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We thank the anonymous referee #1 for the constructive and helpful comments, the
incorporation of which has led to a substantially improved manuscript.

Reviewer #1(Comments):

This paper describes how the two-way coupling of the WRF and CMAQ models has
been extended to include aerosol indirect effects. The authors describe the treatments
taken from other models that are included in WRF-CMAQ. Then, they run the mod-
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eling system for one time period and evaluate the simulation, using primarily CERES
measurements of top-of-atmosphere outgoing shortwave and longwave radiation. In
general, the motivation for several aspects of the work is lacking and does not present
results in the context of other models that have similar treatments. The organization
in some sections is poor and it is difficult to follow the text and understand the points
the authors are trying to communicate. There is one instance of papers being cited
having little to do with statements made in the text. I have not checked whether there
are other such instances. It is evident that a lot of work went into this study; however,
this paper reads like a first draft for the reasons listed below. Some of my major com-
ments summarize one or more of the more important specific comments. I made fewer
specific comments towards the end the manuscript because of the major concerns, but
the authors should assume there are not any problems in those sections.

Reply:

Thanks a lot for helpful suggestions. We very much appreciate the reviewer’s long
comments and his/her time for reviewing this paper although we respectively disagree
with the reviewer that the motivation of this work is lacking and does not present results
in the context of other models that have similar treatment. As pointed out by the re-
viewer #3, different from some online-coupled models that integrate meteorology and
chemistry into one model system such as WRF/Chem, WRF and CMAQ are coupled
via a coupler with 2-way meteorological and chemical data exchange but one single
executable program. The two-way coupled WRF-CMAQ accounts for both direct and
indirect aerosol effects, in particular, the first, second and glaciation aerosol indirect
effects on the basis of aerosol predictions of CMAQ and meteorological predictions
of WRF. CMAQ has been widely applied and extensively evaluated for both scientific
and regulatory applications worldwide since its first release in late 1990s. Inclusion of
indirect aerosol effect treatments in CMAQ represents a significant advancement and
milestone in air quality modeling in terms of scientific understanding of the complex re-
lationship between air pollutants and climate change and the development of integrated
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win-win emission control strategies for air quality management and climate change mit-
igation. On the other hand, including aerosol indirect effects does not necessarily mean
the climate change because aerosol can influence clouds via shorter time scale (e.g.,
weather or cloud scale). The improvement of the meteorological field simulations by
including the aerosol indirect effects can help enhance the model simulation of air qual-
ity. The paper represents the first documentation of the two-way coupled WRF-CMAQ
with aerosol indirect effect and the first comprehensive evaluation of its capability in
reproducing shortwave cloud forcing and other cloud properties. The model devel-
opment and evaluation involve substantial efforts that should be recognized in both air
quality and climate communities. The results demonstrated the scientific merits to treat
aerosol indirect effects in air quality models.

Major comments: 1) There is a lack of motivation for several aspects in this paper. First,
the results in Section 4 imply that including aerosol effects are important (which has
been shown before in other studies), but the initial motivation for the study is lacking.
The motivation material presented in the introduction is a summary of the importance
of the aerosol indirect effect from a climate perspective, without any transition into the
justification for the present work. The modeling system is a regional one that will rely
on global models for boundary conditions. So is the modeling system designed as a
downscaling tool, to study climate relevant processes, or include climate relevant pro-
cesses for air quality applications? Second, since the authors are using CMAQ, an
air-quality model, I assume that WRF-CMAQ will be used for air quality applications.
However, there is no motivation as to why simulating aerosol indirect effects are sig-
nificant for air-quality applications. A few concise statements on the purpose of the
modeling system are needed. Third, there is no motivation for the domain or time pe-
riod chosen. I recommend a separate section for that discussion. Forth, there is also
little motivation for the observations used to evaluate the model performance. Finally,
there is no motivation why two radiation schemes are compared when there could be
many types of sensitivity studies with different parameterizations that would affect the
aerosol indirect effect in some way.
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ReplyïijŽ

