Response to the Reviewer #1

We really appreciate your time and effort taken to review our manuscript submitted to
Atmospheric Chemistry and Physics. Thank you very much for your constructive comments and
suggestions that are very useful to greatly improve our manuscript. We have revised our
manuscript according to your comments as explained below. Please see the following for our

point-by-point responses shown in red just below the corresponding comments shown in black.
General note on the revision:

Before addressing the individual comments, we summarize several major revisions that affect
multiple points raised by Reviewer #1. In response to the reviewers’ comments, we have
substantially revised the Doppler-velocity processing and the presentation of the results. We
now explicitly distinguish between non-folded convective columns, for which MaxVd can be
quantified, and Doppler-velocity folded columns, for which quantitative MaxVd is unavailable
and which are treated as extreme-updraft (EU) candidate columns. The 3 km averaging is now
applied in pulse-pair covariance space rather than by directly averaging velocity values. We also
revised the folding flag, reconstructed the relevant figures and tables, and clarified that the
MaxVd-based SU and folding-based EU occurrence ratios use the same denominator, namely
the total number of selected convective columns. Because MaxVd is quantified only for non-
folded columns, we avoid interpreting MaxVd-based SU columns as the absolute strongest

convective cores observed by EarthCARE/CPR throughout the revised manuscript.

Unless otherwise noted, figure and table numbers in this response refer to the revised
manuscript. The revised Table 1 now reports both MaxVd-based SU and Doppler-velocity
folded-column (EU) counts and ratios using the same denominator, i.e. the total number of

selected convective columns. The former Table 3 has been integrated into the revised Table 1.

The paper investigates the characteristics of tropical convective clouds in light of the novel
Doppler velocity measurements from EarthCARE/CPR. The topic is of great interest for the
cloud dynamics community. Results are well presented and introduce the first global
climatology of convective motions (of course with the limitations of the CPR measurements). |
would suggest a clear statement in the abstract that the SU (strong convection) cases actually are
not surely representing the strongest updrafts measured by EC (which vice versa will
correspond to the folded cases). This has to come clear even to readers who are not EC-CPR

experts. | have then some specific comments.



We agree that the original manuscript was not clear enough to state that the MaxVd-based SU
category is restricted to non-folded convective columns and therefore does not necessarily
contain the strongest convective cores observed by EarthCARE/CPR. In the revised abstract, we
now state explicitly that the most intense convective cores are susceptible to velocity folding,
and that MaxVd and SU are defined only for non-folded columns. We also revised the
manuscript throughout to emphasize that folded columns are treated separately from non-folded

columns as candidates for the most extreme-updraft (EU) regimes.

1) "We exploit EarthCARE’s Doppler capability to analyze vertical velocity w even in clouds
with weak radar echoes". Not sure what the authors mean. What Reflectivities are we talking

about? [ would avoid vague statements.

We agree that the phrase “weak radar echoes” was vague. We have removed this wording and

now specify the reflectivity threshold of —19 dBZ used for Doppler-velocity quality control.

2) Line154-155: "To correct for € pointing, we apply a bias correction based on the assumption
that the Doppler velocity averaged horizontally over 100 km at the surface is zero ". I am not so
sure about this. Ocean surface is fine for Doppler calibration but not the same can be said for the

land (see Bernat et al., 2025 paper on mispointing).

We thank the reviewer for pointing this out. We agree that the assumption of zero mean surface
Doppler velocity is much more robust over homogeneous ocean surfaces than over
heterogeneous land surfaces. In the revised manuscript, we have clarified that the surface-based
bias correction may not fully remove the bias over land because of contamination by surface-
property-dependent signals. We now cite Puigdoménech Treserras et al. (2025), who showed
that accurate CPR antenna pointing is essential for high-quality Doppler velocities. We also
added the reference to JAXA (2026)

(https://www.eorc.jaxa.jp/ EARTHCARE/document/JAXAIL2ProductList! ATBD/EarthCARE J
AXA L2 ATBD verP_Apr2026.pdf) for the product-level bias-correction procedure.

3) Folding and averaging of Vd: it is not clear to me what has been done. The authors mention
"first-pass dealiasing applied following Hagihara et al. ", maybe it would be good to include
details here. Afterwards, how is the averaging of Vd over 3 km windows performed? (Are these
simple Vd averages? Are you averaging in the lag-1 correlation space)? What happens if there

are multiple scattering contaminated pixels in the averaging region?



