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We are highly grateful to the overall positive review and in our view good suggestions.

In the following part we will give point by point answers and/or comments to all points raised
by the Referee #1. We try our best to further improve the paper. Relevant changes in the 
manuscript will be explained or cited with highlighted green color coded text. For simplicity 
we only provide links towards the sections. For the detailed changes please refer to the 
visual mark up version produced by latexdiff. Be aware that the visual mark up did not work 
for the Figures and their captions smoothly and also not for the references.

--------------------------------------------------------------------

As I said, this contribution is helpful and interesting as it is. Nevertheless,  the measurements
as they are described provide further information about the echoes from locations nearby 
around the WT and on the properties of other variables (spectral width, polarimetric 
variables) at the WT location and around. This information is urgently needed to 
comprehend the WT problem and I want to encourage the authors to add further 
publications based on the data of this experiment.

It is true, that for instance polarimetric echoes are highly interesting to study. A a lot of data 
has been generated during our campaigns and cannot be presented all in one paper. This first
paper shall give an overview about the campaigns and give a first insight into some first 
promising results. Further scientific studies will follow and build up on this paper.

Section 4: In the end of the manuscript we extend the outlook with this paragraph: “The 
present detailed description and analysis has been based on the first meteorological quantity
measured by weather radar in the history of radar meteorology: the so-called radar 
reflectivity expressed in dBZ. We plan to complement the present work with spectral (mean 
radial velocity and spectrum width) and polarimetric signatures (co-polar correlation 
coefficient, differential phase shift, differential reflectivity) of the wind turbines. The next 
step consist of a stratification of the spectral and polarimetric signatures upon a given rotor 
speed threshold. Indeed, in case of not-moving rotors the WT spectral signatures are similar 
to those of a tall metallic tower (Gabella, 2018): very large and very stable co-polar 
correlation coefficient, small dispersion of the differential phase shift, stable and slowly 
varying horizontal, vertical and differential reflectivities, null spectral signature. An example 
of not-varying horizontal reflectivity can be seen in Fig. 8a on March 19. On the contrary, in 
the case of moving rotors the degree of complexity and interpretation difficulty is similar to 
what has been shown in the present paper which has focused only on horizontal polarized 
radar reflectivity.”



Major remarks:
As I did not find differing information I assume (I have to assume) the given data are
measured without a Doppler Filter and any other quality filter applied. It might be I
forgot that this information is given somewhere. If not, it has to be clearly stated how
the data are processed (by the radar).

Your assumption is correct and we forgot to mention it clearly in the manuscript, that our 
data is measured without any Doppler/quality filter applied. Already in the introduction we 
will add this important information. Later when we add the analysis of the filtered data, it 
will get more precise too. 

Section 1:  “ ...regarding unfiltered horizontal reflectivity ZH for all three wind turbines during
the field campaign in 2019. For simplicity, we call ZH just horizontal reflectivity hereinafter 
for which no Doppler or any other quality filter is applied.”

Furthermore, for practical application of the results the differences between uncorrected 
reflectivity (uZh) and Doppler corrected reflectivity (Zh) need to be shown and discussed. The
guessing about the importance of the (mainly static) nacelle of the WT for the echoes is not 
necessary as a Doppler filter will separate echoes from the static parts of the WT from rotor 
echoes.

Actually we think it is a good idea to include some analyses for the Doppler filtered 
reflectivity. We do this for the 2020 campaign, where most of the other results are shown. 
However, we do not have  spectral data (PSR) for the whole 2020 campaign to apply a filter in
post-processing for the whole 22 days and every echo. PSR recording was limited by the 
signal processor. We tried to record it for 5 min, every 5 min to allow the data can be 
processed, stored and sent to our data archive. Most of the time it worked well, but for some
periods it was still not working smoothly with the result of data gaps, occasionally some days.

With the new Figure 8b, we show the Doppler notch filtered (width +- 3.5m/s) reflectivity 
time series. To better see what orientations and rotor speeds are captured for both time 
series we included a new Figure 9, where we show in polar projection the normalized 
distributions of WT1 nacelle orientations in conjunction with the rotor speed.

Old Figure 9 (new Figure 10) is redesigned (also according to one of your other comments) 
now and shows the results only for ZH and filtered ZH for comparison. From the new scatter 
plot (Figure 11), it can be affirmed that our previous assumption of high returns from the 
nacelle was misleading and probably not correct in all situations. The differences are much 
less pronounced for the maximum than for the median or minimum. So to say the applied 
Doppler notch filter is more effective for the less high returns coming from the static parts.

We believe it is a nice addition and improvement of the manuscript preparation when the 
filtered ZH is included.

Page 11-13, Section 3.1 and 3.2: Added results and discussion of new filtered ZH data. 
Description about the filter which has been applied with the PSR data. Inclusion of new 
Figures: 8b, 9, 10b, 11 with necessary explanations.



