Authors’ response to Reviewer 2 comments

The manuscript uses WRF to study the losses caused by cluster wakes off the US East coast. They
simulate a reconstructed typical meteorological year and provide a framework for layout generation
of future lease areas. They then evaluate the result using different metrics, specifically wind speed
related, or energy (power) related which means the wind speed signal is evaluated with the power
curve.

This work addresses the currently very relevant cluster wakes topic. However, the content better
fits to a technical report which could be used in for instance policy making. In my opinion, there
is hardly any scientific relevance or novelty to this work, see specific comments below. For this
reason, I regretfully recommend the manuscript in its current form to be rejected.

We appreciate the reviewer’s thoughtful evaluation of our paper. We understand the reviewer’s
opinion regarding scientific relevance, but respectfully disagree as we feel that it is important for
the research community to consider wake-driven energy losses alongside wind speed losses, if not
for pure scientific benefit, then certainly for engineering applications, which we understand to be
within scope for the Wind Energy Science journal. To the best of our knowledge, no prior study has
provided a direct side-by-side comparison of wind-speed—based and power-based wake maps. This
comparison reveals important spatial and temporal patterns that are not evident when considering
only wind-speed deficits. By explicitly linking the two representations, our study highlights the
non-linear way in which the wind speed distribution interacts with the turbine power curve at scale.
We believe this goes beyond simply restating a known fact (that individual turbine power has a
nonlinear dependence on wind speed and is insensitive to wind speed above the rated wind speed),
as it offers a novel framework for interpreting wake impacts in large clusters and for bridging the
gap between meteorological analyses and operational performance assessments. In addition, we be-
lieve, from an engineering perspective, the power deficit map provides a more direct and practical
approach for planning and operating existing or future wind lease areas.

Through this revision, we have conducted additional analysis to separate power loss between in-
ternal and cluster wake impact and have restructured the paper to focus more on the wake map
comparison. We have also made adjustments throughout to clarify that the contribution of this
study in using an energy-based loss metric, rather than a wind speed-based loss metric, when
evaluating wake losses.

Specific comments

1. The study compares wind speed deficit with energy losses, with the main conclusion: “A key
insight from this study is that large wind speed deficits do not necessarily translate into significant
energy losses.” (1. 6-7). This is directly linked to the fact that above rated wind speed, wind speed
deficits will not affect the turbine’s generated power.

I fail to see the novelty of this observation, as this has been known for as long as turbines have
operated with a constant rated power. That this is now applied to cluster wakes rather than
individual turbine wakes, is in my opinion insufficient to justify a publication.

We thank the reviewer for raising this point. We agree that the general principle—that above rated
wind speed, deficits in inflow do not affect the turbine’s output—is well understood at the level
of individual turbines. Our contribution however lies in systematically examining this principle in
the context of large wind-farm wakes, where the cumulative effects of wake interactions and atmo-



spheric variability, leads to a more complex interplay between wind-speed deficits and energy losses.

To the best of our knowledge, no prior study has provided a direct side-by-side comparison of
wind-speed—based and power-based wake maps. This comparison reveals important spatial and
temporal patterns that are not evident when considering only wind-speed deficits. By explicitly
linking the two representations, our study highlights the non-linear way in which the wind speed
distribution interacts with the turbine power curve at scale. We believe this goes beyond simply
re-stating a known fact, as it offers a novel framework for interpreting wake impacts in large clusters
and for bridging the gap between meteorological analyses and operational performance assessments.

With this being said, we acknowledge that some sentences, including the statement the reviewer
highlighted, was not appropriately represented as significant highlight of this paper. We have made
updates throughout the article to address this, particularly in abstract and conclusion section.

2. The study also investigates the effect of stability on the wake losses, leading to the conclusion:
“... the greatest energy loss occurs when wind speeds are below-rated with stable stratification.”
(1. 372). Also this result follows existing literature, showing that cluster wakes recover more slowly
under stable conditions.

We agree that these results are consistent with existing literature, but the emphasis on below-
rated wind speeds has not been addressed extensively. In this revision, we have added appropriate
references and restructured the sentences to reduce any implication that these findings represent
a new discovery. At the same time, we wish to emphasize that confirming previously established
results is also important, as it validates the methodology and reaffirms established facts as well as
emphasizing that the wind speed regime is also important along with stability.