Again, we respectively disagree with the reviewer on that the initial motivation of this
work is lacking. In our paper, we have described many motivations for this work. To
address the reviewer’s comments about first motivation, the following sentence “On the
other hand, including aerosol indirect effects does not necessarily mean the climate
change because aerosol can influence clouds via shorter time scale (e.g., weather or
cloud scale). The improvement of the meteorological field simulations by including the
aerosol indirect effects can help enhance the model simulation of air quality.” has been
added in the revised manuscript. To address the reviewer’s comment about the motiva-
tion for the domain and time period chosen, the following sentence “This is because of
fact that there are a lot of observational data for the summer of 2006.” has been added
in the revised manuscript. To address the reviewer’s comment about the motivation
of two radiation schemes used in this work, the following sentence “The RRTMG and
CAM radiation schemes are selected because these two schemes are used in many
studies (Liu et al., 2007; Collins et al., 2004; Iacono et al., 2008; Yang, et al., 2011;
Saide et al., 2012).” has been added in the revised manuscript. The sentence “The
comparison results of WRF-CMAQ/CAM and WRF-CMAQ/RRTMG simulations can in-
dicate the effects of radiation schemes on the model performance on air quality and
cloud properties. For reference, WRF/CAM and WRF/RRTMG simulations are also
carried out to show how CMAQ air quality model helps improve the WRF performance
on cloud properties.” has been added in the revised manuscript.

2) In Section 4, the results for the simulated air quality metrics are presented first before
investigating how aerosols affect a select set of cloud properties and radiation. On one
hand, it may make more sense to first evaluate if the model is simulating the aerosol
indirect effect correctly before presenting impacts on air quality metrics because this
is the first application of the model. On the other hand, the aerosol indirect effects will
depend on the simulated aerosols. If the authors choose to leave the order the same
in this section, a better transition is needed. Results from simulations with and without
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the aerosol indirect effect are shown for Section 4.2 on cloud properties, but only simu-
lations with aerosol indirect effects are shown for Section 4.1 on air quality metrics. For
consistency, results of simulations without the aerosol indirect effect should be included
in Section 4.1 so that the reader can determine whether the inclusion of those effects
has any impact on air quality metrics. Another point to mention is that the evaluation
of surface aerosol concentration may or may not bear any relation to aerosol indirect
effects since they are not actually within the clouds. I’m not expecting an evaluation of
aerosol concentration aloft (it would be advantageous though), but it is hard to tell how
errors in simulated aerosols will affect the effects on clouds and radiation shown later.

ReplyïijŽ

Thanks a lot for helpful suggestion. We feel that the comment “If the authors choose
to leave the order the same in this section, a better transition is needed.” made sense.
To address this comment, the following sentence “To evaluate the newly-developed
two-way coupled WRF-CMAQ with aerosol indirect effect, the results of the model per-
formance on air quality (aerosol and O3) are presented, followed by the results of the
model performance on cloud properties” has been added in the revised manuscript.
Other comments are very confused. For example, since we are simulating aerosol in-
direct effect, please tell us how you can simulate aerosol indirect effect correctly if you
cannot simulate aerosol fields reasonably well. In the WRF-only default case, the cloud
drop number and effective radius information have been assumed and then used. This
means that aerosol indirect effect has been assumed in the WRF-only default case
although aerosol fields have not been simulated in this meteorological model. In the
WRF-CMAQ model, the cloud drop number concentrations are estimated on the basis
of the aerosol information from the CMAQ and related meteorological data and then
cloud effective radii are calculated. Regarding the possible effects of surface aerosol
concentrations on cloud properties, it is necessary to evaluate the surface aerosol con-
centrations due to the fact that most of aerosol concentrations are located in the PBL
and surface aerosols can be transported to high altitudes to affect the cloud forma-
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tion in the atmosphere. Definitely, it will be good to evaluate the aerosols at the high
altitudes if the observational data are available.

