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Comments Referee # 1

Comment 1: Simulations are not driven through Coriolis forcing. I wonder how this

impacts the development of sheer and veer in the simulated ABL.

Response:

Generally, the sheer is governed by the roughness, while veer stems from a combination

of Coriolis and height of the inversion. So without Coriolis there will be no significant veer,

see Kelly and van der Laan (2023).

Comment 2: What happens when the atmospheric conditions deviate from these bound-

ary conditions? Is there any way to infer impacts to the inflow estimation quality?

Response:

This question is related to Comment 5, so please refer to our response below.

Comment 3: Does this rescaling apply to the turbulent content of the inflow or is the

mapping identical for mean velocity profile and turbulence?

Response:

The scaling using Eq. 1 is applied on the full flow, i.e. including the turbulent content.

Comment 4: In assessing the validity of Taylor’s hypothesis in this case, what is the

turbulence intensity for the flow? More importantly, what impact will the mean shear

gradient and veer have on the resulting 3D turbulent inflow fields? Is a new global basis

defined for each inflow scaled as per eq. 1, or is the global basis universal for all inflows

with unew 2 [8:0; 12:0; 15:0; 18:0] ms−1

Response:

As previously mentioned, the absence of Coriolis implied that there is no significant veer

and the shear gradient governed by the relative roughness. The turbulence is shear gen-

erated, and therefore the turbulent structures and magnitude of turbulence intensity will

vary with height. The global basis is universal for all inflows (in the selected study). So

”global” and ”universal” is the same.

Comment 5: An important consideration when using a global basis of POD modes

must be, ”how representative is this basis for the flow in question?” Certainly we expect

that modes defined from the ensemble of cases should be a good representation of the

dynamics for each individual case unless there’s some reason to question the statistical

stationarity of the larger simulation. More generally, can the methods used in this work

generalize to using the same global basis for cases where the background atmospheric

changes have changed (e.g., for non-neutral conditions)?

Response:

Yes, exactly. The current study hinges on a global basis that is representative. Cés-

pedes Moreno et al. (2025), showed that it is possible to derive global bases that efficiently

represent different flow scenarios for wind turbine wakes. It remains an open question how

effective a global basis can been for very different atmospheric conditions, e.g. different

stability conditions, and we are actively working on addressing this larger question in other

studies. As a preliminary inference based on experience, we would expect the efficiency
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to depend on the rotor size, i.e. it will be easier to derive an efficient global basis covering

a small turbine as the spatial variations are smaller than for a very large turbine, which

might encounter inversion, low-level jets or other asymmetric conditions.

Comment 6: The basis of global modes shown in Appendix B show behavior simi-

lar to 2D Fourier modes, consistent with a nearly uniform background flow. Is this ex-

pected? The text does not indicate the shear exponent or veer across the considered

domain. These non-homogeneities would likely result in more complex behavior in the

global modes.

Response:

Yes, it is to be expected to POD modes resemble Fourier modes, as pointed out in the

seminal work by Lumley (1967), and more recently investigated by Hodzic et al. (2024).

The minor deviations from Fourier modes are precisely due to non-homogeneities, where

there is a vertical change in the turbulent structures as explained in response to comment

4. This is most evident in modes 6-9 (Appendix B, Fig. B1), where the red (and blue)

colors (and hence contours) are stronger near the ground than at the top.

Comment 7: Does the rotational velocity of the rotor also need to be accounted for

in the motion correction or does considering only the u component of velocity assume

away the problem? I understand that no motion correction was applied in the end, but for

completeness, it would be good to include a statement as to why it should be considered

or can safely be neglected.

Response: Projecting the line-of-sight (LOS) velocity onto the longitudinal direction does

not eliminate motion-induced contamination. If motion correction is desired, it must be

applied at the LOS level by subtracting the component of the sensor/platform velocity

projected onto the beam direction.

In principle, both tower/nacelle motion and rotor rotation can introduce relative-velocity

terms. In the current HAWC2 hub-lidar implementation, the sensor kinematics include

tower motion (and therefore, tower relative velocity effects on the lidar measurements),

but does not include an additional translational contribution associated with rotor tangential

velocity.

In the study we do not apply an explicit tower-motion correction. While a point-wise

real-time correction is possible in principle, it would require accurate platform-velocity es-

timates for each lidar acquisition (e.g., from accelerometers sensors and subsequent inte-

gration), which is nontrivial and may introduce additional uncertainty. Instead, consistent

with common practice in lidar-assisted control (LAC), motion-related artifacts are typically

mitigated via low-pass and/or band-stop filtering prior to using reconstructed inflow fields

for control (Schlipf, 2016; Gräfe et al., 2023).

Accordingly, we treat motion-corruptedmeasurements as part of the overall measurement-

uncertainty chain and evaluate reconstruction accuracy in the presence of these effects.

