
Authors’ response to Reviewer 3 comments

In this paper, the authors use a GPU-accelerated version of WRF to investigate the impact of
cluster wakes off the US East Coast. In particular, the authors consider both existing and planned
wind farms using available (where possible) and derived data regarding project capacity, capacity
density, wind turbine rating and layout. The authors run one year simulations, with and without
wind farms, assembling the most representative months among 24 years of atmospheric conditions.
The authors introduce the concept of “wake shadow”, by transforming wind into power losses by
means of a typical turbine power curve. Using this metric and the same percent thresholds as for
wind losses, the authors show that the area affected by wind farm wakes may increase by up to
30% compared to the standard approach that solely focuses on wind speed. Additional aspects
such as the effect of stability on wake shadow and inconsistencies in calculating metrics among
different studies are also discussed. The main key findings of this study (claimed by the authors
and identified in the manuscript) are:

1. large wind speed deficits do not necessarily translate into significant energy losses.

2. power losses are most pronounced under stable conditions and below rated conditions

3. given a threshold, the area affected by wakes is highly correlated to the capacity density (this
is independent of the adopted metric).

While I think this study focuses on a very relevant topic for the wind energy community, it features
very little novelty in my opinion, at least in its current framing. Regarding the first of the key
findings, I believe that it is common knowledge that wind turbines do not harvest all available
power above rated conditions. So it is quite obvious to me that, while wakes may be strong in
these cases, power deficits are zero or close to zero. On the other side, I must recognize that there
is a large tendency in literature to show wind deficit maps instead of power deficit maps, so the
metric in itself is justified and useful. In my opinion, also the second key finding is almost common
knowledge at this point, as it is very easy to find studies (both using WRF or micro-scale models
such as LES) where stronger wake deficits and persistence are observed under stable conditions.
Notably, when these studies investigate the physical reasons which dictate this behavior, they are
still very valid and welcomed in my view, but unfortunately this is not the case for the present
manuscript. The third finding is the greatest novelty of the study in my opinion, and I am surprised
it is not even mentioned in the abstract. For the reasons above, I personally don’t recommend the
publication of this study in the Wind Energy Science Journal, at least in its current form and
framing. In order to be eligible for publication, the authors should in my opinion expand some of
the interesting thematic areas that are briefly touched throughout the paper and shift the focus
towards an assessment of different metrics and guidelines for their use in addressing the magnitude
of cluster wake effects, which is in my opinion novel and of interest. Specifically, the authors are
encouraged to expand on the following thematic areas:

1. try to differentiate between intra-farm and cluster wakes, producing estimates regarding the
fraction of each of these effect on the total loss, which is what the authorssolely considered.
This would probably require to run additional simulations where the north, central or south
lease areas are removed (or simulations of existing vs existing + new lease areas).

2. try to expand the analysis on stability, introducing additional metrics such as the Obukhov
length L and/or the lapse rate inside the ABL (which gives a clear measure of stability). In
fact, Ri and L are a proxy for the exact stability conditions throughout the entire ABL and
are the only available measure when performing observations (in absence of a thermodynamic
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profiler, for example). In this case the authors have exact information on the stability, so
why not use it.

3. try to restructure the paper narrowing focus on the comparison of different metrics to assess
wake effects (thereby introducing the valuable ”wake shadow” metric), and assessing their
performance under different stability conditions, capacity density and lease areas. The authors
should use these metrics to offer some insights on whether, using a fixed total capacity, it is
better to have smaller and denser or a larger and less dense lease area. In my opinion this is
not an easy question. Maybe the actual ”affected area” is very similar in both cases, so the
small area is convenient due to lower maintenance and installation costs. Also this point would
probably require to run additional simulations using different capacity densities, making the
manuscript less ”realistic” but more insightful. These three comments are expanded in Sec.
1, while specific and technical remarks are outlined in Sec. 2.

We sincerely appreciate you taking the time to review our paper and providing such detailed and
thoughtful comments. Your criticisms are valid, and we have made efforts to revise the manuscript
accordingly.

Before going details on answering your comments, we would like to clarify our view on the novelty
of this work. As you also noted, “there is a large tendency in literature to show wind deficit maps
instead of power deficit maps”: that is why we want to make a clear distinction between these two
approaches as large wind speed deficit does not necessarily translate into significant energy losses.
Even though this statement is not something new or novel, it has been significantly underexamined
by the wind community, in our opinion, in the context of cluster wakes.