3) The study shows that including aerosol indirect effects improves some metrics for
cloud properties, but this has been shown before in other studies. For example Saide
et al. (2012) and Yang et al. (2011) used WRF-Chem (with very similar treatment of
aerosol indirect effects as in this study) to show that cloud effective radius (Twomey
effect) is improved when full aerosol chemistry and aerosol indirect effects are in-
cluded. This is just one example, and this study ignores many other modeling studies
on regional-scale simulations of the aerosol indirect effect that could be used to put
their results into the context of other models. It would be useful to compare their re-
sults with other studies for consistency wherever possible, especially since this is the
first application of the modeling system.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, the ref-
erences of Saide et al. (2012) and Yang et al. (2011) have been added in the re-
vised manuscript. We did mention many other regional-scale models which include the
aerosol-cloud interaction. This includes WRF-CHEM too. See our references for Grell
et al. (2005) and Chapman et al. (2009) for WRF-Chem. On the other hand, the works
of Saide et al. (2012) and Yang et al. (2011) are simple evaluation of aerosol indirect
effect in WRF-Chem for some case applications. There are many studies in this type of
applications and this paper is not a review paper. Actually, the review paper of Zhang
(2008) had comprehensively summarized the current status for this part.

4) In the introduction, three approaches of coupling between meteorology and aerosols
in models are discussed. The authors mention WRF-Chem as an example where
aerosol chemistry and indirect effects are added to an existing meteorological model,
and then mention that another approach (GATOR-CGMOM) is to have that coupling
enabled when the model is first created. The sequence of model development is less
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important than the technical methodologies used to enable the aerosol-cloud interac-
tions. Both of these approaches fully integrate meteorology and atmospheric chemistry
into one model and I do not see much difference between the two. The authors do use
a different approach for WRF-CMAQ with a more “loose” coupling of two models; how-
ever, they do employ many of the same approaches of handing aerosol-radiation-cloud
interactions as in WRF-Chem. But the authors do not mention that. They seem to imply
(page 25654, line 19) that there are few studies on regional scale coupling of meteorol-
ogy and aerosols. There have been numerous studies and the number of such studies
has increased dramatically the past three years. For these reasons, I find much of the
text in this paragraph misleading in that it implies that WRF-CMAQ is the only regional
modeling system that includes the indirect effects.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s first comment, the
following sentence “The first approach is to integrate meteorology and atmospheric
chemistry such as MM5/Chem (Grell et al., 2000) and WRF/Chem (Grell et al., 2005)
and GATOR-GCMOM model (Jacobson, 2001a, b) which are created by adding atmo-
spheric chemistry to the existing meteorology models. The second approach is to com-
bine existing meteorology and air quality models into a single executable program with
2-way meteorological and chemical data exchange such as the two-way coupled WRF-
CMAQ model (Wong et al., 2012).” has been used in the revised manuscript. To ad-
dress the reviewer’s second comment, the sentence “even fewer coupled meteorology-
air quality models at urban and regional scale exist due to the fact that mesoscale me-
teorology models and air quality models were developed separately” has been deleted
in the revised manuscript.

5) Since the authors employ the treatments of aerosol indirect effects on liquid clouds
that have been available in the publically available WRF-Chem model for several years,
it is also not clear how similar or different the author’s contributions to WRF-CMAQ are
to WRF-Chem, which could be very confusing for potential user. The authors even
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use the term “CMAQ_mixactivate” on page 25657, line 18. There was a subroutine
already in WRF-Chem called “mixactivate” to handle the cloud droplet activation by
aerosols using the Abdul-Razzak and Ghan scheme. Did the authors modify and/or
copy that subroutine to handle CMAQ aerosols? If so, citing that previous work on their
performance is warranted. It would be useful to have a short paragraph in the model
description section to compare and contrast the methodology used in the two codes.

ReplyïijŽ

Thanks a lot for helpful suggestion. Since CMAQ model has much more aerosol
species than WRF-Chem (see Table 2 in our manuscript) and WRF-CMAQ has dif-
ferent way to handle the two-way coupling processes, we modified the mixactivate
subroutine significantly to handle the cloud droplet activation and added ice nucleation
scheme for the CMAQ aerosol fields. In the public available version of WRF-Chem, ice
nucleation scheme is not included. This is reason we used CMAQ_mixactivate as the
name. To address the reviewer’s comments, the following sentence “Note that the ice
nucleation scheme is not included in the publically available mixactivate subroutine of
WRF-Chem” has been added in the revised manuscript.

