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General comments:

This study investigates the impacts of North Atlantic Oscillation (NAO) on spring dust
aerosols over North China based on station observation data and multi reanalysis
datasets. They found that late spring dust aerosols are negatively correlated with the
boreal winter NAO index. They further illustrate that the changes in transient eddy
momentum over the dust source region the Ural Mountains could explain the relative
high spring dust levels following the negative winter NAO events. The topic is
interesting and method is sound. | recommend it can be published after addressing my
minor comments 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.
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Specific comments are as follows:

1. My main comment is about how is the station observation of dust events and
reanalysis data connected. Many results of this study are based on MERRA-2 dust
column mass. However, how the MERRA-2 captures the dust events over the 41-
years, especially those related to the negative NAO, comparing to the surface
observation should be examined. Also, the dust events are separated into dust storm,
blowing dust and floating dust. Are they show the same relationship with NAO?

Response:

Thanks for your comment and suggestion.

From the results of previous studies, MERRA-2 reanalysis data has good accuracy
and applicability for studying the evolutionary situation of dust events in Asia, as well
as its analysis results are more excellent compared with MODIS, OMPS, CALIPSO
and Hamawari-8 data (Kang et al., 2016; Wang et al., 2018; Yao et al., 2020; Wang et
al., 2021). And the frequency of dusty weather from the station data is calculated and
converted into the intensity index (Wang et al., 2008), which can be used to represent
the dust aerosol content. It is found that use of the intensity index and the dust column
mass density from MERRA-2 reanalysis data to analyze the spatiotemporal distribution
characteristics and the changing situation of dust aerosol content in China are basically
the same (Figure R1).

The dust storm, blowing dust and floating dust are also closely related to the NAO,
similarly to that of the dust events in our study. We select the years which that spring
blowing dust and floating dust events (no dust storm events) in North China during the
period of 1980-2020 occurred (Table R1).

And it is found that the previous winter sea level pressure of the North Atlantic in
the years which different dust events occurred, the dipole structure of “+ -” can be
observed in the lower, middle and upper troposphere (Figure R2), which is a significant
negative phase characteristic of NAO, indicating that there is a significant negative

correlation between the previous NAO and different types of dust events.
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Figure R1. (a-d) Seasonal distribution of DI from station data, (e-h) As in (a-d), but for dust column
mass density from MERRA-2 reanalysis data (The unit in (a-d) is mg m-).

Table R1. The years in which spring dust storm, blowing dust and floating dust events in North
China during 1980-2020 occurred.

Dust storm events Blowing dust events Floating dust events
1980, 1981, 1982, 1983,
1984, 1985, 1987, 1988,
1990, 1992, 1993, 1995,
1998, 2002, 2010

1980, 1981, 1982, 1983,
None 1984, 1988, 1990, 1995,
1998, 2000, 2002, 2010, 2013
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Figure R2. (a-c) Spatial distribution of the 200 hPa, 500 hPa, and 850 hPa geopotential height
anomalies in previous winter of the year when the blowing dust occurred, (d-f) As in (a-c), but for
the year when the flowing dust occurred.

2. Inthe abstract, the correlation coefficient between the boreal winter NAO index and
the late spring DAs in the North China is -0.39, but I did not find thin value in the
main text (probably in line 260).

Response:

Thanks for your comment.

We have revised the description as “Furthermore, significant correlation
coefficients can be found between the spring DAs in North China and the NAOI in
previous DJF, JFM, and FMA, and the correlation coefficients are -0.39, -0.40, -0.40, -

0.28, respectively”, as shown in Lines 226-228.
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3. Line 54: Studies also reported that the dust can interact with winds in China through
its radiative effect, which further weakens winds during weak wind years in winter
over North China (e.g., Yang et al., 2017).

Response:

Thanks for your suggestion.

Study of Yang et al. (2017) is truly related to our work. We have quoted the work
in the introduction section as “In particular, the radiative forcing of DAs is comparable
to that of clouds on a regional-scale and has a key impact on the local weather-climate
(Kaufman et al., 2002; Huang et al., 2014a; Yang et al., 2017)”, as shown in Lines 40-
43.

4. The authors explain the impacts of NAO on dust in North China through changes
in energy and large-scale circulation. But they also showed that NAO can cause
unusual rainy climate, which can influence the wet removal of dust. How this effect
considered in the study.

Response:

Thanks for your comment and suggestion.

Previous researches have indicated that the NAO stimulates the Rossby wave and
brings water vapor to the Yangtze River, China, resulting in the excessive precipitation
there (Han and Zhang, 2022). In addition, the NAO is significantly correlated with the
variations of East China rainfall through the Eurasian teleconnection (Wang et al., 2018).
In this work, we demonstrates that during the DEs under the modulation of the NAO
negative signal, North China is controlled by an anticyclonic system dominated by
sinking airflow. Therefore, poor precipitation conditions lead to the weak wet-
deposition of DAs during transport (Kutiel and Furman, 2003).

According to your suggestion, we have added description as shown in in Lines

388-391.
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5. The mechanism of the NAO impacts may not be only limited to dust in China, but
also dust over the central Asia and North Africa. The authors could add some
discussion about it.

Response:

Thanks for your comment and suggestion.

In the revised manuscript, according to your suggestion, we added the description
“Furthermore, NAO is closely related to dust activities in many regions, except for
China. For example, Moulin et al. (1997) and Ginoux et al. (2004) both indicated a
strong correlation between the NAO and dust activity in North Africa, using satellite
data and dust transport models, respectively. Banerjee et al. (2021) and Li et al. (2022)
emphasized the important role of NAO in the dust activities of South Asia and Central
Asia. Hence, future studies are needed to explore the relationship between the dust
activities in other regions and NAO” in discussion (Lines 688-693 in the revised

manuscript).
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