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 subtle but 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 be-
yond 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 perfor-
mance assessments. We believe, 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.

Regarding your main comments, we recognize that many of your suggestions would require ad-
ditional simulations. Unfortunately, given the remaining funding and computational resources
available for this project, it is not feasible for us to address all of them. Nevertheless, we have
managed to address two of the three major points you raised:

1. Differentiate between intra-farm and cluster wakes. To distinguish between these
two effects, we conducted a simulation containing a single target wind farm to quantify power
losses arising solely from internal (intra-farm) wakes. We then performed another simulation that
included all wind farms except the target farm, which isolates the cluster-wake influence at that
location. Finally, we compared these two simulations with the full simulation that includes all
wind farms, where the resulting power losses represent the combined impact of both intra-farm
and cluster wakes. The differences in power loss across the three simulations were then analyzed
to quantify each contribution.
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2. Expand the analysis on stability. Since the Obukhov length is not a default output
variable in WRF, we performed an additional 1-year simulation to obtain this variable, and then
compared with bulk Richardson number that we defined in study to understand and differentiate
their implication for characterizing background atmospheric stability.

3. Compare different metrics under various configurations. While we agree that conduct-
ing additional simulations with different capacity density values and split across stability conditions
would provide valuable insights when comparing metrics, such efforts are beyond our current re-
source limitations but we have mentioned these limitations as opportunities for future work (Lines
441-449) in the revised manuscript. Nonetheless, we have done our utmost to address all your
comments to the best of our ability.

General Comments

1. In the abstract – as well as in the very title – the authors claim that they want to assess cluster
wake effects (line 1: this study seeks to advance our understanding of energy losses caused by wind
farm cluster wakes). This is further highlighted throughout the paper, but the modality used to
carry out the study is not in line with the objective of understanding cluster wake effects. In fact,
by looking for example at line 74, it is misleading to refer to ”magnitude of the energy deficit for
downstream wind farms”, as the authors only consider WF (wind farms) and NWF (no wind farms)
situations. Notably, energy deficits of a downstream wind farm in the form proposed by the authors
are affected by both itself (the downstream wind farm) and upstream clusters. A deficit of 30%,
claimed by the authors and observed inside some wind farms (line 271: under this scenario, power
generation for wind farms like Community Wind, Attentive Energy, and Leading Light Wind could
experience a greater than 30% reduction in power output) is completely misleading, some of this
deficit is there just because those wind farms are generating power, hence is not a power reduction
of the wind farm. The research question, which the authors should try to address, is what part of
this 30% reduction is due to cluster wakes effects. This uncovers a limitation of the ”wake shadow”
approach, in my opinion, where velocity deficits are transformed into energy deficits. This metric
measures the energy that can be extracted from any given region of the flow if a specific wind
turbine is placed at this location. If one constructs the percent difference of this metric – like the
authors do – by comparing the NWF and WF cases, the resulting map makes little sense in the
context of addressing cluster wake effects, as it represents the energy deficit w.r.t. the case where
each turbine behaves as if it operated in isolation. As a consequence, the deficit the authors are
looking at contains intra- and extra-farm wakes, as well as blockage effects. To isolate the effect of
neighboring clusters one should substitute the NWF case with the case where only the cluster of
interest is present. Only at this point the metric provides the energy loss with respect to an ideal
case where no wake effects from neighboring clusters are present. I believe that this is a crucial
limitation of this study and of the ”wake shadow” metric, and it should be highlighted. In an
operational setting, where one wants to place a new wind farm within a new lease, the procedure
to address cluster wake effects should be the following in my opinion. First, run a simulation with
the new cluster only and second, include all existing neighboring wind farms. Third, use the ”wake
shadow” to calculate energy losses due to neighboring wind farms (cluster wake effects). NWF
simulations make little sense to me in this context.

We appreciate the reviewer’s comment, which is absolutely valid. The power and wind speed deficits
discussed in this paper indeed represent the combined effects of both internal wakes and cluster
wakes. Although we did not explicitly aim to isolate or quantify the cluster-wake effect in this
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Figure R1: Comparison of internal, cluster and total wake effect on wind speed and
power deficit (%) for the Atlantic Shore South wind lease area: a),b) and c) are the
results for wind speed deficit whereas d),e) and f) are the corresponding results on
power deficit. The blue lines indicate the outline of the lease area.

study, this was indeed incorrectly implied in both the original title and our discussion. To better
align the title with the actual scope of the paper, we have revised it to “Understanding Energy
Losses from Wind Farm Clusters along the U.S. East Coast.” In addition, we have removed all
wording that specifically refers to a “cluster-wake effect” from the revised manuscript.

