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Summary and Overall Recommendation:

This article presents a systematic comparison of the effect of different gray zone (GZ)
turbulence closure treatments, as well as their effect on a microscale nest. In do-
ing so, the authors address an important problem that arises when coupling between
mesoscale and microscale models. The organization of the paper is logical and easy to
follow, with comparisons between the GZ models followed by comparisons between the
models and field data from the Prince Edward Island Field Energy Experiment. How-
ever, major revisions are needed before this work can be published in Wind Energy
Science. In particular, simulations show be reran using finer resolutions for the finest
domain, and the presence of GZ effects in the middle domain should be demonstrated.

Major Concerns:
C1

1. The lack of significant differences between the YSU and SH results points to a
potential issue with the modeling setup. It is possible that the selection of the SH
scheme was not appropriate to the modeled conditions (Please, justify selection of
this scheme despite its design being limited to convective conditions - see Specific
Comment #7), or that the resolution selected for the middle domain did not present any
gray-zone artifacts or biases. Were any preliminary simulations done to ensure that
the grid-cell size of 333m was within the gray-zone for all of the atmospheric conditions
presented, and presented issues when being modelled through the YSU PBL scheme?
If a resolution of 333m is not resolving turbulence within the inertial range, it is possible
that the GZ modifications of the SH scheme are not being used, thus explaining the lack
of differences between YSU and SH, but also indicating that the center domain does
not actually represent the GZ. If any tests were done to justify the resolution selection
of the GZ, please include those. 2. A finest resolution of 111m seems like a coarse
value for certain atmospheric conditions. Were tests performed to confirm that it can
appropriately represent stable turbulent motions, which are characterized by smaller
scales? If this resolution is not fine enough to resolve the inertial range of turbulence
within the nested LES domains, it is possible that GZ issues are present in this domain.

Specific Comments:

1. Page 1, Line 22 - That LES resolves "all of the turbulence relevant to the problem at
hand" is an extreme assumption.

2. Page 2, Table 1 - Replace "<" with ">" for the Macro and Meso Scale cases.

3. Page 2, Lines 17 to 20 - The words "coupled" and "uncoupled" are incorrectly used
to describe one-way and two-way nesting instead of coupled and uncoupled models.

4. Page 2, Lines 21 to 22 - The second question posed here ("how best to treat the
transition from meso to micro sacles within numerical models") is very vague. Is the
author referring to "how best to treat the GZ within coupled numerical models"?
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5. Page 2, Lines 26 to 27 - Is the "first coupling approach" the one that was previously
referred to as an "uncoupled" approach? If so, this is another argument to change the
use of the words "coupled" and "uncoupled" in lines 17 to 20.

6. Page 2, Lines 26 to 27 & Page 3, Lines 1 to 4 - Please explain how this approach
avoids the GZ. Wouldn’t it also benefit from higher-resolution, properly treated GZ do-
main boundary conditions? Similarly, the second approach in this section states that an
adequate treatment of the GZ is "required", yet later on it is stated that the GZ can be
avoided altogether, thus not requiring this treatment. The definition of, and differences
between these two approaches are not clear.

7. Page 3, Line 11 - It is stated that the SH scheme is limited to convective boundary
layers. However, in this study it was selected as a modeling tool for several complete
diurnal cycles, including non-convective atmospheric conditions. Please, explain how
this selection is justified (see Major Comment #1).

8. Page 6, Section 2.3 - It was previously stated that full-physics were used for this
study. What physics schemes were used for this? Please provide more details. Also,
how were the simulations spun-up?

9. Page 6, Line 4 - Please, specify that ’9 km to 111 m’ refers to horizontal grid-cell
size.

10. Page 7, Section 2.5 - It is unclear why the spectra was calculated using 10-minute
mean winds rather than the 4 Hz model output data for the intra-simulation compar-
isons.

11. Page 7, Line 26 - "sufficient when focusing on GZ phenomena": Please, ex-
plain/justify or cite sources.

12. Page 9, Line 3 - Since the YSU and SH models are very closely related, it can be
expected that their results are very similar. This would be especially true if the chosen
GZ resolution did not, actually, correspond to the GZ for the particular configuration
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and atmospheric conditions (SEE Major Comment #1). Therefore, rather than stating
that the LES mode has a large impact on the results, a more accurate statement would
be that "the choice of turbulence modeling scheme has a large impact in the results"

13. Page 10, Lines 5 to 10 - What is TKE budget referring to? Should this just represent
total TKE, as described in Page 7, Line 7?

