
Reply to Reviewers: 
We would like to thank the reviewers for their thorough review of our manuscript and for providing 
insigh�ul comments and sugges�ons.  We greatly appreciate the reviewers’ construc�ve feedback, 
which has significantly enhanced the quality of our manuscript. All the comments below have been 
addressed accordingly and adjustments have been made to the paper. 

We have carefully considered all comments and have revised the manuscript to address the concerns 
and sugges�ons raised by the reviewers. Below we provide detailed responses to each comment, 
outlining the changes made or our reasoning if no changes were deemed necessary. The recurring 
theme in the feedback concerned site confiden�ality, valida�on, and comparison with methods in 
exis�ng literature. We have addressed these comments thoroughly, and believe that our revisions 
will address the reviewers' concerns. We look forward to hearing your feedback. 

The replies to the reviewers’ comments can be found below: 

 

Reviewer 1 
General comments:  
The study proposes a novel method of site-specific wake model calibration using SCADA data. 
This is a relevant area of scientific research. SCADA data is becoming more abundant and low-
fidelity wake models are essential for wind farm site-assessment and control. The study first 
gives an overview of different wake models and the challenges in calibration. Then, the study 
describes the data filtering of the investigated offshore wind farm. Finally, the optimization 
framework and results are presented. 
 
The presented idea for calibration is worth exploring, furthermore, the study highlights 
calibration problems due to the influence of neighboring farms. A problem that will become 
more important in the future. However, the study contains some shortcomings. Firstly, the novel 
calibration method itself is not the center of the paper. Instead, a lot of room is given for 
explanation of different wake models(some specific to the FLORIS framework) and filtering of 
SCADA data. The wake models have been described in many other papers. Furthermore, 
probably due to non-disclosure issues, the study does not describe the investigated farm, no 
layout is provided. This makes it much harder to visualize it for the reader. 
 
The result section does not thoroughly analyze the results of the method. The method does not 
only contain the wake model calibration, but also the wind direction and wind speed adjustment 
which influence the results heavily. Furthermore, no comparison to a baseline model is provided. 
 
The authors should rethink what message they want to convey with this study. Some possible: Is 
it about the optimization method? Then it should be less FLORIS-centric and give not so much 
room for the applied model. The framework should be general. Instead describe the 
optimization, the hyperparameter tuning and results more in detail. Is it about the uncertainty of 
the parameters of the Gaussian wake model? The parameters should in principle be applicable to 
a wide range of conditions and not change every 10 minutes. Then the authors have to describe 
what we learn from this volatility. Is it about the whole toolchain with filtering etc.? Then, it 
should be better highlighted what could be an application for the community or industry. 



 

Responses to the general comments by the authors: 

We acknowledge the reviewer’s observa�on regarding the paper’s focus. The primary intent of 
our research is to emphasize the holis�c approach of applying hyperparameter tuning 
algorithms to calibrate parameters of analy�cal wake models using SCADA data. We regard 
SCADA data cleaning as an essen�al step before the tuning process, which is why it has been 
carefully described in our methodology.  

We have reduced the extensive overview of the wake models, especially regarding the 
descrip�on of the tuning parameters available within the FLORIS framework, making the work 
less FLORIS-centric.  

We understand the importance of visualizing the wind farm layout and surroundings for the 
reader. We were ini�ally limited in the details we could provide. However, we have incorporated 
more general informa�on about the wind farm’s surroundings and topology.  

The feedback prompted us to re-evaluate the core message of the paper. As men�oned, our 
primary emphasis is on the holis�c context of hyperparameter tuning using SCADA data. We 
hope our revised manuscript beter aligns with this focus.  

 

Specific comments: 

1. Reviewer: Section 1.1: This section gives an overview about different wake models in 
FLORIS. Can the authors motivate why this section is necessary for the paper? In the end, 
the developed methodology should be applicable for any wake model. 
Author: Thank you for raising the concern about the relevance of Sec�on 1.1. The 
inten�on with this sec�on was to introduce the reader to the evolu�on and structure of 
analy�cal wake models throughout the years, making it more accessible to readers less 
familiar with these models. We agree with the reviewer that the last Paragraph is less 
relevant to the paper’s core focus and is therefore removed.  Furthermore, adjustments 
to the �tle are made to further emphasize the purpose of this sec�on. 
 

2. Reviewer: Line 54-55:”…there is no velocity profile…” is not correct, the wake has a top-
hat velocity profile 
Author: Correct, this has been adjusted. 
 

