
The authors are grateful for the reviewers’ thoughtful and helpful comments and suggestions. We have 

responded to both reviews in the following pages and have edited the manuscript accordingly. 

Review Responses – Review 1  

Major Comments 

1. Line 114 (equation 1), line 119 (equation 2), line 197 (figure 4): Are z2 and z1 equal to 150m 

and 50m (the maximum and minimum height of the turbine rotor) respectively? If that is the 

case, then the value of wind shear can be very coarse, especially if the core of the jet is right 

within that rotor interval. In that situation, a bulk wind shear would misleadingly suggest a 

smooth trend in wind speed from one point to the other, thus masking the existence of a strong 

positive wind shear in the lower portion plus a strong negative shear in the upper section. For 

the same reason, the Richardson number calculation wouldn’t be too accurate to represent the 

transition in atmospheric stability (see comment 4). 

 

Response: z1 and z2 represent the change in sigma layer across the rotor plane; there are 6 sigma 

layers total that fall within the rotor plane (at approximately 50-150 m AGL). Each quantity 

(shear and RiRotor) is calculated across these layers, resulting in 5 values of shear and RiRotor across 

the rotor plane. TKE is output at every layer, and as such there are 6 values of TKE calculated 

across the rotor plane. The median RiRotor is then obtained from these sigma layer values in each 

LLJ and non-LLJ hourly wind speed profile; similarly, mean TKE and shear are calculated to 

represent the central tendencies of the rotor plane behavior for each variable. Thus, strong 

positive and negative shear across the rotor plane is accounted for in both the shear and RiRotor 

calculations. This has been clarified in the text in the following lines: 

 

“The RiRotor is similar to the Bulk Richardson number (Stull, 1988) but describes the dynamical 

stability across the wind turbine rotor (Nunalee and Basu, 2014). RiRotor and wind shear are 

calculated across each sigma layer in the nominal wind turbine rotor plane (six sigma layers fall 

approximately within this range). Thus, positive and negative shear due to LLJs are described at 

multiple heights within the rotor plane. TKE is also calculated at each of the six heights within 

the rotor plane. Mean TKE and shear and median RiRotor are then calculated from these points to 

approximate the central tendencies of rotor plane characteristics during non-LLJ and LLJ events.” 

 

2. Line 150 (table2): The grouping of both criteria types seems artificial. For example, it is clear 

that both the 5 m/s-criterion and the 50%-criterion leave out of the analysis many LLJs, but 

they do that at a different rate, with the 50%-criterion killing one third more LLJs (1-

0.0132/0.0198). Both criteria have been grouped together despite having very different 

“strictness” power. Why not creating groups of criteria with similar “strictness” power (e.g., 5 

m/s-criterion with 44%-criterion)? 

 

Response: The criteria are grouped as such to draw parallels to criteria commonly used in LLJ 

literature. Although LLJ criteria differ by study, multiple studies have implemented those 

featured in the second group (2 ms-1 fixed and 20% variable). These criteria are often used in 

tandem or uniquely. Since these are the most frequent LLJ definitions (for onshore LLJs), they 

formed the basis of the criteria study and the other four groups were chosen in 1 ms-1 and 10% 

increments for continuity and to illuminate the differences in LLJs extracted by fixed and variable 

criteria.  



 

Furthermore, a conclusion resulting from the grouping choice is also further clarified through the 

addition of the following: 

 

“These results indicate that the usage of varying LLJ definitions in literature (a fixed threshold 

only, or a fixed and variable threshold in tandem) potentially results in frequent identification of 

entirely different LLJ events.” 

 

3. Line 150 (table 2): Why table 2 gives marginal probabilities of LLJs in a single cell, instead of 

using the entire domain D3? It seems to me that finding marginal probabilities in the entire 

domain studied would be more comprehensive in terms of taking into account different 

conditions of terrain, climatology, etc. 

 

Response: The analysis begins with an initial demonstration of sensitivity to the LLJ criteria for a 

single grid cell; this was chosen to concisely prove sensitivity without confounding factors related 

to terrain elevation. Further, domain-wide frequencies are presented in Figure 9 for the most 

frequently used LLJ definitions; these indicate that there is terrain-related sensitivity to the LLJ 

criteria employed. 

