Response to Comments of Editor

Manuscript number: egusphere-2024-955

Author(s): Falei Xu, Shuang Wang, Yan Li, and Juan Feng

Title: Synergistic effects of previous winter NAO and ENSO on the spring dust

activities in North China

General comments:
Please clearly highlight which paragraphs are new or modified in the revised version.
Moreover, line numbers should be referred more accurately.

Response:

We have seriously and carefully revised the manuscript, highlighted the modified
paragraphs and labeled the line numbers in the revised version. The point-to-point

responses to the comments are listed as follows.

Specific comments to Response to reviewers:
Response to R1:

1. The paragraph on NAOIs comparison reported here does not match with the revised
version of the manuscript. Please: 1) modify the revised manuscript accordingly; 2)
provide a reference to the source of data you use for the comparison.

Response:

Thanks for the suggestions.
We have revised the paragraph on NAOIs comparison in the revised manuscript

(Lines 161-164). The relevant reference has been included, and the source of data for

the NAOI is included in the “Code and data availability” (Lines 598-602).

2. The analysis shown in Fig. RS could be added to the main text, to justify the choice

of analysing DJF vs MAM.

17/ 43



Response:

Thanks for the suggestions.

We have adopted the editor’s suggestion and include the figure (Figure 2 in the
revised manuscript) and corresponding descriptions into the revised manuscript (Lines

202-212).

3. The paragraph reported here does not match with the revised version of the text,
please modify accordingly. Also, the figure is not very much improved, please try
to reduce the number of plotted vectors and increase the size.

Response:

Thanks for the suggestions.
We have revised the paragraph in the revised manuscript (Lines 336-348). And we
have revised the figure to highlight the variations in the near-surface wind field (Figure

6 in the revised manuscript, also seeing in Figure R1).
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Figure R1. Upper, the composite anomalies of (a) 200 hPa zonal wind (shading, unit: m 1), (b)
500 hPa geopotential height (shading, unit: gpm) and 850 hPa wind field (arrows, unit: m s1), (c)
sea-level pressure (shading, unit: Pa) and 1000 hPa wind field (arrows, unit: m s) during the
negative NAO phases. Middle-Lower, as in the upper, but during the negative ENSO phases and
co-occurred negative phases of NAO and ENSO, respectively. The green box represents North
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China. Only wind anomalies statistically significant at the 0.1 level are shown. Thick and fine
stippled areas are statistically significant at the 0.05 and 0.1 level, respectively.

Response to R2:

1. The comparison between MERRA and the Dust Index might be included in the
manuscript.
Response:
Thanks for the suggestions.
We have included the relevant figure (Figure 1 in the revised manuscript, also
seeing in Figure R2) as well as the corresponding descriptions in the revised manuscript

(Lines 126-140).
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Figure R2. (a-d) Spatial distribution of seasonal mean DI based on station data, (e-h) As in (a-d),
but for dust column mass density based on MERRA-2 (units: mg ). The green box in (a) and (e)
represents North China. The green lines represent the Yellow River (northern one) and the Yangtze
River (southern one), respectively.
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2. It is not clear the difference in the notations North and northern China: please
elaborate more the response, and modify the manuscript accordingly.
Response:
Thanks for the comments and suggestions.
The North China, as a crucial center of politics, economy, and population, refers
to the extent of 30°-40°N, 105°-120°E. The northern China (north of 30°N) refers to a
broader extent, which encompasses North China, northeast China, Hexi Corridor, and

northwest China.

General comments to the manuscript:

1. Significance level should be homogeneous through the text, and set to 0.05. You
could set an additional threshold at 0.10, defining weak significance. P-value at 0.2
is too low, and cannot be used to define statistical significance. Furthermore,
computing correlations for 7-year time series (negative NAO & ENSO) is
questionable. I recommend to revise the whole correlation analysis and adjust your
discussion and conclusions accordingly.

Response:

Thanks for the important comments.

We have modified the significance level in the revised version. Thick and fine
stippled areas are statistically significant at the 0.05 and 0.1 level, respectively.

The MERRA-2 data starts from 1980, thus the period 1980-2022 is selected in this
study. The 0.5 standard deviation threshold is used to select the anomalous events of
the NAO and ENSO. There are 15 (16) years of negative NAO (ENSO), and there are
7 co-occurrence years of negative NAO and ENSO. Then the composite analysis is used
to detect the associated circulation anomalies along with three situations, i.e., negative
NAO, negative ENSO, and both the NAO and ENSO are negative.

The co-occurrence of negative NAO and ENSO takes up to 17% of the whole
study period. We realize the samples are not long enough, however, it is subjected to

the longevity of the datasets. We have included the above discussions into the revised
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manuscript (Lines 582-587), and it is worthy to further examine their joint impacts by

models.

2. The use of correlation and composite analysis is not very clear to me. On the one

hand, when computing correlations during negative phases of NAO/ENSO, you are

assessing the impact of negative phases of different magnitude on the dust

content/atmospheric variables/SST, i.e., you are studying the variability of the

relationship. On the other hand, when computing composites, you are assessing the

overall impact of the negative phases, i.e., you are studying the impact on the mean

values. The specific objectives of these two complementary approaches should be

clarified.

Response:

Thanks for the important comments. We would like to clarify this in the following

points:

1)

2)

3)

The correlation and composite analysis serve different purposes, but both of
them aim to understand the impact of the NAO and ENSO on the dust content
over North China.

Correlation analysis is used to explore the relationship between NAO/ENSO
and dust content over North China. It is found that both NAO and ENSO exert
significant effects on dust activities in North China, especially during their
negative phases. These results indicate that the impacts of previous winter
NAO and ENSO on the spring dust content in North China exhibit
asymmetrical characteristics, significant effects mainly manifested during
their negative phases.