3. Reviewer: What do the authors mean with linear wake decay? The velocity deficit does 
not decay linearly in the Jensen model.  
Author: Correct, the velocity decays propor�onally to the inverse of the distance from 
the turbine, while the wake width expands linearly. This has been adjusted.  
 

4. Reviewer: “Overestimates the wake at the edge of the wake” probably “velocity deficit” 
is meant here 
Author: Corrected. 
 



5. Reviewer: Line 60: “Gauss-Legacy” is just a name of an implementation inside the FLORIS 
V2 package. Non-FLORIS users are not familiar what “legacy” means. On top of that, in 
the FLORIS V3 version (which is cited) the model is called “Gauss”.  
Author: We are aware of this, and this has been adjusted accordingly. 
 

6. Reviewer: Line 66: “… it has become clear that traditional wake models often 
underestimate wake losses…” can you provide a reference for this statement? 
Author: A reference has been provided now. 
 

7. Reviewer: Line 68-75: Why are several wake models described? If the point is that other 
wake models have additional parameterizations, it would be enough to give just one 
example 
Author: The inclusion of mul�ple wake models was not intended to highlight addi�onal 
parameters specifically, but rather to provide an overview of the wake models available 
in the literature and explain why they have been developed.  
Since the analysis has been conducted on a large-scale wind farm exceeding 300MW 
capacity, it is important to determine if the reports, which men�on that the Jensen and 
Gauss wake models underes�mate the cluster-wake losses, agree with the findings of 
this work (e.g. if its due to the nature of the analy�cal Equa�ons or due to wrong 
calibra�on). When we as authors, men�on this statement, we feel it leaves a gap to not 
men�on developments that have been done to mi�gate these cluster-wake losses, and 
therefore to create a holis�c picture this has been men�oned. 
We acknowledge that lines 71-75 do not add much value to the sec�on, and therefore 
we have removed this part of the text. 
 

8. Reviewer: Line 76: The word “scaling” is a bit confusing and unnecessary to refer to the 
wake model parameters 
Author: Corrected. 
 

9. Reviewer: Line 79: Here it sounds like if it is a must to calibrate the model with CFD 
results and it is always done like that. However, it could be also a wind turnnel or LIDAR 
measurements in the first place.  
Author: That is indeed not the case. This has been corrected. 
 

10. Reviewer: Line 99: What do the authors mean with “…different results were obtained.” 
Author: Different parameter sets were obtained from calibra�on 
 

11. Reviewer: Line 109-113: It seems that in these sentences the authors actually mean the 
nacelle anemometer instead of the wind vane? Wind vane is used to measure the wind 
direction. What does a bias of 5 degrees mean for a wind speed measurement. 
Author: Corrected. 
 

12. Reviewer: Line 113: The wind speed also has a non-linear relation to the active power of 
the wind farm. What is meant with the “…calibration of the wind direction…” 
Author: That is correct. What we meant is that when determining ac�ve power based on 
wind speed below rated wind speed using a cost func�on, there are no local minima. 



This is not the case for the wind direc�on, where local minima might be present. This can 
be observed when examining energy ra�os for example.  By ‘calibra�on’ we mean 
‘determining’. We’ve made adjustments for beter understanding.   
 

13. Reviewer: Line 122: It sounds like spatial correction factors were applied on the wake 
deflection parameters, which is not the case in that study. 
Author: Corrected. 
 

14. Reviewer: Line 136: What does “homogeneous” mean here? 
Author: Horizontally homogeneous inflow. 
 

15. Reviewer: Line 145-152: This paragraph just states the blockage topic. But not how it 
plays into the challenges of calibration through SCADA data 
Author:  Blockage, when overlooked, can introduce addi�onal complexi�es in SCADA 
data interpreta�on, especially in large wind farms. The blockage effect could adjust the 
observed wind speed and wind direc�on. For the specific wind farm in ques�on, which is 
part of a large cluster, modeling the blockage would present significant challenges. 
Fortunately, we did not observe any indica�ons of spa�ally varying wind direc�ons 
atributable to blockage for this farm. However, considering the larger picture including 
neighbouring wind farms, blockage cannot be ignored. Therefore, we felt it was 
necessary to address this in our study. 
 

16. Reviewer: Line 155: Can the authors motivate the use of the GCh model? As mentioned 
in sec. 1.1, the additional modifications are only the yaw effects, which are neglected in 
this study. 
Author: Previous studies regarding tuning are generally performed on Gaussian models, 
where the latest tuning paper by Beek et al. (2021) performed the calibra�on on the 
Gauss-Curl Hybrid model. The GCH modifica�ons are indeed mainly due to secondary 
steering, but also include wake asymmetry due to wake rota�on, as men�oned in King et 
al. (2019). Therefore, we considered the GCH model, instead of the Gaussian model 
without secondary-steering and wake asymmetry.  
 