To further address the reviewer’s point, we analyze the differences between internal and cluster
wake impacts using the newly conducted simulations. The targeted wind lease area is Atlantic
Shore South, located off the coast of New Jersey. The planned project capacity is up to 2700 MW,
and using our proposed turbine layout method, we populated 180 turbines (each with a 15-MW
rating). Figure R1 compares the simulated wind speed and power deficits at the Atlantic Shore
South lease area associated with internal wakes and cluster wakes effect. The mean power losses
over the lease area are 26.9%, 9.6%, and 35.2% for internal, cluster, and total wake effects, respec-
tively. Interestingly, the total wake effect shows an almost perfect linear combination of the internal
and cluster components. We further performed this analysis across different atmospheric stability
regimes. The linear relationship holds relatively well under unstable atmospheric conditions but
does not hold under stable conditions.

We believe these findings are insightful, and the corresponding discussion has been added to Section
3.3 of the revised manuscript. However, due to limited computational resources, we were unable
to perform similar simulations for other wind lease areas to verify whether this relationship holds
more broadly. As such, the conclusions presented here should not be generalized without further
investigation.

2. The authors use the Richardson number, which provides the ratio of buoyancy vs shear forces
within the flow. While this number is able to tell if the flow is buoyancy or shear dominated, it does
not provide a clear distinction between stable, unstable or neutral static stability, which is what
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affects the wake. A better metric to use would have been the mean lapse rate inside of the boundary
layer, which provides exact information regarding the flow stability. Flows with Richardson number
close to one (both positive and negative) can be either statically stable or unstable. It would have
been interesting to see how Ri and L relate to this (and with each other, see for example Basu et
al., 2014). Also, it would have been extremely interesting, downstream of the analysis proposed
in Comment 1, to directly relate cluster wake losses to Ri, L and γ (the lapse rate) on a diagram,
instead of a table, to investigate if any clear dependency is present.

Thank you for your comments. However, after careful consideration, we respectfully disagree with
reviewer’s view that lapse rate or Obukhov length is a better stability metric in this context. Our
reasoning is as follows:

1. The Richardson (Ri) number does provide information on atmospheric stability (negative
unstable, positive stable, near zero neutral). In addition, we use the bulk Richardson number
which combines the lapse rate (∂θ/∂z) and mechanical shear (∂u/∂z and ∂v/∂z) and thus
explicitly includes the potential temperature difference. Therefore, we are already considering
the lapse rate within our stability estimates.

2. We would also argue bulk Ri number is a better determinant of atmospheric stability (relevant
to wakes) than the surface-based Obukhov Length because it incorporates both buoyancy
suppression and mechanical shear generation of turbulence, and that interplay is important
to determine what is actually influencing wake behavior. Static stability (∂θ/∂z) is not
what influences the wake—rather, the amount of ambient turbulence influences the wake (by
eroding it or not eroding it), and static stability metrics miss half the picture there because
turbulence is driven by both buoyancy and mechanical forcing.

3. The Obukhov length (L) is computed from surface fluxes and therefore characterizes stability
at the surface, which can differ substantially from conditions in the rotor layer. To illustrate
this, we compared h/L (with h = 10 m) against Ri calculated for both the near-surface layer
(20–50 m) and the rotor layer (20–300 m) over the wind lease region from the newly-conducted
simulation (Figure R2). Over the 1-year period, L and Ri agree most of the time, and their
agreement improves when Ri is evaluated closer to the surface (20–50 m). However, even in
that case, approximately 14% of the time, L indicates unstable conditions while the near-
surface Ri indicates stable conditions. This discrepancy increases to 28% when compared
with rotor-layer Ri. These results suggest that surface-based stability (L) does not reliably
represent stability in the rotor layer.

For these reasons, we believe that the rotor-layer bulk Richardson number provides a more ac-
curate and physically relevant estimate of atmospheric stability for assessing wind turbine wake
behavior than the surface-based Obukhov length. Because detailed comparisons among lapse rate,
Richardson number, and Obukhov length are beyond the scope of this paper, we have not included
the corresponding figure in the revised manuscript. However, we have added a discussion on the
differences between L and Ri to justify our choice of stability metric.