The first part of chapter 3 introduces some theoretical terms, especially radar cross
section (RCS). It starts from the standard discussion of an single, isolated target. 
Equation (1) is valid for an particle on the radar axis. If its position deviates from the main
axis, the directivity pattern of the radar antenna has to be taken into account.

A WT is not small compared to the 3dB beam width. Here the limitations start.
The RCS as it is derived here _is_ sensitive to the directivity pattern of the antenna. A 
different pattern would produce a different weighting of individual parts of the WT, resulting 
in a different RCS. Additionally, the WT is not small compared to the radial resolution of
the measurements (75 m). Already a flagpole (i.e. a point in a PPI) contributes to two
consecutive range gates if it is not perfectly positioned at the center of one range gate.
As the diameter of the antenna is nearly twice the length of a range gate, the echo from
the WT is distributed in three or four range gates if the relative yaw angle is 90 degrees
or close to it. One range gate never contains all the echo from the WT. This needs to
be explained and taken into account when deriving RCS from reflectivity.

In the following text and the figures the authors provide sometimes reflectivities, sometimes 
RCS values.  As stated above, I do not trust the RCS and I do not want to calculate back an 
forth to compare RCS and Z values. My recommendation is: 
(i) improve the derivation of RCS by discussing the effect of the spatial extend of the WT,
(ii) determine the offset between RCS and Z for each of the WTs, and then 
(iii) stay to the measured reflectivities without introducing additional uncertainties from the 
conversion to RCS.

In general we agree with the reviewer comment here. Talking about RCSs is misleading. 
However we try to satisfy two different views on the subject: In the radar world reflectivity is 
not such a known concept as RCS is. To keep both communities (weather radar and radar) 
interested in the paper we keep to some extent the discussion about RCS.  

We also agree that one range gate cannot contain the entire WT, but it does contain almost 
all the energy. The pole and the nacelle of the WT are the brightest scatterers and only the 
tips of the rotor would scatter out of a gate.

Regarding (ii), we introduce a new Table 5, where we present all 3 conversion factors F for 
each WT.

Regarding (iii), we still present the general conversion strategy/equations and minimize the 
discussion about RCS. It is not completely removed because people from the aviation radar 
world are interested in it as it was derived. 

Regarding (i), we have to say that for the current study/paper it is out of the scope for us at 
the moment.



I do not follow the argument of the orientation of the nacelle to be important for the
backscatter (line 288 and later). (i) The (scattering) area of the nacelle is small compared to 
the area of the rotor. (ii) The nacelle often has more or less straight "walls", leading to a 
stealth behavior: as long as the radar is not perpendicular to the nacelle surface, the (strong) 
echo is not scattered back to the radar. (iii) The scatter properties of a nacelle might be 
severely dependent on corners on the surface of the nacelle, which can have the effect of a 
corner reflector. Thus the properties of this individual nacelle are not representative for 
other type of WTs.

In order to prove the theory of strong nacelle echoes, the authors should discuss the effect 
of a Doppler filter. Such a filter should be able to suppress the nacelle echo, as the nacelle is 
(nearly) not moving.

Yes, we agree that our previous argument about the nacelle effects on the high returns were 
not fully thoughtful in all details. We thank the Referee for this important comment.  We will 
remove the corresponding text passages, where we argue wrong, and include the more 
meaningful discussion about the Doppler filter effect on the echoes. In this we way, it can be 
more certain that the rotors of the wind turbine play the key role.

See also our comments to the second comment of Referee #1 here, where we discuss the 
Doppler notch filter. 

Section 3.2: Additionally to comment 2, we follow  the argumentation of the Referee about 
the influence of the nacelle in the text and note: “Regarding the possible influence of the WT
nacelle, it can be argued that the effective scattering area of the WT nacelle is small 
compared to the area of the rotor. In the end this could lead to a stealth behavior, as long as 
the radar angle of attack is not perpendicular to the nacelle surface which is given for our 
measurement setup.”

--------------------------------------------------------------------

The last concern is about the linear correlation coefficients used in Fig. 11 and the
text on it. In case there is a relation between WT physics and radar echoes it is not
necessarily linear but probably strong. Assuming a linear relation between pitch angle
and echo strength means - just to clarify my argument - a significant stronger echo at
390 degrees pitch angle than at 30 degrees. The surfaces on the rotor blade are in no
way changing in a linear way.

We are facing of course a very complex problem of two independent movements of the WT 
slow yawing (turning the nacelle), which also changes the angle of attack towards the blades,
and the blade pitch adjusting itself. If the WT nacelle relative position is at 0° or 180°, we 
expect for a blade pitch angle of for instance 90° higher returns than for a blade pitch at e.g. 
30°. You are right the surface of the blades (which we do not know exactly) will probably not 
lead to a linear response. But in a first a approach, we were trying a simple linear correlation 
analysis. 