17. Reviewer: Line 160: Can you justify not accounting for transients? Is the farm small 
enough or can you show that these effects are not present? 
Author: If you refer to ‘no alterna�ons are made to account for temporal variability’, 
then we jus�fy this by accurate filtering of the SCADA data. By doing so we have 
effec�vely removed data that shows large temporal varia�ons, such as those arising from 
changing weather condi�ons. 
 

18. Reviewer: Line 160-164: In the previous section (line 139ff) the authors state that 
stability, which is correlated to TI, is important for calibration. Can you justify neglecting 
it? Would it not increase the uncertainty in the calibration parameter? 
Author: Not considering TI and/or stability does indeed increase uncertainty. While 
these factors are indeed important, a detailed analysis on them is planned for separate, 
focused research, as it extends beyond the scope of this paper. 



19. Reviewer: Line 164: “wake blockage” is not a common term. Do you mean “farm 
blockage”? The farm also has a blockage by itself. 
Author: Corrected. 

 

20. Reviewer: Line 171: What do authors mean with :…essential to not skew the calibration 
results…”. 
Author: Accurately determining freeflow wind speed and wind direc�on in a wind farm is 
crucial as errors can skew calibra�on results. Specifically, overes�ma�ng the freeflow 
wind speed can exaggerate wake effects, while underes�ma�ng the freeflow wind speed 
can do the opposite. Most literature uses a cost-func�on matching SCADA and model 
ac�ve power, which is sensi�ve to such discrepancies. Our solu�on incorporates the 
wind speed into the calibra�on process for �me series data, ensuring minimal skewing of 
results, and avoiding under-or-overes�mated due to wind speed mismatches. The same 
logic applies to wind direc�on calibra�on. 
 

21. Reviewer: Line 171: What is prohibiting this type of analysis for binned observations? 
Author: Binned analysis assumes balance: It is valid when the magnitude and frequency 
of overes�ma�on are in balance with the frequency of underes�ma�ons. Otherwise, 
results can be skewed. Addi�onally, the volume of usable data becomes limited in 
binned observa�ons, since even the down�me of a single turbine can introduce 
significant skewing. 
 

22. Reviewer: Line 190: The later part of the study suffers from the fact that the reader has 
no image of the farm layout. It would be helpful if the authors state the number of 
turbines and the type of layout (irregular/regular), average spacing.  
Author:  We have addressed this by providing a detailed overview of the case study wind 
farm surroundings in Figure 2. Furthermore, we have specified the type of layout in the 
relevant sec�on. 
 

23. Reviewer: Figure 2: The 3D depiction is a bit misleading as it could be a pie-chart that 
reports percentages. The figure should be clearly identifiable as a compass rose e.g. also 
with labels in degree 
Author: We have revised Figure 2 to give a beter representa�on of the case study wind 
farm surroundings.  
 

24. Reviewer: Figure 4 & 5: Can the authors provide a definition of the displayed metrics? 
Which quantity was used for normalization? 
Author: We have now added the Equa�ons to the Figures. 
 

25. Reviewer: Line 245: What do authors mean with “…above rated SCADA data…”? 
Author: “…the SCADA data associated with the above-rated wind speed region…”. We 
did adjust this in the paper.  
 



26. Reviewer: Figure 8: Normally TI is defined as std(ws)/ws so figure 6 and 8 are not very 
different. It is just that 6 is additionally normalized by wind seed. Why is it important to 
show also figure 8? 
Author: Figure 8 helps in the general understanding of Sec�on 2.4. Here a filter is applied 
based on the frac�on of the wind speed and wind direc�on variance. Figure 7 illustrates 
that the variance in wind direc�on tends to increase with increasing wind speeds, while 
the variance in wind speed tends to rise. We have provided some addi�onal explana�on 
on why we use this type of filtering within the paper.  

 
27. Reviewer: Line 265: Typo “…, The…” 

Author: Corrected. 
 

28. Reviewer:  Table 1: Secondary steering as model is not necessary as no yaw is considered 
in this work 
Author: Correct, it has been added since it was part of the se�ngs, but it can indeed be 
removed. 
 