Lines 252-256: To examine the difference in stability indication between Obukhov length, L, and
Bulk Ri, an analysis was conducted by comparing h/L (with h =10 m) against Ri calculated for both
the near-surface layer (20–50 m) and the rotor layer (20–300 m) over the wind lease region. The
results suggested that approximately 14% of the time, h/L indicates unstable conditions while the
near-surface Ri indicates stable conditions. The discrepancy increases to 28% when compared with
rotor-layer Ri. These results further suggest that surface-based stability does not reliably represent
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Figure R2: Comparison of h/L (with h = 10 m) and Richardson number calculated for
both the near-surface layer (20–50 m; left) and the rotor layer (20–300 m; right) over
the wind lease region from the newly-conducted simulation.

stability in the rotor layer.

3. While the paper aims to ‘advance our understanding of energy losses caused by wind farm cluster
wakes”, I think it does very little in this sense. I suggest the authors to restructure the paper with
the objectives of

1. understanding the sole impact of cluster wakes on new lease areas (by running these areas
individually and with neighboring wind farms).

2. addressing the effect of stability on these losses by using all available stability metrics (Ri, L,
γ).

3. relating different metrics used to compute losses (wind deficit and energy deficit using both
formulas 7 and 8 in both cases) to the actual power deficit experienced by the planned wind
farms in the isolated vs waked conditions. Make considerations on capacity density vs affected
area with fixed total capacity

if this framing (or similar) will be used for the revised manuscript and the analysis will be expanded,
I will agree to suggest consideration of this manuscript for publication in the Wind Energy Science
Journal.

Thank you for your comment. We hope that our previous responses have sufficiently addressed your
first two points. Regarding the third, as noted in the our overall response, the additional analyses
required to fully address this point are beyond the limits of our current funding and computational
resources. However, we hope to pursue this in follow-on research when a future opportunity comes
(Lines 441-449).
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Specific Comments

Please provide information on how the WRF simulations have been run, e.g. in batches of how
many days, did the authors use spectral nudging, what is the update-frequency of ERA5 data used
to provide boundary conditions.

Thank you for your comment. The TMY run in independent 3-day segments with 6-hour spin up.
No spectral nudging used and 3-h timestep for ERA5 used. Corresponding text has been updated
in the manuscript.

Lines 124-125:Note that the TMY run in independent 3-day segments with 6-hour spin up. No
spectral nudging used and 3-h timestep for ERA5 used.

line 40: “largest discrepancies” add percent value as for the neutral and unstable conditions.

Thank you for your comment. Under stable conditions, the discrepancy is about 20%. Correspond-
ing information has been added to the revised manuscript (Line 44).

line 42: “high-resolution” specify the meaning of this (the cited authors run with 1 km and 500 m
resolution).

Thank you for your comment. Corresponding information has been added to the revised manuscript
(Line 45).

line 44: “they often fail to capture cluster wake effects across the entire farm, likely due to misrep-
resentation of internal wake dynamics” I would add that high resolution is certainly good in order
to reduce the turbine accumulation within the same cells, with under or over prediction of wake
effects, but it breaks the assumptions that are made in most PBL schemes. Even for the 3D PBL
scheme, increasing the grid seems to produce even worse results from a wake-evolution perspective.
I think this research gap in current literature needs to be mentioned, and it is especially important
when looking at wake effects.

Thank you for bringing this up. We completely agree and the corresponding sentences have been
revised, see below.

Lines 47-51: they often fail to capture cluster wake effects across the entire farm, likely due to mis-
representation of internal wake dynamics. In addition, although finer grid resolution in mesoscale
modeling helps reduce turbine aggregation within grid cells, it can violate fundamental boundary
layer scheme assumptions (e.g., horizontal grid spacing ≫ energetic turbulent structure) and may
even worsen wake evolution performance, underscoring a key research gap in current mesoscale
wake modeling.”

line 64: “marine spatial planning” specify in the US.

This has been revised accordingly (Line 71).

line 84, 92 (and other parts): the link in the reference Veer, 2023 is broken. This is quite an
important reference, as it is cited also later as a report that describes the capabilities of the GPU-
accelerated WRF. This reference needs to be accessible and the link to the report needs to be
active.

Thank you for the comment. We checked to make sure the link is active. Attached is the report
link for your reference.
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line 110: I don’t understand, shouldn’t the authors avoid point 4 and only look at the months?
So the best January from all Januaries, best February from all Februaries etc? This should au-
tomatically provide the year, for each of the selected months. table 2: months and years are
swapped.

