To reviewer #1

Dear Professor:

Thank you for your kind comments for our manuscript entitled “What caused the
interdecadal shift of the ENSO impact on dust mass concentration over
northwestern South Asia”, submitted to Atmospheric Chemistry and Physics. We
appreciate your valuable comments and suggestions to improve it. We are sincerely
grateful for giving us the opportunity to improve our work. With regard to your
comments and suggestions, we wish to reply as follows:

Major concerns:

Comment 1: The most concerning point is that this study only investigates the
regression/correlation type of relationship between large-scale modes of climate
variability, e.g. SSTAs, and dust. In absence of any atmospheric and land surface drivers
(e.g. precipitation, wind, soil moisture, vegetation cover, etc) of dust, it is hard to
believe any causal link between remote SSTAs and regional dust concentration. While
I notice the authors have cited many previous studies, I don’t feel their results are
directly applicable to your scientific questions, due to different analyzed datasets, time
periods, etc.

Response: Thank you so much for pointing out this to help us to perfect the results.
The absence of atmospheric and land surface drivers of dust is a great drawback of this
study, thus we added the influence mechanism of Atlantic SSTA pattern, Indian ocean
SSTA pattern, and PDO on the relationship between ENSO and dust concentration by
analyzing the effects of those factors on convection, precipitation, wind, NDVI, and
soil moisture.

More specifically, for the influence mechanism of Atlantic SSTA index (ASGI),
we compared the effect of North and South Atlantic SSTA with ENSO signal removed
on the geopotential height at 850hPa/300hPa and zonal/meridional wind at 300hPa
during the two study periods (Figs. 6-7), the results indicated that the response of
atmospheric circulation on North and South Atlantic SSTA index modulated the ENSO-
dust relationship. Besides, we compared the effect of ASGI and ENSO on local climate
elements (soil moisture, precipitation, NDVI, wind field, and velocity potential) to
prove that ASGI and ENSO exhibited the opposite effect on dust activities in the first
period (Figs. 8-9).

As for the influence mechanism of Indian ocean SSTA index (TWISST), we
compared the effect of TWISST and ENSO on local climate elements (soil moisture,
precipitation, NDVI, wind field, and velocity potential) to prove the impact of TWISST
on the ENSO-dust relationship (Figs. 12-14).

While for the influence mechanism of PDO, originally, we cited others’ results to
explain the influence mechanism, however, according to your instructive suggestion,
we did the analogous analysis based on the datasets and time periods of this study. We
compared the convection and its effect on dust activities between negative and positive
phase of PDO as well as that between negative and positive phase of ENSO, the
analogous effect of in-phase PDO and ENSO proved that PDO can strengthen the



impact of ENSO on dust activities when it was in phase with ENSO (Fig. 16).

Comment 2: In this study, the authors investigated surface dust mass concentration from
reanalysis. My understanding is that reanalysis covers longer period than satellite
aerosol products. But it is worthy of checking the quality of the reanalysis product over
the study area, with ground observations (AERONET) (Holben et al., 2001), direct
remote-sensing product (e.g. MISR nonspherical AOD) (Garay et al., 2020), particulate
matter concentrations (PM10) (Yu et al., 2021), visibility and weather observations
from weather stations (Xi, 2021). I guess another purpose of analyzing surface dust
concentration is to focus on locally emitted dust, rather than complicating the result
interpretation with transported dust from for example Arabian Peninsula. But I suspect
the uncertainty of reanalysis surface dust concentration is higher than columnar dust
concentration, because the former requires an accurate representation of dust vertical
distribution beyond the total dust amount required by the latter metric.

Response: Thank you so much for pointing out this to help us to improve our work.
It is true that the uncertainty of reanalysis surface dust concentration is higher than dust
column concentration. We compared the time series of monthly surface dust mass
concentration (DUSMASS) with that of dust column concentration (DUCMASS), to
find that these two datasets showed consistent variation trend. In the revised manuscript,
we substituted DUSMASS dataset with DUCMASS dataset. Besides, we added the
precision validation of MERRA-2 dust concentration dataset in the discussion section
4.4. In Sect. 4.4, we compared the dust emission (DUEM), DUSMASS, DUCMASS
from MERRA-2 with coarse mode aerosol optical depth acquired from AERONET,
nonspherical aerosol optical depth retrieved from MISR, and PMz s in a taylor diagram,
as shown in Fig. 18. The PMz s is used because the dust concentration dataset used in
this study is “DUCMASS25”. The precision validation results indicated that the
interannual variations of DUSMASS and DUCMASS were consistent, while they were
different from that of DUEM. The time series of DUSMASS and DUCMASS over the
dust source region were significantly correlated with PM2s and those over each
AERONET station were closely correlated with the coarse mode aerosol optical depth
over the corresponding station. Thus, it is hypothesized that the DUCMASS dataset is
reliable to support this study.