29. Reviewer: Line 295ff.: Can the authors elaborate on the point that the sensitivity 
increases for specific directions? Are there higher or lower wake losses? The lack of 
provided layout makes it difficult here. 
Author: See Figure 2 and 15. The wind farm is rectangularly shaped, with a spacing 
denser from SE<-> NW compared to SW <-> NE. While we cannot disclose the full 
topology, based on the layout, we hypothesize that parameters alpha and beta are 
par�cularly significant in areas where turbines have limited spacing, while parameters ka 
and kb gain importance in areas with greater spacing and a larger number of clustered 
turbines. 
 

30. Reviewer: Equation 8: Can the authors motivate the use of this error type? It seems that 
this is an error on farm level. Positive and negative turbine errors can cancel out. To 
improve the wake calibration, shouldn’t the error be calculated on turbine level? 
Author: Equa�on 8 represents the farm-level error. The turbine-level error is determined 
using Equa�on 7, with weights a and b emphasizing the importance of Equa�ons 7 and 8, 
respec�vely. 
 

31. Reviewer: Line 323: Can the authors state the found weighting between a and b? 
Author: Certainly, this sec�on has been updated. To ensure that a remains independent 
of the turbine count, 1/N_T has been excluded from func�on g(), as shown in eq. 8. This 
adjustment ensures that consistent scalar values for a and b can be chosen irrespec�ve 
of the number of turbines. 
 

32. Reviewer: The allowed range seems quite high. As the authors stated themselves, the 
wind speed has the largest impact on the farm power. How often did the optimization go 
to this extreme value? How can the estimated wind speed from the SCADA data be so far 
off? 
Author: You are correct to observe that the range for the wind speed is large. Our 
analysis of the SCADA data highlighted several instances where the wind speed from the 



nacelle anemometer did not match the ac�ve power from SCADA data. Given the nacelle 
anemometer’s loca�on behind the rotor, this tends to introduce uncertain�es in the 
measured speed. We believe that using the ac�ve power from the SCADA data provides 
a more reliable es�mate of the free-flow wind speed.  
 
While the allowed range might appear high, the absence of local minima in the wind 
speed-only op�miza�on ensures this is not problema�c. Furthermore, the wind speed-
only op�miza�on �me is negligible. However, as pointed out by the reviewer, these 
extreme values are seldom reached. 
 

33. Reviewer: Section 4.2: It would be good if the subclusters can at least be described a bit 
more in their configuration. Furthermore, the discussion should also include the results 
from a baseline model that is not optimized for comparison. 
Author: A Figure has been added that shows the coordinates of the wind turbines within 
the farm.  
 

34. Reviewer: Figure 15 & 16: The figures have similar captions. It should be clear that they 
represent different subclusters. 
Author: Noted and updated. 
 

35. Reviewer: Line 395ff: It is not clear whether some directions were excluded from the 
optimization. In sec 2.3 the authors state that direction 250-50 deg were excluded, yet 
the figure 19 (and also 15, 16) display all directions.  
Author: Our �me-series based op�miza�on allows ad-hoc wind direc�on filtering. For 
Figures 18 and 19, for example, ad-hoc filtering has been performed to showcase the 
freeflow condi�ons. On the other hand, Figures 20-23 show all wind direc�ons, 
highligh�ng the effect of external wakes on the op�miza�on results. In Figures 15 and 16 
our objec�ve was to highlight discrepancies in energy ra�o mismatches from 
neighbouring wind farms, especially when turbines are in close proximity of these wind 
farms. Therefore, for wind direc�ons from neighbouring wind farms are considered for 
Figures 15,16, 20-23. 
 

36. Reviewer: This is just the code of the open-source packages used. Not the own code 
developed for this study.  
Author: We have updated this Sec�on, so those interested can reach out to the 
corresponding author if they are interested in the code implementa�on.  
 

 

 

 

 



Reviewer 2 
General comments:  
The authors present a scheme to calibrate parameters of an analytical wake model. Their 
method 
compares power predictions of the model to the power reported in the SCADA data of wind 
turbines 
and adjusts the model parameters in three steps to achieve optimal agreement. For validation, 
the 
method is applied to an offshore wind farm tuning an analytical wake model. The calibrated 
model 
parameters are then analyzed in terms of sensitivity and dependency to wind direction and wind 
speed. 
The overall goal of the paper is to establish a new model calibration method, which is a clear and 
relevant agenda. However, achieving this goal is currently obstructed by issues of the specific 
implementation presented here and a missing comparison to other calibration methods for 
model 
parameters. In addition, there are some inaccuracies in the paper. I list my most important 
comments below: 
 
(1) The model parameters are tuned with a cost function between the power predictions of the 
FLORIS model framework and the power reported in the SCADA data of wind turbines. However, 
only one part of the full FLORIS model framework, namely the velocity deficit model, has been 
included in the calibration. This might lead to unrealistic tuning results for the model 
parameters, if any of the other parts of FLORIS framework not included in the calibration is not 
set up optimal. I want to illustrate the above with a specific example in the following. The 
methods describe the velocity deficit model, but do not provide any information how the velocity 
field is then related to the power. Specifically, the following points are unclear: 

- Which power coefficient and thrust coefficient curves have been used and are they 
realistic for the wind turbines at the test site? 