6) The treatment of homogeneous and heterogeneous ice nucleation in models is
highly uncertain, but I could not find any mention of this in the in the text. The ice
number will have large effect on radiation. There is no evaluation of cloud ice particle
concentration or IN concentration, only an indirect evaluation of the effects of aerosols
on cloud radiative properties. One of the co-authors on the paper is an expert on IN-
parameterizations and I am bit surprised that some text has not been included to note
the potential uncertainties in the treatment aerosol effects on ice phase microphysics.
While I do think that the inclusion of aerosol effects does improve the simulated cloud
properties, similar differences in magnitude could also be obtained by running WRF
with other parameterization choices.

ReplyïijŽ
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Thanks a lot for helpful suggestion. We agree that the treatment of ice nucleation in
models is highly uncertain, sometime with more than a factor of 5 uncertainties. To
address the reviewer’s comments, the following sentence “Note that the treatment of
homogeneous and heterogeneous ice nucleation in models is highly uncertain (Liu et
al., 2007). This study focuses on the evaluation of aerosol effects on cloud radiative
properties (including warm, mixed-phase and ice clouds). Future studies will be done
to specifically evaluate the model performance against some cold cloud cases (e.g.,
ISDAC) (Ma et al., 2013)” has been added in the revised manuscript.

7) Is advection, vertical mixing, and diffusion in CMAQ and WRF different? I assume
that they are so, since CMAQ is intended to be used for both off-line and looselycoupled
applications. It seems that CMAQ can been called less frequently than the time step
in WRF. It is not clear how those different time steps affect processes influenced by
clouds. Clouds can change rapidly and the aerosol indirect effects would be simulated
at the meteorological time steps for on-line models. For the approach in this study,
there is a bit of a disconnect between the evolution of clouds and aerosols. Have the
authors done a study with CMAQ simulated at the same time step as the WRF to show
that those effects are minor? The magnitude of those differences may depend on the
spatial scale used by the model as well. Ovtchinnikov and Easter (2009) show that
advection errors can significantly impact aerosol-cloud interactions. Some discussion
is warranted somewhere in Section 2 regarding the numerical aspects of how their
coupling could lead to different aerosol indirect effects than fully online calculations.

ReplyïijŽ

Thanks a lot for helpful suggestion. We have following description “The call frequency
is a user defined environmental variable as a ratio of the WRF to CMAQ time steps and
is used in the coupled system to determine how many times WRF is called for each
CMAQ call. WRF integrates at a very fine time step while the minimum synchroniza-
tion time step in CMAQ is determined by the horizontal wind speed Courant condition
in model layers lower than ∼700 hPa; the coupling frequency is flexible and can be
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specified by the user. This is a mechanism to balance computational performance
while allowing the user to couple the models as tightly as needed.” Note that for the 12
km grid resolution simulation the WRF time step is 60 sec and CMAQ is called every
5th WRF step. We assume that the aerosol concentrations and characteristics are not
changing so rapidly that coupling at 1 minute rather than 5 minutes makes a signifi-
cant difference. While we have not done this sensitivity study with the indirect aerosol
effects activated, we have compare WRF-CMAQ model runs with direct aerosol feed-
back at various coupling frequencies in including 1-to-1 and 5-to-1 and seen very little
differences.

Specific Comments: Page 25652, line 17: Delete “so-called”. I do not know what the
authors are trying to imply with this phrase.

ReplyïijŽ

Thanks a lot for helpful suggestion. This is done in the revised manuscript.

Page 25653, line 13: Change “medium-low” to “medium to low”.

ReplyïijŽ

Thanks a lot for helpful suggestion. This is done in the revised manuscript.

Page 25653, Lines 16-17: The authors are expecting the reader to know that these
magnitudes (which are global averages) are large. Some perspective is needed here
for those not familiar with global climate model metrics.

ReplyïijŽ

Thanks a lot for helpful suggestion. This sentence has been deleted in the revised
manuscript.