We suggest to be more careful in the text, where it should be mentioned that the blade 
surfaces will likely not give a linear response. Unfortunately we do not have the expertise to 
model the EM interaction of WT blades and go into more detail.

Section 3.2: “A theoretically strong downhill linear relationship with r = -0.67 can be 
calculated for them, but it has to be taken into account that the complex blade surfaces will 
likely not give a linear radar echo response which in turn would initiate some misleading 
result.”

With this argument, taking |sin| of the yaw angle is useful step. The images in Fig
12 bring some evidence that linear relations are not totally misleading. Nevertheless
for |sin(yaw angle)| there is a significant shift to stronger echoes, not described by the
linear relation.

Again here we suggest to include in the relevant text passage a note where we follow your 
argument that we see a significant shift to stronger echoes, not described by the linear 
relation.

Section 3.2: We add sentence: “It has to be added that a significant shift to stronger echoes is
not described by the linear relation.”

Fig 11 shows 28 correlation coefficients for three different samples of the measurements. 
Only 16 of them relate a WT related value (psi, theta, rs, and u) with a radar
variable (Zmax, Zmin, delta Z, Zmedium). Wouldn’t it be possible to show more of
these scatter plots but only the four relations for two different samples?

Now we have already quite a lot of figures and even one more scatter plot for the 
comparison of the filtered ZH and thus we would in a first revision attempt not include more 
Figures. Please consider also the fact that we will try to publish more on this topic in the 
future where new  analyses will be presented. However Figure 11 is revised, by only showing 
now two samples only (rs >1 and rs<=1).

See change of old Figure 11 to new Figure 13 and inclusion of Scatter plot in new Figure 11.

In Figs 12 and 13 there are 95 % confidence intervals marked by shaded areas. But
in no case 95% of the measurements fall into these intervals. What is the meaning of
these 95% confidence intervals?

The regression lines and corresponding confidence intervals were produced with the 
seaborn Python package. For some parts, including  your point for the confidence intervals, 
the sub-function regplot has been used. Maybe there is a small misunderstanding here.  A 
parameter CI is passed to the function (in our case 95%) which defines the size of the 
confidence interval for the regression estimate (not the measurements). This will be drawn 
using translucent bands around the regression line. According to the regplot user guide, the 
confidence interval is estimated using a bootstrap method.

If we did not stated it clearly, a more precise definition of the meaning of these shaded 
intervals will be added to the captions of the new Figures 14 and 15. In the text in Section 



3.2, we say now: “In addition, the linear regression lines with  confidence interval sizes of 
95% for the regression estimate are drawn using translucent bands around the regression 
line”

--------------------------------------------------------------------

Lately, the values for Zhmax are limited by saturation of the receiver as the authors
mention. What does this mean for correlation coefficients of Zhmax to some other
value?

If our measurements are facing a saturation issue (where we are not 100% sure of) it will of 
course affect the correlation coefficients. In the summary/conclusions part we say already: 
“Indeed, the observed discrepancy between the correlations of ZH,min / ZH,max and the 
blade pitch angle , for which ZH,min is much higher downhill correlated then ZH,max is uphill 
correlated, could be attributed to a receiver saturation issue.” So if there is some linear 
relation to ZH,max, a possible saturation will reduce the correlation coefficients.

If for it is important to mention this issue earlier in the text, we suggest to include a short 
sentence in Section 3.2: “The possibility that ZH,max is facing some radar saturation issue 
during the 2020 measurement campaign, it could be the case that the correlation 
coefficients are lower than they should be.”

--------------------------------------------------------------------

Minor remarks:

L 23: 205 GW is the _installed_ capacity of WTs. As the wind is unsteadily blowing, the
amount of yearly produced energy is significantly less than 205 GW times 8760 hours
(=1.8 PWh). The real production was "only" 417 TWh. These 417 TWh correspond to
15 % of the electricity consumption of Europe. Do not mix up these terms. BTW: There
is no proof that the number of wind turbines needs to increase. It might be the size o
the turbines instead.

Thanks a lot for this hint, we add to the introduction the real amount of production. 
Regarding the number of WT in future, I would say that it is still likely that the number has to 
increase. But of course it is not proof-able. Typically I would argue that bigger turbines are 
more difficult to install and maintain. We are assuming a perfectly rational market here and 
green energy is becoming trendy so we expect more wind turbines to pop up, needed or not.

Our latest reference report is the following:
Nghiem, Aloys, Iván Pineda, and P. Tardieu. "Wind energy in Europe: Scenarios for 2030." 

Wind Europe(2017): 32.

