To Anonymous Reviewer #2: (Comment ID:acp-2020-60-RC2)

Dear Reviewer,

Thank you very much for your detailed and supportive comments. You raised important issues in
the comments. They can help us to improve the manuscript to a better scientific level. We have
carefully taken these comments into consideration and have revised our manuscript accordingly.

Please find below the comments in blue italics and our responses in black and the changes in bold.

Responses to major comments:

1. P2L.35-38: This sentence is confusing to me. If my understanding is right, it is meant to express
the dust originated from Taklimakan Desert (TD) exerts influences the air quality and climate
over the downstream regions via long-range transport. Therefore, please try to be specific instead
of using general words. However, some key references are missing, since both observations (Liu
et al., 2019, doi:10.1029/2019GL083508.) and model simulations (Chen et al., 2017, doi:
10.1007/s11430-016-9051-0) suggested that the dusts generated in TD have LESS impacts on
downstream regions due to the unique terrain and low-level background wind climatology,

compared with those from other deserts in northwestern China.

Reply: We thank the reviewer for pointing out these issues around influences of dust aerosol
particles originated from Taklimakan Desert. In response to the comments, we have rephrased this
sentence in a more specific way. The suggested references have been added. Please find them in the
second paragraph of section “1 Introduction” in the revised manuscript:

“As one of the largest sandy deserts in the world, the Taklimakan Desert located in the
Xinjiang Uygur Autonomous Region of China is a main source region of Asian dust (Huang
et al., 2009), which influences not only surrounding areas such as the Tibetan Plateau (Liu et
al., 2008; Chen et al., 2013; Yuan et al., 2019), but also wide regions in Eastern Asia (Mikami
et al., 2006; Liu et al., 2011b; Yuan et al., 2019), even North America and Greenland through
long-range transports across the Pacific Ocean (Bory et al., 2003; Chen et al., 2017; Liu et al.,
2019).”

The issue of less impacts of Taklimakan dust particles on downstream regions due to the unique

terrain and low-level background wind climatology, and the reason that the experimental site was



selected near Taklimakan desert instead of the Gobi desert were also referred and discussed. Please
find them in the subsection 2.1 Observation site” in the revised manuscript:

“In addition to the Kashi station near the Taklimakan Desert, SONET also maintains two
dust aerosol observation stations (i.e., Zhangye and Minqin stations) in the Gobi Desert which
is another important source of Asian dust. Although some studies reported that the dust
generated in Taklimakan Desert exerts a less influence on long-range downstream regions due
to the unique terrain and low-level background wind climatology compared to those in Gobi
Desert (Chen et al., 2017; Liu et al., 2019), Taklimakan Desert is more representative to study
the effects of dust aerosol solar radiative forcing on local region than the Gobi Desert because
of its huge dust emission capability (Chen et al., 2017).”

“According to the SONET long-term measurements from 2013, the Kashi site is
frequently affected by dust, where the multi-year average 40D is up to 0.56+0.18 at 500 nm;
moreover, the Angstréom exponent (4E, 440~870 nm) and fine-mode fraction (FMF, 500 nm)
at Kashi are the lowest (with the multi-year average values of 0.54+0.27 and 0.40+0.14,
respectively) among all 16 sites within SONET around China (Li et al., 2018). In contrast, the
multiyear average 40Ds (500 nm) at Zhangye (0.28+0.11) and Minqin (0.26+0.11) are only
half of that at Kashi or less (Li et al., 2018). Meanwhile, their average values of AE and FMF
are also greater than those at Kashi (Li et al., 2018). They all imply coarse particles are more

dominant in the Taklimakan Desert in comparison with the Gobi Desert.”
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X. L., Huang, B., Qiao, Y. L., Cui, W. Y., Hu, Y., Gong, C. L., Wang, Y. Q., Wang, X. F., Wang, J. P., Du, W.
B., Pan, Z. Q., Li, Z. Z., and Bu, D.: Comprehensive Study of Optical, Physical, Chemical, and Radiative



Properties of Total Columnar Atmospheric Aerosols over China: An Overview of Sun-Sky Radiometer
Observation Network (SONET) Measurements, Bulletin of the American Meteorological Society, 99, 739-755,
doi:10.1175/BAMS-D-17-0133.1, 2018.
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2. Figures 3, 5, 10, 12: The X-axis can be considered to be revised (more minor ticks and labels
are needed to be given), given the ASRF and ASRFE are only able to be estimated during daytime
without clouds. Another important issue is the cloud-induced impact on the radiation reaching
the surface. The authors are better to analyze the day-by-day variation of cloud (fraction) over
the study sites of Kashi, which is concurrent with the ground-based aerosol remote sensing and
radiation observations. I believe this will provide more insights into the community of aerosol

radiative forcing.