Thank you for your comment. We are doing exactly as what you suggested, specifically, all calendar
month analysis are performed in isolation. E.g, for January only, we compare January distributions
for each year against the full January distribution using all years, and select the year that best
matches the full distribution. In addition, thank you for noticing the typo in the table headings!
We have updated them.

line 113: “more meticulous” this is AI-preferred terminology (and also not very meaningful), please
change to “alternative”.

This has been changed accordingly (Line 123).

line 115: “a more complete picture of the meteorological situation is created” this is true only up
to a certain extent. The authors are not checking for e.g. statistics of ABL height (not mentioning
the geostrophic wind and lapse rate, which also impact power performance). I would arguably say
that the picture is complete just enough. equations 1,2,3: dimensional analysis of these equations
is not correct. Also, Pijk is not a power per-se, as it is normalized by density.

Thank you for your comment. We do agree with reviewers that the current TMY construction
is not perfect. We have revised the sentence as follow to address the uncertainty and room for
improvement.

Lines 129-131: However, we acknowledge that the current TMY construction is not perfect. Its
representation could be further improved by incorporating additional metrics such as ABL height
and stability indicators (e.g., air-sea temperature difference, lapse rate).

Regarding equation 1), 2) and 3), we are referring to equations 8), 11),12) from Fitch et al. (2012).
In the current implementation of the Fitch parameterization in WRF, the power output of each
n−th turbine within the i, j grid cell is only a function of the hub-height wind speed and not the
wind profile (Fitch et al., 2012; Skamarock et al., 2019). The power Pn of each turbine in WRF is
estimated as follows:

Pn(i, j) =
1

2
ρU3

hπ(D/2)2CP ,

where Uh is the hub-height wind speed at the (i, j) grid cell, D is the turbine’s rotor diameter, CP

is the power coefficient for Uh, and the air density remains fixed at ρ = 1.23 kg m−3. Note that in
WRF, the power curve is used to estimate the power coefficient as a function of wind speed, which
is then interpolated based on Uh, and then the turbine’s power is estimated following the equation
above, which doesn’t consider variations in density. To avoid potential confusion, we have removed
these equations in the revised manuscript.

line 138: “The thrust coefficient is a dimensionless quantity representing the thrust force” not
exactly correct, it rather represent the fraction of local flow momentum applied by the turbine to
the flow.

Thank you for your comment. The corresponding text has been revised accordingly (Line 144).

line 158: clearly explain the need to consider peak shaving. Why not use the standard power
curves? Do the authors expect peak shaving to have a non-negligible impact on wake deficits?
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It has already been showed that power output is not much affected, so why this approach given
that the focus of this paper is not on loads. Also, layouts are approximated, so I really do not
understand the need for this.

We agree with the review that the power output of an individual turbine is not strongly affected by
peak shaving, and further, that loads are not of concern here. However, the wake of a wind turbine
depends strongly on the thrust applied to the flow. Wakes are strongest when the thrust is highest,
which happens at the knee of the power/thrust curve (at the transition between below and above
rated operation). While the express intent of peak shaving is to lower turbine loads at the knee, we
consider the secondary effect of reduced wake strength to be important to this study, so we tried
to more accurately represent the likely thrust produced by large wind turbines using peak shaving.
While it is difficult to say how much peak shaving commercial 15 MW-scale wind turbines apply,
the 13 MW turbine used here clearly shows a deviation from optimal power production prior to
reaching the rated wind speed, and we chose to approximate similar behavior for the 15 MW (and
11 MW) turbines.

We admit that the importance of modeling peak shaving operation (that is, the reduction of wake
depth caused) was not made at all clear in the original submission, and we have now updated
the text to clarify this. We have also updated the figure showing the turbine power and thrust
coefficient curves to highlight the difference in thrust coefficient caused by peak shaving. Thank
you for raising this point.

line 188: around a lease are that where there” typo, please correct.

Thank you for your comment—this has been revised (Line 211).

line 188: “wind farm cluster wakes” this study lacks distinction between intra- and extra effects,
please see Comment 1.