We thank the reviewer for noting that the original description of the Doppler-velocity
processing was not clear enough. We revised the processing description and reconstructed all

the figures and tables affected by this procedure.

First, the reference to “first-pass dealiasing following Hagihara et al.” has been removed
because it was misleading in the context of this study. That procedure is designed to treat
upward-folded rainfall velocities in regions warmer than 273.15 K. Because our MaxVd
analysis is restricted to the subfreezing portion of the column, this first-pass dealiasing does not

affect the analysis presented here. We therefore removed the statement to avoid confusion.

Second, we now explain that the 3 km horizontal averaging of Doppler velocity is performed in
pulse-pair covariance space, not by directly averaging Doppler-velocity values. For each valid
gate, Vd is converted to the real and imaginary components of the lag-1 covariance using the
local Nyquist velocity. These components are then summed over the averaging window with
reflectivity weighting, and the resulting phase is converted back to Vd. This procedure avoids
artificial cancellation and wrap-around artifacts that can occur when velocities close to the

Nyquist limit are averaged directly in velocity space.

Third, we clarified how invalid and multiple-scattering-contaminated pixels are treated. Only
gates passing the validity filters, including the cloud-mask and reflectivity thresholds, are used.
Pixels likely affected by multiple scattering are excluded. If the averaging window contains
invalid or multiple-scattering-contaminated gates, the corresponding averaged value is not used

for the statistics.

Finally, we revised the folding flag. In the original manuscript, a column was flagged when a
vertical jump in the 3 km-averaged Vd exceeded the local Nyquist velocity. In the revised
analysis, a jump is counted as a folding signature only when it satisfies three conditions: (i) the
jump exceeds 1.5 times the local Nyquist velocity, (ii) the adjacent gates have opposite signs,
and (iii) at least one of the two gates is close to the local Nyquist limit. This definition is more

directly tied to the expected signature of Nyquist folding than a simple large-gradient threshold.

4) Definition of MaxVd: "We then define MaxVd, the column-maximum Doppler velocity, as
the largest Vd within the portion of the 3-km— and 200-m—averaged profile that is colder than
273.15 K for columns that are not flagged as folded." Not sure this is the right definition. I
suppose you are searching for a maximum in the entire column among the the 3-km— and 200-

m-averaged Vd values?



Thank you for pointing out the ambiguity. MaxVd is defined as the maximum value of the
quality-controlled, pulse-pair-averaged Vd over all valid subfreezing gates in an unfolded
column. Thus, the maximum is searched over the full valid subfreezing portion of the unfolded
column after the 3 km horizontal and two-gate vertical averaging. Columns flagged as folded
are excluded from this quantitative MaxVd analysis and are analyzed separately as folded

columns.

5) "The main results are insensitive to reasonable variations in these parameters". A little bit too
vague. Can we be more specific? I suppose that if we start averaging too much we may end up
with serious issues. Also if the averaging has been done in the velocity space, aliasing issues

can come into play (and tend to bias averaged velocities towards zero values)

We agree that the original statement was too vague. We replaced it with a quantitative

sensitivity analysis and now explain why the 3 km % 200 m setting was chosen.

For the folding flag, we tested horizontal averaging windows of 1, 3, 5, and 10 km using
the 100 m vertical sampling. For the MaxVd-based SU classification, we tested all
combinations of horizontal averaging windows of 1, 3, 5, and 10 km and vertical
averaging windows of 100, 200, 300, and 500 m. These sensitivity analyses have been

added to the Supplement as Figs. S1 and S2, respectively.

The folded-column fraction probability decreases as horizontal averaging becomes coarser,
from 16.5% at 1 km to 7.2% at 3 km, 4.8% at 5 km, and 2.5% at 10 km. The distribution of
MaxVd is shown in Fig. S1. The 1 km case retains an unusually long tail of MaxVd values
toward the Nyquist limit, suggesting that random Doppler errors are not sufficiently suppressed.
In contrast, the 10 km case concentrates MaxVd close to 0 m/s, indicating that local convective-
core signals are overly smoothed. The SU fraction also decreases with coarser horizontal and
vertical averaging as shown in Fig. R1-2. This behavior is expected: stronger smoothing reduces

noise-induced false detections, but it also suppresses narrow convective-core signals.
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Figure S1. Sensitivity of the MaxVd distribution to the horizontal and vertical averaging scales.
Each panel shows the normalized frequency distribution of MaxVd for selected convective columns
after Doppler-velocity quality control and exclusion of folded columns. Rows correspond to
horizontal averaging windows of 1, 3, 5, and 10 km, and columns correspond to vertical averaging

windows of 100, 200, 300, and 500 m.
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Figure S2. Sensitivity of MaxVd-based SU occurrence to the horizontal and vertical averaging
scales. Colors and numbers show the percentage of selected convective columns classified as
MaxVd-based SU, defined as non-folded columns with MaxVd > 2.0 m s™', for each combination of
horizontal and vertical averaging windows. The denominator is the number of all selected
convective columns for each sensitivity test. Coarser averaging suppresses the MaxVd tail and

reduces the occurrence of MaxVd-based SU columns.