Comment 3: The whole manuscript is not well-organized. The main objective of this
paper is to test different hypothesized modulators of the ENSO-dust relation on the
decadal scale; those hypothesized modulators include Indian Ocean SST, Atlantic
Ocean SST, land-ocean thermal contrast, rapid warming versus slow warming, different
ENSO types, etc. I personally feel confused about the role of all these different factors.
Maybe a schematic diagram illustrating the key findings will help. I would also
recommend reorganize the whole manuscript, including introduction and results
sections to clearly present these hypotheses and testing results.

Response: Thank you so much for this instructive suggestion. We are so sorry for
the confusing structure, we reorganize the whole manuscript according to your
suggestions.



For the results section, we mainly presented the effect of Atlantic SSTA index,
Indian ocean SSTA index, and PDO on the change of ENSO-dust relationship.
Simultaneously, according to another reviewer’s comments, we deleted the part related
to factors insignificant for modulating the ENSO-dust relationship, i.e., the section
discussing the effect of Eurasian continent and Indian Ocean thermal contrast. For the
responses to ENSO types, we move them to the discussion section (Sect. 4.1 and Sect.
4.2) to make the results section clearer.

For the introduction section, we deleted some unrelated sentences and rewrote it
following below outline: 1. Introduce the adverse impacts of dust events and the
significance of dust-related researches. 2. Simply review the impact of ENSO on dust
activities and the regulatory factors to ENSO’s effects. 3. Introduce the interdecadal
change of earth climate and the ENSO teleconnection. 4. Summarize the deficiencies
of existing studies and the goal of this study.

Comment 4: I’'m not sure the sample size allows to draw any conclusions regarding
decadal shift in ENSO types. Moreover, the emerging and continuing ENSO events are
particularly confusing. From the definition of these events, for example [(0)Mar.—
(0)May]>0.5 (<—0.5)STD, did you mean that in continuing El Nifio event, March Nifio-
3 should be greater than May Nifio-3 for 0.5 standard deviation? Then why do you call
it continuing, given that the SST anomaly is decaying fast? I did not find significant
differences between the currently examined EM and CT ENSO years from their SST
evolutions provided by CPC for example
(https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
).

Response: Thank you so much for proposing this, it is worth of consideration
since the sample size is really too small. We discussed this deficiency in the section 4.3.

As for the definition of emerging and continuing ENSO events, we are so sorry to
give the confused introduction. The definition of these two types of ENSO and the
characteristics of emerging and continuing ENSO referred to the statement of Yang and
Huang (2021). We modified this introduction as “Following Yang and Huang (2021),
the EM and CT ENSO were defined based on the three-month running mean of the
Nifio-3 index. Two situations for the CT ENSO were considered, i.e., the slowly
decaying events and the developing events since the previous winter. For the slowly
decaying situation, a CT ENSO was identified when the average Nifio-3 of (—1) Oct.—
(0) Jan. was greater than 0.5 (below —0.5) standard deviation (STD), became greater
than 0.5 (below —0.5) STD in single month during (0) Mar.—(0) May, and remained
positive (negative) during (0) Jun.—(0) Sep.. For the developing events since the
previous winter, a CT ENSO was identified when the Nifio-3 was greater than 0.75
(below —0.75) STD in any month from (1) Oct. to (0) May, accompanied by positive
(negative) values for eight single months, and the average Nifo-3 of (0) Jun.—(0) Sep.
was greater than 0.5 (below —0.5) STD. To acquire more available samples in the study
period, all the ENSO years that were not defined as CT ENSO were identified as EM
ENSO year in this study, which was different from Yang and Huang (2021)”. There
should be no ambiguity in the revised definition.


https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

Comment 5: The sliding regression analysis is a smart way to analyze the relatively
short data record. My understanding is that you can identify changing point from the
sliding regression. But it might not be necessary to show all the sliding regression
results in the main text. I personally would replace those panels with more in-depth
investigation of the mechanisms underlying the teleconnections, e.g. response in
precipitation, wind, soil moisture, vegetation to those SSTAs.

Response: Thank you for your suggestions, it would be better to replace those
sliding regression graphs with mechanism analysis. We removed some sliding
correlation graphs and added the spatial distribution of correlation between ENSO and
dust concentration in the two periods separately (Fig. 2). We also added the influence
mechanisms of SSTA pattern on this relationship by analyzing their effects on
convection, precipitation, wind, and soil moisture, as shown in Figs. 6-9, 10-14, and 16.
However, we kept two sliding regression maps (Figs. 4 and 10), because we aimed to
show the synchronous interdecadal changes of the relationship between ENSO and
DUCMASS with that between ENSO and oceanic SSTA index. Compared with other
display form, we think that the sliding regression graphs are more appropriate to show
this interdecadal change.