Composite analysis is widely used to explore the synergistic effects of climatic
variabilities on the regional climate anomalies (e.g., Wang et al., 2023; Dong
etal., 2024; Tang et al., 2024). It is found that when both NAO and ENSO are
in negative phases (7 co-occurrence years minus climatology) simultaneously,
their impacts on dust activities in North China is greater than that of either
NAO (15 NAO negative years minus climatology) or ENSO (16 ENSO
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negative years minus climatology) is in the negative phase. This indicates that
NAO and ENSO in negative phases have a synergistic effect on dust activities
in North China.

We have added the correlation analysis, composite analysis, and significance

testing used into the “Methods” section of revised manuscript (Lines 170-174).

3. English language needs a deep revision.
Thanks for the comments. We have revised the manuscript to enhance the clarity

and conciseness of the English.

Specific comments to the manuscript:
1. Line 10: “by impacting”.
Response:

Yes, done.

2. Line 11: “Based on the atmospheric and oceanic datasets during 1980-2022...”
please rephrase.
Response:
We have revised it, as shown “Based on the reanalysis datasets during 1979-

2022...” in Lines 11.

3. Line 14: “exert significant effects in influencing...” please rephrase.
Response:
We have revised it, as shown “exert significant effects on dust activities in North

China...” in Lines 14.

4. Lines 13-17: These two sentences redundant, please rephrase.
Response:

We have revised it, as shown “It is found that both the NAO and ENSO exert
significant effects on dust activities in North China, especially during their negative
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phases. When both of them are in the negative phases, their combined impacts on the

dust activities exceeding that of either factor individually” in Lines 13-16.

5. Line 18: “associated”.
Response:

Yes, done.

6. Line 18: “Owing to the persistence of SST...” please rephrase.
Response:
We have revised it, as shown “These SST anomalies can persist to the following

spring due to their inherent persistence” in Lines 18-19.

7. Line 24: What is “dust weather”? Here and across the text.
Response:
The “dust weather” has been replaced into “dust activities” throughout the

manuscript.

8. Line 39: What 1s “dust disasters”? Here and across the text.
Response:

We have revised this and “dust activities” is used in the revised manuscript.

9. Lines 110-117: There are many redundancies in this paragraph, please rephrase to
streamline it.
Response:

We have revised it, as shown “The synergistic effects of NAO and ENSO
significantly influence the climate in China, but their synergistic effects on the dust
activities over North China and the mechanisms involved remain unclear. This study
will investigate these effects on dust activities over North China, providing a scientific

foundation for predicting dust activities in China” in Lines 110-113.
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10. Line 141: Please define how the last winter of your time series is defined.
Response:

The winter is defined as December-February (December-January-February, DJF),
with the winter 1979 corresponding to the average of December in 1979, January and
February in 1980 (Lines 147-149). The winter NAO and ENSO indices are during
1979-2021, and the spring dust are during 1980-2022, to highlight the preceding

impacts of previous winter on the following spring (Lines 168-170).

11. Lines 143-144: By removing the linear trend, you are not “enhancing the
investigation of the NAO-ENSO-dust relationship”, you are actually focusing your
analysis on the interannual variability. Please rephrase.

Response:

We have revised it, as shown “To focus the investigation into the interannual

variability, the linear trends of all variables were removed” in Lines 149-150.

12. Line 155: Why is ENSO defined in the period 1980-2022?
Response:
This is a clerical error, the winter Nifio 3.4 index is from 1979 winter to 2021

winter.

13. Line 192: How these correlation coefficients are computed?
Response:

The correlation coefficients are computed between the areal mean spring dust
content over North China and previous winter NAOI and Nifb 3.4 index. We have made

the corresponding revisions in the text, as shown in Lines 229-230.

14. Figure 1: What do the green lines represent? Same comment for Figures 2 and 5.
Response:

The green lines in (c-h) represent the Yellow River (northern one) and the Yangtze
River (southern one), respectively.
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15. Figure 3: Panel (c) is rather puzzling: from Table 1 we see that there are three
possible situations, that is negative NAO (15 years), negative ENSO (16 years),
negative NAO and ENSO (7 years). So, I don’t understand what the white bars
represent (and why they are different from the green one). Please clarify in the
caption and in the text. Can you also add uncertainty bars to the plot?

Response:

In order to access the synergetic impacts of negative NAO/ENSO phases on the
spring dust activities over North China, three scenarios are considered, i.e., solo
negative NAO (red in Figure R3), solo negative ENSO (blue in Figure R3), and both
the NAO and ENSO are in negative phases (green in Figure R3). During period 1979-
2022, there are 15 years in which the NAO is in the negative phase, and 7 of these 15
years are when both the NAO and ENSO are simultaneously in negative phases. The
white bar (labeled as NAO) is the dust content anomalies during the 15 negative NAO
years, and red bar is the anomalies for the solo NAO negative years (based on 8 years).
The white bar (labeled as ENSO) is the dust content anomalies during the 16 negative
ENSO years, and blue bar is the anomalies for the solo ENSO negative years (based on
9 years). The green bar (labeled as NAO&ENSO) is the dust content anomalies when
both the NAO and ENSO are in negative phases (i.e., 7 co-occurrence years) (Figure 5
in revised manuscript, also seeing in Figure R4).

We have adopted the editor’s comments by adding the uncertainty bars to the plot

and rewriting the figure captions.

Figure R3. The different scenarios of negative phases of NAO and ENSO.
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Figure R4. Scatterplots of the spring dust content in North China against previous winter (a) NAOI
and (b) Nifp3.4 index. Also shown are lines of best fit for positive and negative NAO/Nifp3.4 index
values and correlation coefficients (R), slope (slope), * indicates significant at the 0.1 level. (c)
Spring dust content over North China during the negative NAO, negative ENSO phases, and
concurrent negative phases of NAO and ENSO (unit: mg m2). White bars represent negative phases
of the NAO and ENSO, red and blue bars indicate solo negative NAO and ENSO years, and green
bar is the negative NAO and ENSO co-occurring years.