Page 25654, lines 7-12: Satellite measurements are not the only means of evaluating
model simulations in terms of the effect of aerosols on clouds and the effects of clouds
on aerosols.
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ReplyïijŽ

Thanks a lot for helpful suggestion. We agree. To address the reviewer’s comments,
the following sentence “However, the satellite retrievals of various cloud parameters
provide a way to indirectly evaluate the model simulations.” has been used in the
revised manuscript.

Page 25654, line 15: The use of the term “air-quality” is one from the EPA perspective
in which a chemistry model has been developed from the perspective of computing
concentrations of trace gases and particulates related to human health. However, a
climate model needs some sort of treatment of aerosol chemistry that is coupled with
meteorology and includes treatment of aerosol-radiation-cloud interactions. Numerous
atmospheric chemistry models (not necessarily used for air-quality applications) have
been used with global and regional meteorological models to simulate climate and
climate-relevant processes. So I do not think the use of air-quality here is entirely
correct.

ReplyïijŽ

Thanks a lot for helpful suggestion. We agree. To address the reviewer’s com-
ments, “atmospheric chemistry” instead of “air quality” has been used in the revised
manuscript.

Page 25655, line 10: Please indicate where the model is available.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, the following
sentence “https://www.cmascenter.org/” has been added in the revised manuscript.

Page 25665, lines 15 -29: Much of the discussion here on how aerosol indirect effects
are included in the model seems to be too detailed for the discussion session. This just
seems to be reiterating what was presented in previous studies, and it would be more
appropriate and sufficient to just describe the specific processes themselves that were
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included. So perhaps this section could be cut back a bit.

ReplyïijŽ

Thanks a lot for helpful suggestion. Since the newly-developed WRF-CMAQ model
include parameterization of both cloud drop and ice number concentration (as we
know, WRF-Chem current version still has not considered the ice nucleation process
for aerosols), we feel that we should include more detailed discussion about how we
do these.

Page 25656, line 2: Perhaps some references are needed after “many studies”. Also,
it is not really a good justification as to why they are using these two schemes. A
better one is that they are the latest, and presumably better, schemes used by a select
number of models. Not all models use these schemes so it will not be apparent to
many readers why these are used.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, the following
references “(Liu et al., 2007; Collins et al., 2004; Iacono et al., 2008; Yang, et al., 2011;
Saide et al., 2012)” has been added in the revised manuscript.

Page 25656, lines 3-5: Here and later in the text, there is absolutely no rationale as to
why this particular domain and time periods is chosen. Since this is a paper on aerosol
indirect effects, what makes this period and domain useful to study those effects? Since
this is a first application of WRF-CMAQ in this manner, it is not clear why this is the
best case to evaluate the model’s ability to simulate aerosol indirect effects that seem
plausible.

ReplyïijŽ

Thanks a lot for helpful suggestion. As we mentioned before, inclusion of indirect
aerosol effect treatments in CMAQ represents a significant advancement and mile-
stone in air quality modeling in terms of scientific understanding of the complex rela-
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tionship between air pollutants and climate change and the development of integrated
win-win emission control strategies for air quality management and climate change mit-
igation. This is not a pure study on aerosol indirect effect. To address the reviewer’s
comments, the following sentence “This is because of fact that there are a lot of obser-
vational data for the summer of 2006.” has been added in the revised manuscript.

Page 25658, line 19: Starting here and continuing on the next page are abbreviations
of various compounds. These all seem to be CMAQ specific acronyms and as such
are only meaningful to users of CMAQ and I do not think they are needed.

ReplyïijŽ

Thanks a lot for helpful suggestion. Again, we say that inclusion of indirect aerosol
effect treatments in CMAQ represents a significant advancement and milestone in air
quality modeling in terms of scientific understanding of the complex relationship be-
tween air pollutants and climate change and the development of integrated win-win
emission control strategies for air quality management and climate change mitigation.
Therefore, we think that this is needed.

