List of Changes

March 16, 2025

All sections, paragraphs, and figures refer to the revised manuscript. In the marked-up version of the
revised manuscript, all changes are highlighted in red.

1) We added a version number to the title.

ICON-HAM-lite 1.0: ...

2) In the abstract, we revised the first sentence.

. nuclei for cloud droplets and ice crystals.

3) In the abstract, we revised the last sentence.

the emission of dust aerosols by cold pool outflows in the Sahara and the interaction of sea
salt aerosols and shallow convective storms around the doldrums.

4) In section 1, we revised two sentences in the second paragraph.

... decades (Tegen et al., 2019). ... few years.

5) In section 2.1, we revised a sentence in the first paragraph.

..., also referred to as dry radius, ...

6) In section 2.1, we revised a sentence in the second paragraph.

... dry radius ...

7) In section 2.1, we added a sentence to the second paragraph.

The wet radius and density are used throughout the calculation of aerosol processes as described in
section 2.3.



8)

10)

11)

12)

13)

14)

In section 2.1, we added three sentences to the last paragraph.

We acknowledge that the one-moment scheme HAM-lite has limitations in comparison to the two-
moment scheme HAM. Since it carries no information about the aerosol size, there is no explicit
representation of nucleation, growth, and ageing. And there is no ability to adjust the aerosol size
in response to activation and wet deposition (Stier et al., 2005; Siebesma et al., 2020).

In section 2.2, we corrected a sentence in the second paragraph.

There are three parameterization schemes, one for cloud microphysics, one for radiation, and one
for turbulence ...

In section 2.2, we added revised a sentence in the second paragraph.

The cloud droplet number and ice particle number are not prognostic but prescribed or diagnosed.

In section 2.2, we added a paragraph.

Partially resolved processes such as shallow convection or orographic drag are not parameterized.
As outlined by Hohenegger et al. (2023), there are three main reasons for this choice. First, a lean
code with few parameterization schemes can be ported more easily to new systems such as the new
exascale cluster of the Forschungszentrum Jiilich (2025). Second, parameterization schemes do not
converge as the resolution is refined, which would be problematic for future simulations with ever
increasing resolutions. Hohenegger et al. (2020) showed that some large-scale quantities such as net
shortwave radiation start to converge at resolutions of about five kilometers. Third, ICON-MPIM
is intended for Earth system research and not operational weather forecasting. Simple physics make
it easier to understand, for example, the impact of processes that remain partially resolved or pa-
rameterized at kilometer scales.

In section 2.3.1, we added two sentences to the first paragraph.

Due to the absence of microphysical processes, emissions are directly added to modes without
any intermediate steps. In reality, precursor gases such as sulphur dioxide form secondary aerosols
by nucleation (Siebesma et al., 2020).

In section 2.3.1, we replaced the reference to Tegen et al. (2019) with Tegen et al.
(2002) in the first paragraph.

... Tegen et al. (2002), ...

In section 2.3.1, we revised a sentence in the first paragraph.

The mass fluxes from the emission sectors are converted into number fluxes based on the radius of
average mass of the mode, i.e.,
3
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15)

16)

17)

18)

19)

20)

where Sem s is the mass flux of species k in sector s.

In section 2.3.6, we corrected the spelling of asymmetry.

. asymmetry ...

In section 3.1, we revised the caption of table 2.

Dry radii ... Standard deviations (o) of modes were also taken from ECHAMG6.3-HAM?2.3, i.e.,
2.00 for the dust and sea salt modes and 1.59 for the carbonaceous and sulfuric modes.

In section 3.1, we added the three sentences to the second paragraph.

The biogenic emissions were taken from Guenther et al. (1995). As in HAM (Stier et al., 2005;
Tegen et al., 2019), we assume that 15 % of biogenic monoterpene emissions form secondary organic
aerosols (SOA) directly at the surface. We acknowledge that, in reality, SOA also form above the
surface.

In section 3.1, we added a sentence to the second paragraph.

... dry radii ... While the dry radii of the dust and sea salt modes were adjusted only marginally,
the dry radii of the two carbonaceous and sulfuric modes were increased significantly since their
initial lifetimes were too long.

