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1 Summary

We would like to express our sincerest gratitude to the reviewers who have taken their
time to critique our work. Also, due the reviews coming in just before the holidays
and so close to the end of the discussion session, it has taken some time to negotiate
an extension of the deadlines. Finally, the broad range of issues brought up by the
reviewers took time to properly address. Therefore, we ask for some understanding in
the timing of the response.

We believe that some of the reviewers have misunderstood the objective of the paper
and therefore drove the discussion of the paper into areas that went some way beyond
the scope of the original objective. We realize also that this partly our fault for not
making the objective clearer and we will adjust the article accordingly.
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The scope of the work was largely shaped by the funding available, ad therefore the
time available to simulate more sensors and do more analysis. The foundation of the
work surrounds the integration of original 5 simulators (MODIS, CloudSat-CALISO, IS-
CCP, MISR, and RTTOV) into EC-Earth. This entails creating an interface to the model
and translating all the necessary variables from the model to COSP. Moreover, the RT-
TOV interface provided a capability for clear-sky simulations only. We have expanded
the RTTOV interface to make it all-sky capable for MW sensors and we thought it pru-
dent the inform the community of this new all-sky tool by showing a demonstration of
COSP via RTTOV-SCATT (the RTTOV MW scattering model) in the hope of stimulating
more microwave studies to tackle the problems highlighted in the study.

Funds have recently been granted for further work in this area and as such the com-
pletion of this paper will be incorporated into this new project. This gives the authors
another month to actually extend the work. We have already expanded the RTTOV-
COSP interface to include zenith angles and sub-grid variability via SCOPS.

A common critique of the paper was the need to expand it beyond it’s current form. We
agree to this and suggest additions that we hope will satisfy the reviewers. We are in
the process of conducting the following:

1. Expand the capability of the COSP-RTTOV interface to include the simulation of
sub-grid variability and off-nadir zenith angles (already implemented).

2. Filter the modeled atmosphere to to match the local times of the observations.

3. Show the results from other MHS channels as a further demonstration of the
COSP-RTTOV.

4. Examine the sensitivity of model brightness temperatures to assumed cloud and
precipitation properties. We will perturb both cloud/precipitation scattering prop-
erties and mass.
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Please consider our proposals and discussion below. The reviewer’s actual comment
is given in blue and our response in directly after in black.

2 Reviewer 1

2.1 Comment 1

This study only focuses on 190.31 GHz, but I think it would greatly enhance the study
to include more frequencies. The authors mention (11767, line 9) that including more
frequencies could help in identifying the source of the biases in the model. Including
that analysis would add more depth to the manuscript. Also, the authors focus only
on near-nadir looks of MHS. Even if you would only use the one frequency 190.31,
wouldn’t using other look angles help to identify the sources of bias in the model since
you’ll be able to get information about the atmospheric profile? I think it would be very
interesting to see how the biases change as a function of look angle.

The consensus is that the article should be expanded to add simulations from more
channels as the results at other frequencies could give some insight the biases seen in
the MHS results. The authors agree and have discussed the possible sensors/channels
that might add some clarity. We feel the ideal thing to do is show results from channels
that have differing sensitivity to both clouds and precipitation. TRMM Microwave Imager
overlaps NOAA-18 MHS in time, i.e., both datasets cover the year 2006. TMI channels
that measure precipitation are at 10.7, 19.4, 21.3, 37, and 85.5 GHz. These lower
frequency channels are less sensitive to cloud droplets than the MHS 190.311 GHz
channel.

We have compiled the NOAA18 MHS observations up to ±5◦ off-nadir in order to in-
crease the sample size. We will include previous studies that support taking the mean
of these smaller, off-nadir angles as the differences are quite small. Therefore it is not
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necessary to simulate MHS at these smaller angles as this will only confirm what we
already know.

2.2 Comment 2

I was a bit confused by Fig. 1 when I first read through the manuscript since you had
just finished explaining the various filters you were going to use on the data show in
Eq. 2 and Table 1, but then Fig. 1 looks like it uses all data without any filters. Perhaps
make it more obvious in the text (11763, 1st paragraph) that you’re first going to show
all data with no filters. However, in the conclusions (11766, line 12) you say clear-sky
calculations are omitted from the study. Does this mean you did not include clear-sky
conditions in Fig. 1? This was not obvious in the text.

We have shown in figure 1 the full simulation of RTTOV using the EC-Earth atmo-
sphere. However, this figure contains areas where the uncertainties are very large,
especially when showing the difference. This is why figure 2 excluded these areas.
We are prepared to remove these areas of large uncertainties already in figure 1 and
adjust the text to ensure better clarity. Either way, this issue will be addressed.