Page 25659: lines 18-19: This sentence seems to be a random thought that is not
relevant to the rest of the paragraph. More disturbing is that five other papers from
the first author are listed to cite work regarding the tradeoffs of accuracy and compu-
tational expense between the modal and sectional approaches; however, the first four
papers do not even mention this topic and the Yu et al. (2008) papers only provides a
similar sentence (on page 3 of that paper) “Generally speaking, the modal approach
offers the advantage of being computationally efficient, whereas the sectional repre-
sentation provides more accuracy at the expense of computational cost.” However Yu
et al. (2008) is not a paper comparing the computational expense between the two
approaches. Interestingly, this sentence is nearly quoted nearly verbatim in the earlier
McKeen et al. (2007) paper on page 3: “As a general rule, the modal approach offers
the advantage of being computationally efficient, whereas the sectional representation
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provides more accuracy at the expense of computational cost.” In the next sentence
by McKeen et al. (2007), there is a correct citation on comparing modal and sectional
approaches. Liu et al. (2011) also does not even mention this topic. So it seems that
the authors are providing no citations here that are relevant to their statement, yet there
are many such papers on the topic.

ReplyïijŽ

Thanks a lot for helpful suggestion. These sentences have been deleted in the revised
manuscript.

Page 25659, lines 19-21: There is only one sentence on the chemical boundary con-
ditions. A little more description is needed. Do the boundary conditions vary in time?
Are the aerosol species in GEOS-Chem the same as in CMAQ? If not, how are the
aerosols from the GEOS-Chem mapped to CMAQ? What is meant by the “annual 2006
GEOSChem simulation”? 2006 is mentioned here, but the case study period has not
even been described yet.

ReplyïijŽ

Thanks a lot for helpful suggestion. We do have this type of information. To address the
reviewer’s comment, the following sentence “A detailed description of mapping GEOS-
Chem species to CMAQ species for LBCs is presentenced by Henderson et al (2014)”
has been added in the revised manuscript. The reference “Henderson, B. H., Akhtar,
F., Pye, H. O. T., Napelenok, S. L., and Hutzell, W. T.: A database and tool for boundary
conditions for regional air quality modeling: description and evaluation, Geosci. Model
Dev., 7, 339-360, doi:10.5194/gmd-7-339-2014, 2014.” has been added in the revised
manuscript too.

Section 2.2: The authors summarize aerosol-cloud-radiation interactions that have
been largely described previously, so I am not sure the level of detail is necessary.
Are any of the details for how the authors implement aerosol-cloud-radiation interac-
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tions any different than the previously cited studies?

ReplyïijŽ

Thanks a lot for helpful suggestion. Again, we think that this is necessary because this
is first document.

Page 25662, line 20-24: Some references are needed here and in Table 3 on how
the hygroscopic parameters are chosen. Since they employ an approach similar to
WRFChem, it would be useful for user’s to know if they are different (or from other
models for that matter).

ReplyïijŽ

Thanks a lot for helpful suggestion. Although we employ an approach similar to WR-
Chem, WRF-CMAQ has much more aerosol species. The hygroscopic parameters are
chosen on the basis of the review of literature as described in the manuscript. Since
we are not trying to compare our work to WRF-Chem, it is not necessary to compare
everything here to those of WRF-Chem.

Page 25663, lines 9-23: The discussion on interstitial and cloud-borne aerosols seems
very similar to the methodology employed in WRF-Chem. There is not much discussion
on how aerosol mass is moved between cloud-borne and interstitial aerosols.

ReplyïijŽ

Thanks a lot for helpful suggestion. We did have a sentence “When a cloud dissipates
in a grid cell, cloud droplets evaporate and aerosols are resuspended, i.e., they transfer
from the cloud-borne to the interstitial state.” in the manuscript. Actually, this is only way
to transfer cloud-borne aerosol to interstitial aerosols in the model as we understand.

Page 25664, line 1: Again, the publically available WRF-Chem code has already cou-
pled aerosol chemistry to the Morrison microphysics scheme by including aerosol cloud
interactions (Yang et al. 2011). Is the present approach different or the same? If it is
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the same, a citation is important. If it is not, then the differences should be articulated.

ReplyïijŽ

Thanks a lot for helpful suggestion. This has been addressed before. The publically
available WRF-Chem code did not consider ice nucleation scheme from the aerosols.
Our newly-developed WRF-CMAQ considered this.

Section 2.2.2: What is missing from this section is a discussion of the uncertainties
in IN parameterizations. Parameterizations, like the one used in this study, have been
compared with field observations to show that there is no best parameterization.