If OK for you, we change our text passage to and change to the latest reference mentioned in
black above:

“The total capacity of wind energy in the EU in the end of 2019 is 205 GW. The effective real 
production amounts to about 417 TWh,  which is 15 % of the total consumed electricity. With



the fact that green energy is becoming trendy, a realistic outlook until 2030 is to have around
300 GW of wind turbine power installed (Nghiem et al., 2017). By assuming a perfectly 
rational market here, it is expected that more wind turbines pop up.”

--------------------------------------------------------------------

L 93: The directions towards the WT from the radar are 337.8°, 343.3°, and 340.2°.
The RHI scans (according to Tab. 3) are only performed until 342.9° in fine resolution.
Why does the range not cover the turbine at 343.3°?

The fact, that the fine resolution does not cover WT3 at 343.3° was simple a technical 
restriction of the radar control software, which does not allow more than a certain threshold 
of RHI numbers in one sequence: 30. So in the end it was not possible to cover all 3 WT in 
high resolution (0.1°) mode and a single volume. An additional constraint was the total scan 
time that we tried to minimize.

--------------------------------------------------------------------

In Fig. 4d the positions of the most intense echoes are at roughly 338.5°, 341.5° and 343.3° 
which does not fit to the (first two) given WT locations. Same discrepancy for Fig. 5 and Tab. 
4 also gives a different location of WT 1.

Note the following considerations:
What shown in old Fig.4 was for the year 2019, while the pointing scan is in 2020. Even if the 
site is exactly the same, we expect some minor misalignments.

At the beginning of the 2020 campaign we were running a couple of days with the PPI  
and/or RHI sequence like in 2019 and, based on this short dataset, we pointed to the location
where the maximum return was observed. So it could be that it is not identical to the 2019 
data (see also previous point). 

Maybe it is also difficult in the Figure to identify the exact azimuth direction. Old Figure 4 is 
completely revised and split into 2 Figures 4 and 5  now. They will appear bigger and can be 
interpreted better in this way.

--------------------------------------------------------------------

L 149: Sorry, I do not "clearly" see low ZDR and high RhoHV values at the wind turbine
positions. Could you add an isoline of reflectivity at 35 dBZ to make it easier to see
the effect? ZDR and RhoHV show an intense variation (noise) making it hard to assign
individual pixels to a WT effect.

Indeed, in the PPIs the WT positions are difficult to see and we very welcome the hint to 
include the 35dBZ contour in the PPI plots. 

In Figure 4, the isoline of 35 dBZ has been added in black color. Additionally we present the 
Doppler spectrum width W for the same scan. The corresponding text in Section 2.3 has 
been updated: “ZDR attains mostly slight negative numbers within the 35 dBZ contours. In 



those areas and in the shadow behind, RhoHV is reduced to approximately 0.7 compared to 
the hill forest clutter in front of the wind turbines, where RhoHV reaches more than 0.95. For
this specific example and the slow PPI scan, the Doppler spectrum width remains close to 0 
m/s on average as indicated by the violet areas.  

--------------------------------------------------------------------

L 177: The inline equation contains two different Pr. One has the unit mW, one the nonunit 
dBm. The equation enables us to determine Pr. I know the problem to introduce
dB and values on a logarithmic scale, but this way is wrong.

Totally right, if Pr has already been for linear unit in mW, we cannot use it again after Log-

transformation.  We change to lower case for linear unit, and use lower case received power 

pr and pt (transmitted power) now.

--------------------------------------------------------------------

L 179: sigma is not described as a scalar but deeply discussed as a function of the two
angles occurring. What is a scalar is sigma(pi), the _back_scatter cross section.

We now use σb everywhere in the text and equations, because we are considering a 

monostatic radar, hence an angle of scattering equal to -pi (-180˚). In Equation 1, the 

backscattering cross section is indicated as σb  (hence, assuming a scattering angle of -180° 

for the angular RCS). Usually σb is expressed as a scalar and the dependence on wavelength 

is implicitly assumed: in our case λ is 0.032m.

Section 3: Text passages are adjusted accordingly to the comment above. 

--------------------------------------------------------------------

L 180: I added a linefeed before "Precipitation".

We added a linefeed before “Precipitation”.

--------------------------------------------------------------------

L 192: In equation 4 the gain G0 looses its 0 without further notice. Why?

Just a mistake, thank you.

We correct and write in equation (4) G0 instead of G.



L 198: if you change equation 5 to sigma_i = piˆ5 |K|ˆ2 D_iˆ6/lambdaˆ4, there is no
need to change from sigma_d to sigma_i.

Yes, we will remove sigma_d and insert sigma_i instead. And update the text. As we always 
refer to a monostatic radar, we use now the subscript small b (-180° backscattering) in 
conjunction with sigma.

Section 3: “By substituting Equation 5 into Equation 4 the radar equation for spherical drops 
can be written as: ...”

--------------------------------------------------------------------

L 201: You did not introduce Z, so you cannot convert from Z to RCS.