14. Page 10, Line 8 - YSU and SH should still contain parametrized turbulence, which
must be taken into account when computing total TKE. Please, check that this has
been included in the total TKE, plotted in Figure 5.

15. Page 10, Line 9 - It is not obvious that TKE would be the same for all three
simulations, since the SGS or parametrized TKE does, indeed, have an effect on the
resolved flow. 16. Page 10, Line 13 - Please, describe "these differences". It is not
obvious that they are similar to those seen in the GZ domain.

17. Page 10, Line 15 - Where is TKESGS being shown? Figure 5 (which we under-
stand to show total TKE) shows an increase up to U around 14 m s-1, followed by a
sharp decrease.

18. Page 11, Figure 5 - This figure shows nearly no turbulence for the YSU or SH
schemes. From the paper it seems like the value of TKE being plotted is total (SGS +
resolved). However, this figure seems more representative of resolved TKE values.

19. Page 11, Figure 5 (caption) - modify "TKE at 60 m [m2 s-2]" to "TKE [m2 s-2] at 60
m"

20. Page 11, Lines 3 to 5 - Please, elaborate. This result doesn’t seem very obvious.
How does the ABLP generate turbulence at length scales higher than the grid-size?
This sentence is not very clear.

21. Page 11, Lines 14 to 15 - Is this data not available from the 4Hz model output used
to calculate TKE?
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22. Page 12, Figure 6 - Section 2.5 states that the spectra are computed for 1 day-1 <
f < 20 min-1. However, the range of frequencies being plotted in this figure only go up
to 10-3 Hz, which does not correspond to 20 min-1. Could this be clarified?

23. Page 12, Line 13 - Could the fact that the "YSU_LES and SH_LES error distribution
is almost indistinguishable" be an indication of an issue with the setup resolutions?
(See Major comment #1)

24. Page 14, Line 4 - The good performance of the YSU and SH schemes could be
related to the choice of resolutions. As mentioned in Major Comments #1 and #2, if
the resolution of the middle domain is not indeed within the GZ, and the resolution for
the finest LES domain is too coarse, the observed results may be explained. 25. Page
14, Lines 11 to 13 - If the smallest domain resolution is too coarse for LES modeling
(which is possible, since such a resolution may be too coarse for the stable conditions
that were commonly observed during the experiment), then the finest domain cannot be
assumed to be performed at an LES scale, and the conclusion drawn on this sentence
would not be accurate.

26. Page 15, Figure 10 - This type of plot, showing the evolution of a turbulence quantity
in time, could be more insightful for analyzing TKE, wind speeds and wind speed errors
than those with respect to U (Figures 2, 5 and 9) or other flow quantities (figure 7).

27. Page 16, Lines 13 and 14 - The energy spectra is being computed from resolved
turbulence. Therefore, it makes sense that all three simulations underestimate the
energy that is measured, since some of this energy is in the sub-grid scales. Please,
elaborate as to how this lower turbulence explains the presence of a GZ or correctly
incorporate the SGS TKE.

28. Page 16, Section 4.3 - The analysis in this and other sections would benefit from
being separated by atmospheric stability conditions, since stability conditions may have
a large influence on the results.
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29. Page 17, Lines 9 to 10 - Throughout the article, LES simulations are treated as not-
parameterized, while the YSU and SH simulations are considered to be parameterized.
This statement is used to draw conclusions in some of the analysis (i.e. specific com-
ment #20). However, a turbulence closure scheme is still used for LES, and sub-grid
turbulence is still calculated and affects the resolved flow. Therefore, LES is still a type
of parameterization, albeit different from the Planetary Boundary Layer (PBL) schemes.
Some clarification about what is meant by parameterized and un-parameterized, or the
use of more precise and specific language, would be helpful.

30. Page 18, Lines 11 to 12 - As mentioned in specific comment #25, if the finest
domain does not have high enough resolution, this conclusion about the benefits of
adding an extra nested domain cannot be drawn without considering the possible effect
of the GZ on this finest domain.

31. Page 18, Lines 18 to 19 - That none of the simulations are able to capture the
diurnal cycle could also be an indication that the current setup may not be correct for
the questions that it is trying to answer.

32. Page 18, Line 21 - It is not clear how the presence of the GZ is confirmed by this
(see specific comment #27).
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