Based on these assessments, we chose 3 km x 200 m as a compromise between reducing
EarthCARE/CPR Doppler-velocity noise and retaining convective structures on physically
relevant scales. This choice is also consistent with previous discussions of spaceborne Doppler-
radar design, which indicate that many deep-convective updraft cores are narrower than 5 km
and that the core-width distribution peaks around 2-3 km (Kollias et al., 2023
(https://doi.org/10.3389/frsen.2022.860284)).

6) "the native 1 km x 200 m Doppler-velocity field": I thought the native was 500m x 100m

We thank the reviewer for catching this. The original wording was confusing. The
EarthCARE/CPR sampling is approximately 500 m along track and 100 m vertically, whereas
the field shown in Fig. 1b corresponds to the CPR_CLP product grid before the additional
averaging used in this study. We have removed the word “native” where it could be interpreted
as the instrument sampling and now refer to the “input”. To make the effect of spatial averaging
clearer, Fig. 1b now shows the input CPR_CLP Doppler-velocity field at 1 km x 100 m
resolution with only the cloud-mask threshold applied.

7) Figl:



a) Figlc: I do not see any flagging to multiple scattering. I would expect there is something

around pixel 500.

We agree that the multiple-scattering mask was not clearly visible in the original Fig. 1c. In the
revised figure, we explicitly show the multiple-scattering mask using grey shading. The region
near column index approximately 500 is now marked as affected by multiple scattering and is

excluded from the MaxVd calculation. We also revised the caption to state this explicitly.

height [km]

L | s
100
b) Original Doppler velocity

——— 1

15F R 25
ol - ~ 1 H1s
100" - » o i 0.5
[ i : it LA -0.5
) Rl B X iy -1.5
ok 2 AT e R T L -2.5

PR P | P | P
200 300 400 500

height [km]

H :
L Il s L 1 L L 1 L s 1 N s 1 L
0 100 200 300 400 500
(c) Filtered / averaged Doppler velocity
15 [ ! ! ' I T T ! ! I ' ! T ! I ! ' ! T I N N ' ' I T ] 25
= ‘\',_ Fop o b a4 ] 1.5
? PF tlm TP ‘ :tl:’é{.?'-ﬁ:" : - lfl 1 105
L ¢ A kp d iR e | g W o\ ]
2 gr il T I B b -0.5
) _
< ' -1.5
0 I N T R S R (A -2.5
0 100 200 300 400 500
6 (d) Column-maximum Doppler velocity
rr—-......r.‘z -~ r - 1T 1 T "]
T I . ‘ .+ ] — Maxvd
0w 4F : n l l l "1 —— Original max Vd
E I , L | ] — SU threshold
> 2 T :
£ o : ‘ ‘ SU column
S of — ,\HH AN - — 1 EU column
o f . It W ]
> I 1
-2 P B B I SR B S
0 100 200 300 400 500

CPR column index



Figure 1: Example illustrating Doppler-velocity quality control, folding detection, and the definition of the
updraft metric MaxVd for an EarthCARE/CPR scene. (a) Radar reflectivity factor (Ref; dBZ). (b) Input
CPR_CLP Doppler velocity (Vd; m s™') after applying only the cloud-mask threshold (cloud mask > 20);
positive values indicate upward motion. The black line marks the 273.15 K isotherm. (c) Doppler velocity after
applying the column-selection criteria and quality control. Gaps indicate columns or gates for which no valid
Doppler velocity remains after column selection and quality control. Grey shading near column indices
approximately 70, 500, and 510 denotes gates flagged as being affected by multiple scattering. (d) Column-
maximum Doppler velocity as a function of column index, computed from the input field in (b) for visual
comparison (“Original”; green) and from the filtered and averaged field in (c) for the quantitative metric
(“MaxVd”; blue). Light-orange shading denotes columns flagged as folded and classified as extreme-updraft
(EU) candidate columns. Light-blue shading denotes columns with MaxVd > 2.0 m s, classified as strong-

updraft (SU) columns.