Reply: More minor ticks and labels of the x-axes have been added in Figs. 4 (old Fig. 3), 5, 10.
For Fig. 12, in order to compare the WRF-Chem simulations and observations point by point, we
interpolated the observations of PMa 5, PM1o, and AOD at 675 nm to the corresponding assimilation
time of 0:00, 6:00, 12:00 and 18:00 UTC of each day. Please also see the statement “The second
one-month simulation was assimilated the observations of PM»s, PMiy and AOD with GSI at 0:00,
6:00, 12:00 and 18:00 UTC with the assimilation window of £3 h centered at the analysis time.” in
the first paragraph of subsection “3.3.3 Model setup”. So, the ticks and labels were given with daily
intervals in Fig. 12. For each day, there are four sets of PM> s, PM,o in Figs. 12a and ¢. But normally
less than four sets of AOD can be obtained owing to cloud screening or other quality control
operation (see Fig. 12e). To clarify this, the caption of Fig. 12 has been changed into:
“Comparisons of the surface-layer PM, s (a, b), PMio (¢, d) concentrations and AOD at 675 nm
(e, f) among the observations, the WRF-Chem simulations with and without data assimilations
(DA) in April 2019. The observations have been interpolated to 0:00, 6:00, 12:00, 18:00 UTC

of each day.”



We thank the comment on cloud-induced impacts which raises an important issue. We fully
agree with the reviewer that the magnitudes of direct solar radiative forcing of aerosol particles are
affected by above, surrounding, and underlying clouds. The information of day-by-day variation of
cloud fraction is valuable for estimation of solar radiation reaching the land surface. However, the
cloud-induced impact on the radiation at surface is beyond the direct scope of this paper. “The focus
of this study is to quantify of direct ASRF and ASRFE at the TOA, BOA, and in ATM under cloud-
free sky conditions ...” (see Paragraph 1 of the subsection “3.2 Radiative transfer simulation”). The
cloud-free conditions were controlled by cloud screening and quality assurance procedures
utilizing multi-angle observations of the sun-sky radiometer through the almucantar and principal
plane scans in the entire sky before inversion (Smirnov et al., 2000; Holben et al., 2006; Li et al.,
2015, 2018; Giles et al., 2019). The measurements of all sky view camera were also adopted as the
ancillary evidences to assess cloud presence in this study. Inevitably, few small clouds out of the
observation directions and super-thin clouds may escape from the cloud detection processing. They
have impacts on the radiation reaching the surface more or less. However, to obtain the fraction of
these clouds, the existing cloud detection methods should be significantly improved. We thank the

reviewer for pushing us on this point and this issue will be considered in subsequent research.
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3. Figure 11: The readers would like to know how the ASRF is derived from AERONET, instead
of the performance of ASRF product. The details will shed light on the difference between ASRF

from RT model and ASRF from AERONET.

Reply: In response to this comment we have added more details about how the ASRF is derived
from AERONET and the difference from the AERONET definition. Please find them in the first
paragraph of subsection “4.3 Difference from AERONET products” in the revised manuscript:

“For AERONET, broadband upward and downward irradiances in the SW ranges from
0.2 to 4.0 pm were calculated by radiative transfer model with retrieved aerosol properties as
model inputs (http://aeronet.gsfc.nasa.gov). However, AERONET adopts different definition
of ASRF that only taking the downward irradiance at the BOA and the upward irradiance at
the TOA into consideration (Garcia et al., 2012). The upward irradiances with and without
aerosols in Eq. (2), along with the downward irradiances with and without aerosols in Eq. (1),
are not taken into account. Omitting the downward irradiances will not make much difference
in ASRF at the TOA. But for ASRF at the BOA, it is predictable that neglecting the upward
irradiance will lead to obvious difference.”

References:

Garcia, O. E., Diaz, J. P., Exposito, F. J., Diaz, A. M., Dubovik, O., Derimian, Y., Dubuisson, P., and Roger, J. C.:
Shortwave radiative forcing and efficiency of key aerosol types using AERONET data, Atmos. Chem. Phys., 12,
5129-5145, doi:10.5194/acp-12-5129-2012, 2012.