16. Line 262: How do you estimate this value? Is it just an approximate value you derive
from the map? Do you compute a spatial average? Same comments for Lines 264
and 270.

Response:

This value is an approximate value from the map. Since the significant areas are
different in the three scenarios (i.e., negative NAQO, negative ENSO, and both the NAO
and ENSO are in negative phases), the areal mean anomalous values in these three
scenarios are incomparable. We have deleted the quantitative description of the

anomalous circulation field in the revised manuscript.

17. Line 270: In comparing the zonal wind anomalies, do you assess statistical
significance? Specifically, +3 m/s anomaly is significantly stronger than +1.5 and
+2.5 m/s?
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Response:

We have used two-tailed Student’s #-test to assess the statistical significance of the
composite anomalies.

The significant areas are different under different situations. We have deleted the

quantitative values in the revised manuscript.

18. Line 274: Same comments for this paragraph: 1) How geopotential anomalies are
estimated? 2) Significance in the differences has been estimated?
Response:
The two-tailed Student’s #-test is used to estimate the statistical significance for
the composite analysis. We have deleted the quantitative values in the revised

manuscript.

19. Figures 4 and 5: Please add a box to highlight your study region.
Response:

Yes, done.

20. Line 370: Why Figure 7 is mentioned before Figure 6?
Response:

This is a clerical error, we have revised it.

21. Line 374: What is the rationale of the NATI definition? The SST patterns in Figure
6 resembles very much to a positive Atlantic Multidecadal Oscillation phase.
Response:
The correlation between spring dust content in North China and SST exhibits a “+
- +” tripole pattern in the North Atlantic (Figure 8 in the revised manuscript, also seeing
in Figure RS5), similar to the tripole SST anomalies induced by NAO (Visbeck et al.,
2001; Wu et al., 2009). Therefore, the North Atlantic tripole index (NATTI) is defined to
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depict the characteristics of SST anomalies (Equations 4-7 in the revised manuscript,

also seeing in Equations 1-4).

(a)Corr_SDI-SST
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Figure R5. (a) Spatial distribution of the correlation coefficients between the spring SDI and
simultaneous SST. (b)-(c) As in (a), but for the positive and negative phase of SDI. Thick and fine
stippled areas are statistically significant at the 0.05 and 0.1 level, respectively. The black box
represents NATI.

SST, = [15—25°N, 32—20°W] (1)

SSTg = [22—32°N, 75—60°W] (2

SST; = [50—60°N, 50—32"W] (3)
1

NATI = SSTp — 5 (SST, + SST¢) (4)

The NATI corresponds to positive SST anomalies over high and low latitude areas
of the North Atlantic, with negative SST anomalies over middle latitude areas of the
North Atlantic (Figure RS a). The sign of SST anomalies in the high and low latitudes
is opposite to that in the mid-latitudes. In contrast, the positive AMO is associated with
positive SST anomalies over most of the North Atlantic, with stronger anomalies in the
subpolar region and weaker anomalies in the tropics (Figure R6 a).

The NATI is insignificant correlated with interdecadal variation of AMOI with a
coefficient of -0.24. Moreover, we further calculated the spatial correlation between the
SST anomalies associated with the NATI and AMOI within North Atlantic (10°-70°N,
75°-10°W), with a coefficient of -0.25 and -0.15 for the positive and negative NATI
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phases, respectively. That is both the NAT and AMO shows insignificant relationship
in both temporal and spatial distributions. Additionally, the relationship between SDI
and NATI (with a significant correlation coefficient of -0.33) is stronger than that
between SDI and AMOI (correlation coefficient of 0.06) (Figure R7). This point
indicates the AMO shows insignificant relationship with the SDI.

This study did not discuss the potential impacts of interdecadal signals, such as the
AMO, on dust activities in China. The interdecadal variations of dust activities over
China as well as its connection to the interdecadal climatic variabilities will be
discussed in future work. We have included the above discussions into the revised

manuscript (Lines 587-590).

i)
]
=
==}
||
[
=
B

1
»
U I I SO P )

0 T T f T T

1 1
L 60w 4w 20W

o
m°

Figure R6. (a) Observed AMO SST pattern, derived by regressing detrended North Atlantic annual
mean SST anomalies on the observed AMO index for the period 1870-2015 (From the Climate Data
Guide, NCAR).
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Figure R7. (2) Normalized time series of spring SDI (black line) and NATI (red line) during 1980-
2022. (b) As in (a), but for the AMOI (blue line). * indicates significant at the 0.05 level.

22. Figures 8, 9 and 10: Please explain why regression fields are multiplied by -1.

Response:
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The impact of NAO and ENSO on the dust activities over North China is
manifested in their negative phases, both of them are negatively correlated with the dust
content. Therefore, to give a direct comparison between the NAO&ENSO associated
circulation anomalies and the climatology, the regression fields are multiplied by -1.
This method is widely used in the climate analysis to show a more direct comparison
when two variables are negatively correlated (e.g., Larkin et al.,2002; Gong and Luo,
2017; Yao et al., 2017). For example, Yao et al. (2017) demonstrated the regression
fields of winter mean 500hPa height and surface air temperature anomalies relative to
Arctic sea ice anomalies during the period 1979-2011, and multiplied by -1 to facilitate

a direct comparison.
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Response to Comments of Reviewer 1

Manuscript number: egusphere-2024-955

Author(s): Falei Xu, Shuang Wang, Yan Li, and Juan Feng

Title: Synergistic effects of previous winter NAO and ENSO on the spring dust

activities in North China

General comments:

This study investigated the impacts of preceding boreal winter North Atlantic
Oscillation (NAO) and El Nifio-Southern Oscillation (ENSO) on the following spring
dust activities over North China during 1980-2022. The authors demonstrated that the
significant impacts of NAO and ENSO on the dust activities over North China is only
manifested in the negative phases, and discussed the physical mechanism involved to
illustrate why the negative phases of NAO and ENSO show a synergistic effect on the
following dust events in North China. The message is conveyed clearly and the topic is
interesting. The results of this study provide an insight to further understand the dust
activities over North China. The conclusions are substantiated based on composite
analyses. If published, this work could serve as a valuable reference for dust weather.
However, it needs to be minor revised before accepted this paper for publication in ACP
with addressing those comments listed below:

Response:

Thanks to the reviewer for the helpful comments and suggestions. We have revised
the manuscript seriously and carefully according to the reviewer’s comments and

suggestions. The point-to-point responses to the comments are listed as follows.

