Referee #1

The manuscript "A new multispectral photometer for monitoring aerosol microphysical, optical, and
radiative properties" mainly describes a new multispectral photometer (CW193) proposed in this
study. In this study, the design of multispectral photometer combines the merit of low maintenance
requirements and being appropriate for the deployment in remote and unpopulated regions. In
general, the paper is well written and presented in a logical way. It is a timely and important piece
of work, and of general interest for Atmospheric Measurement Techniques related communities. I
therefore recommend publication of this paper in Atmospheric Measurement Techniques after minor
revisions. My comments are listed as follows:

Response: Thank you for giving us the opportunity to improve the quality of this manuscript. We
have substantially revised this manuscript by following your insightful comments and constructive
suggestions. Please find out our point-by-point responses below. We have studied comments
carefully and have made correction which we hope meet with approval. Revised portion are marked
in red in the revised paper (tracked changes).

Specific Comments:

1. Line 109-110, In the sentence of “the main pollution sources are derived from urban activities”,
the meaning of “source” has been already included in the word “derive”.

Response: Thanks for pointing out. We have deleted this “source” in our manuscript.

Line 129 in the revised paper (Line 115 in clean version):

“...where the main pollutions are derived from urban activities.”

2. Line 111, a description for is needed.
Response: Thanks for your suggestion. According to the comments, we guess a description for
“CAMS?” is needed in there. We added the full name of CAMS in our revised paper.

Line 121 in the revised paper (Line 107 in clean version):
“...synchronous measurements were conducted between CW193 and CE318s from AERONET and
CARSNET at CAMS (Chinese Academy of Meteorological Sciences) ..."

3. In figure 1, I suggest the authors add the map of China as well as the CAMS location. Otherwise,
the readers cannot catch the location information of CAMS.

Response: Thanks for your constructive comment. We have re-plotted this figure as to show the
location of CAMS more clearly.

Line 137 in the revised paper (Line 124 in clean version):
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4. Line 141, the role of word “respectively” is indistinct in the sentence.

Response: Thanks for your kind suggestion. In this sentence, we try to explain that the AOD is
calculated from the Sun radiation measurements and the other microphysical, optical, and radiative
properties of aerosols is retrieved from sky radiation measurements. We have rewritten this sentence
as follow to make this explanation more accurate.

Line 160 in revised paper (Line 147 in clean version):
“The CW193 is an automatic photometer and designed to obtain AOD and other retrievals (such as
microphysical, optical, and radiative properties of aerosols) from Sun radiation and sky radiation

. . ”
monitoring.

5. Line 204, Is the meaning of same as?

Response: Thanks for your suggestion. We check through this part in our paper, and guess that the
additional explanation is needed for the method of Sun calibration of CW193. As usual, there are
two main calibration method for the sun radiance—Langley plot method and coefficient transfer
method. For the AEROENT, the master instruments are calibrated at Mauna Loa Observatory (3397
m a.s.l) and Izafia Observatory (2373 m a.s.l) via Langley plot method, and then the calibration
coefficient is transferred to field instruments by inter-comparison. As for the CARSNET, its master
instruments are calibrated by the Group of Atmospheric Optics (GOA, in Valladolid, Spain) at [zafia
for every six months. In this campaign, the CW193 (could be regarded as field instrument) was
calibrated via coefficient transfer method (inter-comparison) with the reference of AERONET
master instruments according to the Eq. 1 as below,

V()
C(ﬂ.) = C(ﬂ.)o X (m) ...... Eq.1

where the C(A) and C(1), is the calibration coefficient for field instrument and master
instrument at A wavelength, respectively. V(1) and V(A1), is the digital count for field
instrument and master instrument at A wavelength, respectively. We have rewritten this sentence



in paper and added one corresponding reference of coefficient transfer method to make it more

accurate.

Line 228 in revised paper (Line 219 in clean verison):
“...using the method of coefficient transfer (inter-comparison) with the reference master
instruments of AERONET (Che et al., 2009, 2019¢,; Zheng et al., 2021).”

Che, H., Zhang, X., Chen, H., Damiri, B., Goloub, P, Li, Z., Zhang, X., Wei, Y., Zhou, H., Dong, F,
Li, D. and Zhou, T.: Instrument calibration and aerosol optical depth validation of the China Aerosol
Remote Sensing Network, J. Geophys. Res. Atmos., 114(D3), doi:10.1029/2008JD011030, 2009.

6. Line 301 and Table 4, What is the standard of Level I-1II? The corresponding information is
needed.

Response: Thanks for your suggestions. In fact, we have already introduced the standard of Level
I-111, and its classification is based on the ambient PM2.5 concentrations according to the ambient
air quality standards of China (GB3095-2012,
http://www.mee.gov.cn/gkml/hbb/bwj/201203/t20120302_224147.htm) in Line 328 (Line 304 in
clean version). Briefly, Level I means the daily average PM, s < 35 pg m >, and the Level 11 reflects

the PM> 5 concentration between 35 pg m—> and 75 ug m3, while the Level III indicates the daily
average PM» s between 75 pg m > and 115 pg m™3.

7. In the bottom description of Figure 7, the sentence “One—one line, linear regression line, and the
EE envelopes of +(0.05 + 10%) are plotted as red dashed, green solid, and black dashed lines”
should be changed to “One—one line, linear regression line, and the EE envelopes of (0.05 + 10%)
are plotted as red dashed, green solid, and black dashed lines, respectively”.
Response: Thanks for your constructive suggestions. It has been corrected.

Line 413 in revised paper (Line 386 in clean version):

“Figure 7. Validation of CW193 AOD at each wavelength against AERONET AOD. One—one line,
linear regression line, and the EE envelopes of £ (0.05 + 10%) are plotted as red dashed, green
solid, and black dashed lines, respectively.”

8. In the calculations of ADRF for CW193 and instruments of CARSNET, and AERONET, does the
authors use the same radiation transfer model? If the model is different, the difference of ADRF
may not induced by the instrument alone.

