1 Reply to Referee 2

We thank the referee for the very accurate feedback and comments, which helped revise our work
and will improve its presentation.

During the revision process, we found an error in the procedure used to select the clear-sky
nadir-looking TASI pixels. Although the error did not significantly affect the results of the study,
Figures 3,5 and 6 of the paper will be updated as a result of this error correction. The updated
figures are also contained in this document (Figures 4, 14, 15).

1. Subsection 2.1.1 Could the authors describe a bit more how the EC Earth model works
(maybe accompanied by a conceptual flowchart)? In particular, I am not sure to understand
from where are all the prescribed parameters coming from. To me, it should be explained a
bit more in the manuscript. Or at least, the authors should mention clearly in what paper
an extensive description of the model can be found.

3.2 Model comparison strategy
I think this section is not clear enough and should be partly rewritten.

For instance, “The model was run with prescribed SSTs and SIE, [...]” It is not clear to me
where are these information coming from (see my previous comment)

EC-Earth3 is a coupled climate model in which the atmospheric model IFS (cy36rl), which
includes the representation of land processes (HTESSEL, Balsamo et al., 2009), is coupled to
the NEMO ocean model, including LIM3 as sea-ice component. The EC-Earth model is thor-
oughly described in Déscher et al. (2022), which we refer to for a detailed model description.
The IFS is a general circulation model which solves the atmospheric dynamics from primitive
equations and includes parametrizations representing physical processes (radiation, micro-
physics, ..) and non-resolved processes (convection, turbulence, ..). In this work, we used the
EC-Earth model in an atmosphere-only configuration, this means that the atmospheric model
IF'S has been run without the oceanic counterpart and with imposed boundary conditions at
sea surface. This configuration is the one used for the Atmospheric Model Intercomparison
Project (AMIP) simulations in the context of CMIP6. The prescribed SST and SIC come from
the AMIP protocol configuration for CMIP6 (Eyring et al., 2016) and are provided as stan-
dard input to all models participating to CMIP6 (see also https://pemdi.llnl.gov/mips/amip/
and https://esgf-node.llnl.gov/projects/inputdmips/). The dataset is created with the pro-
cedure described in Hurrel et al. (2008) and merges the HadISST observational dataset
(since 1870) to the more recent NOAA-OI (since 1981). EC-Earth reads the SST and SIC
as mid-month boundary conditions, which are then interpolated daily in the model run. We
will add more details on this in the revised manuscript.

Hurrell, J. W., J. J. Hack, D. Shea, J. M. Caron, and J. Rosinski, 2008: A New Sea Surface
Temperature and Sea Ice Boundary Dataset for the Community Atmosphere Model. Journal
of Climate, 21, 5145-5153, https://doi.org/10.1175/2008jcli2292.1

2. If T understood well, the authors built monthly climatology of TASI radiance (near-nadir).
Only cloud free pixels are considered for the averaging. What is the grid size of these
monthly climatology? 1°x1°? Then, for the comparison with the model, from these monthly
climatology, the authors only consider the grid cells that show a monthly mean cloud cover
(according to CERES) lower than 30 %. Is that right?

The selection process of simulated and measured spectra that contribute to the presented
statistics goes through the following steps.

Simulated spectra. To save computing time, ECE simulates spectra in correspondence of
only once every 4 latitude x longitude grid cells. The dimension of model cells is 0.7x0.7°.
The actual model cells for which spectra are simulated are shown in Figure 1. For each of
these cells, we compute the monthly average radiance using only the simulated spectra with
local solar time between 6 and 12 hours, only if the current cloud cover of the model cell
is less than 30 %. We then compute the monthly zonal averages by averaging the monthly
mean radiances relating to the model cells within the considered latitude belt. With this
procedure all model cells contribute to the zonal mean with equal weight.



EC-Earth grid points

Figure 1: The dots indicate the center of the ECE model cells for which a spectral radiance is
simulated.

Measured spectra. TASI measured spectra are selected from 2°x2° cells centered on the
ECE model cells for which spectra are simulated. On the one hand, the dimension of these
cells is large enough to allow the selection of a sufficiently large number of IASI spectra. On
the other hand, these cells do not overlap each other, thus each TAST measurement contributes
only once to the statistics. For each of these cells, we compute the monthly average radiance
using TASI measured spectra that meet the following conditions:

e The radiance is measured in day-time, in the near-nadir geometry, over the ocean, and
corresponds to clear-sky conditions (cloud mask of AVHRR = 0).

e The measured radiance falls into a CERES grid cell, measured within 3 hours from the
IASI observation time, with cloud cover less than 30 %. Since CERES grid cells have a
dimension of 1x1 degree, similar to the ECE model cells, applying the same threshold
to the cloud cover we ensure consistency of the atmospheric conditions between model
and observations.