16 / 43



Specific comments are as follows:

1. The NAO is a large-scale seesaw in atmospheric mass between the subtropical high
and the polar low. It is the dominant mode of atmospheric circulation variability in
the North Atlantic sector throughout the year. The definition of the NAO index
derived using EOF is commonly employed to depict the variation of NAO.
However, the SLP difference between 35°N and 65°N within the Atlantic section
is used to define the NAO index. A full comparison of the NAO index is necessary
to establish the robustness of result.

Response:

Thanks for the comments.

The NAO index (NAOI) employed in the manuscript, is defined as the differences
of normalized sea level pressures regionally zonal-averaged over the North Atlantic
sector (Li and Wang, 2003). The NAO index captures well large-scale circulation
features of the NAO, and is essentially a measure of the intensity of zonal winds across
the central North Atlantic between 35°N to 65°N. A systematic comparison of six NAO
indices (Rogers, 1984; Barnston and Livezey, 1987; Moses et al., 1987; Hurrell, 1995;
Jones et al.,1997; Li and Wang, 2003), shows that the NAOI employed in the
manuscript provides a much more faithful and optimal representation of the spatial-
temporal variability associated with the NAO, suggesting the NAOI maybe as a suitable
choice for describing and monitoring variability of the broad-scale NAO and for
diagnosing relationships between the NAO and global climate variations (Li and Wang,
2003).

We also employ the NAOI produce by Hurrell (1995) and Jones (1997), which
have been used in many studies (e.g., Wang et al.,2022; Najibi et al., 2023; Parry et al.,
2023), for correlation analysis with the NAOI used in this manuscript. A good
agreement with correlation coefficients of 0.96 and 0.94 between these two indices and
the NAOI used in this manuscript (Figure R1). As well as, using the NAOI provided by
Hurrell (1995) and Jones (1997), the asymmetric impact and the synergistic effects with
ENSO on dust activities over North China of NAOI still remain (Figures R2-R4).
Therefore, the robustness of the results will not be affected by the NAOI verified by
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above process. We have added the description into the revised manuscript, as “We also
employed the NAOI produce by Hurrell (1995) and Jones (1997), which have been used
in many studies (e.g., Wang et al., 2022; Najibi et al., 2023; Parry et al., 2023). A good
agreement with correlation coefficients of 0.96 and 0.94 between these two indices and
the NAOI defined by Li and Wang (2003)”, as shown in Lines 161-164. The relevant
reference has been included, and the source of data for the NAOI is included in the

“Code and data availability” (Lines 598-602).

2 =@ Liand Wang, 2003
(a) =@ Hurrell, 1995
=@ Jones et al, 1997
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Figure R1. (a) Normalized time series of NAOI used in the manuscript (black line) and provided
by Hurrell (blue line) and Jones (red line) during the previous winter from 1980-2022.
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Figure R2. Spatial distribution of correlation coefficients between the previous winter NAOI and
spring dust content (a). (b-c) As in (a), but for the NAOI produce by Jones and Hurrell, respectively.
(d-f) As in (a-c), but for the partial correlation after removing the effect of ENSO. The green box
represents North China. Thick and fine stippled areas are statistically significant at the 0.05 and 0.1
level, respectively. The green lines represent the Yellow River (nhorthern one) and the Yangtze River

(southern one), respectively.
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Figure R3. Spatial distribution of correlation coefficients between (a) positive and (b) negative
NAOI values and dust content. (c-d) and (e-f), As in (a-b), but for the NAOI produce by Jones and
Hurrell, respectively. The green box represents North China. Thick and fine stippled areas are
statistically significant at the 0.05 and 0.1 level, respectively. The green lines represent the Yellow

River (northern one) and the Yangtze River (southern one), respectively.
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Figure R4. Spring dust content anomalies over North China under different scenarios. The red/blue
bar represents the solo NAO/ENSO negative years, the white bar represents the NAO/ENSO
negative years, and green bar represents concurrent negative phases of NAO and ENSO (unit: mg m’
2) (a). (b-c) As in (a), but for the NAOI produce by Jones and Hurrell, respectively (unit: mg m).

2. The authors focus on the relationship between preceding winter NAO and ENSO
and dust weather in late spring. The introduction mentions that “the impacts of
winter NAO and ENSO on the climate in China is more pronounced” by citing
results from previous work. However, it is unclear whether the cross-seasonal
impacts also apply when exploring the relationship between NAO, ENSO and dust
weather in North China. Therefore, it would be better to provide some references
to explain why we should investigate the impacts of previous winter of NAO and
ENSO on spring dust weather.

Response:

Thanks for the comments.

The standard deviation of the NAO peaks during December, January, and February.
By analyzing the trend of the three-month running average standard deviation, with the
maximum during the previous winter. This indicates that the NAO exhibits stronger
variability in boreal winter compared to other seasons (Figure RS a). Similarly, ENSO
also shows greater variation during boreal winter (Figure R5 b). Based on these findings,
we have chosen to focus on the relationship between NAO, ENSO during the previous
winter period, and spring dust activities over North China.

