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Authors response to reviewer comments

First of all, we would like to thank the referees for their time and effort in reviewing our work. We
appreciate their feedback and comments, and we have carefully considered their criticisms to improve
and clarify our work.

Below, we addressed all the referees” comments and replied to them point by point. First, the referee’s
comment is included (in italics and bold font), followed by our answer and the new excerpt from the
revised version of the manuscript (highlighted in blue) when applicable. Additionally, in the current
version of this document, we have included a green highlight for those comments addressed through
the modification of the preprinted version of the manuscript; and a yellow highlight for those comments
clarified in the answer included in this document, but without further amendments in the manuscript.

Stefan Emeis, Referee #1

Referee #1 major issues:

The references (Hogstrom and Smedman-Hogstréom 1984; Smedman et al. 1996) have been added
regarding this issue.

We believe that the referee suggests that we should add this additional mechanism to the paper. To
address that, a specific mention of that formation mechanism (and the corresponding reference to
Smedman’s work) has been included.

In addition, frictional decoupling may also appear when relatively warm air flows out over colder
waters (Smedman et al. 1993).
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We assume that the referee suggests the inclusion of a more extended discussion about the
mentioned limitations. Regarding the first issue, a further discussion has been included in Section
2.3:

The height limitation in the vertical profiles up to 300 m avoids the detection of jets located higher
in the atmosphere. However, preceding literature where higher observational wind profiles were
employed shows that the majority of the LLJs are located at heights below 250 m height. Therefore,
the scarce occurrence of these events prevents them from significantly influencing the calculated
statistics. In (Tuononen et al. 2017) the distribution of LLJ’s core heights measured with a Doppler
lidar reaching up to several kilometers heights shows that the vast majority of jets measured in Uto
(Northern Baltic Sea) are below 200 m. In (Baas 2009) from the same distribution, it can be derived
that LLJs are usually located between 140 and 260 m height. And in (Pichugina et al. 2017) a ship-
mounted lidar measuring profiles up to around 2.5 km proved that most of the detected jets were
located at heights below 200 m. Moreover, it must be recalled that this paper is focused on wind
energy applications, and thus, due to the current size of offshore wind turbines currently reaching
tip heights up to around 220 m (International Energy Agency, 2019), the employed extension of the
wind profile used in this study provides wind information about the relevant environment in which
present wind turbines operate.

The second limitation impedes the complete derivation of the temporal variation of the jets in a
single location. However, the wide extension of the measurements and their high reliability allows
us to compare the performance of the models (which depends on the considered site) in several
areas, and thus, under different spatial constraints. To consider and discuss this, we have included
several comments along the paper:

Lines 73 -75: The capability of ship-based lidar systems to provide highly reliable wind data over
extensive regions provides a unique opportunity to evaluate the performance of mesoscale
numerical models when resembling certain mesoscale effects such as LLJs within diverse regions and
spatial constraints.

Lines 80 — 83: Thanks to the spatial extent of the employed measurement, and in contrast to
previous similar literature (e.g. (Kalverla et al. 2019; Hallgren et al. 2020)) the performance of the
numerical models is evaluated not in a single location but along the whole vessel’s route and in
specific locations along that route, allowing to assess the different spatial factors and constraints
impacting the accuracy of models simulations.

Lines 539 — 546: ... due to the intrinsic non-stationarity of ship-based lidar measurements, the
availability of the data at each measurement point is low and limited by the time window when the
ship is near a considered location. Because of this, the observed values of the LLJ features at the
different locations only include the behavior of this phenomenon during the site-specific time
window. ... The results of the comparison between the models and the lidar measurements
presented in this study are in good agreement with the findings from previous similar literature,
highlighting the applicability of these sorts of measurements for the validation and calibration of
numerical models within vast areas of interest.
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We thank the referee for the advice and the suggested reference. It has been read and cited in
Section 3.2.1 of the new version of the manuscript.

We disagree with this statement, since independently of these limitations, results derived from this
comparison agree with those in previous similar literature. We have addressed this comment by
actively remarking these limitations and the potential application of these sorts of datasets in the
discussion section of the new version of the manuscript.