Finally, we compute the monthly zonal averages of observed radiances by averaging the
monthly means obtained at the 2°x2° cells falling within the selected latitude belt.

The top and bottom panels of Fig. 2 show, respectively, the number of simulated and mea-
sured spectra that meet the above specified conditions, in the time interval from 2008 to 2016.
The number of selected spectra is not homogeneously distributed across the globe. Most of
the selected spectra are located in the subtropics ([15-30 N] and [15-30 S)]), corresponding to
the descending branch of the Hadley Cell. The pattern of the number of selected spectra is
very similar in simulations and measurements in the tropical and sub-tropical regions, giving
confidence on the fairness of the comparison method and on the main results of our work.

Note, however, that the filters used particularly affect the mid-latitudes ([45-60 N] and [45-60
S]), where only few TASI pixels survive to the selection process (see plots in Fig 3). The small
number of observations meeting the mentioned criteria, together with the cloud cover bias
described in Section 3.4 of the paper, could contribute to the bias found in the atmospheric
window at these latitudes. This is one of the reasons why we mostly focus on the tropical
regions ([-30 S 30 NJ), where we have a large number of both modeled and observed spectra.

In the revised version of the paper we will include more details on this issue. We also plan
to include the plots presented in this reply in the Supplementary material.
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Figure 2: Number of simulated (top) and observed (bottom) spectral radiances that contribute to
the clear-sky statistics presented in the paper, for each lat x long cell.
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Figure 3: Number of simulated (top) and observed (bottom) spectral radiances that contribute to
the clear-sky zonal means presented in the paper.



3. How was this 30% threshold chosen? Why not 40% or 20% for example? I think it should

be better justified.

As explained in the paper, this filter was applied with the aim to mitigate the potential bias
due to the way the radiative computations are performed in the model in clear-sky condition.
In fact, the radiative transfer computation in clear-sky condition in climate models exploits
the same all-sky properties (profiles of temperature, humidity, etc.) but with clouds removed.
This could produce a negative bias in the synthetic radiances when compared to clear-sky
observations.

The choice of the 30% threshold is the result of a trade-off between reducing the impact
of this potential source of bias and keeping a significant number of measurements in the
analysis. In principle, a lower threshold would be more desirable, but at the same time this
reduces the statistics. We performed some tests and we judged that the use of a 10% or 20%
threshold was too strict because the dataset was significantly reduced. On the other end, the
impact of the clear-sky computation bias with the 30% threshold appeared to be quite small,
as demonstrated a-posteriori by the good match in the atmospheric window at tropics.

We will extend the discussion on this point in the new version of the manuscript, also provid-
ing some quantitative estimates on the impact of this threshold on the number of observations
available.

. A map showing the grid cells that are kept for the comparison would be nice

The map is shown in figure 1.

. Also, in the IASI monthly mean radiances, how many measurements are present on average
per month in each grid cell? If the number is too low (which might be the case for some of
the pixels as only near-nadir observations are considered), the comparison with the model
might be biased as a few number of observations is not representative of a whole month. This
should be kept in mind for the analysis. It might be good to add a postfiltering to remove
from the comparison the grid cells that contain too few observations

The following table describes the statistics of the clear-sky spectra used in the climatology
for TAST and EC-Earth(Table 1). For each latitudinal band, the tables show the total number
of grid cells (second column), the number of clear sky grid cells with at least 1 measured or
simulated spectrum per month (third column, fourth columns) and the average number of
spectra per month in these grid cells (fifth and sixth columns).

Lat Band  Tot geells N. of geells (IASI) N. of geells (ECE) N. of obs. (IASI) N. of obs. (ECE)
60S — 45S 493 33 428 8 3
45S — 30S 506 147 495 9 5
30S — 15S 573 332 565 14 10
15S — 0S 497 317 457 17 10
ON — 15N 501 256 447 15 8
15N — 30N 491 320 477 18 10
30N — 45N 304 116 291 15 7
45N — 60N 221 34 198 9 4

Table 1: IASI and ECE point statistics

In general, for TASI only a few grid cells per month have spectra at the highest latitudes.
In contrast, simulated spectra can be detected at almost all grid cells in a month. This
difference can affect the comparison, especially at high and mid-latitudes, where the large
difference in the number of available cells may represent a source of bias. On the other side,
in the tropical oceans this difference is smaller and the statistics tends to be similar.

To check the sensitivity of our analysis in this respect, we applied a threshold for the minimum
number of spectra in each grid cell, as the reviewer suggests.

More in detail, we removed from the comparison the grid cells containing less than 5 spectra
per month. The statistics of the clear-sky spectra under this condition is shown in tables 2.