 

4. Lines 181-182: This 15% seems statistically significant and may indicate that the critical value 

of Ri_rotor (the transition between stable and unstable atmosphere) is different from 0.25 (but 

still in the positive). That may be another indication that Ri_rotor, being a bulk parameter, is 

not very precise as a measure of stability when calculated between a height below and a height 

above a LLJ peak. The function would be ill-conditioned due to the sensitivity of the shear term 

in the denominator. It would be interesting to know which fraction of the total jets detected are 

peaking within the rotor area. 

 

Response: An analysis of the LLJs occurring during hours when RiRotor <0.25 could be carried out 

in future work, although it is possible that this 15% occurs with higher LLJ speeds (as shown in 

our previous LLJ work in Iowa published through TORQUE 2020). Interestingly, in the vertical 

window considered, a sizeable proportion of LLJs (approximately 39%) peak within the rotor 

area (we show this later in Table 5). RiRotor and shear calculations are calculated across each 

vertical sigma layer in the rotor plane to increase precision (as discussed in response to #1). 

 

5. Lines 190-191: LLJ’s wind speed being lower than non-LLJ’s wind speed is curious. Once the 

atmospheric layers are decoupled, the flow often accelerates to supergeostrophic wind, thus 

forming the LLJ. Hence, one would expect the wind speed at the heights of the jet core to be 

substantially greater than the wind speed at the same heights if there were no LLJ. One 

possible explanation is that, if the jet peak is happening outside (and above) of the turbine 

rotor (and probably the algorithm is detecting a fair amount of those cases), the rapid decay in 

wind speed downward due to stable stratification may lead to speed values inside the rotor area 

that are not so high. However, I am more inclined to accept the explanations provided later in 

the same paragraph. Explanations (b) and (c) are physically sound, but I am more inclined to 

think that the criteria used are missing some of the stronger jets (see comment 6). By the way, 

figure 6 (line 255) show mean wind speed that are much greater than 8.02 m/s when using 

fixed criteria. Weren’t fixed criteria included to calculate the value shown here in line 191? 



Response: We agree with this input – a lower wind speed at nominal hub height during LLJ 

conditions as opposed to non-LLJ conditions is likely due to the approximate 39% of LLJs that 

peak in the rotor plane and the definition employed, as well as explanations in (b) and (c). Had 

the definition employed been fixed rather than variable, it is likely that the LLJ wind speed at the 

nominal turbine hub height would be biased toward stronger LLJs (as compared to the variable 

criterion, which is biased toward weaker LLJs). Fixed criteria were not included to calculate the 

value shown in line 191 – the criterion for the seasonal analysis is 20% variable. This is discussed 

further in the following paragraph (after Fig 3). 8.02 m/s is the median spatiotemporal LLJ wind 

speed maximum value, while the mean is 9.55 m/s. Profiles in Figure 6 display the mean wind 

speeds and are also for a single grid cell. 

6. Line 255 (figure 6): The strictest fixed criteria (5 m/s) misses weaker LLJs because their peak 

wind speeds are not enough to have such speed decrease along the rotor radius (50m). Hence, 

fixed criterion’s mean wind profile is biased upward because criteria discriminate against 

weaker LLJs. The strictest variable criteria (50%) misses stronger LLJs because the wind speed 

decrease (e.g., 0.5x18=9 m/s) is too much to be observed within the limits of the rotor radius 

(50m). Hence, variable criterion’s mean wind profile is biased downward because the criteria 

discriminates against stronger LLJs. The question is: if each criterion misses some LLJ 

incidents, why not use the least strict criteria (group 1) rather that group 2? 