Because the reconstructed inflow fields are not used directly for LAC actions or load as-

sessment in this manuscript, our focus remains on inflow reconstruction accuracy while

retaining the associated uncertainties.

We have clarified these points in Sect. 2.4 (paragraphs 200–205) and in Sect. 3.2.3,

and we also note that off-axis optics may introduce an additional rotational contribution. In

practical deployments, tower motion and rotational effects can become non-negligible and

should be addressed through motion correction and/or filtering before using reconstructed

inflow fields for load assessment or LAC.
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Comment 8: Should be Mlidar?

Response: If this comment refers to the notation in Sect. 2.7.2, we have corrected it (the

second termwas not typeset consistently). The revision is shown in blue in paragraph 300.

Comment 9: This method shares some elements with that of Beck H, KühnM. Temporal

Up-Sampling of Planar Long-Range Doppler LiDAR Wind Speed Measurements Using

Space-Time Conversion. Remote Sensing. 2019; 11(7):867 (Beck and Kühn, 2019).

Response: We thank the reviewer for pointing out (Beck and Kühn, 2019). We have

added this reference in Sect. 1 (paragraph 80).

Comment 10: It’s not clear to me why the baseline method should miss the low-

frequency content of the velocity spectra regardless of the number of scans considered,

when all the other methods make a nearly perfect match. Additional interpretation would

be appreciated.

Response: Figures 7 and 8 (Sect. 3.2.1) presents the power spectral density (PSD) com-

puted independently at each grid point within the circular area of interest, AR, defined byq
y2

j + (zj � zhub)2 � 95 m, centered at hub height, where the locations included in this

aggregation are represented by the orange dots shown in Fig. 2. Therefore, the resulting

PSDs are averaged as follow:

PSDavg =
1

N

NX
i=1

Sii(f) (1)

Since each Sii(f) captures the full variance of uij(t) at that location, including the spatial
variability across the rotor plane, this approach provides a better estimation and visual-

ization of the goal of the reconstruction methodologies, which is to characterize the wind

speed variations across the full rotor plane at each time step.

Figure 1 shows five 10-min time series at five rotor-plane grid locations in the y–z plane
(highlighted in blue in Fig. 2), together with the corresponding PSDs for the reconstruction

methods, using � = 22:5�, nscan = 4 for the selection window, and K = 50 POD modes

for the POD-based methods. Across all locations, the baseline (blue curve) produces

point-wise time series that are systematically smoother than the full LES and the spatial

reconstruction methods. This behavior is evident in the point-wise PSDs in Fig. 1 (right

panels) and leads to reduced energy in the corresponding point-wise and aggregated

spectra, including at low frequencies.

Importantly, this behavior is specific to spatially resolved statistics. When the PSD is

evaluated for the rotor-averaged wind speed (RAWS), which is the quantity the baseline

is intended to reproduce, the baseline captures the low- and mid-frequency content well

(Fig. 3, panel (b)), similarly to the proposed reconstruction methods.

Further clarification of the baseline PSD estimation and behavior has been added to the

manuscript in Sect. 3.2 (paragraph 400) and Sect. 3.2.1 (Low frequencies; paragraph 420).
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Figure 1: Point-wise comparison at representative grid locations: time series (left) and

corresponding spectra (right) for the baseline and spatial reconstruction methods relative

to the full LES. The baseline (blue lines) produces smoother point-wise signals and re-

duced spectral energy, including at low frequencies, consistent with its rotor-equivalent

formulation.

5



Figure 2: Grid points in the y–z plane used to generate the reconstructed inflow fields.

Orange markers indicate the grid points used for the spectral aggregation in Sect. 3.2.1,

i.e., points within the circular region AR defined by
q

y2
j + (zj � zhub)2 � 95 m and centered

at hub height. Blue markers indicate the five grid locations used for the point-wise time

series shown in Fig. 1.

Figure 3: Turbulence spectra from a 10-min simulation for each method using � = 22:5�,

nscan = 4, and K = 50 global POD modes for the POD-based methods, with the volume-

averaged lidar estimate (ulidar,wgh) as input. (a) PSD of the spatially resolved u-component

aggregated over the rotor area AR. (b) PSD of the rotor-averaged wind speed (RAWS)

extracted from the HAWC2 output channel for aeroelastic simulations driven by the recon-

structed inflows. PSDs are estimated using Welch’s method with a Hamming window (six

segments, 50% overlap).
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Comment 11: Figure 7. Is there any way to relate the spectra to the MAE for each case?

The spectra themselves describe the distribution of energy across a range of frequencies,

but it’s not clear how the missing energy in the mid-range or the extra energy for high

frequencies might influence the MAE.

Response: Two reconstructions may exhibit similar PSDs but different phases, leading

to different instantaneous deviations and therefore different mean absolute error (MAE)

values. Moreover, for the proposed reconstruction methods, different sources of uncer-

tainty can increase energy in the mid-frequency range (Sect. 3.2), which may yield good

agreement with the full LES PSD while producing a noisier time-domain signal and, con-

sequently, a higher MAE.