Thank you for your comment. We have removed the word “cluster” from the this sentences as
well as other places of the the manuscript where it was used inappropriately. Please refer to our
response to Major Comment 1 for more details.

line 207: “Additionally, we perform this analysis across three different wind lease regions (north,
central, and south; Figure 1) to assess regional variations in atmospheric stability” if the authors
are interested in stability, a valid choice could also be to directly look at the mean lapse rate
within the ABL (or at the hub height) γ. This is to rule out possible non-synoptic conditions due
to specific atmospheric transients where, even if Ri ≥ 1 (stable) the static stability is neutral or
slightly unstable (and vice versa). Also, the relation between Ri and L is of interest. It would be
nice to see if the three parameters lead to the same statistics in terms of stable and unstable events.

Thank you for your comment. In the paper, we only separate stability into stable (Ri > 0) and
unstable condition (Ri < 0). In addition, we believe that the rotor-layer bulk Richardson number
provides a more accurate and physically relevant estimate of atmospheric stability for assessing
wind turbine wake behavior than the mean lapse rate. Please refers to our response to Major
Comment 2 for more details.

Figure 5: the authors do not mention, in the entire paper, which curve they used to compute energy
losses. This should be explicitly mentioned. The adopted power curve should be added to Fig. 3.

This is a good point, and something we overlooked—thank you for bringing this up. Power loss
over grid pixels containing wind turbines is computed using the corresponding power curves shown
in Figure 3, while pixels without turbines use the 15-MW power curve by default. This clarification
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has been added to the revised manuscript.

Lines 271-272: For grid pixels that contain wind turbines, the power is computed using the cor-
responding power curves shown in Figure 3(a), while pixels without turbines use the 15-MW power
curve in Figure 3(a) as default.

line 268: “the story” change to “these figures”.

Thank you for your comment. The corresponding text has been revised accordingly (Line 324).

line 271/272: see Comment 1. Here intra- and extra farm wakes, as well as blockage effects, are
being mixed.

Thank you for your comment. Please refers to our response to Major Comment 1 for more details.

line 273: “Large” make lowercase after ”:”.

Thank you for your comment. The corresponding text has been revised accordingly (Line 328).

line 274/275: “Significant power deficits are more often associated with below-rated wind speeds,
regardless of atmospheric stability” this is very obvious and not a novel conclusion of the study.
Rephrase to “this is in line with previous studies” or similar.

Thank you for your comment. The corresponding sentence has been rephrased.

Lines 329-330: As expected based on other studies and turbine power curves (e.g. Figure 3), energy
deficits are more often associated with below-rated wind speeds, regardless of atmospheric stability.

line 277: “Regions experiencing an annual energy loss of at least 5% are all situated near the wind
lease areas. As the threshold lowers to 2%, the affected regions expand further” please try to avoid
these kind of comments in a scientific paper. I think it is pretty obvious that wake effects decay
moving away from the source. If I misinterpreted, then it was not really clear what the authors
wanted to highlight with this comment. I suggest to rephrase or remove it at their convenience.

Thank you for your comment. We removed this sentence and updated the paragraph with more
results interpretation (Lines 333-347).

line 286: please try to avoid the term “wake expansion” which has a very specific meaning in the
context of turbine (and also wind farm) wakes. I would suggest using something similar to “affected
area”, which I think renders the idea much better.

Thanks for bringing this up. Corresponding passages have been updated accordingly.

line 288: “CD in determining wake area size and underscores the need to establish an industry-
acceptable energy loss threshold to maximize the area available for offshore wind development.”
this sentence is reductive of the problem, which is complex, in fact higher CD means either more
power with equal lease area or the same power with a reduced area. It has to be seen if e.g. the
lower Fwakearea in low CD regions is compensated by the fact that the lease is larger to effectively
produce the same power. There is also a cost problem, both capital and operational, is a larger
lease more or less expensive? Installation cost is likely to be higher for a larger area, as vessels have
to cover more distance, same goes for operations. So I don’t quite get the point of the energy loss
threshold, do the authors mean that energy loss has to be lower than a certain percentage outside
of the lease by design? Anyways I agree that the wake shadow may be better than wind deficit as
a parameter to look at, if calculated between isolated and waked wind farms cases.
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Thank you for your comment. The energy-loss threshold in our analysis is intended as a prac-
tical metric for industry and governmental agencies to evaluate how large a wind-plant area can
be while still achieving efficient energy harvesting. This approach supports planning by balancing
lease-area size with expected energy yield. Whereas previous studies (Cooperman et al., 2022;
Mulas Hernando et al., 2023) have primarily relied on wind-speed-deficit thresholds to determine
wind-lease boundaries, we propose the use of an energy-deficit threshold as an alternative for facil-
itating such decisions. However, as the reviewer suggests, this represents only one of several con-
siderations; many other factors—such as bathymetry, seafloor conditions, costs, and vessel-traffic
constraints—must also be taken into account when determining the final wind lease boundary. Fol-
lowing texts have been added to address reviewer’s concern.