In section 4, we revised a sentence in the first paragraph.

the emission of dust aerosols by cold pool outflows in the Sahara or the interaction of sea
salt aerosols and shallow convective storms around the doldrums.

In section 4.1, we revised the first paragraph.

Table 4 shows the aerosol burdens and fluxes of our simulation and of the CLIM simulation
with ECHAMG6.3-HAM2.3 averaged over the years 2003 to 2012 (Tegen et al., 2019). Table 5 shows
the aerosol burdens, emissions, lifetimes, and optical depths at 550 nm of our simulation and of the
AeroCom phase 3 model intercomparison, including ECHAMG6.3-HAM2.3, averaged over the year
2010 (GliB et al., 2021). ECHAMG6.3-HAM?2.3 used different sea salt emission schemes in the two
studies leading to differences in the sea salt emissions and burdens. The values of AeroCom, compar-
ing more than 10 models, are subject to large uncertainties. For example, the standard deviations
of the lifetimes range between 29 % for organic aerosol to 91 % for sea salt. ... ECHAMG6.3-HAM2.3
and AeroCom. The largest differences are observed for carbonaceous aerosols, which is caused by
too low biomass burning emissions (Tegen et al., 2019; Salzmann et al., 2022). In future simulations,
we plan to use wildfire emissions from the GFAS database (Kaiser et al., 2012) and anthropogenic
emissions from the CEDS database (Hoesly et al., 2018; Feng et al., 2020), which are based on more
recent observations and provided at higher resolutions than the AeroCom-II ACCMIP database
(Heil et al., 2022).



21) In section 4.1, we revised table 4.

Global mean aerosol burdens and fluxes of ICON-HAM-lite averaged over February 2020 to January 2021
and of ECHAMG6.3-HAM2.3 (CLIM simulation) averaged over the years 2003 to 2012 (Tegen et al., 2019).

Burden (Tg)

Emission (Tgyr—1)

Dry depos. (Tgyr—!)

Wet depos. (Tgyr—!)

ICON-HAM-lite
Dust
Sea salt
Carbonaceous
Sulfuric
ECHAM-HAM
Dust
Sea salt
Black carbon
Organic aerosol
Sulfate

19.65
8.771
0.747
2.817

16.5
3.9
0.14
1.0
2.22

1873
2823
48.05
219.2

1124
1212
8.1
69.0
218.7

1066
369.3
11.30
42.90

447
353
0.73
5.58
8.33

807.1
2447
36.38
175.5

687
863
7.4
64.4
209.4




22) In section 4.1, we revised table 5.

Global mean aerosol burdens, emissions, lifetimes, and optical depths at 550 nm of ICON-HAM-lite av-
eraged over February 2020 to January 2021 and of ECHAM6.3-HAM2.3 and AeroCom phase 3 averaged
over the year 2010 (Glif§ et al., 2021).

Burden (Tg) | Emission (Tgyr~!) | Lifetime (d) | Optical depth
ICON-HAM-lite
Dust 19.65 1873 3.828 0.0098
Sea salt 8.771 2823 1.133 0.0397
Carbonaceous 0.747 48.05 5.670 0.0074
Sulfuric 2.817 219.2 4.689 0.0347
ECHAM-HAM
Dust 19.5 1170 6.0 0.031
Sea salt 10.3 5920 0.63 0.058
Black carbon 0.174 9.8 6.4 0.002
Organic aerosol 1.14 69.2 6.0 0.013
Sulfate 2.58 218.0 4.3 0.045
AeroCom phase 3 (median)
Dust 16.6 1440 3.7 0.021
Sea salt 8.7 4980 0.56 0.044
Black carbon 0.131 9.7 5.5 0.002
Organic aerosol 1.91 116.0 6.0 0.022
Sulfate 1.80 143.0 4.9 0.035




23) In section 4.1, we revised figure 5.

(a) dust (ugkg~1) (b) sea salt (ugkg~1) (c) carbonaceous (ugkg1) (d) sulfuric (ugkg™1)
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Global mean mass mixing ratios of aerosols averaged over February 2020 to January 2021: dust (a), sea
salt (b), carbonaceous aerosol (c), and sulfuric aerosol (d).