2.3 Comment 3

11764, paragraph 2. This is a confusing paragraph to follow. Is there some way to
graphically show what you are doing?

We will include a figure to aid in understanding the text.
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2.4 Technical comments

11754, line 16. I believe "underestimation" should be "overestimation" 11758, line 8.
Take out all the ’ands’ and make a list: "cloud ice, cloud water, precipitating ice (snow),
and rain"

These will be addressed before re-submission.

3 Reviewer 2

3.1 Comment 1

Overall, I was disappointed in this study for a few reasons. First, with regard to the
development of the new COSP simulator capability, only one channel (190 GHz) with
scattering is included and described. The authors acknowledge on page 11756, lines
25-27, that this work could be extended to other channels, but it isn’t described at all if
this work has been done. Why not make a flexible simulator for all of the MW channels
in instruments such as MHS, AMSU-B, and others that would be more useful than
a single channel modification to COSP? There is no discussion on the motivation or
reasons for restricting this effort to a single channel.

We understand the reviewer’s frustration and disappointment. Please see Section 2.1
and the summary for our plan to address this issue.

3.2 Comment 2

Second, the authors acknowledge on page 11757, lines 7-9, and elsewhere, that the
scattering will very strongly depend on both precipitating hydrometeors and suspended
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cloud hydrometeors, and for ice cloud on the ice particle shape and size distributions.
No analysis on the relative importance of cloud versus precipitation is shown in sepa-
rate calculations, which would be useful. Default microphysics settings in RTTOV are
used and no analysis on the sensitivity of the MW BTs are shown with adjustments in
these default settings. A sensitivity study of MW BTs to microphysics is warranted.

We agree that a study of the microphysics is warranted but not in this study. Any
robust study of the 3D spatial distribution of atmospheric hydrometeors, the different
ice habits, the various assumptions used in both the observations, climate model, and
RTTOV, represent a large amount of work that cannot be solved with passive MW
sensors alone. We are willing to demonstrate the sensitivity of simulated profiles to
various hydrometeor distribution as well as microphyical assumptions. This combined
with citation from previous work in these areas should satisfy the demand here.

3.3 Comment 3

Third, there are a total of four figures shown which basically present the same data
in different ways without much additional insight. In areas of convection in the tropics,
large deviations up to 40 K are shown, but the authors basically stop there without
any effort in understanding this bias. Is it the scattering? Absorption? Assumptions of
microphysical size distributions? Is the source of it from the assumption of a constant
1 m/s fall velocity to make water content profiles from precipitation that are then added
to cloud hydrometeors? Are there other factors at play? In the Discussion section, the
authors describe how important microphysics are, and cite some other work to support
it, but they haven’t actually done anything in the paper that is useful and new regarding
the microphysics besides flipping the switch to "on" within RTTOV.

The interface to RTTOV in COSP has been extended and upgraded to simulate all-sky
conditions in all channels on passive MW sensors. The full list of supported sensors
can be found in the RTTOV documentation. However we did not explicitly mention
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this in the article. We chose to show only the MHS channel and only channel 5 as a
demonstration of the new COSP capability. We will add the TMI sensor and modify
the text to better explain the new COSP-RTTOV interface and its capability as well as
better motivate our choice of sensors and channels to use in the demonstration/article.

A large part of this work went into integrating RTTOV-SCATT into COSP and extending
the COSP inputs to account for clouds and precipitation. Prior to our study all that
was available the modeling community was clear-sky simulations. Changing the micro-
physics used by RTTOV is something we are going to examine and add to the paper.
Similarly, the use of 1 m/s fall speed was chosen based on previous work which will be
cited and added to the paper. To our knowledge, no model has fully addressed the fall
speed aspect of precipitation, if they are at all treat precipitation in a consistent manner,
i.e., diagnostically verses prognostically, as well as treating convection (updrafts and
downdrafts) explicitly. In order to do this we would need another type of model entirely.

3.4 Comment 4

Page 11757, line 13: there is no attempt made to simulate precipitation and cloud
contributions separately. This would be a valuable contribution and may help determine
the source of the 40 K bias in convection.

This is a good point: we will do this.

3.5 Comment 5

Page 11758, lines 14-17: what is the basis for the assumption of a constant 1 m/s
value? There is no citation or description of the reasoning. Surely in convection, espe-
cially in the updrafts, the vertical velocity will be an order of magnitude or larger than
this value. What about downdrafts? Turbulent flow? What about larger, organized con-
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vective systems that fill the MW field of view in observations versus sub-pixel, isolated
convection?