Lines 343-347: However, we do acknowledge that the energy-loss threshold in our analysis is only
intended as a suggested metric for industry and governmental agencies to evaluate how large a
wind-plant area can be while still achieving efficient energy harvesting. In real-world lease plan-
ning, many more factors, including bathymetry, seafloor conditions, costs as well as vessel-traffic
constraints, must also be taken into account when determining the final wind lease boundary.

Table 4: specify that this table considers all atmospheric conditions in the caption (stable, unstable,
below rated etc).

Thanks for your comment. The table caption has been revised to “Comparison of wind lease areas,
CDs, and wake area percentages across different regions considering all atmospheric conditions...”

line 297: see previous comment on “wake expansion”. Please revise throughout the manuscript.

Thanks for bringing this up. Corresponding passages have been updated accordingly.

line 299: change “extend” to “extent”, typo.

Thanks for noticing that. This has been corrected (Line 356).

line 317: numbers (4.92, 3.23) are not matching with table 5, there is something off. Please clarify
or correct.

Thanks for noticing that. The values have been corrected to match with table 5.

line 341: “Future research should account for these methodological differences and exercise cau-
tion...” which formula is more physical in the authors’ opinion? It would be nice to know how these
formulae, applied to power/energy, compare to actual power/energy deficit calculated from turbine
power variable in WRF.

Thank you for your comment. Determining which wind speed deficit formula to use is indeed crit-
ical and, in our opinion, serves an independent study on its own. As we noted in the manuscript,
resolving this question would require wind speed measurements both within the wind lease area
and in the far-wake region over an extended period of time.

Lines 402-404: Ultimately, wind speed measurements both within the wind lease area and in the
far-wake region over an extended period of time are necessary to determine which normalization
method is most suitable for wind speed deficit calculations.

line 362: “and and” typo.

Thanks for noticing that. This has been corrected (Line 423).
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line 376: see previous comment on “wake expansion”. Please revise throughout the manuscript.

Thanks for bringing this up. Corresponding passages have been updated accordingly.

line 378: “industry-acceptable energy loss threshold to maximize the area available for offshore
wind development” first, an analysis of waked and non-waked wind farm is required, to confirm
what is the actual delta in loss w.r.t. the intra-wake-only case.

Thanks for your comment. Please refers to Major Comment 1 for more details.

line 384: “accurate” please remove, accuracy was not measured. Energy metric is more ”conserva-
tive”, yes, but it was never demonstrated by the authors how to infer actual power losses from any
of these metrics.

Thanks for your comment. We have revised this section to address the uncertainties associated
with this study to motivate future work (Lines: 441-449).

line 415: what PC stands for, project capacity? Please define it.

Yes, PC stands for project capacity. We have spelled this out; apologies for the confusion.

line 420: please define COD, commissioning date?

COD stands for commercial operation date. We have now redefined it in the Appendix for clarifi-
cation.

line 440: please define MA/RI.

MA/RI stands for Massachusetts/Rhode Island and is defined in the revised manuscript.

line 449: change “specific” to ”specifically”, typo.

Thank for noticing that. This has been corrected.

line 463: “Nevertheless, this correspondence is important, as it enables direct comparison of wake
areas quantified using both wind speed deficit and energy loss expressed in equivalent percentages”
I struggle to relate this sentence with what is stated above.

This sentence was meant to clarify that the correspondence between wake areas defined using
absolute and percentage wind-speed deficit is specific to this study and to the particular threshold
values only. In this revision, we have removed that sentence to avoid potential confusion.

line 465: “Regarding the distinction between methodologies lies in the normalization of wind speed,
Figure C2 further illustrate using data from Rosencrans et al. (2024)”. Please check this sentence,
it does not make much sense.

This sentence is intended to convey that the discrepancy in wake area resulting from different wind-
speed normalization methods is further confirmed using data from an independent study. We have
revised the text for clarity.

Lines 517-519: ”The difference between the two wind speed normalization methods is further il-
lustrated in Figure C2 with data from Rosencrans et al. (2024)
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