteristics
of NAAA events in these three months are similar (Fig. S3). In addition, the number of NAAA events in November, December
and January is 26, 31 and 39 respectively. If the NAAA are selected during 2000—2021, the number of NAAA events is 15, 16
and 20 in November, December and January, and associated probability of PM, s pollution (at least two days) is 67%, 94% and
80%, respectively. From the current results, NAAA events in December seem to be more conducive to PM» s pollution over

the NCP. These interesting results need to be studied in the future for physical mechanisms.

00°N (o) Compositeof geopotental hoight anpmaty:at 200 htaiin November
TN Jooat s e L
50°N -
30°N -
10°N ‘
0° 45°E 90°E  135°E 180" 135°W  90°W  45°W  0°W
(b) Composite of
90°N -
70°N '
50°N -
30°N -
10N -
0° 45°E 90°E  135°E 180° 135°W  90°W  45°W 0°W
SR A Sompesicon geopatentit he gt anamalyut 00 Tt Jamay,

70°N
50°N
30°N
10°N

0° 45°E 90°E  135°E 180" 135°W  90°W  45°W  (O°W
ol 1 1 1 | 1 | ] ]
-160 -120  -80 -40 0 40 80 120 160

Figure S3: Composite geopotential height anomaly (shaded and contours; unit: m) at 500 hPa on the peak day of the
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NAAA events in (a) November, (b) December, and (c¢) January during 1979 to 2021. The white dots denote the 99%

confidence level according to the Student’s 7 test.

Table S1: The number and probability of NAAA events in November, December and January, respectively.

November  December January Total
NAAA number during 1979.11-2021.01 26 31 37 94
(NAAA number of each month/total NAAA number of NDJ) (28%) (33%) (39%)
NAAA number during 2000.11-2021.01 15 16 20 51
(NAAA number of each month/total NAAA number of NDJ) (29%) (31%) (39%)
Number of PM s pollution lasted two days (day —1 and day 0) 10 15 16 41
during 2000.11-2021.01
(pollution number of each month/NAAA number of each month) (67%) (94%) (80%) (80%)

(3) It is interesting that air pollution occurs in the NCO one day before the peak day of the NAAA. I agree with the other
reviewer that the cause and effect between NAAA and PM?2.5 pollution should be fully discussed.

Response: Thank you for your valuable suggestion. We agree with you. The NAAA is important to the formation of PM, s
pollution over the NCP, and the impacts of PM» s on the NAAA is not to be ignored. There is evidence that the changes in
aerosols can cause the response of atmospheric circulation (Lou et al., 2019). For example, previous studies revealed that
strong aerosol-PBL interaction during the polluted period results in a suppressed and stabilized PBL and elevated humidity,
triggering a positive feedback to amplify the haze severity at the ground level (Lin et al., 2021). However, in the current
manuscript, we focus on the roles of atmospheric circulation (i.e., the NAAA) on the formation of PM» s pollution over the
NCP. But undeniably, the effect of aerosols (i.e., PM»s) on atmospheric circulations is worthy of further study. Studies on the
effect of PM, 5 on the NAAA will might be carried out in our future paper. To show the importance of this issue, we have added
some discussion in Section 4 of the manuscript.

Lines 266—272: “In addition, as shown in Figs. 8-9, PM2.5 pollution occurred over the NCP one day before the peak
day ofthe NAAA, which implies the former might exert an impact on its formation and thus form a positive feedback of PM2.5
pollution—atmospheric circulation. The increases in aerosols, especially absorbing aerosols, have been reported to heat the air,
and therefore lead to the atmospheric stagnation (e.g., Ding et al., 2016) and the weaker ventilation over the NCP (e.g., Lou et
al., 2019). Therefore, the PM2.5 accumulation before the peak day of the NAAA may also cause or at least intensify the
dynamical or thermodynamical anomalies, which in turn might support the formation of PM2.5 pollution over the NCP. This

is a potential interesting topic that deserves further investigation in the future.”



10

15

20

25

30

Specific comments:
1. Line 88, due to emission instead of “due emission”?
Response: Thank you for your careful check and help. We have revised it.

Line 89: “... due ...” —=>“... dueto ...”

2. Equation (2) and Line 114-115, please explain the formula in a better way, especially for the variables. Please give
descriptions for a, p, 1, and ®@? Should it be pcos® in Equation (2)?

Response: Thank you for your careful check. We are sorry for the confusion. It should be acos¢ in Equation (2). We
have given descriptions for ¢, p, 4, and ¢ in the revised manuscript.

Lines 117-118: “... p is the normalized pressure (pressure per 1000 hPa), and « is Earth’s radius. 4 and ¢ denote the

longitude and latitude, respectively.”

3. Line 150-155, what are the wavenumbers 1-10, especially 5-10. Please give some description.

Response: Thank you very much for your valuable advice. We have added some descriptions for wavenumbers 1—10 in
the revised manuscript.

Lines 153—155: “Wavenumbers 1—10 are the spectral components on wave-number domain produced by Fourier
transform in the spatial domain. Among them, wavenumbers 1-2 represent ultra-long wave, wavenumbers 3—5 denote long

wave, and wavenumbers 6—10 are synoptic waves.”
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