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General Comments

In this study, the ability of quadrotors to measure wind speed and wind direction through
a relationship with the pitch angle is discussed. While the methodology has already been
shown to work well in previous studies, the novel part is the use of multiple quadrotors
simultaneously. The authors demonstrate clearly, through comparison with in-situ
anemometers along a 99-m tower and a wind lidar, that the use of ‘swarms’ of drones has
a large potential for atmospheric boundary layer studies. The research is presented well,
but there are some comments and concerns that need to be addressed. 

Specific Comments

1) The word ‘swarm’ in the context of drones is used a lot throughout the manuscript
without defining it. Does it mean two or more drones? Or is there another minimum
threshold that he authors define as ‘swarm’?

2) line 83: Explain why the flight kinematics of a multirotor with four rotors is more simple
than multirotor with more rotors. This may not be obvious to the average reader of this
article. 

3) line 85: The argument of choosing a ‘racing’ drone is not very convincing. There are
many settings in the Pixhawk software that one can change/tune to make the multirotor
more agile. It is not necessary to select a racing drone in that sense. 



4) Page 4: the argument about weight being below the threshold for permits/license
requirements, is that still true for the new EU regulations? Or does Germany perhaps still
have their own specific regulations?

5) To make a fair comparison between quadrotors vs other multirotors with more than 4
rotors, one should also include some argument against quadrotors. For example: one may
argue that the ability to respond to changes in wind speed is better for more than 4
rotors, and that in case of motor failure of one of the rotors, having more than 4 rotors
would be desirable. More arguments can be thought of and should be included.

6) line 97; include some details of the relevant sensors, including IMU, GPS, HYT271, etc.
e.g. accuracy, precision, etc. Best to do that in separate table.

7) line 104: Did the authors compare wind directions from quadcopter in weathervane
mode, vs. quadrotor pointing in one direction and calculating wind direction from pitch and
roll (a more common methodology in previous studies)? I would think that in conditions
with quite turbulent, varying wind directions, as often encountered in the lower ABL, the
weathervane mode may not be optimal.

8) line 107: is there a reference to the software “QGroundControl”. Who developed it, how
many drones can be controlled by the software? Some more details of this software need
to be included.

9) As for air traffic regulations/permits, is one single operator allowed to control more
than one quadrotor? If so, is there a limit?

10) line 130: Sentence a bit unclear. I think that at least, you have to replace “tips of
booms”, “to tips of three booms”. I understand that at each level, there are three booms
and each of these booms has one anemometer. Is that correct? Is that also the case for
the wind vanes at the two heights?

11) The sampling rate of anemometers need to be mentioned somewhere. Later on in the
paper, I believe it is mentioned that only 1-minute cup data were available which I was a
bit surprised about. 

12) line 137; 76 flights with how many quadrotors each? Give a number or range of
numbers here.



13) line 141: ‘hovering for a certain time’. Be more specific. Give at least a time range in
minutes. 

14) line 147: “A safety distance of 20 m to the tower was chosen”. That seems quite
large, given the possible spatial variability of winds and lack of eddy coherence on those
scales. How does that distance translate into a distance from cup anemometer and/or
vane? Also, was there a test done to estimate the minimal distance to avoid disturbance of
anemometer measurements by the drone?

15) Page 8, Eq. 9-11: Quite a few variables/parameters are not defined, including p,q,r,
and angles phi and theta.

16) Section 5: in the general methodology, I am unclear if the pitch/wind speed
relationship is based on time-averaged data or on the higher frequency (1Hz for sonic, 1
minute for cup anemometer) data. This needs to be clarified somewhere, and compared
with methodology in previous studies.

17) line 231: “Once the offset is determined”. It is not clear how the offset is determined.
Please explain.

18) line 233: Given the large choice of available minimization approaches, can you say a
few words about how the solution depends on the specific minimization approach used?

19) line 234: “time-averaged wind speed”. Since the time average changes from flight to
flight and from drone to drone (or is it exactly 10 minutes?), I think there is an issue with
a fair comparison here, and the time averaging needs to be normalized somehow. The
comparison between cup wind speed and drone wind speed improves with the time
averaging (as with other comparisons between independent sensors) and the impact of a
varying time-average should be removed in some way. One possibility is to split up all the
data in e.g. 1 or 2 minute averages.

20) Table 2: similar comment to previous one: unless accuracy from each drone is
calculated with identical time averaging periods, the comparison is not entirely fair. At
least some discussion of this issue needs to be included.

21) line 260-262: can the authors include the analytic relationship they have derived,
perhaps in an Appendix? For comparison with past and future studies, this would be very
helpful.



22) line 277: “Flight #31 is selected as the calibration flight as it has an average wind
speed of 6 ms−1”. Why is 6 m/s average so good to aim for, for a calibration flight? Isn’t
it more important that the wind speed has both a large average AND a large variance.
Otherwise, there may be a potential bias for covering relationship between pitch and the
larger wind speeds only.

23) line 291: what typical values or range of values did you encounter for the “offset
calibration of the yaw angle” for these drones?

24) Figure 7: Several outliers (at both high and low wind speeds) for the UAV data are
clearly visible. Can you discuss?
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