Response: Thank you so much for your constructive comments. In this study, the ADRF was
calculated by the radiative transfer module, which is similar to the inversion of AERONET (Garcia
et al., 2008, 2012). In our revised paper, we have re-organized the section 2.2.3 to present the data
processing method in this campaign, including AOD, WV, VSD, SSA, ADRF and their uncertainties.
In fact, these retrievals uncertainties (VSD, SSA and ADRF) are greatly affected by the calibration
processing, because there is no absolute self-calibration procedure between the sphere calibration,


http://www.mee.gov.cn/gkml/hbb/bwj/201203/t20120302_224147.htm

indicating the differences of retrievals were joint determined by many factors, such as uncertainties
of inherent algorithm assumption, input direct and sky radiance, surface albedo. As the results, in
order to reduce the uncertainty from input radiance, we only used the results, which the observation
interval is within 10 minutes to conduct the comparison. Through there are still some differences,
we suggested that these results were comparable with the AERONET. In next step, we will further
test its stability and accuracy based on long-term observation campaign, with the reference of
AERONET results.

Line 234 in revised paper (Line 208 in clean version):

“We calculated the cloud-screened AOD and columnar water vapor of CW193 via the similar
algorithm as AERONET. As the algorithm has been used multiple times in many observation
campaigns, numerical modeling, and satellite verification for CARSNET, it is suitable and reliable
to evaluate the AOD performance of CW193 using this method (Wang et al., 2010; Xia et al., 2021,
Yuetal, 2015; Zhao et al., 2021c; Zheng et al., 2021). The algorithm verification is provided in the
Supplementary Information to guarantee the accuracy in this campaign (Figures S1 and S2). As for
the inversions of VSD and SSA in this campaign, they were retrieved from the observational data
from the diffuse-sky measurements of the CW193 at 440, 670, 870, and 1020 nm using the algorithms
of Dubovik et al. (2002, 2006). The ADRF was calculated by the radiative transfer module, which
is similar to the inversion of AERONET (Garcia et al., 2008, 2012). Because the introduction,
validation and application of these inversions and their algorithms have been presented in many
previous studies based on CARSNENT observation, we did not repeat these again in this paper (Che
etal., 2018, 2019¢; Zhao et al., 2018, Zheng et al., 2021). In general, the AODs’ uncertainty was
0.01 to 0.02 (Eck et al., 1999). The VSD accuracy was 15 % to 25 % between 0.1 um <r <7.0 um
while 25 % to 100 % for other radius (Dubovik et al., 2002). The SSA accuracy was 0.03 when its
was calculated under the condition of AOD440 nm >0.50 with a solar zenith angle >50 ° (Dubovik
et al., 2002). The bias for measured radiation at the surface was about 912 W m™?, affected by the
dominant aerosol type (Garcia et al., 2008).”



Referee #2

This paper presents a newly-designed sun photometer for aerosol retrieval. Compared to the widely
used CE318 model, the new instrument has the advantage of better portability with similar accuracy.
Inter-comparisons are carried out to evaluate the performance, which shows that the CW193
sunphotometer has comparable retrieval accuracy. The new instrument has the potential to be
deployed in remote and desert regions, thus expanding the aerosol observation network. Overall,
this is a well written paper with good scientific merit. I only have a few minor questions.

Response: Thank you for giving us the opportunity to improve the quality of this manuscript. We
have substantially revised this manuscript by following your insightful comments and constructive
suggestions. Please find out our point-by-point responses below. We have studied comments
carefully and have made correction which we hope meet with approval. Revised portion are marked
in red in the revised paper (tracked changes).

Minor comments:

1. The design of CW193 is very similar to that of CE318. The authors indicated that the biggest
advantage is CW193's portability. I suggest providing more detailed description about this. In Figure
2, only the optical head part is shown, or is this the whole system? If latter, I suggest making it clear
as this indeed appears much more compact than CE318.

Response: Thanks for your constructive comment. Yes, the whole device is shown at the left part
in Figure 2, which is consist of optical head, robotic drive platform and stents system. These three
parts can be easily connected together only by a few screws. As for the its portability, it is really a
main character for CW193. Except for its highly integrated design, the cross weight is about 12 kg,
and this make it easier to transport. Additionally, we suggested the optional observation plan of
CW193 could meet the different requirement of the aerosol microphysical, optical, and radiative
properties. Such as when the VSD and SSA is in great demand for the modification of numerical
model and the verification of satellite inversion products, these inversions could be obtained about
2 to 3 times in an hour if the ALM mode is on. We have rewritten corresponding sentences in our
paper as follow to highlight this difference.

Line 161 in the revised paper (Line 148 in clean version):
“The instrument is mainly composed of three parts: optical head, robotic drive platform, and stents
system (as shown in the left part of Figure 2). These three parts can be easily connected together
only by a few screws. Except for its highly integrated design, the cross weight of CW193 is about 12
kg, and this make it easier to transport. Specifically, we presented the comparison of technical
specifications between CE318-N and CW193 in table 1.”

Line 623 in the revised paper (Line 603 in clean version):

“Above all, the highly integrated design and smart control performance make CW193 suitable for
the monitoring microphysical, optical, and radiative properties of aerosol. Due to its smart control
performance and optional observation schedule, such as ALM mode, the CW193 could meet the
different requirement of the aerosol microphysical, optical, and radiative properties. When the VSD



and SSA is in great demand for the modification of numerical model and the verification of satellite
inversion products, these inversions could be obtained about 2 to 3 times in an hour, while for once
in default observation schedule. As a result, this instrument could be regarded as a contributor in
regional and climate model data assimilation, satellite modification, and improving knowledge of

’»

the temporal and spatial variations of aerosols.

2. Does the retrieval of aerosol optical properties use the same inversion method as AERONET?
Please briefly describe the retrieval method.

Response: Thanks for your kind suggestion. We used similar inversion method as AEROENT,
which is developed by Dubovik et al. (2002, 2006) and (Garcia et al., 2008, 2012). In our revised
paper, we have re-organized the section 2.2.3 to present the data processing method in this campaign,
including AOD, WV, VSD, SSA, ADRF and their uncertainties.