- If power curves generated from the SCADA data have been used, it would be 
important to know if they were applied to the model using a rotor averaged wind 
speed or the wind speed at the nacelle location? Were rotor blockage effects 
included or not? 

The results of the tuning find that the wake growth rate (k_a) has an optimal value that is much 
lower than typical literature value. However, this outcome might also be caused by a too high 
power 
coefficient set in the model framework, which the optimization then tries to correct by reducing 
the 
wake recovery. 
Therefore, the found differences between the calibrated model parameters and literature values 
cannot be attributed to better tuning with certainty. While this does not invalidate the tuning 
method proposed by the authors per se, it is a problem for its validation in my opinion. 
(2) Only results achieved with the here proposed calibration method are shown. It would be 
interesting to include results using model parameters obtained with other calibration methods 
and standard values from literature. This could be followed by a discussion of the differences 
between methods. 
(3) The discussion of the results refer to many site-specific effects like farm-to-farm interaction 
and 



the influence of a nearby shoreline. However, the description of the test site is very sparse for 
such a 
discussion. 

 

Responses to the general comments by the authors: 

Thank you for your detailed review and construc�ve feedback. We acknowledge the points 
raised and aim to address them comprehensively below.  

1) Model parameters within the model framework: We appreciate the concerns regarding 
the specific components of the framework used in the calibra�on. Our decision to focus 
on the velocity deficit model and to exclude others, like the wake-added turbulence 
model, comes from the interdependencies these models show. Including both 
submodels could lead to a mul�modal solu�on space, where certain parameters in one 
submodel influencing adjustments in another. There are solu�ons to mi�gate this 
behaviour, like singular value decomposi�on, however, for the scope of this work only 
the wake velocity deficit model is considered. 
 
As for uncertain�es related to the power curve, we believe ac�ve power measurements 
are more reliable than wind speed measurements, especially given that anemometer 
measurements are taken behind the wind turbine, which introduces uncertain�es. The 
study employs a steady-state framework, which favors measurements with minimal 
temporal varia�ons. Addi�onally, both thrust and power curves used are directly 
sourced from the operators, ensuring authen�city. We have also validated the power 
curve for each turbine within the studied wind farm. 
 
In terms of model parameters, the results were derived using a robust combina�on of 
filtering, op�miza�on, and mul�ple valida�on stages, including energy ra�os, sensi�vity 
studies, and a Pearson correla�on matrix. We have full confidence in the validity of the 
acquired results due to this comprehensive approach. Nonetheless, we are aware of the 
poten�al influences of other model components on the parameter tuning, such as the 
turbulence intensity, wake combina�on models, and turbulence parameters. Again, 
given the scope and length of this manuscript, a more in-depth analysis of these 
parameters is planned in the future. 
 

2) Comparison with other calibra�on methods: We understand the concerns regarding 
the specific implementa�on and the absence of a comparison with other calibra�on 
methods. Our primary focus is on the holis�c context of calibra�on analy�cal wake 
models using SCADA data. Given the scope and the current length of the manuscript, we 
plan to compare the developed method in future work. 
 

3) Discussion of site-specific effects: We understand the need for a more detailed 
descrip�on of the case study wind farm. To address this, we have updated Figure 2 and 
added Figure 15. These changes provide readers with a clearer picture of the wind farm, 
thereby laying a stronger founda�on for the discussion sec�on of the paper. 



 

Specific comments: 

1. Reviewer: Line 43-45: This statement should be supported by a citation. 
Author:  A cita�on has now been included. 
 

2. Reviewer: Line 45-46: It is true that measurement errors affect the characterization of 
the flow state, but the statement seems to be out of place at this point in the manuscript. 
Author: This sentence has been removed from this Sec�on and added to the Sec�on 1.3. 
 