 

Response: The algorithm searches the vertical window considered (up to 530 m AGL) for a 

decrease in speed sufficient to meet both types of criteria (so the algorithm is not just searching 

the rotor plane). We agree with this analysis – fixed and variable criteria are biased toward 

stronger and weaker LLJs, respectively. Each criterion misses some LLJ incidents, although this 

is reduced for the first criteria group. It is difficult to quantify which definition to use (although 

this may be explored in further studies) since both criteria types are biased toward certain 

maximum LLJ speeds and choosing a criterion in the least strict group could result in LLJ wind 

speed profiles that are hardly differentiable from non-LLJ. Further, criteria group 2 features 

definitions most relevant to previous studies, and the variable criterion chosen allows for analysis 

of LLJs that might have been previously undefined through usage of a fixed criterion. We have 

tried to emphasize this important point by repeating in the Conclusions: 

 

“Using different LLJ definitions is shown to identify not just different frequencies of LLJs but 

also different LLJ events. When considering all LLJs identified by the least strict criteria group, 

the definitions are shown to extract different LLJs for nearly 20% of the time. For the second 

criteria group that features LLJ definitions used in previous LLJ literature (2 ms-1 fixed and 20% 

variable), the two definitions extract different LLJs (i.e. one definition flags a LLJ while the other 

does not) 40% of the time.” 

 

And we have added also the following to the abstract: 

“Use of different LLJ definitions identifies both different frequencies of LLJs and different LLJ 

events.” 

Minor Comments  

1. Lines 73-74: To moderate expectations, it should be made clear that WRF historically has 

shown some shortcomings in modeling LLJs, with several studies showing WRF 



underestimating the maxima. The situation has improved in recent years, but LLJs have 

always been challenging to model with WRF. 

 

Response: This has now been acknowledged in the introduction, and in context with the previous 

sentence reads:  

 

“The specific WRF configuration (e.g. selection of the planetary boundary layer (PBL) scheme) 

and horizontal and vertical resolution has a clear impact on simulated flow within the atmospheric 

boundary layer. In general, despite these sensitivities, WRF has been demonstrated to exhibit skill 

in simulating LLJ events and the near-surface wind climate, although WRF has been shown to 

underestimate the magnitude of the LLJ maxima (Storm et al., 2008; Schepanski et al., 2015; 

Vanderwende et al., 2015; Squitieri et al., 2016; Smith et al., 2018; Gevorgyan, 2018; Pryor et al., 

2020a).” 

 

2. Line 76: However, I would suggest to succinctly explain the merits that convinced you to use 

the specific schemes selected (schemes only mentioned in lines 94-96). 

 

Response: A sentence has been added to clarify usage of the PBL scheme, which has been shown 

to affect LLJ characteristics:  

“The MYNN scheme is selected as it has been evaluated previously for simulations of the LLJ in 

the Great Plains, which indicate that LLJ characteristics may be less sensitive to the scheme 

employed than vertical resolution (Zhang et al., 2020, Smith et al., 2018, Jahn and Gallus, 2018).” 

3. Line 88: "once" or "one"? 

 

Response: This sentence has been revised for clarity:  

 

“Analyses presented here use model output sampled once hourly (at the top of the hour) for 

December 2007 to May 2008, and thus consider over 4300 profiles for each grid cell within a 

sub-domain (D03) comprising 147 by 100 grid cells that encompasses the state of Iowa (Figure 

1).” 

 

4. Lines 100-101: “. . .hub height. . . . . .nominal rotor plane. . .”. If I understand correctly, there 

is no wind turbine modeled in the analysis. Presenting wind turbine’s terms with no context 

may confound the reader as to where there is actually a wind turbine involved. I recommend to 

previously explain this. My personal suggestion would be something like: “Parameters are 

calculated in a vertical length (from 50 m to 150 m) where a hypothetical wind turbine (not 

modeled here) may spin, and hereafter we call that span the nominal rotor height, and the 

height 100 m, the hub height.” 

 

Response: A sentence clarifying that no wind turbines are modeled in the study is now included:  

 

“Parameters are considered in the vertical length of 50 to 150 m above ground level (a.g.l.), 

representing the rotor span of a typical wind turbine (not modelled here) with a rotor radius of 50 

m and hub height of 100 m.” 

 



5. Lines 110-119: You may prefer to use a consistent style to enumerate a, b, c, d; either all of 

them in a single paragraph or each one in separated lines. 