This effect is evident in Fig. 1 and Table 1, which presents the MAE for the five

time series presented in this figure. At location #2 (hub height), POD–LSQ produces

a noisier signal because no measurements are available near the rotor center for that

case, which makes the least-squares fit more sensitive and increases the local error

(MAE= 0:551 m s�1). Although the POD–LSQ PSD shows comparatively good agree-

ment with LES reference at low and mid frequencies, this does not imply a more accurate

time-domain estimate. In contrast, POD–IDW provides the lowest error at location #2

(MAE = 0:500 m s�1), despite underestimating part of the mid-frequency energy.

Table 1: Mean absolute error (MAE) over 10 minute time series presented in Fig. 1, at

locations displayed as blue dots in Fig. 2, against the LES reference case.

Location Baseline POD-LSQ IDW POD-IDW

# 1: y = 0 m, z = 184:7 m 0:760 ms�1 0:472 ms�1 0:453 ms�1 0:480 ms�1

# 2: y = 0 m, z = 119:0 m 0:699 ms�1 0:551 ms�1 0:522 ms�1 0:500 ms�1

# 3: y = 0 m, z = 53:3 m 0:878 ms�1 0:529 ms�1 0:495 ms�1 0:498 ms�1

# 4: y = �60:1 m, z = 119:0 m 0:811 ms�1 0:568 ms�1 0:514 ms�1 0:559 ms�1

# 5: y = 60:1 m, z = 119:0 m 1:077 ms�1 0:560 ms�1 0:532 ms�1 0:561 ms�1

Accordingly, Figs. 7–8 are used as diagnostics to interpret how key parameters (e.g.,

scan count, POD mode truncation, and measurement uncertainties) affect the spectral

energy content of each method, rather than serving as predictors of accuracy.

In particular, missing energy over a frequency band indicates that the reconstructed

signal is over-smoothed (i.e., fluctuations are attenuated) relative to the LES. In this study,

such attenuation can arise from lidar probe-volume effects and from additional spatial fil-

tering introduced by the multi-distance measurement-selection approach: increasing nscan

typically increases measurement availability and can improve reconstruction (and reduce

methodology uncertainty), but it also expands the scan-selection window and enhances

turbulence filtering.

Comment 12: Tower natural frequency. Does the presence of the tower natural fre-

quency in the inflow spectra suggest that the observations should be motion compen-

sated? The peak is only visible in the virtual lidar measurements, not in the true wind

speed.

Response: This point is addressed in Comment 7. We note for completeness that the

manuscript already states this explicitly at the end of Sect. 3.2.3: ”Finally, attention should

be given to the effects of tower motion, which introduce spurious energy near the tower’s
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natural frequency (ftower). These artifacts, particularly prominent in lidar-based recon-

structions, require correction techniques or frequency-domain filtering to avoid negative

impacts on both control performance and aeroelastic load assessments.”

Comment 13: Figure 8. Similar to the comment for Figure 7, it’s not clear how to

consider the spectra in terms of the MAE. Results below suggest that the POD-IDW

method produces lower values of MAE, even though the spectra in Figure 8 show a

worse match to the Full LES spectra in the middle range of frequencies.

Response: Yes, exactly. This point is addressed in Comment 11, where we provide an

illustrative example comparing MAE and PSD at a single grid location at hub height.

Comment 14: ”...having a high number of spatially distributed inputs”. I think this is the

real takeaway from Section 3.2 and 3.4—uniform information density across the domain

is key. The more information you have to estimate the flow field (good coverage over

the reconstruction area, minimal gaps or distance between useful bits of information)

the better. This itself is not surprising, and there should be a good way of describing

or estimating analytically the tradeoffs between the number of scans used, the value of

interpolation, and the lidar beam half angle.

Response: We agree that a key outcome of Sects. 3.2–3.4 is that a more uniform infor-

mation density across the rotor plane improves inflow estimation for the proposed method-

ologies (see Sect. 3.3 and the trends in Sect. 3.4).

To make the associated tradeoffs clearer, we added Appendix D: Parameter sensi-

tivity of the reconstruction methods, which presents heat maps of MAEglobal versus �
and nscan for all methods, and versus K for the POD-based methods. An explicit reference

to Appendix D has been added in Sect. 3.4 (paragraph 525).

Developing a general analytical descriptor of the tradeoffs between scan count, inter-

polation, and half-cone angle is valuable but nontrivial for a hub-lidar due to the sampling

pattern and the coupled effects of filtering and measurement uncertainty; we therefore

document these sensitivities empirically.

Comment 15: Future work. As a final suggestion, for future work it would be great to

use this framework to describe the lidar measurement or scanning strategies to minimize

error on the estimated inflow, or even better, in terms of granting control authority to the

LAC system.

Response: We have incorporated it into the future work discussion in Sect. 5 (para-

graph 650).
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