Right, we will correct this. When introducing Z (log transformed), respectivley z (in linear 
units) we will refer to Bringi and Chandrasekkar (2001):

#######
Bringi, V. N. and Chandrasekar, V.: Polarimetric Doppler Weather Radar: Principles and 
Applications, Cambridge University Press, https://doi.org/10.1017/CBO9780511541094, 
2001
#######

Further we corrected an error in Equation 6, where we forgot the particle number per cubic 
meter n. In Equation 7 we now use lower capital z .

--------------------------------------------------------------------

L 204: You should give all three conversion factors for the three WT.

Totally in agreement. We will give all 3 conversion factors in the revised version.

New Table 5 lists all the conversion factors for the 3 wind turbines.

--------------------------------------------------------------------

L 248: "Averaged value"? How did you average? In dB or in mˆ2?

Old Figure 7 has been removed, it was not possible to reproduce it properly. This is our fault. 
Sorry. All the text corresponding to this Figure is removed, and your comment deprecated. In 
general, the part dealing with RCS will be shortened in the revised version.
--------------------------------------------------------------------

L 248: The difference between two logarithmic values is always dB, not dBsm.

See comment above. Fig. 7 is removed.



L 280: Yes. The yaw angle of the WT is independent of reflectivity values. It is even
independent of the presence of the radar. The message should be, the maximum
reflectivities are insensitive to the yaw angle. - BTW: 10 dB difference is not really
insensitive. It might be less intense than expected, but 10 dB is a factor 10.

True, our formulation was the wrong way around. It will be fixed. We include also your note, 
that the differences are less than 10 dB. At this point we do not define what is insensitive or 
sensitive. We give just the result, and our opinion that it is insensitive.

Section 3.2: “From the polar plots in Fig. 10a,  we see that the maximum measured 
reflectivities are insensitive to the relative yaw angle of the nacelle. This is evident by the 
round and not too much disturbed distributions (less than 10 dB) of the color-mapped 
scatter points.”

--------------------------------------------------------------------

L 285: The variation of the maxima (in a) is in the order of 10 dB. The variation of the
P99 values is also 10 dB. Why do you say, a directivity is more visible in b than in a?
Same question occurs for the median values. - Plot (just for you) the figures into a
Cartesian coordinate system and see if the messages is stable.

Here we mean with “first deformations become visible” the pattern at 90° and 270°, which 
are not as pronounced for ZH,max as for P99. In our point of view it gets clarified enough in 
lines 286-288.

--------------------------------------------------------------------

L 417: See remark on line 248.

Thanks, the unit will be corrected to [dB] instead of [dBsm].

Figures:

The figures are a main drawback of this paper. It is the duty of the authors to provide
figures the show - not hide - the information. Along all the figures only a few axis
descriptions, titles and so on are readable. I do not want to use a magnifying glass to
read the figures! Hardly any of these figures can be accepted as it is.

Additionally, figure 12 makes use of bright and dark green and blue. It might be that the
printer of the authors (or their screen) shows these differences. Mine not. There are
colors which are better distinguishable than bright and dark blue. There are different
marks but + signs.

We apologize for the figures in the first manuscript. We tried our “best” and revised  every 
single plot for a better readability. We do not use plus signs any more, except for the WT 
locations in Figure 1. As your wish, the colors in Fig. 12 changed and do not use light and dark
color modes anymore.



As a hint, I think the Figures in the final publication version (if accepted) will always appear 
bigger, because of the constraints of the manuscript mode of Copernicus. They advise the 
Figure width to not use the whole page width in 2 column mode (e.g. compare width of 
caption text).  

Fig 1. The black + for the radar position is totally invisible in my printout in subfigure a.
Same for the border lines in both figures. Axis labels and tic labels are fine for a and b,
tic marks for c are at the limit.

The radar sign is now red, while the WT signs are white. Also the colorbar changed to Python
native (viridis). Border lines are now better visible. For the 2 top plots, the all font sizes were 
increased. The cross-section is produced by SWISSTOPO website and we cannot improve it a 
lot. I tried to increase the whole subplot a bit.

--------------------------------------------------------------------

Fig 2. Absolutely unreadable in printout. On the screen at 400 % size acceptable but
the velocities at the color codes.

All fonts in Fig. 2 adjusted, color bar changed and the bin width was increased to 4 m/s. It is 
much better readable now.

Fig 3: Axes labels and tic labels at the limit. Sketch of wind turbines is a good try to
explain nacelle orientations. I think, a view from the top is easier to see.

Axes and tic labels are enlarged now. For a good reason we did not touch the WT sketch of 
Fig.3. Were are no CAD experts and it would simply cost too much time for us to adjust (for in
our opinion little gain).

--------------------------------------------------------------------

There is no additional information but only more confusion in showing absolute and
relative orientations of the WT. Simply give the offset angle and show one of them.