24) In section 4.1, we revised three sentences in the third paragraph.

25)

26)

27)

Dust aerosols are lifted up to about 6 km by convective storms, and some aerosols rise even further
up to about 12km. In contrast, sea salt aerosols are washed out by low marine clouds, and only few
aerosols rise above 2km. The profile of carbonaceous aerosols shows a local peak at about 14 km,
whereas the profile of sulfuric aerosols decreases monotonically with the altitude.

In section 4.1, we revised a sentence in the third paragraph.

... dry radius ...

In section 4.1, we revised a sentence in the last paragraph.

the optical depth of our simulation and the MODIS-Aqua satellite, i.e., the combined dark
target and deep blue product (Platnick et al., 2015).

In section 4.1, we added a sentence to the last paragraph.

Note that observations from satellites are subject to some uncertainties as discussed by Vogel et al.
(2022). On average, the optical depth of MODIS is larger than those of other satellites especially
over the ocean (Vogel et al., 2022, tables 2 and 3).



28) In section 4.1, we revised figure 6.

(a) ICON-HAM-lite (0.104) (b) MODIS-Aqua (0.171)
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Aerosol optical depth at 550 nm of ICON-HAM-lite averaged over February 2020 to January 2021 (a) and
of MODIS-Aqua, i.e., the combined dark target and deep blue product (Platnick et al., 2015), averaged
over 2018 to 2022 (b). The spatial average over 60° S to 60° N is given in brackets.

29) In section 4.1, we revised a sentence in the last paragraph.

.. (0.171).

30) In section 4.1, we added two sentences to the last paragraph.
The optical depths of these two modes are also lower than those of the MACv2 aerosol clima-
tology of Kinne (2019), which is commonly used in simulations with ICON-MPIM (Hohenegger

et al., 2023). The predefined optical depths are 0.031 for dust, 0.028 for sea salt, 0.022 for organic
aerosol, and 0.037 for sulfate (Kinne, 2019, table 1). There are several ways to address these biases.

31) In section 4.1, we added a sentences to the last paragraph.

Third, we plan to include secondary aerosols from nucleation (Stier et al., 2005).

32) In section 4.2, we corrected a sentence in the first paragraph.

Carbonaceous aerosols are emitted by wildfires, predominantly in Central Africa and South Amer-
ica, and transported over the ocean by trade winds.

33) In section 4.2, we corrected a sentence in the second paragraph.

Previous studies have shown that aerosol-cloud interactions play an important role in cyclones.

34) In section 4.2, we corrected a sentence in the third paragraph.

. diverging cold pools that originate from convective downdrafts and mesoscale circulation that



lifts air at the gust front.

35) In section 4.2, we corrected a sentence in the third paragraph.

mesoscale dynamics and the associated dust storms and need to compensate for that with
the aid of tuning parameters (Marsham et al., 2011; Prein, 2023).

36) In section 5, we revised a sentence in the first paragraph.

... dry radius ...

37) In section 5, we revised a sentence in the second paragraph.

.. emitted by trade winds and washed out by low marine clouds.

38) In section 5, we revised a sentence in the second paragraph.

.. emitted from wildfires and transported over the ocean.

39) In section 5, we added two sentence to the last paragraph.

We plan to evaluate the aerosol processes more in-depth, to update the emission database, to
fine tune parameters like aerosol size, and to add secondary aerosols from nucleation. In particular,
we aim to improve the representation of the aerosol optical depth and absorption optical depth,
which will be important for studies on aerosol forcing.

40) We revised the code and data availability statement.

The source code that we used to perform the simulation is available on Zenodo (Weiss et al.,
2024a). The data and scripts that we used to generate the figures are available on Zenodo as well
(Weiss et al., 2024b).

41) We extended the acknowledgements.