Line 238 in revised paper (Line 219 in clean version):

“As for the inversions of VSD and SSA in this campaign, they were retrieved from the observational
data from the diffuse-sky measurements of the CW193 at 440, 670, 870, and 1020 nm using the
algorithms of Dubovik et al. (2002, 2006). The ADRF was calculated by the radiative transfer
module, which is similar to the inversion of AERONET (Garcia et al., 2008, 2012). Because the
introduction, validation and application of these inversions and their algorithms have been
presented in many previous studies based on CARSNENT observation, we did not repeat these again
in this paper (Che et al., 2018, 2019¢, Zhao et al., 2018; Zheng et al., 2021). In general, the AODs’
uncertainty was 0.01 to 0.02 (Eck et al., 1999). The VSD accuracy was 15 % to 25 % between 0.1
um <r <7.0 um while 25 % to 100 % for other radius (Dubovik et al., 2002). The SSA accuracy was
0.03 when its was calculated under the condition of AOD440 nm >0.50 with a solar zenith
angle >50 ° (Dubovik et al., 2002). The bias for measured radiation at the surface was about 9+12
W m™?, affected by the dominant aerosol type (Garcia et al., 2008).”

3. In addition to comparing with AERONET and CARSNET, I think it is also very important to
independent evaluate the measurement and retrieval accuracies of CW193. How accuracy are the
sky and diffuse radiances? How are the errors in these measurements transferred to the retrieved
products? Are these accuracy levels comparable, or better than AERONET?

Response: Thanks for your constructive suggestion. Yes, the independent validation of
measurement and retrieval accuracies is an important processing for the instrument evaluation. As
for the measurement, the wildly used mothed is the inter-comparison based on ground-based
observation of broadband fluxes. In next step, we plan to conduct this inter-comparison at the
radiation calibration center of Chinese Academy of Sciences in Dunhuang (40.15°N, 94.69°E, 1140
m a.s.l in Northwest China). So we just showed the corresponding results of acrosol microphysical,
optical, and radiative properties in the present study. As for the uncertainties in retrieval method, we
have added the data processing method, including AOD, WV, VSD, SSA, ADRF and their
uncertainties in the re-organized section 2.2.3, as have mentioned above. As the result, considering
the performance of these products, we concluded that the CW193’s inversions are comparable with
the AERONET.



Line 238 in revised paper (Line 219 in clean version):

“As for the inversions of VSD and SSA in this campaign, they were retrieved from the observational
data from the diffuse-sky measurements of the CW193 at 440, 670, 870, and 1020 nm using the
algorithms of Dubovik et al. (2002, 2006). The ADRF was calculated by the radiative transfer
module, which is similar to the inversion of AERONET (Garcia et al., 2008, 2012). Because the
introduction, validation and application of these inversions and their algorithms have been
presented in many previous studies based on CARSNENT observation, we did not repeat these again
in this paper (Che et al., 2018, 2019c, Zhao et al., 2018; Zheng et al., 2021). In general, the AODs’
uncertainty was 0.01 to 0.02 (Eck et al., 1999). The VSD accuracy was 15 % to 25 % between 0.1
um <r <7.0 um while 25 % to 100 % for other radius (Dubovik et al., 2002). The SSA accuracy was
0.03 when its was calculated under the condition of AOD440 nm >0.50 with a solar zenith
angle >50 ° (Dubovik et al., 2002). The bias for measured radiation at the surface was about 9+12
W m™?, affected by the dominant aerosol type (Garcia et al., 2008).”

4. Could the authors provide some explanations of the differences between CW193 and
AERONET/CARSNET? Based on Figures 7-11, there are still some biases and differences.
Response: Thanks for your suggestions. As for the AOD from direct Sun radiance measurement,
the main calculated method is based on Beer's law, in which the total extinction is mainly affected
by aerosol extinction, water extinction, Rayleigh scattering and gas absorption (e.g., NO2, O3).
Considering these variables and the assumption in the algorithm, the total AODs’ uncertainty was
0.01 to 0.02 according to Eck et al. (1999). In this campaign, the calibration coefficient of CW193
was transferred from the master instrument of AERONET by inter-comparison. As reported by Che
et al. (2009), the differences in coefficient transfer at 440, 675, 870, 1020 nm were about 2%
between CARSNET and AERONET. In this study, the AOD bias was mostly concentrated within
+0.04 (4%), so we concluded the results of AODs were accurate with acceptable difference. For
VSD, SSA and ADREF, these retrievals uncertainties, in fact, are greatly affected by the calibration
processing, because there is no absolute self-calibration procedure between the sphere calibration,
indicating the differences of retrievals were joint determined by many factors, such as uncertainties
of inherent algorithm assumption, input direct and sky radiance, surface albedo. In order to reduce
the uncertainty from input radiance, we only used the results, which the observation interval is
within 10 minutes to conduct the comparison as Line 454 in revised paper shows (Line 426 in clean
version). Through there are still some differences, we suggested that these results were comparable
with the AERONET. In next step, we will further test its stability and accuracy based on long-term
observation campaign, with the reference of AERONET results.



Referee #3
General comments:

Atmospheric aerosols have significant influence on regional air quality, regional climate change, as
well as human health. Their loadings have been increased substantially compared with those in pre-
industrial times. A detailed description on the aerosol optical and physical properties is the
prerequisites for better evaluating the effects of the aerosols. Unfortunately, uncertainties of the
aerosol radiative forcing and climate effects still exist due to a lack of knowledge about the aerosol
properties. Therefore, a new highly integrated observation instrument is necessary to be developed
to fill the gap of current observation system. This study proposes a new multispectral photometer
(CW193) with a highly integrated designing and smart control performance for monitoring aerosol
microphysical, optical, and radiative properties. The results indicate that CW193 can well observe
and capture the aerosol characteristics by comparing with AERONET products, implying that the
instrument may have a wide application prospect in the further. The topic of this study is interesting
and novel. Therefore, the paper has a potential for publication in the journal.

