This work compares the performance of different WRF simulation configurations on the accurate
depiction of supercooled liquid water by comparing a particular event to flight observations. Overall,
the manuscript is well written, it presents the methods and results clearly, and gives a good and
thorough description of the model limitations that may explain the biases in the resulting performance.
It seems like a novel simulation configuration using CAMS data is performed, thus its benchmarking
is the main contribution of the study. The manuscript could benefit from a better explanation of its

novelty and proposing future work to overcome the reported biases of the new approach.

We sincerely appreciate the reviewers’ valuable comments, which have greatly strengthened the
manuscript. We have revised the manuscript accordingly and believe that the revised version is now
more complete. The rewritten abstract highlights the key innovations of this study, and the conclusion
outlines potential improvements to address the biases associated with the new approach in future work.
Please refer to our point-by-point responses in blue text, and note that revisions in the manuscript are

indicated in italic text.

Minor comments

-Please revise the title, as the core of the manuscript does not reflect its focus

We have revised the title to “Quantitative Assessment of Supercooled Liquid Water Sensitivity to
Different Aerosol Field Inputs over the Sichuan Basin”, which we believe effectively captures the

focus of the study.

- The abstract does not clearly explain which simulation configuration is novel, and it also does not
clearly explain which are clean and polluted conditions. Also, it is not clear if the synoptic scale is
compared with a reference

We consider it a novelty of this study to quantitatively assess the properties of supercooled liquid
water using different aerosol inputs and to represent near-real-time aerosol conditions with typical
aerosol number densities and size distributions characteristic of East Asia. We also provide clear
definitions of clean and polluted conditions, and explicitly use ERAS as a reference for the synoptic-

scale distribution of supercooled liquid water. The revised abstract is as follows:



Abstract. Aerosol-cloud interactions profoundly influence the formation and evolution of supercooled
liquid water, a key factor in in-flight icing. However, accurately quantifying aerosol emission
inventories and their spatiotemporal distributions remains a major challenge, particularly in high-
aerosol environments such as the Sichuan Basin in China. In this study, the Thompson-Eidhammer
aerosol-aware microphysics scheme is applied to a high-aerosol icing event to quantitatively assess
the sensitivity of supercooled liquid water properties to different aerosol inputs. Three aerosol
configurations are examined: (1) the scheme’s default settings representing clean conditions; (2)
climatological aerosol values representing polluted conditions; and (3) near-real-time aerosol fields
from the Copernicus Atmosphere Monitoring Service (CAMS), which are converted from mass to
number concentrations using typical densities and size parameters for major East Asian aerosol
species, representing polluted and more realistic environments. All simulations reproduce the
synoptic-scale supercooled liquid water and temperature distribution when compared with ERAS.
Relative to clean conditions, polluted-environment simulations produce higher supercooled liquid
water content, larger cloud droplet number concentrations, smaller median volume diameters, and
longer cloud lifetimes. The experiments also reveal that stronger auto-conversion in clean conditions
suppresses supercooled liquid water formation, whereas enhanced riming in polluted environments
promotes supercooled liquid water depletion. In situ aircraft observations further indicate that the
CAMS-driven experiment performs best in capturing the high supercooled liquid water content and
large median volume diameters. These findings underscore the importance of near-real-time aerosol
inputs for improving simulations of aerosol-cloud interactions and predicting aircraft-icing

environments.

- The research gap (L79-L86) is presented in terms of a previous study of these authors. This should
be improved by informing the state of the art of all relevant works that have similar research initiatives.

Similarly, while the topic of interest is mentioned, the simulation configurations are not justified

In the revised manuscript, we have emphasized the importance of accurately representing aerosol
particle size and number concentration distributions, expanded the discussion of existing research gaps,

and summarized the current progress in this field. In addition, we provide further justification for the



simulation configurations, explaining the rationale for selecting the different experimental setups and

citing relevant references:

In recent years, numerical models have integrated several double-moment microphysics schemes to
simulate ACI, yielding promising advancements in the representation of cloud microphysics (Glotfelty
etal., 2019). These schemes typically rely on fixed, prescribed, or simply parameterized aerosol inputs,
such as aerosol number concentration, size distribution, and chemical composition, to estimate the
number of particles activated as CCN, which subsequently form SLW. Because these schemes do not
require complex emission inventories or detailed chemical boundary conditions, they are well suited
for proof-of-concept simulations and sensitivity experiments investigating the effects of aerosol
perturbations on cloud microphysics. A representative example is the Thompson-Eidhammer aerosol-
aware scheme. Thompson and Eidhammer (2014) first implemented this scheme and assessed
precipitation in a large winter cyclone using empirical climatological aerosol emission data. The
scheme is then applied to simulate in-flight icing, assessing key characteristics such as liquid water
content, median volume diameter (MVD), cloud droplet number concentrations (CDNC), and
temperature in aircraft icing environments (Thompson et al., 2017). Weston et al. (2022) apply the
scheme to evaluate the influence of different initial CCN number concentrations during two fog events
in Namibia. Thomas et al. (2021) use the scheme to successfully capture the spatial and temporal
evolution of an extreme rainfall event in southwestern India. Subsequent studies aim to enhance

simulation performance by incorporating more realistic aerosol emissions.