ICON-HAM-lite has been developed at the University of Oxford as a reduced complexity version
of the ICON-HAM model. ICON-HAM is developed by a consortium composed of the Center for
Climate Systems Modeling (ETH Zurich and MeteoSwiss), Max-Planck-Institute for Meteorology,
Forschungszentrum Jiilich, University of Oxford, Finnish Meteorological Institute, and Leibniz In-
stitute for Tropospheric Research (TROPOS), and managed by TROPOS.
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Response to Referee #1

March 16, 2025

We thank the referee for the valuable comments, which we took into account in the revised manuscript.
Below you find the referee’s comment and our response.

1)

Comment: The model version numbers are missing but the title properly describes the paper con-
tents.

Response: We added a version number to the title.

= Change 1

Comment: This model lacks secondary aerosol formation (sulfate and SOA) and this should be
explicitly mentioned in the model description. Lack of secondary aerosol affects the optical depth
(Figure 6). The authors attribute the deviation from MODIS observations to primary emissions
issues on page 13. This is only partially valid. Lack of SOA in the model has a large impact on the
carbonaceous aerosol simulated. AeroCom models compared in Table 5 included SOA schemes. SOA
accounts for more than half of organic aerosol globally. There is no mention of secondary aerosol
anywhere in the manuscript. The paper needs to be revised to outline this model limitation and its
impact on comparison with observations.

Response: Due to the absence of microphysical processes, emissions are directly added to modes
without any intermediate steps. We acknowledge that, in reality, precursor gases such as sulphur
dioxide form secondary aerosols by nucleation (Siebesma et al., 2020). Secondary organic aerosol
(SOA) from biogenic sources are included. As in the aerosol-climate model ECHAM-HAM (Stier
et al., 2005; Tegen et al., 2019), it is assumed that 15% of biogenic monoterpene emissions form
SOA directly at the surface. The biogenic monoterpene emissions are taken from Guenther et al.
(1995). We acknowledge that, in reality, SOA form also above the surface. We added comments to
sections 2.3.1, 3.1, 4.1, and 5.

= Change 12, 17, 31, and 39

Comment: The resolution of 5 km is not sufficient to resolve convective updrafts and downdrafts
which for deep convection have a diameter under 3 km over land and under 1 km over the oceans.
Shallow convection is even smaller in scale. Instead of trying to run with a compromise resolu-
tion globally, a better approach would have been to use a high-resolution regional domain driven by
boundary conditions form a coarser resolution global run. The authors should include more discus-
sion about their choice of the 5 km resolution. Using the term “kilometer scale” to describe a 5 km
resolution is not valid even though this has become a widely used term. This resolution does not



5)

have the dynamical process resolving power of 2 km let alone 1 km.

- The 5 km resolution is in a transition or gray zone between the need for parameterized deep con-
vection at 10 km and relatively reasonably resolved deep convection over land at 2 km. It is possible
to apply a scale-ware deep convection scheme at transition zone resolutions (Park et al., 2022)
since resolved convection is inadequate. In terms of the smaller scale shallow convection, which
is 1mportant for tracer transport, the 5 km resolution requires use of a parameterization scheme
(Pedruzo-Bagazgoitia et al., 2019).

- The 5 km resolution is not good enough to reject using a 10 km resolution and assuming hydrostatic
conditions with deep and shallow convective parameterizations. This would have the benefit of being
able to run with a 5-minute timestep instead of 40 seconds. More resources could be expended on
aerosol process representation. In spite of progress in computer speed we are still not at the stage of
running global cloud resolving models even with highly simplified chemistry and aerosol processes.

Response: The Earth system model ICON-MPIM operates without a convection scheme. As
outlined by Hohenegger et al. (2023), there are three main reasons for this choice. First, a lean
code with few parameterization schemes can be ported more easily to new systems such as the new
exascale cluster of the Forschungszentrum Jiilich (2025). Second, parameterization schemes do not
converge as the resolution is refined, which would be problematic for future simulations with ever
increasing resolutions. Hohenegger et al. (2020) showed that some large-scale quantities such as net
shortwave radiation start to converge at resolutions of about five kilometers. Third, I[CON-MPIM
is intended for Earth system research and not operational weather forecasting. Simple physics make
it easier to understand, for example, the impact of processes that remain partially resolved or pa-
rameterized at kilometer scales. We added a paragraph to section 2.2.