Response: Thank you for giving us the opportunity to improve the quality of this manuscript. We
have substantially revised this manuscript by following your insightful comments and constructive
suggestions. Please find out our point-by-point responses below. We have studied comments
carefully and have made correction which we hope meet with approval. Revised portion are marked
in red in the revised paper (tracked changes).

Specific comments:

1. Why the new instrument is named as CW193? The authors can make a detailed introduction.
Response: Thanks for your constructive suggestion. Yes, the name of CW193 contains lots of
meanings. Firstly, the CW means the Chinese device for World. We hope that this instrument could
meet the international standard for aerosol monitoring. Also, the it represented the inter-comparison
in this paper was conduct and affiliated in the CAMS atmospheric composition Watching program.
Last but not least, we hope the CW193 to show respect to CE-318, as the latter is the wildly used
device in the world with high accuracy and stability—that is “CE-318’s quality is Wanted”.
However, in order to make our paper more concise, we decided only to show the first meaning of
“Chinese device for World” after the discussion with all author, and we think this point could
express our quality requirement, confidence and best wishes to CW193.

2. What is the main difference (or progressiveness) of the CW193 against to the CE-318?

Response: Thanks for your comment. We suggested that the main difference of CW193 against CE-
318 is CW193's portability (highly integrated design). As the left part in Figure 2 shows, the whole
device is consisted of optical head, robotic drive platform and stents system. These three parts can
be easily connected together only by a few screws. Except for its highly integrated design, the cross
weight is about 12 kg, and this make it easier to transport. Additionally, we suggested the optional
observation plan of CW193 could meet the different requirement of the aerosol microphysical,
optical, and radiative properties. Such as when the VSD and SSA is in great demand for the



modification of numerical model and the verification of satellite inversion products, these inversions
could be obtained about 2 to 3 times in an hour if the ALM mode is on. We have rewritten

corresponding sentences in our paper as follow to highlight this difference.

Line 161 in the revised paper (Line 148 in clean version):
“The instrument is mainly composed of three parts: optical head, robotic drive platform, and stents
system (as shown in the left part of Figure 2). These three parts can be easily connected together
only by a few screws. Except for its highly integrated design, the cross weight of CW193 is about 12
kg, and this make it easier to transport. Specifically, we presented the comparison of technical
specifications between CE318-N and CW193 in table 1.”

Line 623 in the revised paper (Line 603 in clean version):

“Above all, the highly integrated design and smart control performance make CW193 suitable for
the monitoring microphysical, optical, and radiative properties of aerosol. Due to its smart control
performance and optional observation schedule, such as ALM mode, the CW193 could meet the
different requirement of the aerosol microphysical, optical, and radiative properties. When the VSD
and SSA is in great demand for the modification of numerical model and the verification of satellite
inversion products, these inversions could be obtained about 2 to 3 times in an hour, while for once
in default observation schedule. As a result, this instrument could be regarded as a contributor in
regional and climate model data assimilation, satellite modification, and improving knowledge of

the temporal and spatial variations of aerosols.”

3. How many observation intervals can be set for CW193?

Response: Thanks for your kind suggestion. In Table 2, we present the observation frequency for
Sun measurement of CW 193, and measurement is conduct in every 3 minutes, which can be set up
to 2 minutes. As for the routine of sky radiance observation (ALM, PPL), the CW193 can conduct
continuous observation once the corresponding observation schedule is set. We have added these
supplementary notes in the Table 2 as follow.

Line 221 in revised paper (Line 202 in clean version):

I

Observation frequency
for ALM scan
- Sun, Black, Almucantar, Principal
Sun, Moon, Black, plane (in default)
Principal plane, - only Sun (optional)
Observation schedule** Almucantar, Hybrid, - only Almucantar (optional,

Cross Sun, Cross Moon.  consecutive)
Curvature Cross - only Principal plane (optional,

consecutive)

Monitoring Software

2



4. The authors state that CW193 has a low maintenance requirement. How long and in what
conditions does it need to be taken to maintain? I think all the ground-based instruments are needed
to have a routine maintenance.

Response: Thanks for your constructive suggestion. We all agree that the routine maintenance is an
important and necessary process in the observation campaign. At line 21 in the Abstract (line 19 in
clean version), this misleading sentence have been corrected and deleted. We intended to state that
the CW193 is appropriate for aerosol monitoring due to its highly integrated design and smart

control performance.

5. To make the instrument more reliable, more observation and validation works should be carried
out in the further. For example, the authors can perform a series observation activity with different
pollution levels, in different time scales, in different regions as well as in different seasons.
Response: Thanks for your constructive comment. We could not agree more that the new device
should be tested in detail under different pollution levels, in different time scales, in different regions
as well as in different seasons as shown in line 616 (line 597 in clean version). As for the verification
under the different pollution levels, we have preliminarily tested its performance in this paper with
the PMy 5 varying from 6 to 104 pg m—3. However, its accuracy and stability under heavy pollution
is still need to be further assessed when PM; s exceed 150 pg m . As for the observation in different
seasons and regions, we plan to conduct long-term field campaign in next year considering the
various restriction by COVID-19 in this year. It should be note that we found that the WV bias
(within £0.04 in this paper) showed increasing trend with the values in this campaign, which means
the performance of CW193 is still need to be further tested in humid summer days as shown in lines
574 (line 550 in clean version).

6. Conclusion should be more refined instead of repeating the results. An additional discussion on
the potential application of the instrument in the future can be involved in this section.

Response: Thanks for your suggestion. We suggested that the CW193's highly integrated design
and smart control makes it suitable for aerosol monitoring. In addition, the optional observation
schedule (such as only ALM) could meet the different requirement of the aerosol microphysical,
optical, and radiative properties. Especially when the VSD and SSA is in great demand for the
modification of numerical model and the verification of satellite inversion products, in only ALM
mode, these inversions could be obtained about 2 to 3 times in an hour, while for once in default
observation schedule. We have added this discussion and application in our revised paper as follow.