Comment 6: I noticed that there has never been a climatological dust concentration map
or a regression map of dust onto ENSO.

Response: Thank you for pointing out this. It would be more intuitive to show the
features of the study area using the climatological dust concentration map, thus we
added this map, as shown in Fig. 1. In addition, the regression map of dust onto ENSO
was also added to illustrate the change of the relationship between ENSO and dust in
the two periods, as shown in Fig. 2.

Minor concerns:

Comment 1: On line 37, dust can travel, not dust storm.
Response: We are so sorry for making this mistake. We changed the “dust storm”
into “dust” (line 36).

Comment 2: On line 55, it is not accurate to say that “global warming came to an end
in 2013”, almost everyone agrees that global warming is continuing.

Response: We are so sorry for making this mistake. It should be “global warming
hiatus came to an end”. It can be deduced from the preceding sentence, i.e., we stated
that an accelerated global warming prevailed before late 1990s and a warming hiatus
dominated after that, and next, it should be a new phase “end of global warming hiatus”.
We are so sorry for not checking this carefully and we have changed it into “global
warming hiatus came to an end” (line 71).

Comment 3: On line 79, while in the introduction you mention the role of IOD. I suspect



Indian Ocean Basin mode would have an effect (Yang et al., 2007). Why don’t analyze
IOD and Indian Ocean Basin mode separately, rather than regional average SSTAs as
in the current analysis?

Response: Thank you so much for pointing out this to help us to improve our work.
It is true that IOD plays an important role in the interannual change of dust activities.
Thus we explored its effect on interdecadal change of the ENSO-dust relationship in
this study, to find that its effect was much weaker that of tropical western Indian ocean
SST (TWISST). We also illustrated the reason of choosing TWISST, as stated in the
second paragraph of Sect. 3.2.2. They were “Figure 10 (a) showed that the correlation
between Nifio-3 and DUCMASS was obviously reduced when the tropical western
Indian ocean SSTA (TWISST) was removed from Nifio-3. The contribution of TWISST
to this relationship also illustrated that during P1, TWISST weakened this relationship
while no significant contribution was observed during P2, as shown in Fig. 10 (b). Thus,
it is hypothesized that TWISST weakened the impact of ENSO on DUCMASS during
P1. However, when the IOD (rather than TWISST) was considered, the correlation
between Nifio-3 and DUCMASS kept the same when IOD was removed from Nifio-3,
indicating that IOD exhibited no significant impact on the correlation between Nifio-3
and DUCMASS. Clark et al. (2000) showed that the SST in the central Indian Ocean
exhibited stronger correlation with the Indian precipitation than that in the Arabian Sea
and northwest of Australia. Cherchi and Navarra (2013) also pointed out that when the
eastern and western poles of the IOD were considered separately, the western side
exhibited the largest correlation. Thus, the TWISST was considered when exploring the
effect of Indian ocean SSTA pattern on the DUCMASS—Nifio-3 relationship.” (Lines
316-328)

Comment 4: Lines 86-88, this sentence does not flow well. The first part talks about
ENSO impacts on DUSMASS due to its influence on winter precipitation, the second
part talks about interdecadal change in ENSO-Indian Summer Monsoon Relationship.

Response: Thank you so much for pointing out this to help us to perfect our
writing. We are so sorry for this confused sentence. We rewrote this sentence since we
reorganize the structure of the introduction section. We have changed this sentence into
“It was reported that the effect of ENSO on Indian summer monsoon rainfall (ISMR),
which was an important modulator to DUCMASS, experienced a remarkable
interdecadal change and many factors may cause this transition (Yang et al., 2021). Till
now, the interdecadal variability in the links of DUCMASS over the northwestern South
Asia with ENSO has not been fully investigated, compared with the North African and
West Asian counterpart”. (Lines 83-87)

Comment 5: Lines 98-99, AOD cannot be provided by meteorological stations.

Response: We are so sorry for this wrong expression. What we intend to show
here is ground-based observation stations rather than meteorological stations. However,
we have deleted this sentence since we have reorganized the introduction section.

Comment 6: Lines 129-133, do you mean that the prevailing wind shifts from May to



June? But the above sentence states that the July to Sep is the summer monsoon season.
Then why do you focus on June to July?