3. The analysis of the wake area in Section 4.2 mostly presents conclusions that are fully expected
from the analysis in Section 4.1, i.e. difference in wind speed deficit and energy loss approaches
presented in Sections 4.1 and 4.2 are the same. What is more interesting in this section is the
relation of Fiakearea 10 the capacity density.

We respectfully disagree with the reviewer’s comment, as Sections 4.1 and 4.2 address two distinct
aspects of the analysis. Section 4.1 focuses on how stability characterization influences the wind-
speed-deficit and energy-loss approaches. In contrast, Section 4.2 quantifies the differences in wake
extent (“wake area”) between these two approaches.

Both components are necessary: without Section 4.2, the conclusions drawn in Section 4.1 would be
incomplete, as the reader would lack a quantitative understanding of how the approaches differ in
spatial wake impact. For this reason, we believe that retaining Section 4.2 is essential for presenting
a comprehensive and coherent analysis.

4. The most interesting contribution of this study comes, in my opinion, from Section 4.3 focusing
on the use of different ways to calculate the ‘same’ metric. This addresses uncertainty or ambiguity
that is easily introduced. My recommendation for a revised manuscript would be to shift to focus
to an uncertainty assessment, which can include the use of different metrics (current study of
wind speed deficit versus energy loss), different understandings of the same metric (eq. 7-8), but
also assumptions about layouts, turbine types and capacity densities that are taken here at the
beginning of the study. Additionally, model setup choices (like value of TKE coefficient) should be
discussed.

Thank you for your comment. We agree that addressing methodological uncertainties—such as



valuation metrics, turbine layout, and capacity density—would be very valuable. However, given
our limited remaining funding and computational resources, conducting such analyses is beyond
our current capabilities at this time. In addition, expanding the scope in this way would shift the
focus of the study, which is to provide a direct side-by-side comparison of wind-speed—based and
energy-based wake maps and to evaluate their differences. In this revision, we have added a section
on future work to address the uncertainties raised by the reviewer.

Lines 441-449: There are several uncertainties associated with this study that motivate for future
work. First, it would be valuable to apply the same analysis framework using an industry wake
model (e.g., the TurboPark model) to assess whether the differences in wake map between wind
speed deficit and energy loss approach remain consistent. Second, additional sensitivity studies re-
lated to different wind farm parameterization and value of added TKE are needed to quantify the
robustness of our results. Finally, a comparison with recently published studies on offshore wind
wake assessments demonstrates the complex interplay of multiple factors in determining the final
wake area, including the (1) turbine design and layout, (2) simulation techniques, and (3) analysis
methods and metrics employed. The variability in the results arising from these factors highlights
the need for further research to standardize wake assessment methodologies and develop more robust,
universally applicable wake characterization techniques.

Technical corrections

1. 25 and throughout the manuscript: order references chronologically or alphabetically
Thanks for your comment. This has been addressed accordingly.

Section 2.1: add (numbered) subsections for clarity

Thanks for your comment. This has been addressed accordingly.

2. 134: this modification addresses induction, not blockage. Also, the effect of using this (or other)
wind farm parameterizations on your results should be discussed.

Thanks for your comment. We have corrected that term in this manuscript. Address the effect of
different wind farm parameterization would involve a lot additional simulation and is beyond the
scope of this study. The purpose of that paragraph is to give an overview of the development of the
wind farm parameterization in WRF thus far. However, such uncertainty is added to the section
on future work (Lines 441-449) in the revised manuscript.

3. Recommend to also show the original 15MW curves to see the effect of peak shaving. Also
justify why peak shaving is only applied to the 15MW turbine.

The original curves of the IEA 15MW have been added to Figure 3 as requested. All wind turbines
for this study use peak shaving—the 11 MW is a scaled version of the ITEA 15MW with peak
shaving, while the 13MW already contains peak shaving in its defined operation (see the early
deviation from the cubic power curve below the rated wind speed in Figure 3), so is left as is. This
is described in the last paragraph of Section 2.3.

4. 207: limitation of taking the stability of the entire rotor layer should be noted, as it becomes a
different metric. It is for instance not valid any longer for turbulence closure as it does not evaluate
for local turbulence generation or suppression. Also note that inhomogeneity has a huge effect on
this variable, think marine boundary layers and LLJs within the rotor area.