Line 527 in revised paper (Line 603 in clean version):

“Due to its smart control performance and optional observation schedule, such as ALM mode, the
CW193 could meet the different requirement of the aerosol microphysical, optical, and radiative
properties. When the VSD and SSA is in great demand for the modification of numerical model and
the verification of satellite inversion products, these inversions could be obtained about 2 to 3 times
in an hour, while for once in default observation schedule. As a result, this instrument could be
regarded as a contributor in regional and climate model data assimilation, satellite modification,

’

and improving knowledge of the temporal and spatial variations of aerosols.’



7. English should be corrected throughout the whole manuscript.

Response: Thanks for your kind suggestion. The major change is that we re-organized the section
2.2.3 to present the calibration and data processing in this campaign. Except for this, we have check
through this paper and revised some spelling error and grammar mistakes. Also, we revised some
phrases and supplementary notes to make our manuscript more logical and concise. Here we

presented some minor corrections as follows.

Line 21 in revised paper (Line 19 in clean version):

“...is composed of three parts (optical head, robotic drive platform, and stents system).”

Line 160 in revised paper (Line 147 in clean version):
“AOD and other retrievals (such as microphysical, optical, and radiative properties of aerosols)

from Sun radiation...”

Line 228 in revised paper (Line 209 in clean version):
“...using the method of coefficient transfer (inter-comparison) with the reference master
instruments of AERONET...”

Line 619 in revised paper (Line 599 in clean version):
“As a result, the CW193 retrievals in this study showed high precision for SSA and ADRF...”



Community Comment #1

Response: The authors are very grateful for your interest and quick comment to our work. Please
find out our point-by-point responses below. Revised portion are marked in red in the revised paper
(tracked changes).

First of all, we should explain the main target of this work here to avoid misunderstanding—to
evaluate the performance of aerosol microphysical, optical and radiative properties measured from
a multiwavelength photometer, rather than a commercial statements or competition for a monitoring
instrument. In this campaign, we serve as the observation and data processing platform to conduct
this intercomparison work with the reference of AERONET’s result at “Beijing-CAMS”. With that
in mind, we intend to change the title of this paper from "A new multispectral photometer for
monitoring aerosol microphysical, optical, and radiative properties" to “Evaluation of aerosol
microphysical, optical and radiative properties measured from a multiwavelength photometer”, to
emphasize the principal target of this intercomparsion work. Also, aiming at this topic, some
statements of little relevance will be revised in our paper, such as cost and weight. Therefore, this
assessment work will contribute to the scientific research such as aerosol measurement, but not for

the commercial purpose nor for the instrument competition.

Secondly, the scientific meaning of this work should be restated here to make it more clearly. As
reported by WMO-GAW's report No. 207, 227 and 228 (2012; 2016; 2017), the multiwavelength
aerosol optical depth (AOD) is still recommended as the long-term measurement variables at the
GAW’s implementation plan from 2016 to 2023. Particularly via ground based AOD attenuation
observation, it is regarded as the highly accurate monitoring method to provide indispensable data
for satellites validation and global modelling. Additionally, according to WMO’s guideline, an
absolute limit to the estimated uncertainty of 0.02 optical depths for acceptable data and <0.01 as a
goal to be achieved in the near future. This guideline highlighted that data assessment is as important
as the data observation. For this sake, we suggested that the work in this paper has practical
significance. On the one hand, we tested the accuracy of multiwavelength AOD under various
environmental conditions, including low and high aerosol loading (different PM concentration
levels), clear and cloudy days (cloud contaminated). On the other hand, the retrievals evaluation is
also provided such as single scattering albedo (SSA), volume size distribution (VSD) and radiative
forcing, which are the importing parameters for the climate modelling. Thus, this work could
contribute to obtaining accurate AOD data and reduce its uncertainty in response to GAW’s
target.

The last but not the least, the relevant statement of AERONET and its CE318 photometer in this
paper is regarded as the criterion reference to test the observation results of CW 193, but by no means
as the competitor network or instrument. As recommended by Working Group II at WMO-GAW’s
report No. 162 (2004), the international coordination of AOD networks is inadequate and could be
improved by a federated network under the WMO/GAW umbrella, and networks should become
traceable and maintainable via intercomparisons and calibrations. We all know that the AERONET
is the most widely network around the world, which is mainly is composed of CE318 photometer,
to provide quality assured aerosol optical products. Up to now, there are many photometers except



CE318 and CW193 have realized the function of AOD measurement in China, such as DTF-5 and
PSR-2 (Li et al., 2012; Huang et al., 2019). However, we suggest here also in our paper, all the
instrument and its products should meet the WMO/GAW's criterion and keep consistency with
AERONET, providing comprehensive, comparable aerosol optical products. Owing to the above
factors, we selected the results of “Beijing-CAMS” in AERONET as the reference to assess the data
of CW193. On the one hand, the CE318s, five master instruments, are periodically calibrated at
Izafia observatory in every six months, indicating the instruments and their calibration coefficients
are reliable enough for field calibration via intercomparison. On the other hand, the similar retrieval
algorithm (Dubovik et al, 2002; 2006) with AERONET had been tested by previous studies based
on CARSNET and can reduce the inversion bias as much as possible, though these biases may be
affected by various factors such as sphere calibrations uncertainty. For these reasons above, we
conduct this campaign to present an overall assessment of AOD accuracy and inversion
comparability with the reference of AEROENT, aiming at keeping consistency with
AERONET rather than to replace it.

In summary, we are much obliged to your community comments for pointing out the non-standard
statements in this evaluation work. We will substantially revise this manuscript by following your
insightful comments and constructive suggestions. As an observation and evaluation platform, we
hope more instruments will appear to meet the WMO/GAW’s criterion or AERONET’ accuracy,
which will be a great assistance to combat climate change.
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A. General comments

The manuscript presents a system for the monitoring of atmospheric aerosols, based on a new
instrument. It is mainly based on a comparison with the AERONET system (based on the CE318
photometer), considered as the reference.