3. Reviewer: Line 66-75: Maybe state the history and parameters for the first model and 
then for the second model instead of going back and forth throughout the manuscript. 
Author: Reviewer 1 also men�oned that this piece of text seemed redundant. Therefore, 
it has been partly removed.  
 

4. Reviewer: Line 90-92: The paper should motivate the proposed calibration method by 
pointing out benefits and differences to the already existing calibration approaches 
references here. 
Author: We added benefits and differences at the end of Sec�on 1.2. 
 

5. Reviewer: Line 108: It should be elaborated what stochastic uncertainty means here. 
Does it refer to the stochastic error of a mean wind speed that is computed from a finite 
ensemble of measurements of the turbulent flow? Further possible error sources that can 
affect it are a drift of the mean value due to diurnal cycle or changing weather 
conditions. In addition, the mean wind speed can have spatial variation and a single 
value might not be representative for a large wind farm. 
Author: By stochas�c uncertainty, we primarily refer to variability and random 
fluctua�ons in wind characteris�cs at any frequency scale. In our case, this includes 
turbulence, changes in weather paterns, and the diurnal and annual cycles. A dri� of the 
mean value due to diurnal cycles and changing weather paterns can indeed be a source 
of error. We’ve added some addi�onal text to define stochas�c uncertainty here. 
 

6. Reviewer: Line 109-111: A wind vane measures the wind direction, but not the wind 
speed. 
Author: Corrected. 
 

7. Reviewer: Line 130: Referring back to the comment on line 108, turbulence and noise can 
be adequately quantified with the variance. Other effects like a trend can lead to a non-
Gaussian distribution of the measurement values. Would it be possible to extend the 
proposed framework with other metrics in principle? 
Author: Incorpora�ng trends, such as shi�ing weather paterns or changes due to 
diurnal cycles as you pointed out, is feasible with an extended framework. However, 
given the scope and length of this work, and the poten�al for ad-hoc implementa�on, 
this will be considered for future work. 
 



8. Reviewer: Line 164: Does wake blockage refer to farm-to-farm interaction from 
neighbouring wind farms or to wake effects of individual wind turbines within the wind 
farm? 
Author: Wake blockage refers to the global blockage effect of a wind farm, causing a 
deflec�on of the wind speed upwards and sideways. We adjusted ‘wake blockage’ to 
‘wind farm blockage’ for beter clarity. 
 

9. Reviewer: Section 2.1 in general: The introduction of the test site does not provide 
sufficient information. Specifically, information should be provided on the topography of 
the nearby shore, the distance of the wind farm from the shore, distances to 
neighbouring wind farms. The information provided in Figure 2 could extend with precise 
angles of the affected sectors and distances. Can you provide the location and a map of 
the wind farm and the surrounding area (if not due to NDA restrictions, that should be 
stated)? 
Author: Figure 2 has been replaced by a more detailed figure, showcasing the loca�ons 
of neighbouring wind farms, and the distance from the shoreline.  
 

10. Reviewer: Figure 3: I assume the figure only shows the filtering described in Section 2.1, 
but not the steps of Section 2.3 and 2.4. Is it possible to illustrate the impact of the other 
steps on the data? And should the values for above 25m/s not be removed as well, 
because the wind turbines seem to be derating? In addition, the label on the ordinate 
should be normalized active power.  
Author: Figure 3 primarily illustrates the filtering process from Sec�on 2.1. Displaying 
filters from Sec�on 2.3 and 2.4 would not significantly alter the figure’s appearance. The 
power curve and thrust curve can both consider derated condi�ons. However, since data 
beyond a certain wind speed is not considered for calibra�on, no significant change 
would occur. We have adjusted the x-label accordingly. 
 

11. Reviewer: Line 249-250: How does the ratio of wind speed variance to wind direction 
variance relate to curtailment of the wind farm? To me, this not clear intuitively and 
should be further elaborated. I would expect that a low active power for a given wind 
speed is more indicative of curtailment (in the absence of status alerts or strong wake 
effects).  
Author: We have addressed most curtailment issues through Sec�on 2.1. However, when 
slight discrepancies occur between ac�ve power and wind speed above rated 
performance, the stage 1 op�miza�on can lead to a lower freeflow wind speed than the 
actual freeflow wind speed. Another indicator of large wind speeds is the variance ra�o 
between wind direc�on and wind speed. Filtering based on this ra�o effec�vely removes 
�mestamps that otherwise result in a mismatch in freeflow wind speed. Through an 
itera�ve test, it has been observed that a ra�o of 1/40 works best to minimize the 
number of mismatches.  
 