= Change 11

Comment: There is no evaluation of the HAM-lite model against the original HAM cited. Compar-
ison of the two schemes for test cases on small domains would give insight into the biases introduced
by the simplifications in HAM-lite. It is not particularly clear from the paper how HAM-lite pa-
rameters were tuned. This subject is work for another paper, but the authors should include more
discussion about how HAM-lite compares to HAM in terms of predicted aerosol distributions and
how HAM-Lite parameters were selected.

Response: As explained in section 3.1, the dry radii of the modes were initially taken from the
MACv2 aerosol climatology of Kinne (2019) and then adjusted to roughly match the aerosol life-
times reported by Glifi et al. (2021). For the two coarse modes, the dry radii were adjusted only
marginally. For the two fine modes, however, the dry radii were increased significantly since their
initial lifetimes were too long. We added a comment to section 3.1.

A direct comparison of HAM and HAM-lite is not possible in the moment since these two mod-
ules are coupled to different Earth system models. HAM-lite is coupled to the new km-scale model
ICON-MPIM (Hohenegger et al., 2023), whereas HAM is coupled to the coarse-scale models ECHAM
(Tegen et al., 2019) and ICON-A (Salzmann et al., 2022). To allow for a comparison, we added the
aerosol burdens, fluxes, lifetimes, and optical depths of ECHAM-HAM as reported by Tegen et al.
(2019) and Glif§ et al. (2021) to tables 4 and 5.

= Change 18, 20, 21, and 22

Comment: L104: Replace reference with (Tegen et al., 2002)



Response: We replaced the reference.

= Change 13

6) Comment: L183: Correct spelling of asymmetry.
Response: We corrected the spelling.

= Change 15
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Response to Referee #2

March 16, 2025

We thank the referee for the valuable comments, which we took into account in the revised manuscript.
Below you find the referee’s comment and our response.

1)

Comment: Transitions from emission and processing to accumulation and coarse mode is unclear.

Response: Due to the absence of microphysical processes, emissions are directly added to modes
without any intermediate steps such as nucleation. The mass fluxes are converted into number
fluxes based on the radius of average mass of the mode, i.e.,
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where Sem ks is the mass flux of species £ in sector s, Ty, j is the radius of average mass of mode j,
and Fep j s is the number flux. We extended the first paragraph of section 2.3.1.

= Change 12 and 14

Comment: Some emission inputs (e.g. biomass burning) are too coarse for km-scale modeling.

Response: We agree with the referee. In future simulations, we plan to use wildfire emissions from
the GFAS database (Kaiser et al., 2012) and anthropogenic emissions from the CEDS database
(Hoesly et al., 2018; Feng et al., 2020), which are based on more recent observations and provided
at higher resolutions. We added a comment to section 4.1.

= Change 20

Comment: Fized sizes seem too simple for interactions with ambient humidity (sulfate, seasalt).

Response: While the dry radius of a mode is constant, the wet radius varies based on the hy-
groscopic growth factor (fg)of Petters and Kreidenweis (2007), i.e.,

Tw,j = fg(T, RH,F]', /‘ij)?j,



where 7; and 7y, ; are the dry and wet radii of the mode, T is the air temperature, RH is the relative
humidity, and ; is the hygroscopicity. The wet radius is used to calculate various aerosol processes
as shown in section 2.2. We added a comment to section 2.1 and replaced ”number median radius”
with ”dry radius” throughout the manuscript.

= Change 5, 6, 7, 16, 18, 25, and 36

Comment: 60 / 7} is it unclear how humidity (via kappa) come into play, if size is fived

Response: As explained in the response to comment 3, the wet radius varies based on the hy-
groscopic growth factor of Petters and Kreidenweis (2007).