ReplyïijŽ

Thanks a lot for helpful suggestion. Again, to address the reviewer’s comments, the fol-
lowing sentence “Note that the treatment of homogeneous and heterogeneous ice nu-
cleation in models is highly uncertain (Liu et al., 2007). This study focuses on the eval-
uation of aerosol effects on cloud radiative properties (including warm, mixed-phase
and ice clouds). Future studies will be done to specifically evaluate the model perfor-
mance against some cold cloud cases (e.g., ISDAC) (Ma et al., 2013). ” has been
added in the revised manuscript.

Page 25670, line 14: The phrase “both models” is not quite right. The authors are
using one model with two different parameterizations.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, “both config-
urations” has been used in the revised manuscript.

Page 25671, line 8: I think there are plenty of acronyms used in the paper, and “WUS”
and other uses like this here and elsewhere is not needed.

ReplyïijŽ
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Thanks a lot for helpful suggestion. But we feel that this is needed.

Page 25671, line 20: It is not clear the averaging period for the numbers quoted here.
Are the factors based on 1-h average or 24-h average?

ReplyïijŽ

Thanks a lot for helpful suggestion. The factors are based on 24-h average as we
have the following description “Following the protocol of the IMPROVE network, the
daily (24-h) PM2.5 concentrations at the AQS sites were calculated from midnight to
midnight local time of the next day on the basis of hourly PM2.5 observations.” in the
paper.

Page 25672, lines 6-7: It is not clear how this statement follows the previous material
that says SO4, NO3, and NH4 are too high. Is it because too few clouds means too
little wet removal? Be specific and clarify.

ReplyïijŽ

Thanks a lot for helpful suggestion. Here we are talking about the results over the
eastern Texas domain in Table 6 while previous material is saying the results over the
eastern US and western US. They are for different things.

Page 25674, line 16: The authors here mention the performance for cloud fields. There
are several places in the text where this is done. It may be more clear if the meteoro-
logical performance is discussed prior to the discussion on PM2.5.

ReplyïijŽ

Thanks a lot for helpful suggestion. Again, we need know the model performance on
aerosols first as we are studying aerosol effect on the cloud fields. Here we try to
explain the results of PM2.5 model performance.

Page 25675, lines 5-19: The discussion is missing something about how the model re-
sults are averaged in time to match the CERES observations where monthly averages
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were created (as stated in section 3.2). Since the CERES results are at a coarser res-
olution (1x1 degree) than the model, it would make more sense to average the model
results to the 1x1 degree grid for statistical and graphical comparisons.

ReplyïijŽ

Thanks a lot for helpful suggestion. We feel that either interpolate CERES data to the
CMAQ model domain or interpolate the model data to the CERES domain make sense
as you can see from our Figures 9, 10, 13 and 14 because the CERES observational
data are always the basis for the model evaluation. Actually, to get the scatter plot
results in Figures 11, 12, 15, 16, 17, 18, 20, 21, 22, 23, the model results with the same
observation are averaged to represent the model result for that observation. To address
the reviewer’s comments, the following sentence “Since the CERES observational data
are at a coarse resolution than the model, the model results with the same observation
are averaged to represent the model results for that observation when scatter plots in
Figures 11, 12, 15, 16, 17, 18, 20, 21, 22 and 23 are drawn.” has been added in the
revised manuscript.

Page 25675, line 21: The paragraph starting on this line seems to have no connection
to the following material. The paragraph talks about the ratio SWCF/LWCF and that
concept does not seem to be brought up until much later for Figs. 17-18. Why not
move that material closer to the discussion of the results?

ReplyïijŽ

Thanks a lot for helpful suggestion. This is done in the revised manuscript.

Page 25676, line 26-27: I think it is highly unlikely that the reason for the underestima-
tion of cloud could be due to the lack of aerosol indirect effects in subgrid convective
clouds.

ReplyïijŽ

Thanks a lot for helpful suggestion. According to what we understand, we think that
C13120



this is one of the reasons.