b) Panel d: difference between orange and blue line. Of course going to 3 km scale significantly
reduce the Vd intensity (convective cores are typically much smaller than 3 km). Again if
averaging is done in the Vd space this may be an "artificial" effect due to folding. Indeed I
strongly disagree with the statement at line 218-219 "while preserving the location and relative
magnitude of embedded updraft cores" (in fact the difference between the blue and orange line
shows exactly that!). All the discussion at line 235-238 in fact mention that. Airborne

measurements are typically representative of averages at much shorter scales!

We agree with the reviewer. The original statement overstated the extent to which the averaging
preserves the magnitude of embedded updraft cores. We have revised the text to state that the
quality-control and averaging procedure suppresses noisy and cloud-edge fluctuations and
yields a coherent 3 km-scale Doppler metric, but that it also reduces the peak amplitude of

Doppler velocity in narrow convective cores.

¢)"Grey shading denotes columns flagged as being affected by residual velocity folding": I am

surprised not to see any at around index 75.

Thank you for pointing this out. With the revised residual-folding criterion, these columns are
now flagged as folded and shaded in light-orange. Fig. 1 and the caption have been updated

accordingly.

8) Sect 3.2 and after. All Tables and percentages are defined with respect to the number of QC

3-km columns, correct?



This could be improved. In fact in some cases you get percentages up to 9% which is definitely
too high!! We would like to know how frequent these convective clouds are (thus with respect
to all 3-km columns). Also it is probably better to put together in the same Table results for SU
and EU (extreme updraft corresponding to velocity folding, I would introduce some
terminology there). I would actually term SU ==> MU (moderate updrafts) and Doppler
foldings ==> SU (strong updrafts).

We agree that the denominator of the reported percentages needed to be stated more clearly and
that the MaxVd-based SU statistics and folded-column statistics should be presented on a
common basis. In the revised manuscript, we now use all the selected convective columns as the
common denominator for Fig. 6, Fig. 7, Fig. 9, and Table 1. Here, “all the selected convective
columns” includes both non-folded convective columns and columns flagged as Doppler-

velocity folded.

Accordingly, the MaxVd-based SU occurrence is defined as the number of non-folded
convective columns with MaxVd > 2.0 m s™* divided by the number of all the selected
convective columns. The EU occurrence is defined as the number of folded convective columns
divided by the same denominator. This common denominator allows measurable MaxVd-based

SU columns and folded, potentially more extreme, columns to be compared directly.

We also revised the SU definition from the original threshold of MaxVd > 2.5 m s to MaxVd
> 2.0 m s™! and reconstructed all the figures, tables, and text. Table 1 now reports, for each
region and local overpass time, the total number of selected convective columns, the number
and occurrence of MaxVd-based SU columns, and the number and occurrence of folded

columns.

We considered the reviewer’s suggestion to rename the non-folded MaxVd category as
“moderate updrafts” and the folded category as “strong updrafts.” However, because the
Doppler velocities in folded columns are aliased, we cannot assign a quantitative updraft speed
or a quantitative updraft class to these columns. We therefore retain the operational term
“MaxVd-based SU” for non-folded columns with MaxVd > 2.0 m s™', while consistently
describing folded columns as extreme-updraft (EU) candidate regime that likely samples more
extreme convection. We revised the manuscript throughout to avoid implying that MaxVd-

based SU columns contain the absolute strongest convective cores observed by CPR.

9) Line 601-602: "As a result, we cannot yet directly evaluate echo-top height climatologies at
2040 dBZ derived from the TRMM and GPM precipitation radars". Well the Ku-band 20-40
dBZ levels are certainly detected by EC but non-Rayleigh effects are substantially reducing



those levels (in addition to attenuation). The recent paper by Chase et al., A Multifrequency

Spaceborne Radar Perspective of Deep Convection should be mentioned here.

Thank you for pointing this out and for information of the paper by Chase et al. We agree that
the original wording was inaccurate. EarthCARE’s W-band CPR can observe high reflectivities,
but direct comparison with Ku-band 20—40 dBZ echo-top climatologies is complicated by non-
Rayleigh scattering, attenuation, and multiple scattering in deep convection. We have revised

the discussion accordingly with reference to Chase et al. (2025), as the reviewer suggested.