12. Reviewer: Line 257: Cite examples for the use of the model in Literature here.  
Author: This has been addressed.  
 



13. Reviewer: Section 3.1: The choice of using the term GCH might be confusing, because the 
Curl model outlined in Martinez-Tossas et al. (2019) is not applied here and the Gauss-
legacy model is used instead. How is other literature handling the nomenclature.  
Author: While the curl-model from Mar�nez-Tossas et al. (2019) is not directly applied, 
its introduc�on of a slight asymmetric wake due to counter-rota�ng vor�ces is 
incorporated. We have considered using the name ‘gauss-legacy’ velocity deficit model in 
combina�on with the effect of counter-rota�ng vor�ces, but we feel that referring to it 
as GCH offers a more straigh�orward understanding of the model type. In light of 
feedback from Reviewer 1, we have also made modifica�ons to the term ‘gauss-legacy’ 
in Table 1, since it referred to FLORIS V2 instead of FLORIS V3. 
 

14. Reviewer: Line 278-280: Can the other model components affect the results of the 
parameter tuning of the velocity deficit model presented here? A description of them is 
missing entirely. 
Author: Other model components can influence the parameter tuning, such as TI and 
the type of wake combina�on model. Our framework doesn’t op�mize the wake-added 
turbulence model parameters, due to the possible occurrence of mul�ple op�mal 
solu�ons. However, we use the standard values in the literature, as defined in FLORIS V3 
and Crespo Hernandez (1996). Detailed analysis of these parameters is reserved for 
future work. 
 

15. Reviewer: Table 1: Abbreviation SOSFS not introduced. A column could be added to the 
table providing references to papers describing each of the model components. 
Author: We have updated the table to now include the necessary cita�ons. 
 

16. Reviewer: Section 3.2: Currently, this part of the paper seems to be separated from the 
proposed parameter-tuning scheme. How does it contribute to the tuning parameters? 
Should users of the tuning method first conduct a sensitive analysis and remove low 
sensitivity parameters prior to the model calibration? 
Author: A sensi�vity study like this is indeed crucial. For the considered Gaussian model, 
all parameters retain some sensi�vity. However, some models can include parameters 
with litle to no sensi�vity, meaning those can poten�ally be removed from the 
op�miza�on process. Furthermore, knowing the sensi�vity helps assess the validity of 
results, especially when considering poten�al correla�ons.  
 

17. Reviewer: Figure 295-298: The parameters k_a and k_b have higher values for wind 
direction sectors (0,90) and (180,270) compared to other wind directions, while it is the 
inverse for alpha and beta. Is there any explanation why that might be the case? 
Author: The layout of the wind farm, now shown in Figures 2 and 15, should clarify this; 
Given the wind farm's rectangular shape, it is hypothesized that ka and kb display more 
sensi�vity in cluster wakes with larger spacing, while alpha and beta gain significance 
when turbines are situated closer together addi�onally with less cluster wakes. 
 

18. Reviewer: Line 325: What is the benefit of letting the algorithm choose the weighting? It 
would be problematic if the algorithm chooses a = 0.001 and b = 0.999 for example and 
only account for the global power production of the wind farm while the power for 



individual wind turbines are completely off. The results section should show what values 
the algorithm chose.   
Author: This has now been addressed in the manuscript and explained in bulletpoint 31 
for reviewer 1. 
 

19. Reviewer: Line 329: What does “freeflow wind turbines” mean? Is it first turbine row of 
the wind farm at the upstream edge? 
Author: Correct, we adjusted this in the paper. 
 

20. Reviewer: Line 366-371: Two questions on the interpretation here: 
1) How does the internal arrangement of the wind turbines inside the wind farm 

differ for the two clusters presented in Fig. 15 and Fig 16? 
2) There does not seem to be any effect of shoreline to the south and south-east, 

which one might expect to also cause problems similar to a neighbouring 
wind farm. Is it further away or is its effect on the incoming flow less 
pronounced? 

An overview map would be helpful to follow the interpretation of the results here. If a 
NDA is preventing to include it explicitly, maybe a schematic overview can be provided 
instead. Plotting the data as a function of distance to the next heterogeneity upstream 
might be another approach to avoid NDA.  

Author: With the addi�on of Figures 2 and 15, the layout should now be clearer. Wind 
from neighbouring wind turbines causes heterogeneous inflow within the wind farm, 
which the Framework with homogeneous inflow cannot account for. The shoreline, being 
far away and regular, mainly influences the wind speed, resul�ng in a possible speed-up 
scenario, which is compensated for by the model.  
 