Responses to minor comments:

1. Abstract: What are the two simulations in “The percent difference of daily mean ASRF between

the two simulations.” 2 which is supposed to be described specifically.

Reply: Following this comment, we specified the two simulations in this sentence. It has been
rewritten as “The percent difference of daily mean ASRF between the RT and WRF-Chem
simulations may exceed 50 % in heavy dust episode”. Please find it in lines 22-23 in the abstract

of the revised manuscript.

2. P2L34: The dust aerosol originated from western China was revealed to exert significant

impact on the mesoscale convection in downwind regions such as North China (Li et al., 2017,



doi: 10.1038/541598-017-12681-0), which exemplified well the dynamic effect of dust. Therefore,

this reference can be considered to be added here.

Reply: We thank the reviewer for the comment and providing reference. We have carefully review
the literature. The suggested reference has been added:

“Mineral dust is the most abundant large aerosol type in the atmosphere (Ansmann et al.,
2011), which has a tremendous impact on radiation budget, not only through scattering
process, but also due to absorption of solar (0.3~5 nm), also called shortwave (SW) radiation
(Otto et al., 2007; Garcia et al., 2012; Valenzuela et al., 2012; Lenoble et al., 2013), with
potential dynamic consequences (Wendisch et al., 2008; Li et al., 2017).”

Please find it in lines 31-34 of the section “1 Introduction” in the revised manuscript.
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3. P2L34-35: Recent studies also show that the dust RF strongly depends on the overlapping
pattern of dust aerosol and cloud layer in the vertical. Therefore, this sentence might as well be
revised to “The dust radiative effects also depend on the surface albedo over the desert (Bierwirth
etal., 2009) and the underlying clouds as well (Waquet et al., 2013, doi: 10.1002/2013GL057482;

Xu et al., 2017, doi: 10.1016/j.atmosenv.2017.07.036)".

Reply: We thank the reviewer for pointing out this issue. We rephased this sentence as:



“Moreover, the dust radiative effects also depend on the surface albedo over the desert
and the cloud layer in the vertical as well (Bierwirth et al., 2009; Waquet et al., 2013; Xu et
al., 2017).”

Please find it in lines 40-41 of the section “1 Introduction” in the revised manuscript.
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2009.
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aerosol properties above clouds, Geophysical Research Letters, 40(21), 5809-5814, doi:10.1002/2013GL057482,
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4. P2L50: “were used” should be revised.
Reply: The sentence “For these estimates, simulations by the regional climate model version 4

(RegCM4) for the years of 2000~2009 were used” has been removed in the revised manuscript.

5.P2L58-61: what does “the modulate effects” mean? Besides, it seems strange in “performances
of models...validated by comparing with the observations of AOD..” . I guess it is supposed to
mean that ASRF from model ...validated against that incorporating the observations of AOD....

Please clarify it or make modifications to them.

Reply: These sentences might be misleading. Here we were trying to say that comparisons of dust
aerosol properties between the model simulations and the observations are not enough to confirm
the dust radiative forcing simulations. The radiative forcing results estimated by various models
should also be corroborated carefully against the direct observations of irradiances. We have revised
these sentences to clarify this point:

“The simulated results of dust aerosol radiative forcing have rarely been confirmed,
especially in the Taklimakan Desert (Xia et al., 2009). Performances of various models
sometimes were evaluated against the observations of aerosol optical depth (40D), aerosol

extinction profile, single scattering albedo (SSA), and particle size distribution (Zhao et al.,



2010; Chen et al., 2014). Nevertheless, comparison of irradiance is indispensable to provide
direct evidence for corroborating the ASRF simulated results.”

Please find them in lines 55-60 in section “1 Introduction” in the revised manuscript.

References:
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2010.

6. P3L84: Please specify the years in “more than six years”.

Reply: We specified the start year of the long-term observations at the Kashi site and rephrased this
sentence to:

“According to the SONET long-term measurements from 2013, the Kashi site is
frequently affected by dust, where the multi-year average AOD is up to 0.56+0.18 at 500 nm;...”

Please find it in lines 93-94 in subsection “2.1 Observation site” in the revised manuscript.

7. P3L85-85: it needs some references to support this statement “...the lowest among all sites in

9!