While these issues are good points, an investigation into these issues goes well be-
yond the scope of any single article. For instance, there are many studies just on the
fall speed alone. The design of the climate model and COSP does not currently allow
for the separation and individual treatment of convective clusters verses isolated con-
vection nor for changing the fall speed parameter to a more integrated, mass-based
parametrization. Many of these aspects fall within the realm of the model and not
COSP. Changes on the level the reviewer is suggesting would be something the re-
quire an broad-scale evaluation of the model and published in multiple papers. The fall
speed in the model is far from perfect, but in order simulate real world conditions with
updraft and the the like would require a cloud resolving model inside our GCM. This
configuration called a Multi-Modeling Framework is currently not possible for EC-Earth.

3.6 Comment 6

11759, lines 19-20: different CFMIP models have different overlap assumptions. Does
RTTOV have flexibility to mimic these assumptions made in different climate models?

The idea behind COSP is to capture the model parameters before any overlap as-
sumption is applied. This is a fundamental feature of COSP. By applying only one
assumption to all models, any error based on the assumption become systematic and
allow for a better inter-comparison of different models. Now we have made use of the
COSP subgrid variability with RTTOV-SCATT which brings RTTOV-SCATT inline with
the other simulators in COSP. RTTOV-SCATT applies only 1 cloud overlap assumption
to all simulations alike.
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3.7 Comment 7

Page 11760, lines 4-14: the use of default settings is not very insightful. This work war-
rants a sensitivity study, or the appropriate citation(s) of previous work that convincingly
supports the use of the default settings.

The main focus of the study is to highlight the new COSP features, i.e., expanding RT-
TOV to simulate all-sky brightness temperatures. Undoubtedly the new simulations are
built on the work done by other studies. We did not feel it necessary to repeat studies
of the past and did quote the relevant studies upon which RTTOV’s MW scattering al-
gorithm and current default optical properties are based. However, some will do some
sensitivity study in this area.

3.8 Comment 8

Page 11760, line 10: constant density in what? Page 11762, equation (2): It is odd
that only one channel is described in the simulations yet three channels are used to
distinguish convection apart from other scenes which exploits spectral signatures in
the MW Tbs. This doesn’t make much sense.

The constant density will be explained in more detail. We tried to show that the areas
of depressed brightness temperatures are in areas of frequent convection, such as the
Tropical Warm Pool and the Amazon Basin.

3.9 Comment 9-10

Page 11764, line 9: are the 3080 cases individual pixels in satellite obs? Averaged
values within grid boxes in EC-Earth? Aggregated convective "features" or "clusters"?

This will be made better explained in the paper.
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Page 11764, line 12: why not show it? This paper is already sparse on detail and very

This figure will be added back into the paper.

4 Reviewer 3

While the point of the paper is well defined, clouds are now considered in RRTOV
and the brightness temperatures are used to evaluate EC-Earth, what material is new
needs to be clearer (what did the authors add) and the analysis needs to be improved
beyond plots of differences in the brightness temperatures. For example, some of the
uncertainties due to using only the brightness temperature to evaluate EC-Earth could
be explored using other simulator output from COSP and associated observations.

4.1 Comment 1-2

The title is a bit vague as COSP is used to “house” the RRTOV simulator which is used
to compute the microwave emissions. It would be clearer to indicate this in the title by
changing COSP to RRTOV. Similar to the title, some of the text is made vague when
using the term COSP. For example, in the abstract there is this sentence, “However,
COSP is unable to simulate sufficiently low TB in areas of frequent deep convection.”
which suggests there is a problem with microwave simulator in COSP. Is this the case
or is it the case that EC-Earth does not simulate an atmospheric state that translates
to low brightness temperatures?

We present RTTOV as one of the simulators available to the modeling and measure-
ment community in a manner that is novel but under development. COSP provides a
standardized method of passing GCM data to a variety of observation simulators, one
of which is RTTOV. The treatment of sub-grid variability is done in COSP and passed to
RTTOV. We will nevertheless consider changing the title in a manner that better reflects
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the objective of the paper. Likewise we will address the confusion of writing COSP in
places where RTTOV is a better term.

4.2 Comment 3

Near line 17, page 11754 - It is hypothesized that errors in the amount of simulated
cloud ice water may be an issue. This quantity is provided by other simulators in
COSP and datasets, e.g., MODIS and CloudSat. Can’t this be evaluated? Would
some of these issues be reduced if one worked with geophysical parameters (Holl et
al., 2014) rather than directly with brightness temperatures? Or is there a trade off?

CloudSat since it’s mission start back in 2006 has been used to study cloud ice water.
However, as stated in Waliser et al 2009, comparing CloudSat’s more complete ice,
i.e., range from small cloud ice to large precipitating ice, to the models prognostic and
diagnostic treatment of ice, along with a diffuse line of demarcation forms one of the
large barriers to constraining the global ice water content in models. Models do not
treat their ice in a manner that is consistent across the community and therefore large
variations arise when inter-comparing the geophysical parameters. Part of COSP’s
appeal is the possibility of at the very least standardizing the evaluation of cloud ice
where possible. So you are right, there is a trade off. By doing such studies we hope
to nudge the modeling community towards standardizing the treatment of ice in their
models and providing the microphysics used to generate their ice.