Previous studies have found that preceding NAO and ENSO play important role
in impacting the following climate over North China, particular the cross-seasonal
impacts (e.g., Zheng et al., 2016; Feng et al., 2019; Sun et al., 2021). We have examined
the role of previous autumn, winter and simultaneous spring NAO and ENSO on the
spring dust aerosols over North China, and it is found the influences of NAO and ENSO
on the spring dust aerosols simultaneously are most significant in the previous winter
(Figure RS c-h). Thus, the role of previous winter NAO and ENSO on the spring dust

aerosols over North China are discussed in the present work.
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We have added the Fig. RS (Figure 2 in the revised manuscript) and corresponding

descriptions into the revised manuscript (Lines 202-212).
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Figure R5. The monthly standard deviation of (a) NAOI and (b) Nifp3.4 index, respectively. Black
line represents three-month running average of standard deviation. (c) Spatial distribution of
correlation coefficients between the previous autumn NAOI and spring dust content . (d) As in (c),
but with Nifp3.4 index. (e-f) and (g-h), as in (c-d), but for the correlations with previous winter and
simultaneous spring NAOI and Nifp3.4 index, respectively. The green box represents North China.
Thick and fine stippled areas are statistically significant at the 0.05 and 0.1 level, respectively. The
green lines in (c-h) represent the Yellow River (northern one) and the Yangtze River (southern one),
respectively.

3. In the paper, the authors primarily discuss the effect of NAO and ENSO negative
phases on the dust activities over North China. However, given the various phases
combinations between these two factors, a more detailed explanation as to why

only the negative-negative combinations are considered.
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Response:

Thanks for the comments.

We have examined the role of different phases of NAO and ENSO on the dust
aerosols over North China, and it is found the influences of the positive phases of NAO
and ENSO on the dust aerosols are insignificant (Figure 4 in the revised manuscript).
“The results indicate that the relationship between NAO/ENSO and dust in North China
also exhibits significant asymmetry, i.e., with weaker (stronger) correlations during
positive (negative) phases of NAO and ENSO (Figure 4 in the revised manuscript),
where significant correlations only appear in the negative phases of NAO and ENSO”
(Lines 254-257).

The correlation coefficients between previous winter NAO, ENSO and spring dust
aerosol content over North China under different phases are given in Table R1. It further
explains that the influence of the negative phases of NAO and ENSO on the dust
activities over North China is more significant than when they are in the positive phases.
Based on the above discussion, we considered the effect of NAO and ENSO on dust

aerosols over North China when they are in the negative phases.
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Figure 4 in the revised manuscript. Spatial distribution of correlation coefficients between (a)
positive and (c) negative NAOI values and dust content. (b) and (d) as in (a) and (b), respectively,
but for the Nifp3.4 index. The green box represents North China. Thick and fine stippled areas are
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statistically significant at the 0.05 and 0.1 level, respectively. The green lines represent the Yellow
River (northern one) and the Yangtze River (southern one), respectively.

Table R1. Correlation coefficients between the NAOI, ENSO index and regional average dust
aerosol content over North China in spring under different phases. * indicates significant at the 0.1
level.

Scenarios Correlation coefficients
DJF_NAO+ & MAM_DUST 0.05
DJF_NAO- & MAM_DUST -0.46"
DJF_ENSO+ & MAM_DUST -0.16
DJF_ENSO- & MAM_DUST -0.36"

4. InFigures 1-2, the authors illustrate the relationship between NAO, ENSO and dust
weather over North China through the spatial distribution of correlation
coefficients, and that the relationship is only manifested when NAO and ENSO are
in negative phases. A quantitative analysis is needed to further establish the
robustness of the result.

Response:

Thanks for the comments.

We have adopted the reviewer’s comment and added the quantitative analysis of
NAO, ENSO on the dust aerosol content over North China. And we have added the
description into the revised manuscript, as “Meanwhile, the NAOI/Nifp3.4 index is
significantly correlated with the areal averaged spring dust content over North China
(SDI), with correlation coefficient of -0.36/-0.35” as shown in Lines 229-230.

As well as, the correlation coefficients of NAO, ENSO during different phases and
dust aerosol content over North China in Figure 2 (Figure 5 in the revised manuscript)
are described as “Based on the scatter distribution of SDI under different phases of
NAO and ENSQO, it is noted that the correlation coefficients between NAOI and SDI
during the positive and negative phases of NAO are -0.46 and -0.05, respectively,

indicating that the significant influence of NAO on the dust in North China mainly
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occurs during its negative phase (Figure 5a in the revised manuscript). Similarly, the
correlation distribution between the ENSO and SDI also shows that the influence of
ENSO is more pronounced during its negative phase (Figure 5b in the revised

manuscript)” (Lines 258-263).

slope =3.42 R =0.05
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Figure 5 in the revised manuscript. Scatterplots of the spring dust content in North China against
previous winter (a) NAOI and (b) Nifp3.4 index. Also shown are lines of best fit for positive and
negative NAO/NifD3.4 index values and correlation coefficients (R), slope (slope), * indicates
significant at the 0.1 level. (c) Spring dust content over North China during the negative NAO,
negative ENSO phases, and concurrent negative phases of NAO and ENSO (unit: mg m2). White
bars represent negative phases of the NAO and ENSO, red and blue bars indicate solo negative
NAO and ENSO vyears, and green bar is the negative NAO and ENSO co-occurring years.

5. From Fig 3 and Table 1, it is evident that there are two types when NAO and ENSO
are in their negative phases: negative phases of the NAO and ENSO, and negative
phases of the NAO and ENSO occurring separately (remove the years with
concurrent negative phases of NAO and ENSO). Furthermore, the subsequent
composite analyses in the study, focus on the cases with negative phases of the
NAO and ENSO. The authors should explain why they have made this choice.

Response:

Thanks for the comments.

25/ 43



The white bar (labeled as NAO) is the dust content anomalies during the 15
negative NAO years, and red bar is the anomalies for the solo NAO negative years
(based on 8 years). The white bar (labeled as ENSO) is the dust content anomalies
during the 16 negative ENSO years, and blue bar is the anomalies for the solo ENSO
negative years (based on 9 years) (Figure R6).