Previous studies have shown that the chemical composition of aerosols has a much smaller influence
on ACI than their concentration and particle size (Dusek et al., 2006; Ward et al., 2010). Therefore,
continuously improving the representation of aerosol particle size and number concentration
distributions in models is crucial. Li et al. (2024) incorporated aerosol fields from the Common
Community Physics Package to improve precipitation simulations over Europe and North America.
He et al. (2025) converted CAMS aerosol mass mixing ratios into particle number concentrations
under different aerosol concentration background using a lognormal distribution assumption, and
further investigated how variations in microphysical processes within the Southwest Vortex over

China influence precipitation patterns. Wu et al. (2024) improved the simulation of SLW by



incorporating aerosol concentrations for different particle size bins derived from the Community

Multiscale Air Quality model.

Several studies have examined the role of aerosols in SLW formation and icing processes, yet few have
explicitly evaluated aerosol-aware microphysics schemes under uniquely high-aerosol conditions.
Building on our previous analysis of in-flight icing events over the Sichuan Basin (Yuan et al., 2025),
which revealed higher aerosol concentrations, greater CDNC, and smaller cloud droplet sizes
compared with typical icing environments, this study aims to systematically assess the performance of
an aerosol-aware microphysics scheme in simulating SLW properties under such conditions, thereby
addressing this research gap. We employ the Thompson—-Eidhammer aerosol-aware microphysics
scheme and design three aerosol input configurations to evaluate its performance and sensitivity: (1)
the scheme’s default aerosol settings as a baseline; (2) climatological aerosol values representing
typical background conditions; and (3) near-real-time aerosol data from the Copernicus Atmosphere
Monitoring Service (CAMS). This configuration strategy allows the experiments to span a realistic
range of aerosol environments and enables a quantitative assessment of how aerosol variability
influences SLW production. In particular, the use of CAMS data provides physically consistent aerosol
loading fields, thereby enhancing the realism of the simulations and enabling diagnosis of limitations

in the default parameterization under high-aerosol conditions.

References

Dusek, U., Frank, G. P., Hildebrandt, L., Curtius, J., Schneider, J., Walter, S., ... & Andreae, M. O.: Size
matters more than chemistry for cloud-nucleating ability of aerosol particles, Science, 312(5778),
1375-1378, 2006.

Ward, D. S., Eidhammer, T., Cotton, W. R., and Kreidenweis, S. M.: The role of the particle size
distribution in assessing aerosol composition effects on simulated droplet activation, Atmos. Chem.

Phys., 10, 5435-5447, https://doi.org/10.5194/acp-10-5435-2010, 2010.

He, Y., Zhao, P., Xiao, H., & Zhao, C.: Structural difference on the response of microphysical and

precipitation processes to aerosol perturbation in a quasi-stationary Southwest Vortex system, J.

Geophys. Res. Atmos., 130(1), e2024JD041767, https://doi.org/10.1029/2024JD041767, 2025.



https://doi.org/10.5194/acp-10-5435-2010
https://doi.org/10.1029/2024JD041767

- If I understand correctly, only the initial conditions are varied within all the experiments. Does this
mean that there are no emissions during the simulation? Could this lead to specific biases when

comparing to the observations?

In the Thompson—Eidhammer aerosol-aware microphysics scheme, a constant-in-time fake surface
aerosol emission (or flux/tendency) is calculated as a two-dimensional field using the mean surface
wind and the initial near-surface number concentration of water-friendly aerosols (WFA), according

to the following relation applied only at the model’s lowest level:
defa/dt = 10[10g(NWfa)_3.69897]

In contrast, no surface emission tendency is applied for ice-friendly aerosol (IFA) (Thompson and

Eidhammer, 2014).

- When presenting the results, ERA5 reanalysis data performs poorly. What could be causing such

poor performance in a reanalysis product?

We found that, compared with ERA5, the numerical simulation performs reasonably well in capturing
the synoptic-scale temperature field and the distribution of supercooled liquid water (SLW). However,
the locations of the SLW maxima differ: the simulations place the peak SLW west of the icing region,

along the mountainous margins of the basin, whereas ERA5 does not exhibit these maxima.

This discrepancy primarily arises from two factors. First, the coarse spatial resolution of ERAS5 limits
its ability to resolve terrain-induced local ascent, condensation, and mixed-phase microphysical
processes. Orographic lifting generates pronounced windward-leeward contrasts and strong localized
circulations that govern where liquid water forms; however, these features are overly smoothed or
displaced in ERAS. As a result, representativeness errors occur, leading to biases in the liquid water
content. Moreover, the simplified cloud and microphysical parameterizations used in global reanalyses

further exacerbate these biases in mountainous regions.