..., itis crucial to consider the pertinence of the mapping strategy and data availability when
interpreting the obtained results. On the one hand, the available observations cover a period of
around three months, and therefore they are unable to completely represent the wind climatology
either over the whole region covered by the ship course or in specific areas within it. On the other
hand, and due to the intrinsic non-stationarity of ship-based lidar measurements, the availability of
the data at each measurement point is low and limited by the time window when the ship is near a
considered location. Because of this, the observed values of the LLJ features at the different
locations only include the behavior of this phenomenon during the site-specific time window.
Therefore, ship-based lidar measurement campaigns require a careful evaluation and design of the
mapping strategy to assure the output data's convenience and applicability, both for the general
characterization of winds and the study of more specific phenomena. Additionally, the results of the
comparison between the models and the lidar measurements presented in this study are in good
agreement with the findings from previous similar literature, highlighting the applicability of these
sorts of measurements for the validation and calibration of numerical models within vast areas of
interest.

The abstract and certain parts of the introduction have been modified to more clearly state the
motivation and goals of the work presented in this paper. Furthermore, the conclusion of the paper
has been rewritten to more clearly state the main outcomes of this work.

Referee #1 minor comments:

We have corrected this.
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We have adjusted this.

This reference was mentioned in line 52 of the preprinted version.

“Newest” refers to the version of the latest reanalysis produced by the ECMWEF. Since it may be
more clarifying, we updated to word “newest” with “latest” in section 2.2.1. Additionally, a better
citation has been included (i.e. (Hersbach et al. 2020)).

The reference to the website leads the reader to the ERA5 Documentation official website, where
the ERA5’s known issues are listed, and in particular, the mismatch in the wind speeds between the
end of one assimilation cycle and the beginning of the next mentioned in our paper.

A discussion regarding this issue has been added in the second paragraph in Section 3.2.2 of the new
version of the manuscript.

When increasing the top limit of the models’ profiles up to 500 m, the frequency raises substantially
in all locations, with an exceptionally remarkable increase in offshore positions. This increase can be
explained by three main reasons. First, the tendency of numerical models to position the jets too
high in the atmosphere, as observed in (Svensson 2018; Kalverla et al. 2019), and thus, the
consideration of jets that are not seen when only 300 m profiles are scanned. The second potential
explanation is the excessive flattening of the wind profiles modeled by the reanalyses during stable
conditions (Cheinet et al. 2005; Sandu et al. 2013; Holtslag et al. 2013), which leads to a too weak
negative shear above the jet core and the resulting requirement of a higher profile top height to
exceed the fall-off threshold value. And finally, the inherent characteristic of the LLJ detection
algorithm that hinders the detection of weak jets located close to the upper limit of the profile top

The missing formation mechanism and the suggested references have been added.



Anonymous Referee, Referee #2

Referee #2 general comments:

170

175 We would like to thank the referee for recognizing the authors' efforts in this work. However, we
must clarify that our goal in this paper is not to derive LLJ characteristics in a single location, but to
evaluate the performance of reanalyses within different spatial constraints through the comparison
against a highly reliable observational dataset. To clarify this in the paper, the abstract and
introduction of the new version of the paper have been modified, including a more specific and

180 accurate description of the goals of our work:

Lines 5 - 9: This paper presents a comparison between numerical output data from two state-of-the-
art reanalyses (ERA5 and NEWA) and the ship-mounted lidar measurements from the NEWA Ferry
Lidar Experiment. The comparison has been performed along the route covered by the vessel, as

185 well as in specific locations within this route to better understand the capabilities and limitations of
the numerical models to precisely resemble the occurrence and main properties of low-level jets
under different spatial constraints.

Lines 73 - 75: The capability of ship-based lidar systems to provide highly reliable wind data over

190 extensive regions provides a unique opportunity to evaluate the performance of mesoscale
numerical models when resembling certain mesoscale effects such as LLJs within diverse regions and
spatial constraints. The work presented in this paper addresses this hypothesis...

195 reanalyses products. It is not clear what is really novel here that hasn’t already been published in
200 perform better/worse? Also adding more evaluation metrics could be useful in this sense. How can
We have considered this comment thoroughly and we concluded that, although the further
evaluations suggested by the referee are of great interest, they would suit better in a different
publication. We think that with the amendments made in the latest version of the manuscript, the
205 scope of our work is now clearly understandable.