The main claims of the authors are

e novelty,

e additional functions,

e validity of metrology,

e validity of data processing chain,

e validity for network operations,

o simplified maintenance,

e low cost.
Having red this paper, | concluded that these claims are not substantiated by scientific and technical
evidences:

1. No conceptual novelty is shown hence the work appears rather like an approximate
duplication of the whole AERONET instrument and system.

Response: Thanks for your comments. The principal goal of this paper is to evaluate the
performance of aerosol microphysical, optical and radiative properties measured from a
multiwavelength photometer with the reference of AERONET, rather than a commercial statements
or competition for a monitoring instrument. We have restated this point at the above discussion and

will revise the corresponding sentences in our paper.

2. The comparison of CW193 specifications to the reference CE318 system is not complete
and not fair:
a) First, this comparison should be done with the current AERONET reference instrument
CE318T and not with the old version of CE318 as done in the paper

Response: Thanks. This paper is aiming at presenting data evaluation rather than the instruments
competition. We chose main aerosol optical products of CW193 to conduct this assessment, and all
the reference data were downloaded from the AERONET website. Since the CE318 is the main
instruments that AEROENT used and the present version of CW193 could obtain data from direct
Sun measurement and almucantar scan, we revised the corresponding tables with the reference of
CE318-T mode. Anyway, no matter what kind of instrument it is, we suggested that data accuracy
should meet the WMO/GAW’s guideline and be comparable.

b) Second, and linked to point a), several important functions present in AERONET are
lacking (Lunar measurements, polarized sky radiance option, multiple scenario configurations).
Hence, this comparison looks unfair.



Response: Thanks. This comparison focused on data accuracy and comparability, rather than the
monitoring network. We will revise some statement with small- relevance under this topic. Actually,
for the present version of CW193, the Lunar measurements and polarized sky radiance is not
available.

¢) Third, the claimed benefits of some new features brought by CW193 are not explained
nor proven.

1. CW193 performances are not characterized nor validated
Long term performance including robustness, sensitivity to weather conditions is not
evaluated, therefore not validated.

3. In the paper, the data quality analysis is limited to a few selected measurement days. The
evaluation of the system's quality requires a much more comprehensive experimental plan.

4. The additional benefits claimed for the improvement of operational observations
(robustness, simple maintenance, low cost) are not evidenced.

Response: Thanks. We mainly compared the data accuracy and comparability with the reference of
AEROENT. As a scientific paper, we considered that the introduction of basic design and
parameters for an instrument is acceptable, because the target is data evaluation rather that
instrument comparison. As for the system's quality, we agree that the long-terms observation is need.
So far, the CW193 have been running at city Changchun (at the Northeast China, 125.35E, 43.88 N)
from 2020 to 2021 for the low temperature test at winter (~ -30<C of minimum temperature) as
below shows. However, to evaluate its AOD and inversions’ accuracy and comparability, the criteria
is important since the AOD bias <0.02 is acceptable according to WMO/GAW?’s suggestion. So we
conducted this synchronous observation at “Beijing-CAMS”, considering the AEROENT results
could be a standard, aiming at keeping consistency with AERONET. Additionally, after the
discussion, we think this paper should be more focused on data evaluation and some statements that
may cause misunderstanding will be modified, such as simple maintenance, low cost.
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Figure 1. Examples of Raw digital signals at Changchun under the temperature range from
~-30to 35 °C.

As conclusion,

e The work presented in the paper does not bring new knowledge to the scientific community,
as it would expect.

oIt mainly rather makes a series of technical and commercial statements on claimed
advantages of CW193 instrument without providing corresponding evidences.

e In summary, these weaknesses and lacks are in opposition/contradiction with the claimed
advantages of CW193: novelty, additional functions, validity of metrology, validity for
network operations, simplified maintenance, low cost.

Response: Thanks for your constructive comments. Actually, we suggested that data assessment is
as important as the data observation to meet the WMO/GAW’s criterion or AERONET” accuracy,
which will be a great assistance to combat climate change. Second, the introduction of the
instrument is only used as an auxiliary description in this paper, rather than main topic. Also, we
will modify some statements that may cause misunderstanding such as simplified maintenance, low
cost as the response to specific comments below.



B. Detailed and specific comments

1. Line 83: "wired communication (for example, serial communication via RS-232) between
the instruments and a personal computer is still necessary for most CE318-N photometers™.

Comment: This statement is NOT correct. AERONET operates a large number of sites at remote
locations without wired communication with a PC.

Response: Thanks. We are not aiming at the network or instruments comparison. This part has been
deleted in our revised paper.

2. Line 85: "the non-integrated instrument components, such as the control unit, external
battery, protection box, and stents platform, not only cause most of the operational
problems but also make the deployment and maintenance difficult for staff with inadequate
training”

Comment: This opinion is not justified and does not seem fair. In AERONET, the protection box
and simple tripod platform are options that may be very useful for some types of installations,
especially in remote places, where trained staff and technical means are not available. The modular
design of CE318 is often an advantage in terms of easy replacement of parts.

Response: Thanks. We are not aiming at the network or instruments comparison. This part has been
deleted in our revised paper.

3. Lines 92-93: "which makes the whole system efficient, secure, low cost and highly
integrated.”

Comment: this list of assertions is not justified by the information provided in the paper.

The presented integrated design does not allow local control of the instrument without a PC, which
may be a major issue in remote locations. The low cost should be quantified, including initial and
expected maintenance costs, and spread over the proven expected lifetime of the instrument.
Efficiency and security should be quantified over the long term, in terms of uptime of the instrument
and proportion of data brought to some defined quality level. AERONET has proven an unmatched
efficiency and service level in producing quality assured atmospheric aerosol products over the
long term

Response: Thanks. We are not aiming at the network or instruments comparison. This sentence has
been revised as below.

Line 111 in revised paper (Line 98 in clen version):
“...which makes the whole system efficient and highly integrated.”

4. Lines 97-99: these assertions are not justified.



Response: Thanks. We are not aiming at the network or instruments comparison. This sentence has
been revised as below.