The above results show that no matter what kind of NAO and ENSO negative
phase occurs, the increase in dust aerosol content over North China can be observed.
The samples in the case of NAO negative phase are 8 and 15, respectively, and it is of
9 and 16 in the case of ENSO. In order to not only retain the characteristics of the
negative phases of NAO and ENSO, but also make our results statistically characteristic,
we selected the case of enough samples of the negative phases of NAO and ENSO to
consider (Table R2).

30

(a)SDI

24 —

21

15 J_

12

0 |
NAO ENSO
Figure R6. (a) Spring dust content anomalies over North China under different scenarios. The

red/blue bar represents the solo NAO /ENSO negative years, the white bar represents the NAO
/ENSO negative years (unit: mg m-2).

Table R2. The events of NAO and ENSO.

Scenarios Years Numbers

NAO- 1980,1982,1985,1986,1987,1996,1998,2001, 15
2003,2004,2006,2010,2011,2013,2021

ENSO- 1984,1985,1986,1989,1996,1999,2000,2001, 16
2006,2008,2009,2011,2012,2018,2021,2022
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6. In Figs 4 c, f, and 1, the variations in the near-surface wind field caused by
anomalies of Siberian High, lead to dust emissions from the source areas. However,
the depiction of the wind field anomalies appears unclear. It is recommended to
modify the Figs to highlight the variations in the wind field.

Response:

Thanks for the comments and suggestions.

As for the SLP, significant positive SLP anomalies appear in Eastern Europe and
Russia during negative NAO phase, indicative of an intensified Siberian High (SH),
which extends southward to the dust source regions upstream of North China (Figure
6¢ in the revised manuscript). The intensification of the SH is typically accompanied
by strong northerlies and dry conditions, favoring the transport of dust, thereby
supplying abundant material sources for dust activities in North China. In the negative
ENSO phase, although the high-latitude region exhibits a weaker SH signal, similar to
the ENSO influence on the circulation pattern in the middle and lower troposphere,
more significant circulation anomalies occur over the WNP. This cyclonic circulation
anomaly inhibits the northward transport of warm and moist air from the south, leading
to poorer precipitation conditions in North China (Figure 6f in the revised manuscript).
When both the NAO and ENSO are in their negative phases, the strength and influence
extent of the SH are more pronounced compared to that when the NAO sole is in
negative phase. Additionally, a cyclonic circulation anomaly persists over the WNP,
which is conducive to the occurrence of dust events in North China (Figure 6i in the

revised manuscript)” (Lines 336-348).
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Figure 6 in the revised manuscript. Upper, the composite anomalies of (a) 200 hPa zonal wind
(shading, unit: m s%), (b) 500 hPa geopotential height (shading, unit: gpm) and 850 hPa wind field
(arrows, unit: m s, (c) sea-level pressure (shading, unit: Pa) and 1000 hPa wind field (arrows, unit:
m s1) during the negative NAO phases. Middle-Lower, as in the upper, but during the negative

ENSO phases and co-occurred negative phases of NAO and ENSO, respectively. The green box
represents North China. Only wind anomalies statistically significant at the 0.1 level are shown.
Thick and fine stippled areas are statistically significant at the 0.05 and 0.1 level, respectively.

7. In Table 2, the value of correlation coefficients between the previous winter NATI
and spring NATT are similar in scenarios of ENSO- phase (when the negative phase
of ENSO occurs alone) and NAO- & ENSO- phase (when the negative phases of
both NAO and ENSO co-occur). However, if there exists a synergistic effect of
NAO and ENSO on the dust weather, the correlation in the scenario where both
NAO and ENSO negative phases co-occur should be higher than when the negative
phases of NAO and ENSO occur separately. The authors should have provided a
more detailed explanation to clarify this point.

Response:

Thanks for the important comments.
It is seen that the correlation coefficients between the previous winter NATI and

the subsequent spring NATI remain consistent across both scenarios (ENSO- phase,

28 / 43



NAO- & ENSO- phase), we would like to clarify this point into the following
considerations.

The impacts of previous winter NAO on the spring dust activities over North China
are mainly include, 1) The previous winter NAO would stimulate the anomalous NAT
SST pattern; 2) The NAT can last from previous winter to the following spring due to
the thermal persistence of the SST; 3) The spring NAT plays significant modulation on
the circulation pattern over North China through teleconnection wave trains, which
ultimately affects the spring dust activities over North China.

It is seen from Table 2 in the manuscript that although in the case of ENSO- phase
and NAO- & ENSO- phase, the correlation coefficients of NATI in the previous winter
and spring NATI are similar, both of which are 0.69. However, in the process of
stimulating NAT by NAO in the previous winter, the correlations between NAO and
NAT are higher during NAO- & ENSO- phase (0.66) than ENSO- phase (0.52). This
suggests that the NAO significantly drives the NAT in the case of NAO- & ENSO-
phase. The above discussion illustrates the synergistic effect of NAO and ENSO on the

dust activities over North China (Lines 449-459).

Table 2 in the revised manuscript. Correlation coefficients between the NAOI and NATI in
three different categories. * indicates significant at the 0.1 level.

Scenarios DJF_NAO & DJF _NATI DJF_NATI & MAM_NATI
NAO" phase 0.41" 0.51"
ENSO" phase 0.52" 0.69"
NAO" & ENSO" phase 0.66" 0.69"

8. The main mechanism for the impact of the winter NAO on the spring dust is the
maintenance of the North Atlantic SST anomalies from winter to spring, consistent
with previous findings (Chen et al. 2020; Wu and Chen 2020; Song et al. 2022).
Several discussions could be added.

Response:

Thanks for the comments.
We have quoted the work into the revised manuscript, as “allowing the previous

NAO signal to exert a long-term influence on the subsequent weather and climate in
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China (e.g., Chen et al., 2020; Wu and Chen, 2020; Song et al., 2022)”, as shown in
Lines 408-410.