= Change 5, 6, 7, 16, 18, 25, and 36

Comment: 92 interesting ... that no convection scheme/parameterization is needed

Response: The Earth system model ICON-MPIM operates without a convection scheme. As
outlined by Hohenegger et al. (2023), there are three main reasons for this choice. First, a lean
code with few parameterization schemes can be ported more easily to new systems such as the new
exascale cluster of the Forschungszentrum Jiilich (2025). Second, parameterization schemes do not
converge as the resolution is refined, which would be problematic for future simulations with ever
increasing resolutions. Hohenegger et al. (2020) showed that some large-scale quantities such as net
shortwave radiation start to converge at resolutions of about five kilometers. Third, ICON-MPIM
is intended for Earth system research and not operational weather forecasting. Simple physics make
it easier to understand, for example, the impact of processes that remain partially resolved or pa-
rameterized at kilometer scales. We added a paragraph to section 2.2.

= Change 11

Comment: 107 emissions data are relatively coarse for km-scale models .... ?

Response: As explained in the response to comment 2, we plan to use newer databases that
are better resolved in future simulations.

= Change 20

Comment: 191 displaying the reff (effective radii) would be better, as it includes the width infor-
mation) ... there seems a size inconsistency to the MACv2 reference, as number mode radii are
picked for the two coarse modes, while (larger) effective radii are picked for the fine-mode. The
kappa approach (values are reasonable) might be useful for CCN estimates in the context of ambient
rel. humidity but are they actually used? Densities are reasonable but on the high side for carbon
and sulfate, and those might become smaller with increased aerosol water.



10)

11)

Response: As explained in section 3.1, the dry radii of the modes were initially taken from the
MACv2 aerosol climatology of Kinne (2019) and then adjusted to roughly match the aerosol life-
times reported by Glifi et al. (2021). For the two coarse modes, the dry radii were adjusted only
marginally. For the two fine modes, however, the dry radii were increased significantly since their
initial lifetimes were too long. As explained in the response to comment 3, the hygroscopicities (k)
are used to calculate the wet radii and densities of the modes. The hygroscopicities are also used to
calculate the aerosol activation as described in section 2.3.5. We added a comment to section 3.1.

= Change 18

Comment: 238 is there a difference of Table 4 data between HAM and HAM-lite ?

Response: We added the burdens and fluxes of ECHAMG6.3-HAM?2.3, i.e., the values of the CLIM
simulation of Tegen et al. (2019), to table 4.

= Change 20 and 21

Comment: 252 the comparison to AeroCom median are quite interesting. Here also the optical
depth data of the top-down approach of the MAC climatology can be added (see below). I also pro-
vide access to data so that in assessment annual and even monthly component spatial distributions
differences can be examined. While global averages for seasalt and sulfate seem ok, global averages
for dust and carbonaceous aerosol are ca factor 2.5 too low. Hereby the low dust AOD bias is not
helped by the relatively small coarse dust size.

Response: We extended the last paragraph of section 4.1 including the predefined optical depths
of the MACv2 climatology of Kinne (2019).

= Change 30

Comment: 267 MODIS overestimates AOD, especially at low AOD values. In addition, listed global
average might even on the low side as the applied dark-target data-set has no data over deserts. I
suggest to use for MODIS data comparisons a combined darktarget/deep blue data set.

Response: We revised figure 6 using the combined dark target and deep blue product.

= Change 28

Comment: 291 if aerosol modulate the intensity of cyclones is unclear ... and highly unlikely by
sea-salt, as this type stays a low altitudes.

Response: We revised the corresponding statements in the abstract and sections 4 and 5.

= Change 3, 19, 33, and 37



12) Comment: 302 what are the prescribed mean radii and std.dev s (incomplete in Table 2)
Response: The standard deviation is 2.00 for the coarse modes (dust and sea salt) and 1.59
for the fine modes (carbonaceous and sulfuric). We extended the caption of table 2.
= Change 16
13) Comment: 32/ ... are blown off continents ... not just Africa
Response: We corrected the sentence.
= Change 32
14) Comment: 330+ I like most of the ideas for future work, in particular studies involving aerosol
cloud interactions. For aerosol forcing, however, a better representation of AOD components and
also a validation of assumed absorption (AAODf / AAODc) will be needed
Response: We extended the outlook.
= Change 39
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Response to Referee #3

March 16, 2025

We thank the referee for the valuable comments, which we took into account in the revised manuscript.
Below you find the referee’s comment and our response.