Here, we totally agree with the Referee comment, that it is not necessary to show both, 
absolute and relative orientations. We stick now to the relative ones and provide the offset 
angle, which is 158.9°. In addition all font sizes increased for Fig. 3b and c. 

--------------------------------------------------------------------

What is the source of the echoes left of WT 1 in d and e?

I have to assume you mean Figure 4d and e. Old Figure 4 is divided now into Fig. 4 (PPI) and 
Fig. 5 (range span plots). The strong echo left of WT1 has most likely its origin in ground-
clutter backscatter as the given WT surroundings consist of a hill forest. These echoes are 
coming from a shorter distance than WT1 (see range span plots of ZH,max). Now an 
additional range span plot for the PPI scans is included. In total Fig. 5 consists now of 4 
subplots. 



In Section 2.3 we write accordingly: “With the distance of these range gates, it is obvious that
the high returns left of WT1 are not associated to a turbine effect as they appear at a shorter 
distance from the radar of about 7500 m compared to the WT1 distance of 7740 m. Given 
the surroundings consisting of uphill terrain (s. Fig 1), the high radar returns have most likely 
the origin in background clutter from the hill forests.”

--------------------------------------------------------------------

Fig 4: Can you provide a PPI of spectral width as well? Labels in a through c at the
limit, in d through f totally ridiculous.

Fig. 4 is completely revised. See also our last comment. In the new Fig. 4 we also show now 
the Doppler spectrum width. All labels better visible now. 

--------------------------------------------------------------------

Fig 5 and 6: If you assess the patterns around the wind turbine to the directivity pattern
of the radar antenna, we need that directivity pattern to be shown in the same form. Is
there any difference between the top rows and the bottom rows but an offset? If not,
bottom rows are not needed.

We see, that the RCS plots in those Figures are not strictly needed, as there is just an offset 
to the ZH,max. This offset is now given in Table 5 for all 3 wind turbines. The RCS plots here 
are removed. The new Figures 6 and 7 show only the statistics of ZH. Currently we are not 
able to provide a directivity pattern of the antenna in the same form. 

--------------------------------------------------------------------

Axis and tip labels are below the limit.

Axes and tic labels of Fig. 6 and 7 are bigger now.

--------------------------------------------------------------------

Fig 7: In a, c and f the local maximum at the position of the WT is a bit larger then the
overall maximum around the WT. This is not possible by definition.
Axis, tip and legend labels are totally unreadable. Digitally they appear to be readable
at roughly 250 %.

Figure 7 is discarded in the manuscript.

--------------------------------------------------------------------

Fig 7/8: One figure shows RCS in dBsm, one figure shows reflectivity in dBZ. This is
not helpful. Please show always Z in dBZ.

In general we follow the suggestion of the Referee and stick more to Z in all plots. 
Nevertheless RCS will be mentioned still in the text parts, where appropriate.



Fig 8: Axis and tip labels at the very limit.
Moving average in dB, not in mmˆ6/mˆ3?!

In Figure 8 we show now both the filtered and unfiltered data time series, as discussed 
earlier in the major remarks of Referee #1. All fonts enlarged. The red scatter points show 
the moving median and it should be still in unit dBZ. We do not average here.

--------------------------------------------------------------------

Fig 9: Labels and so on much too small.

The figures are strongly misleading! Whereas the reflectivity scales show a range of
60 dB, the cross section scales only show 40 dB. This changes the shape massively!.
Max reflectivity at 110◦ is roughly 80 dBZ, at 140◦ it is 70 dBZ, 10 dB less. Max RCS
at 110◦ is fairly 45 dBsm, at 140◦ it is 35 dBsm, also 10 dB less but the "bulge" looks
much stronger - it is not.

The median reflectivity has a difference of 68 dBZ (170◦) down to 56 dBZ (310◦), i.e.
roughly 12 dB. The median RCS varies between 32 dBsm (170◦) and 20 dBsm (310◦),
also 12 dB. All the difference that are visible between a/b and c/d are caused by the
way of presentation.

I recommend to combine a and b into one figure (having three dot circles instead of
two, showing only values between 80 dBZ (max value of all) and 50 dBZ (min value of
median values).

Old Figure 9 is redesigned into Fig. 10 to mostly follow this comment. The RCS version is 
completely omitted. The P99 is included as a thirs color map circle. For comparison we now 
show the version for unfiltered ZH and Doppler notch filtered ZH. Both plots have the same 
y-axis limits between 30 and 80 dBZ. We had to go down to 30 dBZ because of the lower 
filtered ZH values.

New discussion and adjusted text passages in Section 3.2.

--------------------------------------------------------------------

Bin width are differences and thus always given in dB,
not in dBZ or dBsm (see comment on line 240).

You are right, we correct this error.

--------------------------------------------------------------------
Fig 10: "WT1 blade angles" means pitch angles?

Yes, with blade angles we mean the pitch and not yawing of the nacelle.