Page 25677, line 1: This line refers to figures 11 and 15. It seems that there was no
text describing Figures 9 and 10. If figures are not described, why are they included in
the paper? This is very confusing. It is also confusing as to why the reader has to jump
from Figure 11 to Figure 15. If they are being talked about in the same context, maybe
the figures need to be together. My same comments hold for all the description on the
tables and figures in Section 4.2. The text seems to skip figures and jump around quite
a bit and it is very hard to follow the text throughout this section.

ReplyïijŽ

Thanks a lot for helpful suggestion. In the beginning of the section 4.2, we have the
following description “ The results for SWCF, LWCF, |SWCF|/LWCF, COD and cloud
fractions over land and ocean areas of the EUS and WUS are shown in Figures 9
to 12, 13 to 16, 17 to 18, 19 to 21 and 22 to 23, respectively. . . .. . .. . . As shown in
Figures 9, 11, 12, 13, 15, 16, 17, 18, 19, 20 and 21, the model performances are
very different over land and ocean areas for the 12-km resolution simulations over the
CONUS domain.”. There are different ways to organize the figures. This is why we
mention Figure 11 (SWCF) and Figure 15 (LWCF) in our paper.

Page 25677, lines 2-3: This is a strange sentence. The 4 km simulation resolves
clouds that the 12 km simulation cannot, and thus are “subgrid” in relation to the 12
km simulation. But the way the sentence says the 4 km simulations resolves subgrid
clouds, which is not entirely true. A large fraction of convective cells will be at smaller
scales that 4 km. The statement also says that both the higher resolution and inclusion
of aerosol captured the SWCF and LWCF better than the simulation without aerosols.
This is true from the domain averaged statistics in Table 9, but it is not that clear from
Figures 10 and 11.

ReplyïijŽ

C13121

Thanks a lot for helpful suggestion. We believe that the 4-km simulation can resolve
subgrid convective clouds mostly. Definitely, some subgrid convective clouds can be
smaller than 4 km. There is debate about this. On the other hand, the domain averaged
statistics can give more averaged results and good picture. This is reason why we need
domain averaged statistics.

Page 25678, lines 16-18: There are likely many cloud dynamists who would disagree
with this statement. And it depends what metric one is looking at. While top of at-
mosphere radiation may be improved, what about other factors from the models that
are more relevant to applications, i.e. near-surface temperature and humidity, pre-
cipitation, storm occurrence/frequency, etc. The authors do show metrics on surface
aerosol concentrations and precipitation. While aerosol concentrations are improved,
precipitation is less convincing. One could simply change the turbulence, convection,
and/or microphysics parameterizations and obtain similar or bigger differences.

ReplyïijŽ

Thanks a lot for helpful suggestion. We agree that other factors are also important. To
address the reviewer’s comment, the following sentence “Note that other factors such
as the turbulence, convection and/or microphysics parameterizations can be also very
important for simulating cloud fields.” has been added in the revised manuscript.

Page 25682, Section 5: Most of this text is summary material so that the section title
should probably be changed to “Summary”. The conclusions do not appear until the
last short paragraph.

ReplyïijŽ

Thanks a lot for helpful suggestion. This is done in the revised manuscript.

Figure 1: The figure caption does not say whether the results are a monthly average
or a snapshot in August. Given that the model domains are shown in subsequent
plots, I’m not sure how much it adds here. Perhaps if it include the locations of surface
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measurements that were used to evaluate the model, for example show the simulated
PM2.5 distribution compared to observations which is not done elsewhere.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, the following
sentence “monthly mean” has been added in the revised manuscript.

Figure 3: The flow chart has no arrows from the droplet or ice effective radius to radia-
tion, so it looks like there is no effect of aerosol-cloud interactions on radiation.

ReplyïijŽ

Thanks a lot for helpful suggestion. To address the reviewer’s comments, Figure 3 has
been modified in the revised manuscript.

Figure 4: The caption should include the time period of the data points used. In the text
sometimes the authors refer to August or September, so it is not clear if these results
are one month or both.

ReplyïijŽ Thanks a lot for helpful suggestion. In the text and Table 4, we already said
that it is for the August of 2006. To address the reviewer’s comments, the following
sentence “for August of 2006” has been added in the revised manuscript.
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