Second, the ERA5S dataset is produced by assimilating diverse observational data into a numerical

weather prediction model, and the accuracy of cloud water depiction depends heavily on the



assimilated observations. In regions with complex terrain, the scarcity of observational data poses
significant challenges for the assimilation process, ultimately reducing the reliability of the retrieved

cloud water fields.

We have revised the second paragraph of Sect. 3.1 as follows:

“The synoptic-scale distributions of temperature and SLW path in ERA5 (Fig. 3d) are generally
consistent with those in the three numerical experiments, but the locations of the SLW maxima differ.
The simulations place the peak SLW west of the in-flight icing region along the mountainous margins
of the basin, whereas ERA5 does not capture these maxima. This discrepancy is primarily attributable
to the relatively coarse spatial resolution of ERA5 (approximately 30 km), which is insufficient to
resolve the physical processes and atmospheric dynamics associated with topographically induced
local ascent over complex terrain. As a result, orographic uplift and the accompanying cloud
structures are smoothed or displaced, leading to biases in the SLW path. In addition, the scarcity of
observational data in mountainous regions poses challenges for the assimilation process, further
reducing the reliability of the cloud water fields (Jiao et al., 2021; Wang et al., 2025; Hellmuth et al.,

2025).”
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- The last paragraphs in the discussion try to explain the differences between simulations and
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observations, but the discussion is mainly descriptive. Based on the features that contribute to each
difference, are there ideas that could improve future research? For instance, other microphysics

schemes.

We mentioned future research plans in lines 427, 434, and 440, including the use of alternative

microphysics schemes. In the revised manuscript, we have clarified this plan as follows:

“Future research will focus on improving the parameterization of cloud droplet nucleation and ice

nucleation, or evaluating the performance of other microphysics schemes. ”

- Finally, these conclusions are all for a single case study. Can we consider this case study "normal”
in order to generalize the conclusions? If not, how can you caution the readers about particular features

that may not occur in other cases?

It should be acknowledged that the conclusions presented in this study are derived from a case-study
framework. Regarding the generality of the finding that “polluted environments contain more SLW

and exhibit stronger riming than clean environments,” we offer the following discussion:

“Notably, our three numerical experiments show an apparently monotonic SLW increase with CCN
concentration. However, extensive research on convective clouds indicates that cloud water often
responds non-monotonic to aerosols, with an optimal cloud development occurring at intermediate
CCN levels (Dagan et al., 2017; Deng et al., 2024; Jeon et al., 2018). When CCN concentrations are
below this optimal range, increasing CCN enhances condensation and cloud water, whereas excessive
CCN leads to numerous small droplets, enlarged total droplet surface area, and strengthened
evaporation, ultimately reducing cloud water. Similarly, although our simulations indicate stronger
riming under polluted conditions, previous studies have shown that riming efficiency depends on a
balance among hydrometeor size, cloud droplet concentration, and collision kernel (Cui et al., 2011).
Riming may be suppressed under both extremely clean conditions, where droplet concentrations are
insufficient, and extremely polluted conditions, where droplets are too small for effective collection
(Barthlott et al., 2022; Cheng et al., 2010; Cui et al., 2011). Because this study only contrasts two
aerosol states (clean and polluted), it cannot capture the full aerosol spectrum or the potential peak

responses of riming that would emerge under intermediate aerosol conditions.”
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Line-by-line comments/suggestions

L108 measurements "were"

Corrected

Fig. 1: The mentioned arrow is not clear

Changed

L176 This is a generic description; it'd be more useful to close the sentence explaining what will be

used in this work
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At the end of the paragraph, we clarify the approach used in this study:

“In this study, we adopt fixed background values and reanalysis datasets inputs.”
L215 derived by whom?

derived by Equation (4)

Fig. 4. Domain-averaged means, Flight path averaged here, correct?

The domain-averaged region refers to an area centered at 29N, 105<, extending 50 km in all

directions, which encompasses the orange path shown in Figure 1b.

Table 2: Do these values correspond to statistics of all data in space and time? Or at particular timesteps?

Or at specific domains as the flight path?

These values represent statistics over all simulated times and spatial domains.

L277 Specify what the above speculation is

The above speculation refers to the influence of droplet size on the efficiency of the collision-

coalescence process. We revised the sentence to:

“The above speculation regarding the influence of droplet size on the efficiency of the collision-

coalescence process is further supported by analysing the source and sink terms of cloud water.”

Fig. 5. What is QCten? Not explained in the manuscript.

QCten represents the cloud water mass tendency (i.e., the net rate of change of the total cloud water
mixing ratio), which is the sum of all source and sink terms, including condensation/evaporation, auto-

conversion, accretion, and freezing. We have added this information to Table 3.