Line 115 in revised paper (Line 102 in clen version):

“These features make the CW193 a particularly suitable multiwavelength photometer for
monitoring aerosol microphysical, optical, and radiative properties, which is contribute to verifying
the satellite and modelling products”

5. Line 125: "largest" should be qualified: probably refers to China
Response: Thanks. It has been qualified according to your suggestion as below.

Line 145 in revised paper (Line 132 in clen version):
“CARSNET is the largest ground-based aerosol remote-sensing network in China...”

6. Line 126: "Same algorithm" should be qualified. How has it been validated?
Response: Thanks. It has been revised according to your suggestion as below.

Line 146 in revised paper (Line 133 in clen version):
“CARSNET uses the similar algorithm as AERONET... "

7. Line 143: Again, comparison with CE318-N is not relevant as this is an old version of
CE318. Most of AERONET sites are equipped with the more recent version CE318-T. The
table should be corrected to present a fair comparison.

Response: Thanks. We are not aiming at the network or instruments comparison. Because the
AERONET use CE318s as the master and field instruments, we modified the table 1 with the
reference of CE318-T mode. As a result, in this table, some of the parameters that of small-relevant
with the main topic have been deleted such as weight, dimensions. Please find the revised one below.

Line 171 in revised paper (Line 154 in clen version):
“Table 1. Technical specifications for CE318-T* and CW193

CE318-T Cw193
. . . Optical head, Robotic drive
Main components Optical head, Control unit, Robot,
platform, Stents system

340, 380, 440, 500, 675, 870, 340, 380, 440, 500, 675, 870,
Spectral range

937,1020, 1640 nm 937,1020, 1640 nm
Field of view 1.26° 1.30°
Detection’s azimuth range 0°to 360° 0°to 360°

Detection’s zenith range 0<to 180< 0°to 180°




Sun tracking accuracy 0.01< 0.02<

Communication outputs RS232, USB, UMTS/SG/W- RS232, 4G
P CDMA, GPRS '

Storage Flash memory (4 MB), SD card (32 GB)
g SD card (32 G)

Power adapter (110 to 240 V),
Power adapter (110 to 240 V),

Power suppl Solar panel (5 W), External
PPy p W) Solar panel (30 W)
batteries (12 V, 16Ah)
Software PhotoGetData DataMonitor

*Photometer for CE318-T mode in standard version”

8. Table 1 - The whole table 1 should be corrected with CE318-T technical specifications
Response: Thanks. We have revised the table 1 and please see the response above.

9. Table 1: what is the type of detector used?

Response: Thanks. This item had been deleted according to the discussion above.

10. Table 1 - Drift of single band filter's transmission rate < 1% for CW193 :
- Sun tracking accuracy: 0.02 ©
- Temperature range: -30°to 60°
The characterization of these performances should be described.
Response: Thanks. In the revised table 1 above, we deleted the temperature, humidity range and
drifts.

11. Table 1: - Power supply for CW193
The type and capacity of the battery system should be described. The autonomy of the system,
in case of operation on the solar generator and absence of direct sun, should be stated.
Response: Thanks for the constructive comments. In table 1, we just listed the standard
configurations of power supply.

12. Table 1: - Gross weight and flycase dimensions are not really relevant, or should be
completed with net weight and dimensions, and with all components (solar panel)
Response: Thanks. Please find the revised table 1 above. We have deleted this item.

13. Lines 174-175: "the design of CW193 is very robust, ensuring long-term steady operation
in a wide range of temperature and humidity, between about —30°C and 60°C and between
about 0 and 100%, respectively"

Comment: This assertion is not supported by any evidence.



Response: Thanks for pointing out. The CW193 have been running at city Changchun (at the
Northeast China, 125.35, 43.88N) from 2020 to 2021 for the low temperature test at winter (~ -
30<C of minimum temperature). Also, we conduct several field observations campaigns at remote
stie. Here we present some of details at these campaigns below.

‘Wuhai, 106.63° E, 39.67 ° N, 1100 m a.s.l Alashan, 105.70° E, 38.83 ° N, 1500 m a.s.l Dunhuang, 94.68° E, 40.15° N, 1139 m a.s.l

Figure 2. Field observatin campaign at Wuhai, Alashan and Dunhuan.

‘Wauhai, 106.63° E, 39.67 ° N, 1100 m a.s.l Alashan, 105.70° E, 38.83 ° N, 1500 m a.s.l Dunhuang, 94.68° E,40.15 ° N, 1139 m a.s.l
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Figure 3. AOD in level 1.0 and level 1.5 during field observation campaigns at Wuhai, Alashan
and Dunhuang.

14. Lines 189-192: "It is very convenient to receiving data via 4G network when the serial
communication is unavailable in some remote regions, and also in this mode, multiple
device control is achievable (device 003, 005 and 006 are on-line and controllable in Figure
3). In the data download part, the history data can be easy downloaded by selecting the start
and end time via drop-down menu”.

Comment: This is presented as a new function and an advantage, but the AERONET network
already operates a large number of remote sites with direct telecommunication link. In AERONET,
full data collection is ensured fully automatically in real time, or even after interruption of
communications. This is more convenient than manual control through a software.



Response: Thanks. We just show the basic introduction of the data monitoring software in here
rather than the comparison with AERONET’s system. We all agree that the AERONET and its
system is highly efficient and provides useful data for the global climate.

15. Table 2 - The whole table 2 should be corrected with CE318-T functional specifications
Response: Thanks. We modified the table 2 according to your constructive suggestion.

Line 221 in revised paper (Line 201 in clen version):
“Table 2. Functional specifications for CE318-T* and CW193

CE318-T

Cw193

Observation frequency for sun
measurement

15 mins (in default), up to 2 mins

3 mins (in default), up to 2 mins

Mode of sun tracking

At the beginning of every
measurement

Keep tracking

Observation frequency for ALM
scan

According to air mass, when air
mass =1.7, 2.0,2.2,2.4,2.6...