China. ”. it really depends on the stations you refer to. e.g., the aerosol properties at Tazhong

should be dominated by dust aerosol if you have observations therein.

Reply: We fully agree with this comment and rephrased this sentence to:

“...moreover, the Angstrom exponent (4E, 440~870 nm) and fine-mode fraction (FMF,
500 nm) at Kashi are the lowest (with the multi-year average values of 0.54+0.27 and 0.40+0.14,
respectively) among all 16 sites within SONET around China (Li et al., 2018).”

Please find it in lines 94-96 in the subsection “2.1 Observation site” in the revised manuscript.
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B., Pan, Z. Q., Li, Z. Z., and Bu, D.: Comprehensive Study of Optical, Physical, Chemical, and Radiative
Properties of Total Columnar Atmospheric Aerosols over China: An Overview of Sun-Sky Radiometer
Observation Network (SONET) Measurements, Bulletin of the American Meteorological Society, 99, 739-755,
doi:10.1175/BAMS-D-17-0133.1, 2018.



8. P5L122-123: More details are needed for the sounding measurements, including the launching

time and location, sampling resolution, data uncertainties, e.t.c. Reference support is required.

Reply: We added more detailed descriptions of the sounding balloon measurements. The launching
time and location were specified. Actually, the sampling resolutions of the measurements were not
fixed. They always changed with the local atmospheric conditions at the balloon releasing time.
Thus, we used the number of atmospheric layers in the vertical profile as well as the lowest and the
highest layers in the atmosphere to sketch the sampling grids. They are valuable information to
specify the vertical profiles in the radiative transfer model. Uncertainties in the sounding
measurements of the whole pressure, temperature, and relative humidity profiles at Kashi station
have not been reported in literatures. However, according to China Meteorological Administration,
the measurement procedure was standardized and the data quality was guaranteed following the
operational specifications for conventional upper-air meteorological observations. The
corresponding reference support was provided. To address this comment, we added the descriptions
about the sounding measurements as follow:

“During the campaign, atmospheric profiles, including the vertical distributions of the
atmospheric pressure, temperature, and relative humidity, were collected from sounding
balloon measurements operated by Kashi regional meteorological bureau. Data quality was
controlled following the operational specifications for conventional upper-air meteorological
observations (China Meteorological Administration, 2010). The sounding balloons
incorporate radiosondes were regularly launched twice a day around 0:00 and 12:00 UTC at
Kashi weather station (39.46°N, 75.98°E, 1291 m above mean sea level). Normally there were
more than 60 layers were specified from land surface to over 35 km.”

Please find them in lines 130-136 in the subsection “2.2 Instrumentation”.

References:

China Meteorological Administration, Operational specifications for conventional upper-air meteorological
observations, China Meteorological Press, Beijing, China, 2010.

9. P7L149-151: I am confused again for the descriptions shown here are not consistent with those

in Fig. 3. For instance, “The maximum PM10 concentration ..from 24 to 25 April 2019 was up



to 4 mg m-3” cannot be derived from Fig. 3. Also, “no CE318 measurement around the peak time

of dust outbreak.” disagreed with continuous AOD curves.

Reply: Here we were trying to explain that parts of the PMo results were not shown in the original
Fig. 3. Around the peak time of the heavy dust storm outbreak from 24 to 25 April 2019, the optical
properties at some moments were not available due to the measurements of sun-sky radiometer in
these conditions cannot satisfy the inversion criteria (Holben et al., 2006; Li et al., 2018). Thus, only
the mass concentration results at the corresponding moments were presented for comparing with
the CE318-derived aerosol optical depth and Angstrom exponent parameters directly in this figure.

In the revised manuscript, we have tried to make the statements more concise and focused on
descriptions of the aerosol properties relating to solar radiative forcing and efficiency. Some less
relevant and confusing details (e.g., “The maximum PM;o concentration during the heavy dust
storm episode from 24 to 25 April 2019 was up to 4 mg m=. However, only moderate values of
PM, are shown in Fig. 3 because there was no CE318 measurement around the peak time of
dust outbreak.”) were removed from this context. Following the suggestions from the other
reviewer (specific comment 5 of “acp-2020-60-RC17), this segment has been moved to the “Results”
section. Please see the first paragraph of subsection “4.1 Aerosol solar radiative forcing and
efficiency”.
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