Fig 11: Do we need more than the lower 4x4 CC values? Probably instead of simple
linear correlation coefficients scatter plots could tell more.

We suggest back to only show 2 samples instead of 3, but we stick to the heat-map structure,
as it is given out nicely by seaborn already and it is not very well adjustable unfortunately. All 
labels are better visible in the new version. The point of showing more scatter points will be 
postponed to a future study where also polarimetric variables will be a point of interest. In 
addition we think we are already at the limit of number of figures in this paper.

--------------------------------------------------------------------

Fig 12: Especially the legend is unreadable. Bright and dark green, bright and dark
green are indistinguishable in my printout. Choose other colors.

Sure, we thank you for this note. Everything should also be distinguishable in a printout. The 
former light colors in Fig.12 (new Fig. 14) changed to dark yellow and red. In our printouts it 
is satisfactory in this way.

--------------------------------------------------------------------

Fig 14: Legend unreadable.

Legend font size is larger now.

--------------------------------------------------------------------



Figure 1. Visibility contour maps from DEM based GECSX (Ground Echo Clutter Simulator) simulations for the radar observations site

close to Schaffhausen. Minimal visibility map (elevation for maximum of 50% beam blockage) is shown in plot (a). Plot (b) shows the

derived percentages of visibility the fixed antenna elevation of 2.0°). Red plus signs indicate the wind turbine locations and the black plus

sign the weather radar location. Additionally the cross section of the terrain profile between the radar observation site (left-end of cross

section) and the wind turbine of the wind park with the largest distance to the radar (right-end of cross section) is presented in (c). The last

plot was produced on the swisstopo website www.geo.admin.ch.
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Figure 2. Wind rose plots showing the wind speed and direction distribution for March 2019 (a) and 2020 (b) at an altitude of 874m.

The measurement data is retrieved from a nearby wind profiler (47.69N, 8.62W) in the district of Schaffhausen. The altitude of the wind

measurements are comparable to the altitude of the nacelles of the wind turbines and the horizontal distance to the turbines is about 8.8km.

The colors indicate the wind speed intervals in a bin width of 4m s−1.

23



2019-03-07 2019-03-10 2019-03-13 2019-03-16 2019-03-19 2019-03-22 2019-03-25 2019-03-28
Date

0

100

200

300

Na
ce

lle
 o

rie
nt

at
io

n 
[d

eg
]

(b) WT1 relative nacelle orientation and rotor speed time series for 2019 campaign
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(c) WT1 relative nacelle orientation and rotor speed time series for 2020 campaign
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Figure 3. In (a) a schematic view of two wind turbines in relative nacelle positions of 0° (left) and 270° (right) with respect to the radar angle

of attack (red arrows) are shown. The blade pitch angles are at a high position (θ > 70°) and the direction of blade bending during wind load

is indicated by the black arrow. The plots (b) and (c) are showing the time series of relative, with respect to the radar location, orientations

(black) of the WT1 nacelle from 2019-03-06 to 2019-03-28 and from 2020-03-04 to 2020-03-25. On top and specified by a secondary y-axis

is presented in red the associated rotor speeds in revolutions per minute (rpm). For the measurement campaign in 2019 the time series plot is

representatively shown for wind turbine WT1. The offset angle between relative and absolute nacelle orientations is 158.9°.
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Figure 4. Example of single PPI slices (a-d) of horizontal reflectivity ZH , differential reflectivity ZDR, co-polar correlation coefficient ρHV

and Doppler spectrum width W covering the wind park of the three wind turbines at an elevation angle of 3° on 2019-03-24. The black

circles indicate a range spacing of 1km. In all PPI slices the 35dBZ reflectivity contour is drawn to show the approximate location of the 3

wind turbine scatterer.
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Figure 5. Fixed range span plots of the maximum retrieved horizontal reflectivityZH from the PPI (a) and RHI (c) scan sequences are shown.

The axes indicate the azimuth and elevation angles. The subplots (b) and (d) show the range gates from both scan sequences respectively,

where the maximum ZH occurred. Be aware that azimuth and elevation span is different for the PPI and RHI-based fixed range span plots.