Every integral local time at 7, 8,
9,10, 11...19 O’clock (primary)
According to air mass, when air
mass =1.7, 2.0, 2.2, 2.4, 2.6...
(subsidiary)

Observation schedule**

Sun, Moon, Black, Principal plane,
Almucantar, Hybrid, Cross Sun,
Cross Moon. Curvature Cross.

- Sun, Black, Almucantar, Principal
plane (in default)

- only Sun (optional)

- only Almucantar (optional,
consecutive)

- only Principal plane (optional,
consecutive)

Monitoring Software

- instruments setup

- wavelengths selection

- scan modes & scenarios
configuration

- measurement scheduling

- data analysis

- data visualization

- data storage (raw data, k8, ASCI|I
files)

- scan modes & scenarios
configuration

- measurement scheduling

- wavelengths selection

- data visualization

- data retrieval

- data storage (TXT files)

- commands inputs

- multidevice control (4G mode

only)

*Photometer for CE318-T mode in standard version

**Photometer in auto mode”’

16. Line 211: "five instruments"



Comment: The method and specifics of the calibration of the studied CW193 should be described.
For the whole intercomparison study, Sun calibration should be made on a different set of data. Is
it the case?

Response: Thank you so much for your constructive comments. In this campaign, the CW193
(could be regarded as field instrument) was calibrated via coefficient transfer method (inter-
comparison) with the reference of AERONET master instruments according to the Eq. 1 as below,

N=Cc@ 49)
c) =c( )ox<m> ...... Eq.1

where the C(A) and C(1), is the calibration coefficient for field instrument and master
instrument at A wavelength, respectively. V(1) and V(A1), is the digital count for field
instrument and master instrument at A wavelength, respectively. We have rewritten this sentence
in paper and added one corresponding reference of coefficient transfer method to make it more

accurate.

Line 228 in revised paper (Line 209 in clen version):
“...using the method of coefficient transfer (inter-comparison) with the reference master
instruments of AERONET (Che et al., 2009, 2019c,; Zheng et al., 2021).”

Che, H., Zhang, X., Chen, H., Damiri, B., Goloub, P, Li, Z., Zhang, X., Wei, Y., Zhou, H., Dong, F.,
Li, D. and Zhou, T.: Instrument calibration and aerosol optical depth validation of the China Aerosol
Remote Sensing Network, J. Geophys. Res. Atmos., 114(D3), doi:10.1029/2008JD011030, 2009.

17. Line 313-314: "Therefore, in summary, the CW193 shows high stability under both high
and low aerosol loadings; hence, the excellent detection ability makes it a reliable
instrument for aerosol monitoring."

Comment: This conclusion regarding the reliability of the instrument is not justified in the paper.
Response: Thank you so much for your constructive comments. In this part, we intended to show
the wavelength dependence of AOD measured from CW193 both at clear and polluted days. We
have revised these sentences according to your suggestion as below.

Line 352 in revised paper (Line 327 in clen version):
“...the CW193 showed good ability of AOD's wavelength dependence under both high and low

>

aerosol loadings...’

18. Figure 6:
Comment: This figure does not show interruption at nighttime. The observation time per day should
be explained.
Response: Thanks for your constructive comments. At present version of CW193, the Lunar
observation is not available as the revised table 2 and discussions show above. We have revised this
sentence according to your suggestion as below.

Line 327 in revised paper (Line 313 in clen version):



“Figure 6 shows the diurnal variation of cloud-screened AOD (only from daytime observation) for

each band from CW193 during this campaign”

19. Line 352: "We set the envelopes as #0.05 + 10%)."

Comment: The choice of this criterium should be explained. It is quite large compared to the
AERONET uncertainty.

Response: Thanks for your constructive suggestion. Actually, this envelope is widely used in many
previous studies aiming at AOD validation from satellite, to show the error range versus reference.
We used this figure here to highlight the AOD precision with statistical parameters, as well as the
accuracy of ground-based observation against satellite monitoring. We all agree that the AERONET
provide the high accuracy AOD data with uncertainty smaller than 0.02. And the specific analysis
of AOD bias can be found in Figure 8 in our revised paper.

20. Line 412: "uncertainty of <10% is acceptable for the discussion"
Comment: This level of uncertainty is much higher than AERONET's.
Response: Thanks for your suggestions. This statement is inaccurate and we have deleted it in our
revised paper.

21. Lines 568-570
Comment: This conclusion should be expressed as a preliminary only. It must be checked on long-
term and various weather and aerosol conditions.
Response: Thanks for your constructive suggestion. Yes, we all agree that the stability of CW193
must be checked on long-term and various weather and aerosol conditions. So we just present the
preliminary evaluation of these data with the reference of AERONET in this study, showing its
consistency with AERONET. We have revised this sentence according to your suggestion as below.

Line 609 in revised paper (Line 589 in clen version):

“The results of this preliminary evaluation indicate that...”

22. Lines 582-585: "the highly integrated design and smart control performance make CW193
more convenient and suitable for the aerosol monitoring, providing similar aerosol optical
properties to AERONET. In addition, owing to the built-in 4G communication module,
CW193 could be used to create networks in an inexpensive and simple way."

Comment: as such, this is a commercial statement, not evidenced by the paper. It should be removed
or rephrased.
Response: Thanks. We have rephrased this part according to your constructive suggestion as below.

Line 623 in the revised paper (Line 603 in clean version):
“Above all, the highly integrated design and smart control performance make CW193 suitable for

the monitoring microphysical, optical, and radiative properties of aerosol. Due to its smart control



performance and optional observation schedule, such as ALM mode, the CW193 could meet the
different requirement of the aerosol microphysical, optical, and radiative properties. When the VSD
and SSA is in great demand for the modification of numerical model and the verification of satellite
inversion products, these inversions could be obtained about 2 to 3 times in an hour, while for once
in default observation schedule. As a result, this instrument could be regarded as a contributor in

regional and climate model data assimilation, satellite modification, and improving knowledge of
the temporal and spatial variations of aerosols.”