21. Reviewer: Line 389-391: Isn’t it the other way around? The parameter k_a is not the 
inverse of wake recovery, because a larger k_a is the larger will be the wake recovery for 
a given turbulence intensity.  
Author: You are right, this oversight has been corrected. 
 

22. Reviewer: Section 4.3 in general: As mentioned in the first general comment, I am not 
convinced that the tuned parameters are necessarily more realistic values, because other 
part of the full FLORIS framework might interfere with the optimization. If this comment 
cannot be refuted directly, it might be addressed by restricting the validation to a simpler 
configuration (e.g. running it directly on the wind speed instead of the power (removes 
the power coefficient from the validation) and using first and second row turbines only 
(removes wake superposition from the validation)). Another approach might be to assess 
the sensitivity of the tuned parameters to changes to those parts of the FLORIS 
framework. 
Author: We appreciate your feedback and understand your concerns. Some of these 
points have already been addressed in our ini�al response, but let me elaborate it 
further for clarity: 
 



Power curve vs. wind speed: Ac�ve power measurements, in our experience and based 
on data at hand, are notably more reliable than wind speed measurements since the 
anemometer sensor is placed behind the wind turbine blades, which therefore skews the 
measurement. Furthermore, given the limited iner�a of an anemometer, can result in 
large �me-based fluctua�ons. When a steady-state Framework is used, stable 
measurements such as ac�ve power, tend to provide more consistent results.  
Validity of power and thrust curves: The curves used within this work are the official 
curves from the turbine operators and are validated for each turbine within the wind 
farm.  
Simple configura�on: While restric�ng our op�miza�on to the first and second row of 
turbines might simplify maters, it will significantly narrow the scope of our insights. Our 
objec�ve is to gain a holis�c, real-world applicable understanding, and we believe this is 
only achievable when the methodology is applicable to all wind turbines within a wind 
farm. 
Sensi�vity: Addressing your feedback on the sensi�vity of the tuned parameters, we 
have plans to further analyze the effect of addi�onal parameters within the FLORIS 
framework on the obtained results. This will primarily focus on aspects susch as the 
combina�on model and the wake-added turbulence model. We furthermore aim to 
compare different frameworks, using the same op�miza�on method presented in this 
paper. For this work, we believe our valida�on, grounded in a sensi�vity study of the 
parameters, a robust filtering stage and addi�onal checks, provides a solid founda�on for 
our conclusions. 
 

23. Reviewer: Line 403-404: There is a contradiction here. The text states that k_a has higher 
values for south-east where the coast is, but in Fig. 19 the k_a values for the wind 
direction sector (180-250) are lower compared to sector (50-180).  
Author: South-east is the coastal area (e.g. 120-150), where we see a clear peak for ka in 
Figures 19 and 20. Sector 180-250 is predominantly wind from sea and therefore results 
in lower values of ka.  
 

24. Reviewer: Line 404-405: The hypothesis of an increase in k_a with the turbulence 
intensity could be tested with a plot similar to Fig.18 and Fig.19 but with TI on the 
abscissa.  
Author: This is a valuable sugges�on. We plan to analyze this in future work in 
combina�on with stability indicators, and annual and diurnal cycles. 
 

25. Reviewer: Captions of most figure can be improved to explain what the figure is showing 
without having to refer back to the text.  
Author: We have updated and extended most of the figure cap�ons for beter clarity.   
 

Technical comments:  

26. Reviewer: Line 54: maybe rephrase instead of “no velocity profile” that the Jensen wake 
model assumes a constant velocity across a wake cross-section. 
Author: Adjusted. 
 



27. Reviewer: Line 56-57: Either ‘by literature (Barthelmie et al., 2009)’ or ‘by Barthelmie et 
al. (2009)’ 
Author: Corrected. 
 

28. Reviewer: Line 123-124: Insert ‘are’ in ‘effects becoming’ 
Author: Corrected. 
 

29. Reviewer: Line 133: Remove ‘significant’ 
Author: Removed. 
 

30. Reviewer: Line 189-191: Sentence structure not correct.  
Author: Adjusted. 
 

31. Reviewer: Line 200: Remove ‘different’ 
Author: Removed. 
 

32. Reviewer: Line 201: Mean values and variances are not measured directly, but calculated 
for 10-minute intervals 
Author: Corrected. 
 

33. Reviewer: Line 202: Wind turbine should be plural here 
Author: Corrected. 
 

34. Reviewer: There are several instances where it could considered to combine separate 
figures into a single figure with multiple panels 
Author:  
 