1)

Comment: You mention that it would be too expensive to run the two-moment module HAM with 5
km grid spacing but I was hoping to see an intercomparison between the original HAM and HA M-lite
even if it is only at 10 km or for a short period of time. Such a comparison would shed some light
on the differences and potential implications of the simpler scheme and might also help to improve
HAM-light. I understand that adding such a comparison would be a lot of work but would also
bring a lot of benefits. If you decide to not work on this, I recommend to at least discuss potential
differences and work on a comparison in the near future.

Response: A direct comparison of HAM and HAM-lite is not possible in the moment since these
two modules are coupled to different Earth system models. HAM-lite is coupled to the new km-scale
model ICON-MPIM (Hohenegger et al., 2023), whereas HAM is coupled to the coarse-scale models
ECHAM (Tegen et al., 2019) and ICON-A (Salzmann et al., 2022). To allow for a comparison, we
added the aerosol burdens, fluxes, lifetimes, and optical depths of ECHAM-HAM as reported by
Tegen et al. (2019) and Glif8 et al. (2021) to tables 4 and 5.

= Change 20, 21, and 22

Comment: Related to the above comment; Could you add a discussion on what the systematic im-
pacts of using a single moment aerosol representation are? What processes would be better captured
using a two-moment representation and where should users be careful when using the one moment
output for process understanding?

Response: We acknowledge that a one-moment scheme imposes limitations in comparison to a
two-moment scheme. Since it carries no information about the aerosol size, there is no explicit
representation of nucleation, growth, and ageing. And there is no ability to adjust the aerosol size
in response to activation and wet deposition (Stier et al., 2005; Siebesma et al., 2020). We added a
comment to section 2.1.

= Change 8



3)

Comment: L19: Do CMIP6 type models truly have complex microphysics compared to e.g., modern
weather forecasting models. My impression was that they usually use single moment schemes without
graupel/hail. Additionally, running deep convection schemes that produce precipitation complicates
things.

Response: We corrected the sentence and replaced the reference to Thornhill et al. (2021) with
Tegen et al. (2019). Tegen et al. (2019) preformed simulations with the complex ECHAM-HAM
model over the years 2003 to 2012.

= Change 4

Comment: L84-5: Currently this reads like there are three schemes for microphysics, radiation,
and turbulence each. You could write: ”There are three parameterization schemes, one for cloud
microphysics, one for radiation, and one for turbulence...”

Response: We corrected the sentence.

= Change 9

Comment: L109: "To forward emissions to modes,...” what is meant here? Please reformulate.

Response: Due to the absence of microphysical processes, emissions are directly added to modes
without any intermediate steps such as nucleation. The mass fluxes are converted into number
fluxes based on the radius of average mass of the mode, i.e.,
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where Sem ks is the mass flux of species £ in sector s, Ty, ; is the radius of average mass of mode j,
and Fop j ks is the number flux. We extended the first paragraph of section 2.3.1.

= Change 12 and 14

Comment: L259-60: I do not see anything special at 500 hPa in the dust concentration profiles.
It seems as if the peak of emissions is related to the height of the source region (e.g. dust emissions
over the Tibetan Plateau should be around 600 hPa). Plotting the profiles regarding height above
surface should help to reduce this effect.

Response: We revised the figure and plotted the profiles based on the altitude.

= Change 23 and 24

Comment: L269-70: I appreciate that you mention satellite observation uncertainties. Could you
add a sentence on how those might affect this comparison?



Response: On average, the optical depth of MODIS is larger than those of other satellites es-
pecially over the ocean (Vogel et al., 2022, tables 2 and 3). We added a comment to the last
paragraph of section 4.1.

= Change 27

8) Comment: L296: ”The vertical velocities highlight diverging cold pool edges that lift air from con-
vective downdrafts.” This should probably be something like: ... diverging cold pools that originate
from convective downdrafts and mesoscale circulation that lifts air at the gust front.

Response: We corrected the sentence.

= Change 34

9) Comment: L299-300: It is not only the cold pools that are not captured but also the mesoscale

circulation (e.g., mesocyclones, rear-inflow jets in MCSs...). One study that discusses this is: Prein
(2023).

Response: We revised the sentence.

= Change 35
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