Lat Band  Tot geells N. of geells (IASI) N. of geells (ECE) N. of obs. (IASI) N. of obs. (ECE)

60S — 45S 493 15 41 16 7
45S — 30S 506 72 206 15 8
30S — 15S 573 220 439 19 12

15S — 0S 497 239 321 24 15
ON — 15N 501 171 247 22 13
15N — 30N 491 239 356 23 13
30N — 45N 304 74 139 25 11
45N — 60N 221 18 41 16 8

Table 2: Statistics of TASI spectra after the application of the threshold

The number of cells with at least 5 spectra per month (third column of the tables) is strongly
reduced, in particular in the model, since here we have an average of few spectra per month
over most grid points.

After the application of the threshold, the pattern of the BT biases is the same, with larger
differences occurring at high latitudes and over tropical latitudes in the water vapour band.
Both the plots are shown in Figures 4 (without the threshold) and 5 (with the threshold).
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Figure 4: BT difference (model-TASI) without the application of the threshold

6. Lines 252-253: “In fact, monthly means of observed and simulated outgoing radiances are
computed over the same spatial grid by associating IASI measurements to the nearest EC-
Earth grid point.”. T am not sure I got the idea here. If I understood well, for the time
correspondence between the model simulations and the TASI observations, only the model
output of the 6-12 AM and PM time are considered? Both are then averaged to obtain a
“daily” mean (and same for TASI, ascending and descending nodes are averaged to get a daily
mean?)? And this is the reason why you only considered sea measurements for the analysis
(because of the very high diurnal cycle of the radiance over land)?

In this work we compared the simulated spectra of ECE with local solar time between 6 and
12 hour to the observed spectra of the descending node of TASI (ground track at 9:30 AM at
the equator).

On the basis of the answer given to the question 2, we will modify the lines 252 - 257 in the
revised manuscript .We will also highlight that the comparison is limited to the day-time.

As pointed out by the reviewer, this procedure works well over the ocean but it is not reliable
over land. Here, simulated spectra at closer timesteps (e.g. 3 hours or less) would be needed
to represent the large diurnal cycle.
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Figure 5: BT difference (model-IAST) after the application of the threshold

3.3 Assessment of EC-Earth biases in simulated clear-sky radiances with respect
to TASI measurements

The descriptions in this section should be more quantitative. For example, line 274 (but also
elsewhere): “[...] a small positive bias”. Of how much?

Thanks for the suggestion. The new version of the manuscript will be more quantitative in
the description of the different biases. As discussed in the answer to question 28, we will also
add a table with the estimation of the biases computed from our spectral analysis and that
inferred from the temperature and water vapour biases obtained from the comparison with
the reanalysis.

. Are the biases the same every year or is there differences from year to year? Maybe a time
series showing the differences between the model and IASI (averaged on the different bands
WV1, WV2, ... for example) would be nice. I am also wondering if there is a difference in
the biases between day and night

In general, we do not have significant variations of the BT difference during the 9 years.

Figure 6 shows the time series of the BT in four spectral bands (CO2 core band, atmospheric
window AW1, ozone band and water vapour band WV2). For all these spectral intervals,
despite the variations in BT, the difference between model and observations are quite constant
over time.

In this work we limited the study to the day-time spectra and we cannot quickly produce a
statistics for the night. However, we agree it is an interesting analysis and we would like to
analyze it in the continuation of this work.

. Another plot that could greatly help to interpret the results and could be a nice addition to
the paper are global maps of the difference between IASI and the model for some selected
channels (instead of a zonal average of the difference) (as done in Whitburn et al. 2021
for example). In particular, this would allow us to highlight potential compensating biases
between different regions

The following figures (7, 8, 9, 10, 11) will be added to the supplementary material of the
manuscript. The global BT difference is shown for channels 660 cm ', 700 cm 1, 730
cm 1,850 cm 1, 1400 cm 1.

We agree these plots are particularly useful for verifying the presence of spatial compensation
errors. However, they are reliable only over the Tropical Ocean (between 30 S and 30 N),
where we have a complete time series of IASI and ECE monthly averaged BT for almost all
the grid cells.
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Figure 6: Time series in different spectral bands of the BT measured and simulated over the
Tropical Ocean [-30 S, 30 N] from 2009 to 2016

Over these latitutudes, we find some compensating biases only at 850 cm !, in the atmo-
spheric window. However, these differences are generally small, within 1 K.

Finally, the positive bias at 1400 cm ! is particularly evident along the tropical latitudes,
from -15 S to +15 N. This result could be interesting for a more accurate discussion about the
deficiency of water vapour concentration in the upper troposphere of the model highlighted
in the paper and shown in Fig. 15.

As suggested, we will add the reference to the interesting paper of Whitburn.
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Figure 7: BT difference (model - IASI) at 660 cm !
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Figure 8: BT difference (model - IASI) at 700 cm !
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Figure 9: BT difference (model - IASI) at 730 cm 1!
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Figure 10: BT difference (model - TASI) at 850 cm !
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Figure 11: BT difference (model - TASI) at 1400 cm 1!