The former go from 331° to 349° in azimuth and from 2° to 5.1° in elevation and the latter from 335° to 344.6° in azimuth and from 2° to

10° in elevation.
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Figure 6. Maximum (1st row) and median (2nd row) fixed range statistics from PPI radar scan data of horizontal reflectivity ZH for all

three observed wind turbines during the entire measurement campaign in March 2019. The first column shows the results for WT1 (range:

7740m), the second column the results for WT2 (range: 8040m) and the third column the results for WT3 (range: 8600m). The elevation

angles go up to 5.1° and the azimuth range is 18° (s. Tab. 3).
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Figure 7. Maximum (1st row) and median (2nd row) fixed range statistics from RHI radar scan data of horizontal reflectivity ZH for all

three observed wind turbines during the entire measurement campaign in March 2019. The first column shows the results for WT1 (range:

7740m), the second column the results for WT2 (range: 8040m) and the third column the results for WT3 (range: 8600m). The elevation

angles go up to 10° and the azimuth range is 9.6° (s. Tab. 3).
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Figure 8. In (a), the scatter plot time series (black dots) of horizontal reflectivity ZH values retrieved from wind turbine WT1 during the

stare-mode measurements of the mobile weather radar in March 2020 (2020-03-04 to 2020-03-25). The red colored line represents the

corresponding moving median of the reflectivity data with a temporal window size of 10 minutes. In (b), the scatter plot time series (grey

dots) of the clutter notch Doppler filtered ZHf values and corresponding moving median. The clutter filter used has a width of 7m s−1 and

was applied during postprocessing to moment data where spectral data have been available. In consequence gaps appear in the time series of

ZHf .
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(a) Normalized distribution of relative nacelle positions for ZH
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(b) Normalized distribution of relative nacelle positions for ZHf
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Figure 9. The plots indicate the normalized distribution of relative nacelle positions with corresponding rotor speeds during March 2020 for

the unfiltered ZH (a) and filtered ZHf (b) reflectivity data. The rotor speeds are binned with a width of 2rpm.

30



0°
30°

60°

90°

120°

150°
180°

210°

240°

270°

300°

330°

30
40

50
60

70
80

dB
Z

(a) Orientation stratified WT1 point measurement statistics of ZH
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(b) Orientation stratified WT1 point measurement statistics of clutter-filterd ZHf
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Figure 10. Fixed-pointing measurement statistics of horizontal reflectivityZH (a) and clutter-filteredZHf (b) based on the relative position of

the WT1 nacelle. Indicated by the red scatter points in all polar projections is the median value. The maximum values with the corresponding

counts within a bin width of 0.5dB are shown by the light grey shaded area and color-coded scatter points. The dark shaded area represents

the results for the 99th percentiles with the counts exceeding them indicated by the corresponding color table.
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Figure 11. Scatter plot comparison of 10 minutes moving minimum (blue), maximum (green) and median (black) ZHf from Doppler filtered

(clutter notch of ±3.5m s−1) and unfiltered reflectivity data ZH .
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(a) Time series of WT1 blade pitch angle , moving median of ZH, max and ZH, min
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Figure 12. The line plots in (a) show the 10min moving maximum (green) and minimum (blue) of [ZH ] = dBZ as presented in Fig. 8.

The black (rs ≥ 1rpm) and red (rs < 1rpm) scatter plots indicate the WT1 blade angles with a temporal resolution of 10min. The time

period between 2020-03-04 and 2020-03-25 covers the whole 2020 field campaign. For practical reasons plot (b) presents the relative nacelle

orientation accordingly to plot (a).
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Figure 13. Pearson linear correlation coefficients heat map matrices between radar returns re-sampled to a temporal resolution of 10min

(maximum ZH,max, minimum ZH,min, difference ZH,r , median ZH,med) and WT1 orientation Ψ, blade pitch angle θ, rotor speed rs and

average wind speed Ū . The correlation matrix (a) is computed with the measurements when the rotor speed rs is less than 1rpm and (b)

when rs is equal or higher than 1rpm. Some corresponding regression line fits are shown in the scatter plots of Fig. 14.
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(a) Relation between  and ZH
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Figure 14. Scatter plots and corresponding linear regression lines with confidence interval sizes of 95% for the regression estimate (translu-

cent bands) showing the relations between the blade pitch angle θ (a), respectively normalized nacelle orientation Ψ (b), and different

sub-data sets of ZH . In particular the data set ZH,max (blue and red) and ZH,min (orange and green) are each separated for the WT1 rotor

speed threshold of 1rpm. The confidence intervals are estimated using a bootstrap method.
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Figure 15. Scatter plots and corresponding linear regression lines with confidence interval sizes of 95% for the regression estimate (translu-

cent bands) showing the relations between the average wind speed Ū and two sub-data sets of ZH,max. The data when the rotor speed

rs ≥ 1rpm is plotted in grey, while the data for rs < 1rpm is represented by the color-mapped scatter points. The color dimension shows

the blade pitch angle θ. The black regression line belongs to the color-mapped scatter points. The confidence intervals are estimated using a

bootstrap method.
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Time series comparison between moving ZH, max and rebuilded ZH, max, ols when rs 1 rpm

ZH, max
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Figure 16. Time series scatter plots of the 10min moving maximum of ZH,max (black) and the corresponding OLS model based rebuilded

maximum of the horizontal reflectivity ZH,max,ols (violet) when the rotor speed rs ≥ 1rpm. For the input of the model estimation only the

WT blade pitch angle θ and nacelle orientation Ψ are used.
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