Thanks for bringing this up. Such limitation has been added to the manuscript to address uncer-
tainty.

Lines 258-259: ‘However, we note that defining stability in this manner has limitations, partic-
ularly when strong local inhomogeneity exists within the rotor layer (e.g., shallow coastal low-level
jets”).

5. 233: I believe the reference should be to Section 4.1 (not 3.1)

Thank you for your comment. Section 3.1 describe the stability classification method and that is
where it refers to in the sentence.

5. 5: not a new metric, just 1 minus efficiency. This should be noted.

Thank you for your comment. We have modified the equation to the following
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6. 271-272: These farms were not introduced. Rather refer to North/Central/South like in the rest
of the manuscript.

Thank you for your comment. The purpose of this sentence was to give a few explicit example
of the energy loss experience by actual wind lease areas under stable, below-rated atmospheric
condition. However, we acknowledge that it was unspecific and unclear since the wind farms had
not been introduced prior to this, and we have opted to simply remove this sentence.

7. justify that it is fair to look at wind speed at one height, while turbines with different hub
heights are simulated

Thank you for your comment. Consistent with many prior studies (Pryor et al. 2021; [Pryor and|
Barthelmie, [2024; Rosencrans et al., |2024)), our analysis focuses on the wind speed at the turbine
hub height. While the parameterization influences the full rotor layer, the vertical structure of the
turbine-induced wind-speed deficit is qualitatively similar throughout that layer. Thus, examining
the hub-height wind speed offers a fair and representative basis for comparison.

Lines 214-217: Note that data analysis conducted in this study are exclusively focused at turbine-hub
height (150m). While the wind farm parameterization influences the full rotor layer, the vertical
structure of the turbine-induced wind-speed deficit is qualitatively similar throughout that layer.
Thus, examining the hub-height wind speed offers a fair and representative basis for comparison
(Pryor et all,|2021; |Pryor and Barthelmie, |2024; |Rosencrans et al.l, |2024)

8. Section 4.1: add (numbered) subsections:

Thank you for your comment. Section 4.1 presents the results of the stability analysis: Figure 6
shows the outcomes for each individual stability /wind-speed category, and Figure 7 presents the
aggregated results. It is not clear to us where an additional subsection would be appropriate.

9. 286: It was unclear that before you were looking at the 5% threshold only.



Thank you for your comment. The referenced paragraph is where we first begin discussing the
differences in wake area between the 5% and 2% thresholds. Both threshold values were previously
introduced in Section 3.2.

10. Fig 8: explain in text why the results in the North-East deviate from the other wind directions.
For all wind direction, energy loss > WS loss, except in the North-East.

Thank you for your comment. As you pointed out, the shape of the WS deficit area differs from
that of the energy loss area (especially noticeable by the WS loss area exceeding the energy loss
under the segment of the wind rose representing north-easterly winds). This distinction highlights
the value, as argued in our paper, to consider an energy loss metric rather than only consider-
ing wind speed loss. However, we have not closely examined this directional effect—a couple of
possible explanations are that there are simply more above-rated winds appearing from the north
east (which contribute to wind speed loss, but not energy loss), but other explanations based on
stability and/or blockage may also be valid. We do agree that this is an interesting artifact, and
we have mentioned this as a possible avenue of future research.

Lines 362-365: Interestingly, the extent of the WS deficit area is greater than that of the energy loss
particularly in the north-easterly sector of the map when evaluating using the 2% threshold (F'ig.
9a,c and e). This distinction highlights the potential directional effect of the evaluation matriz on
the wake map, which is a possible avenue of future research.

10. 345 typo: “climate.,”
Thanks for noticing that. This has been fixed (Line 406).

11. 348-350: This is an interesting result from a modeling point of view and deserves more attention.
Should be discussed as another source of uncertainty.

Thank you for your comment. We agree that the added TKE represents a source of modeling
uncertainty. This issue has been thoroughly examined by |Quint et al| (2025), who explicitly an-
alyzed the meteorological impacts of added TKE from Fitch scheme on boundary-layer height,
temperature, surface fluxes, and wind speeds. We have added a mention of this to the section on
limitations/areas for future work (Lines:441-449).

12. Figure B4: should be moved to Section 2.2.

Thank for your comment. Corresponding texts and figure have been moved.
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