Response: Thank you for pointing out this, we are so sorry for the confused
statement. It is known from previous references that the dust activities over the study
area were most active during May-July. We emphasized May-July here because this
study focused on the dust activities in the dust season. However, based on the
climatological definition, May belongs to spring, and June-July belong to summer.
Considering that the atmospheric and climate conditions exhibit great differences in
different seasons, this study separated May from June-July to eliminate the influence
of seasonal climatological differences. Besides, one more important point is that May
belong to pre-monsoon season and June-July belong to monsoon season (Babu et al.,
2013). Our results indicated that the significant interdecadal change of the ENSO-
DUCMASS relationship occurred only when the DUCMASS during dust season was
considered, which was not seen during pre-monsoon season. Thus, this study focused
on June to July. The difference of the ENSO impact on DUCMASS between pre-
monsoon season and monsoon season were discussed in Sect. 4.3 (Lines 478-485).

Comment 7: Figure 1, I recommend replacing with a mean DUSMASS map.
Response: Thank you so much for this instructive suggestion. We changed Fig. 1
into a map of climatological mean DUCMASS (Lines 122-124).

Comment 8: Line 147, this reference is probably too old for MERRA2, which came out
in 2017.

Response: Thank you so much for pointing out this to help us to perfect our
manuscript. Actually, this reference (Rienecker et al., 2011) is for MERRA rather than
MERRA2. We are so sorry for making this mistake. We searched articles about the
application and validation of MERRAZ2 dust products and replaced “(Rienecker et al.,
2011)” with “(Buchard et al., 2017; Randles et al., 2017)”. (Lines 133-134)

Comment 9: In section 2.3.1, Z refers to ocean SSTAs, while in 2.3.2, Z refers to ENSO.
Response: We are so sorry for this negligence. It is true that Z represents different

variables in section 2.3.1 and section 2.3.2. Thus we changed the “Z” in section 2.3.1
into “X”. (Lines 172-174)

Comment 10: Line 234, why don't you show a map of correlation between DUSMASS
and Nino-3 for before 1990s and afterwards? And maybe MCA of Pacific SST and
DUSMASS.

Response: Thank you so much for this instructive suggestion. We added a map
showing the correlation between DUCMASS and Nifio-3 in the two periods, as shown
in Fig. 2. (Lines 215-217)

Comment 11: Table, the sample size is too small.
Response: Thank you so much for pointing out this, it is true that the sample size
is too small. We discussed the shortage of the sample size in the discussion section 4.3.



We acknowledged that the significant difference, which was acquired based on the
insufficient samples, did not guarantee the significant correlation between dust and the
large-scale atmospheric circulation pattern. Thus, longer time series with valid samples
are needed to further validate the related conclusion. (Lines 464-474)

Comment 12: Lines 422-423, I would not be surprised if ISMR is affected by land-sea
thermal contrast over Tropical Indian Ocean and Indian subcontinent, but not Europe
and Arabian Peninsula.

Response: Thank you so much for pointing out this. It is reported by Kumar et al.
(1999) that the change in surface temperature over Eurasia adjusts the land-ocean
thermal gradient, which modulates the strong monsoon that influences the correlation
between ENSO and ISMR. However, the results of this study indicated that Eurasian
continent and Indian Ocean thermal contrast was less likely to influence the
interdecadal of ENSO-dust relationship, thus we deleted this subsection according to
another reviewer’s comments.

Comment 13: Line 540, I think a longer time series is crucially needed for this type of
analysis. Maybe you need to first obtain the atmospheric and land surface regulator for
dust, then analyze a longer timeseries of those atmospheric and land surface variables
to infer the role of different ENSO types on the variability of these atmospheric and
land variable thereby dust.

Response: Thank you so much for this instructive suggestion. It is true that the
sample size is a big question of this study. For the role of different ENSO types, we
moved it to the discussion section, where we discussed the possible influence of the
ENSO type on the Atlantic and Indian ocean SST pattern that impact the ENSO-
DUCMASS relationship. We also emphasized that the statistical results acquired from
the insufficient number of samples could also be explained by the random events, and
longer time series with valid samples (i.e., CT/EM ENSO and PDO years) are needed
to further validate the influence of ENSO types on the ENSO-DUCMASS relationship
in the future. Alternatively, using numerical model to simulate the teleconnection
pattern of ENSO over South Asia under different types of ENSO is also favorable (lines
464-474). We are so sorry that we cannot analyze the role of different ENSO types on
the variability of those atmospheric and land variable due to the limited dataset thereby
limited sample size, nevertheless, we will repeat the same analysis to verify those
conclusions in the future with more valid samples.

Comment 14: Finally, there are a lot of grammar errors and typos. Please check.

Response: Thank you so much for pointing out this to help us to improve our work.
We are so sorry for making those mistakes. We have checked the whole text carefully
and revised the tense errors, inappropriate words and typos. Thank you for your kind
suggestions.

Thank you again for your careful reading of our manuscript. We hope that
the changes having been made to the manuscript meet to your satisfaction.
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