Besides, compared to previous similar literature, LLIs modeled by the reanalyses are compared
against an observational dataset retrieved through the employment of a non-stationary device. This
allows the comparison of numerical models (whose performance is spatial-dependent) against
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reliable wind measurements within a vast region. This has been highlighted in several parts of the
new document:

Lines 73 - 75: The capability of ship-based lidar systems to provide highly reliable wind data over
extensive regions provides a unique opportunity to evaluate the performance of mesoscale
numerical models when resembling certain mesoscale effects such as LLJs within diverse regions and
spatial constraints.

Lines 80 - 83: Thanks to the spatial extent of the employed measurement, and in contrast to
previous similar literature (e.g. (Kalverla et al. 2019; Hallgren et al. 2020) the performance of the
numerical models is evaluated not in a single location but along the whole vessel’s route and in
specific locations along that route, allowing to assess the different spatial factors and constraints
impacting the accuracy of models simulations.

Lines 553 - 555: Nevertheless, and differently from fixed measuring devices, ship-based systems can
provide meaningful information about the jets' properties and their temporal and spatial variations,
as well as highly reliable observations to compare numerical models against a reference dataset
under different temporal and spatial effects.

A discussion about the benefits of ship-based lidar systems compared to other technologies has
been included in lines 34 — 38.

However, the installation of lidar devices onboard vessels offers attractive advantages compared to
both met masts and buoy-based lidars. On the one hand, its relatively simple setup, accessible
maintenance, and its installation on already existing floating platforms reduce the restrictions, costs,
and complexity of offshore measurement campaigns. On the other hand, ship-mounted campaigns
cover extensive regions, providing highly reliable wind data from diverse areas of interest, including
harbors and near-shore locations as well as deep waters areas.

Illlustrative case studies could also be useful e.g .perhaps for some specific synoptic situation
where the analysis would benefit from a moving platform. Is it possible to use this type of
platform to evaluate models for internal boundary layer? These are just some examples, but this
study would require some more along these lines.

These are definitely interesting suggestions for future work, but we consider that they are out of the
scope of this paper. Instead, our work focused on a quantitative analysis of the capacity of numerical
models to resemble the main LLs characteristics in different locations, through the comparison
against reliable non-stationary measurements.

Referee #2 specific comments:



255 In order to clarify the aim of our work, we have rewritten the abstract and modified the introduction
in the new version of the manuscript.

The sentence has been rewritten for clarification:

260 However, the limitations of the models due to factors such as a too coarse horizontal and vertical
resolution, or the incomplete representation of the physical processes lead to an insufficiently
accurate description of mesoscale phenomena.

265

270 Further references have been added mentioning previous studies focused on LUJs in the Baltic Sea.
Additionally, the generation of frictional decoupling due to spatial-related frictional decoupling has
been included:

In addition, the frictional decoupling may also occur when relatively warm air flows out over colder
waters (Smedman, 1993).
275

We have adjusted this.

280

This additional reference has been added.

285 We have reformulated this sentence: ... and two state-of-the-art and freely available mesoscale
numerical models, namely ERA5 and NEWA.

The sentence has been rewritten for clarification:
290 In addition to the motion compensation post-processing, a quality check of the lidar observations
has been implemented to assure the reliability of the output data.

This is the threshold value recommended by the lidar manufacturer for the employed device to
295 maintain an optimal compromise between the data availability and its accuracy. This information
has been included in lines 128 — 129 of the new version of the manuscript.
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We have adjusted this.

The 80% limit refers to the availability of each hourly-averaged data point, evaluated independently
for each height. The 70% refers to the availability over the whole profile, this is, the mean hourly
availability considering all the measurement heights. If this mean is below 70%, all hourly values (for
all the heights) are excluded from the database. This has been rewritten for clarification:

For each measurement height, hourly values with availability below 80 % were rejected.
Additionally, wind profiles with a missing measurement at 100 m height and with more than 70 % of
the data missing in the whole profile were excluded from the database. After this process, the total
lidar availability was 89.6 % and 83.3 % at 100 m and 200 m height, respectively.

15) Line 125: replace “capture” with e.g. “simulate”

We have adjusted this.

We have adjusted this.

We did not take any particular measure regarding this, since it is an inherent characteristic of the
ERAS reanalysis dataset. This has been also clarified in the manuscript: However, since this is an
intrinsic issue of this dataset, no particular measure or correction has been taken in this regard.