9. There are lots of clerical errors, i.e.,
Line 17-18, sea surface temperatures (SST) in the North Atlantic
Line 220, with regard to the description of the graphs, there may be some errors
that“(b) and (d) As in (a) and (b) ”-> “(c) and (d) As in (a) and (b)”.
The authors should carefully check the whole manuscript.
Response:
Thanks to the reviewer for the comments. We have checked the whole manuscript

and revised the errors.
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Response to Comments of Reviewer 2
Manuscript number: egusphere-2024-955

Author(s): Falei Xu, Shuang Wang, Yan Li, and Juan Feng

Title: Synergistic effects of previous winter NAO and ENSO on the spring dust

activities in North China

General comments:
Using multi-reanalysis datasets, the authors investigated the effects of the previous
winter NAO and ENSO on the spring dust aerosols over North China. The pronounced
influence of NAO and ENSO on dust aerosols was predominantly observed during their
negative phases. Furthermore, this analysis examined meteorological conditions,
atmospheric dynamics, and wave energy transport, elucidating the synergistic impacts
of these negative phases on subsequent dust activities. The findings enhance our
understanding of the formation mechanisms of dust events in North China. I
recommend that this manuscript be accepted after minor revisions, as this study fits
well within the scope of Atmospheric Chemistry and Physics.
Response:

Thanks to the reviewer for the helpful comments and suggestions. We have revised
the manuscript seriously and carefully according to the reviewer’s comments and

suggestions. The point-to-point responses to the comments are listed as follows.

Specific comments are as follows:

1. The study primarily utilizes MERRA-2 reanalysis data for analyzing dust activities
over North China. It is essential to assess whether the MERRA-2 data accurately
captures dust activities in North China. Please provide further details on the
reliability of the reanalysis.

Response:

Thanks for the comments.
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Previous studies have demonstrated the accuracy and applicability of MERRA-2
reanalysis data for studying the evolution of dust events in Asia. It is reported that the
result based on MERRA-2 are similar to those obtained from MODIS, OMPS,
CALIPSO, and Himawari-8 data (Kang et al., 2016; Wang et al., 2021).

Additionally, we further employ the datasets from the China National
Meteorological Centre from 1980-2018, which include observations of floating dust,
blowing dust, and dust storms, to validate the reliability of MERRA-2 reanalysis data.
The frequency of dust activities recorded at these stations has been converted into a
Dust Index (DI) (Wang et al., 2008; Equations 1), effectively representing the content
of dust aerosols.

DI=9xDS+3xBD+1XxFD (D
Where DS, BD, and FD represent the frequency of dust storms, blowing dust, and
floating dust, respectively. Additionally, DI denotes the content of dust aerosols at each
station.

We found that the variations of the DI and MERRA-2 dust aerosols content during
the four seasons all show similar spatial characteristics (Figure R1). Especially for the
dust source in northwest China and the spring dust aerosols over North China, the
spatial distribution characteristics are relatively consistent. The above results indicate
that the MERRA-2 aerosol reanalysis data can capture the spatiotemporal
characteristics of dust aerosol content in China, which is applicable for us to understand
the variations in dust aerosol content in China.

We have added the Fig R1 (Figure 1 in the revised manuscript) and corresponding

descriptions to the revised manuscript (Lines 126-140).
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Figure R1. (a-d) Spatial distribution of seasonal mean DI based on station data, (e-h) as in (a-d),
but for dust column mass density based on MERRA-2 (units: mg ). The green box in (a) and
(e) represents North China. The green lines represent the Yellow River (northern one) and the
Yangtze River (southern one), respectively.

2. The preceding role of NAO and ENSO on the spring dusty weather over North
China is investigated, and it is of interest why the preceding role is focused. And
whether their simultaneous role in the dust content is significant or not.

Response:

Thanks for the comments.
The standard deviation of the NAO peaks during December, January, and February.

By analyzing the trend of the three-month running average standard deviation, with the

maximum during the previous winter. This indicates that the NAO exhibits stronger

variability in boreal winter compared to other seasons (Figure R2 a). Similarly, ENSO

also shows greater variation during boreal winter (Figure R2 b). Based on these findings,
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we have chosen to focus on the relationship between NAO, ENSO during the previous
winter period, and spring dust activities over North China.

Previous studies have found that preceding NAO and ENSO play important role
in impacting the following climate over North China, particular the cross-seasonal
impacts (e.g., Zheng et al., 2016; Feng et al., 2019; Sun et al., 2021). We have examined
the role of previous autumn, winter and simultaneous spring NAO and ENSO on the
spring dust aerosols over North China, and it is found the influences of NAO and ENSO
on the spring dust aerosols simultaneously are most significant in the previous winter
(Figure R2 c-h). Thus, the role of previous winter NAO and ENSO on the spring dust
aerosols over North China are discussed in the present work.

We have added the Fig R2 (Figure 2 in the revised manuscript) and corresponding

descriptions to the revised manuscript (Lines 202-212).
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Figure R2. The monthly standard deviation of (a) NAOI and (b) Nifp3.4 index, respectively. Black
line represents three-month running average of standard deviation. (c) Spatial distribution of
correlation coefficients between the previous autumn NAOI and spring dust content . (d) As in (c),
but with Nifp3.4 index. (e-f) and (g-h), as in (c-d), but for the correlations with previous winter and
simultaneous spring NAOI and Nif3.4 index, respectively. The green box represents North China.
Thick and fine stippled areas are statistically significant at the 0.05 and 0.1 level, respectively. The
green lines in (c-h) represent the Yellow River (northern one) and the Yangtze River (southern one),
respectively.

3. Dust aerosols are important components of atmospheric aerosols, alongside other
constituents such as sulfates, nitrogen oxides, black carbon, and so on. Why did the
authors choose the dust aerosols in North China as the research objects to be
discussed and studied? Please explain and justify this point.

Response:

Thanks for the comments.