Nevertheless, looking at cloud ice is part of the newly funded study that will take such
aspect into account, but not in this paper.
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4.3 Comment 4

Near line 17, 11756 - It is stated that, “Our choice of this channel is motivated by the
veritable dearth of studies that examine simulated clouds and precipitation scattering
at this particular frequency.” This does not give a strong reason to the reader why
the focus is on this particular channel rather than one or several of the other channels
measured by MHS. At the end of Sec. 2.3 it is noted that multiple channels are used to
retrieve quantitative information about ice clouds. Why not include these other chan-
nels in RRTOV and consider emulating the retrievals by Holl et al., 2014 or others, e.g.,
the identification of deep convection (Eq. 2)?

In the study we did use the 3 water vapor channels to identify deep convection in the
simulated profiles. However since the the simulated profiles are not as sensitive to the
decrease in brightness temperatures normally associated with deep convection, this
technique could not be used. The technique was used in the observations to identify
areas of deep convection and highlight this shortcoming in the model. We will endeavor
to make this clearer in the paper.

4.4 Comment 5

Near line 16, page 11758 - “assuming a constant fall speed of 1 m/s”. Is this consistent
with the model physics and therefore accurately represents the vertical distribution of
precipitation mixing ratios? If not where does it come from. What does it mean to
“merged with the large scale precipitation”?

We will motivate the use of a constant fall speed. In the model, large-scale, i.e., non-
convective, is merged with the convective component to build a total precipitation vari-
able. In this model, precipitation is treated diagnostically and therefore given as mass
fluxes.
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4.5 Comment 6

Section 2.2 - It is not clear here what is your contribution to the enable clouds to be
included in RRTOV. Was it basically turning on what already was present in RTTOV but
not used within COSP, which is how it currently reads, or did you have to do more?

See previous comment in Sect. 3.3.

4.6 Comment 7

The comment about cloud, and precipitation, overlap (line 20, page 11759) and Eq.
1 should be expanded. If RTTOV is using its own overlap method from Geer, 2009 it
may be inconsistent with the other simulators in COSP. Within COSP there are "sub-
grid scale" generators to overlap clouds and precipitation using specified rules that are
consistent with the model to which COSP is being applied. If the all-sky RTTOV bright-
ness temperatures are to be used with the other outputs from COSP it should use a
consistent treatment of the hydrometers, e.g., ISCCP, MODIS and CloudSat and the
host model. Does the all-sky RTTOV respect this assumed overlap? If not how large
are the deviations due to assuming the Geer, 2009 overlap? Is RTTOV applied to the
entire gridbox or applied to "subcolumns" and then averaged like the other simulators
in COSP?

We agree that ensuring the overlap assumption agree across the simulators. To this
end we have used the COSP sub-grid variability with the RTTOV-SCATT simulator.

4.7 Comment 8

Section 3.1 - By limiting yourself to radiances within 5 degree of nadir could there
be some error introduced due to sampling differences since EC-Earth, I assume, is
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sampled over all gridpoints and every model timestep. If there is a strong diurnal cycle
then perhaps this could contribute to some of the differences.

This is a good point and something we realized afterwards. We will sample the model
at the time closest to the observation in an effort to be reduce this effect.

4.8 Comment 9

Line 5, page 11763 - Is is not explicitly stated that the results shown in Figure 1 are
unfiltered results. That said I would suggest merging Figures 1 and 2 by adding the
right column of Figure 1 to Figure 2, i.e., the columns of the new figure from left to right
would be MHS observations, the difference and then the effect of filtering. Currently
Figures 1 and 2 are partially repeating results and a merged figure would make it easier
to see what regions are less certain and filtered out.

This is a good idea that we will incorporate into the revised version.

4.9 Comment 10

9. Line 7, page 11765 - Since you have COSP and access to EC-Earth output why not
compare the ice water path and ice water contents to results from MODIS, CloudSat or
other observations? While not definitive it would give an indication if the simulated ice
clouds have any significant biases. This is suggested in Sec. 4 (line 8, page 11767).

This would be another study entirely and one that we plan to do in the near future with
another simulator.

C5025

4.10 Comment 11

10. Can you attach significance or physical insight to the biases, especially the 3K bias,
in brightness temperature? For readers who are not use to working with brightness
temperatures, it is not clear if 3K is still a significant bias or not.

We will try and make the biases a bit more understandable.
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