18) Line 155: “spin-off” replace with “spin-up”

We have corrected this.

No, we mean that the inflection points of the interpolated line are located closer to the
interpolating points. The picture below (extracted from Splines and Pchips » Cleve’s Corner: Cleve
Moler on Mathematics and Computing - MATLAB & Simulink (mathworks.com)) shows a comparison
of a pchip against a spline interpolation, with a clear example of this fact for instance, between the
points x =1 and x = 2 and between x =5 and x = 6.

In the case of a spline interpolation, the maximum curvature is found between the interpolating
points, whereas the pchip interpolation results in a line with its curvature at (or closer to) the
interpolating points.
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We have clarified this in the manuscript: This interpolation methodology concentrates the curvature
of the interpolated line closer to the interpolating points, providing a continuous description...

We have adjusted this throughout the whole document.

We have adjusted this.

This has been included in the new version of the paper.

The small differences between the coefficients found in our paper and in (Witha et al. 2019) are due
to the different filtering and data quality approaches implemented as well as the specific
measurement-models co-location procedures.

We have adjusted this.

24)

We have adjusted this.

25) Lines 263-264: the onshore daily cycle is well studied as mentioned previously in the manuscript.
Unfortunately, we do not completely understand this comment.
In these lines, we highlight that the LLJs” daily cycle retrieved by the ship lidar measuring while being
onshore (in the harbor) agrees with the one found in previous literature.

This has been included in Section 3.2.2 of the new version of the manuscript: These locations have
been selected aiming to evaluate the datasets in sites with predictably different LLJs" characteristics
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(locations A and D can be classified as onshore whereas B and C as offshore) and assuring the
existence of a certain amount of jets for the derivation of consistent statistics.

This figure compares the observation and the models when the ship is in any of the considered
locations (this is, co-located both in time and space). This has been clarified in the new version of
the manuscript: Figure 8 includes the average values of the LLs frequency, core height, and core
speed at four different locations along the ship track using co-located values of models and
observations in both time and space.

We have adjusted this.

We have adjusted this.

We missed stating that these lines refer to location C. This has been clarified.

Yes, we have addressed this for clarification.
The consideration of the extended wind profiles results in a rise...

32) Figure 9: Here you could add the lidar measurements in the shadowed areas. Additionally, this

type of analysis would benefit from some more statistics: do the means differ from each other
significantly? What is the spread around each averaged point?

We decided not to add the lidar measurements here due to the fact that for this plot, we directly
used the output data from the models (here, there is no filtering process according to lidar quality
check or availability). Therefore, we considered that including this data in the same plot with
different preprocessing approaches may be confusing for the reader.

33) Table 3: Why not add the Lidar measurements in the comparison and present a similar analysis as

in Figure 9?
Same as in the comment above.
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The frequency bias has been evaluated against both the fetch length and the forecast length.
However, no correlation has been found so we skipped this comparison from the manuscript. This
has been mentioned in the new version of the manuscript (Section 3.2.3).

Apart from the FBIAS, the ratios between models and observations have been assessed for the core
height and speed. Furthermore, the FBIAS has been evaluated against the fetch length and the
forecast length. Nonetheless, no relevant correlation has been found in any of the aforementioned
analyses.

This has been corrected.

36) Table 4: spelling “mises” --> “misses”

We have adjusted this.

We have modified the sentence for clarifying this.
Secondly, the tendency of numerical models to locate LLIs very high in the profile may result in weak
jets with fall-off values below the considered threshold (see Subsection 2.4).

38) Figure 11: Why not include ERA and NEWA in the same plot? This would make the comparison
easier.
After careful consideration, we concluded that we cannot group the two numerical models in a
single plot because the events classified as hits, misses, or false alarms depend on the model
selected for performing that comparison. For this reason, the values shown by the lidar are different
depending on which numerical model is compared against.

This has been commented in Section 3.4 of the new version of the manuscript.

40) Line 491: One way to investigate how successful the motion correction is would be to study the
spectrum of the velocity measurements. If the motion correction algorithm is successfully
implemented the peak around the mean wave period should been removed. Although this requires
access to the raw turbulence data from the lidar which might not be the case here (?)

This is an interesting analysis to be conducted when further evaluations of the motion
compensation algorithm are performed. However, these investigations are out of the scope of this
paper.
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