The dust aerosols are characterized by their significant role within the broader
category of atmospheric aerosols. Dust aerosols originate from the mechanical
breakdown of rocks and soil into fine particles, which are subsequently transported by
the wind (Wang et al., 2018). They are noteworthy for their ability to influence climate
systems by affecting solar radiation and cloud formation (e.g., Sokolik and Toon, 1996;
Sassen et al., 2003; Zhang et al., 2019). Dust aerosols can pose a formidable threat to
socio-economic development, natural ecological environment, as well as human health
and safety (e.g., Zhao et al., 2020; Yin et al., 2021; Li et al., 2023). The study of dust
aerosols is essential, because understanding their properties and dynamics helps us to
better predict weather patterns, assess climate change impacts, and implement effective

environmental and public health policies.

4. Line 36-37, “The Gobi Desert in East Asia, especially for the Mongolian Plateau
and North China, is a major source of dust”. Whether the author is trying to express
the meaning of Northern China here, Northern China and North China are two
different meanings, please confirm and revise.

Response:
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Thanks for the comments.

The North China, as a crucial center of politics, economy, and population, refers
to the extent of 30°-40°N, 105°-120°E. The northern China (north of 30°N) refers to a
broader extent, which encompasses North China, northeast China, Hexi Corridor, and

northwest China.

5. Line 77-78, the authors mentioned that “NAO and ENSO often co-occur and have
complex interactions”. As well as by citing previous work, the facts of a possible
relationship between the two factors are enumerated. However, the authors have
not thoroughly explored their relationship. It is suggested that further details be
provided to enhance the understanding.

Response:

Thanks for the comments.

The relationship between the NAO and the ENSO remains unclear. Statistical
analyses largely indicate no significant linear association between them. For instance,
a correlation analysis of the NAO and ENSO indices during period 1950-2000 shows
that their correlation coefficient is only 0.09, suggesting a weak linear correlation
(Wang, 2002). Additionally, a significant correlation exists between the La Nifia events
in autumn and the positive phase of the NAO. However, this is not the case during El
Nifio events (Pozo-Vazquez et al., 2005).

Recent researchers have further detected the relationship between the NAO and
the ENSO, particularly following the identification of two distinct types of ENSO
events: the Eastern Pacific (EP) and Central Pacific (CP) El Nifio events. It is suggested
that the EP El Nifio can transmit the Pacific signal to the North Atlantic through a
subtropical bridge mechanism, potentially triggering a negative phase in the NAO.
However, this relationship is not notably significant (Graf and Zanchettin, 2012).
Moreover, the atmospheric circulation in the North Atlantic region reacts differently to
the two types of La Nifia events. During an EP La Nina, when the North Atlantic jet is

weakened, the NAO tends to be in a negative phase. Conversely, CP La Nifia would
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strengthen the North Atlantic jet, and the NAO is more likely to exhibit a positive phase
(Zhang et al., 2015).

The above discussion suggests that there may be a nonlinear link between NAO
and ENSO, and the relationship between them is still inconclusive and requires further
study. Therefore, this paper analyzes the synergistic effect of NAO and ENSO on dust

activities over North China.

6. In Figure 3 (a), it is notable that there is a point during the negative phase of the
NAO that deviates from the majority of the points, potentially qualifying it as an
outlier. If this point is removed from the sequence, it is important to verify whether
the relationship between the NAO and dust aerosol content remains robust.

Response:

Thanks for the important comments.

It is important to consider whether the influence of the negative phase of the NAO
on dust activities in North China persists after removing the outlier. When the outlier is
excluded, we observe a reduction in the correlation between the two factors, yet a
significant correlation remains and passes the 0.2 statistical significance test (Figure
R3). This suggests that the impact of the NAO on dust activities in North China is robust

during its negative phase.
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Figure R3. Scatterplots of the spring dust content in North China against previous winter (a) NAOI
and (b) NAOI (Remove Outlier). Also shown are lines of best fit for positive and negative
NAO/NifD3.4 index values and correlation coefficients (R), slope (slope), * indicates significant at
the 0.2 level.

7. In Figure 5, by describing the precipitation and humidity fields under different
scenarios, the authors illustrate the synergistic effect of NAO and ENSO on dust
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activities in North China. However, the large values of the variables in the graphs

do not seem to be well highlighted. Consider modifying the color-coded intervals

to enhance the reader's understanding of the section.
Response:

Thanks for the comments and suggestions.

We have revised the figures to highlight large values of the precipitation and
humidity fields under different scenarios. “When the NAO is in its negative phase,
humidity in the spring dust source regions and North China is generally reduced,
particularly in areas near the dust source regions, indicating that these areas are
conducive to dust transport and prone to causing dust activities in North China (Figure
7a in the revised manuscript). As for the precipitation, there is more spring precipitation
in the northwest region of China, while precipitation in the Mongolia and the North
China is relatively less (Figure 7b in the revised manuscript). In the negative ENSO
phase, the variation in humidity is similar to that during the negative NAO phase, but
with a greater amplitude (Figure 7c in the revised manuscript), indicating that ENSO
has a stronger impact on the humidity conditions in North China. Moreover, the
precipitation shows a significant decrease over Mongolia and North China, which is
highly conducive to dust activities (Figure 7d in the revised manuscript). When both
the NAO and ENSO are in the negative phases, the humidity anomalies in the dust
source regions and North China are more intense than the individual factor (Figure 7e
in the revised manuscript). The variation in precipitation is similar to those in humidity,
the reduction in precipitation in the dust source regions and North China exceeds the

sole role (Figure 7f in the revised manuscript)” (Lines 372-385).
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Figure 7 in the revised manuscript. Upper, composite percentage anomalies of (a) special
humidity and (b) precipitation during negative NAO phases. Middle-Lower, as in the upper, but
during negative ENSO phases and concurrent negative phases of NAO and ENSO, respectively.
The green box represents North China. Thick and fine stippled areas are statistically significant at
the 0.05 and 0.1 level, respectively. The green lines represent the Yellow River (northern one) and
the Yangtze River (southern one), respectively.
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