 

Response: This has been incorporated into Section 2.2, and now reads:  

 

“The parameters considered are: (a) Mean turbulent kinetic energy (TKE) across the rotor plane 

derived by the PBL scheme. (b) Wind speed at a nominal hub-height of 100 m a.g.l. (c) The 

median Richardson number across the nominal rotor plane (RiRotor) specified as 50 – 150 m a.g.l 

(Eq. 1). (d) Mean shear across the nominal rotor plane (Eq. 2).” 

 

6. Lines 120-121: "All variables ... are computed at a disjunct hourly time step ... Ri_rotor is 

computed using output disjunct at three hourly intervals." Would you provide more details as 

to how and why time steps are "disjunct"? 

 

Response: For clarity, the word “disjunct” has been removed. The sentence now reads:  

 

“All variables except RiRotor are computed using output sampled at an hourly time step, while 

RiRotor is computed using variables output at three hourly intervals.”  

 

7. Lines 130-133: "The five values used are 1:1:5 m/s. . . The five thresholds used C4 WESD 

Interactive comment Printer-friendly version Discussion paper are 10:10:50%." One can infer 

that you mean “The five values from 1 m/s to 5 m/s in increments of 1” and “The five values 

from 10 % to 50 % in increments of 10” but the notation may be unclear to many. Is the 

notation supported by a standard? 

 

Response: The notation has been changed throughout the text and is now described concisely in 

the following:  

 

“The criteria are grouped into five classes based on strictness and usage in literature, from the 

least strict (1 ms-1 fixed, 10% variable) to the strictest (5 ms-1 fixed, 50% variable) (Table 2). 

Threshold strictness increases across groups in increments of 1 ms-1 for fixed and 10% for 

variable.” 

 

8. Lines 168-171: May you rephrase Figure 2 caption? "...during hour identified as exhibiting 

LLJ..." seems to indicate that the red curve was obtained during a specific, single hour. 

However, the next sentence ("These profiles are computed for all hourly profiles from all grid 

cells...") points to something like an average profile using, not only several cells, but also from 

several hours. Moreover, I am curious as to how LLJs taking place in different grids and at 

different hours (and therefore potentially peaking at variable heights) were averaged into a 

unique profile. One can infer that you selected a specific hour in which calculations showed 

LLJ happening in several cells, then you combined the normalized profiles from those cells 

into an average profile (the heights of the LLJ’s peaks should be very similar because they are 

happening in the same hour in not-so-distant locations), and finally did the same with the 

profiles in the grids with no LLJ happening to obtain the black curve. Is this interpretation 

correct? 

 



Response: To clarify the method of compositing the wind speed profiles, the figure caption has 

been edited and a few sentences have been added to improve clarity overall regarding this figure. 

The sentence describing the calculation now reads:  

 

“The spatiotemporal mean LLJ core wind speed computed using wind speed values across each 

vertical layer for all hours from all grid cells is approximately 9.55 ms-1 and is centered at about 

183 m a.g.l.” 

 

And the figure caption for Fig 2 now reads:  

“Mean wind speed profiles during all hours identified as exhibiting LLJ and those without (non-

LLJ). These profiles are computed for all hourly profiles (in the entire time domain from December 

2007 to May 2008) from all grid cells and each profile is normalized by the maximum wind speed 

after compositing. The LLJ detection algorithm uses a variable threshold of 20%. Both mean wind 

speed profiles are plotted against the temporally and spatially averaged mean height of each vertical 

level (♦).” 

9. Line 173: It is important to clarify that this modal value is obtained within the scope of this 

analysis (which only detected LLJs using wind speeds within the lowest 530 m of the 

atmosphere, as mentioned in section 2.1) and therefore cannot be interpreted as the modal 

value representing all LLJs in the region, which should also include LLJs peaking at higher 

altitudes. The modal value of all LLJs with core at any height would be probably higher.  

 

Response: The sentence has been modified to reiterate the fact that these analyses are dependent 

on the vertical window considered:  

 

“The modal value of LLJ height in the vertical window considered is between 100-150 m a.g.l. 

(the upper extent of the nominal rotor plane), and approximately 39% of LLJs have a wind speed 

maximum within the nominal rotor plane of 50-150 m (Figure 3(b)).” 

 

10. Line 177: You may consider to spell out "WS" as "wind speed" if that is what it means. “WS” 

could also stands for “wind shear”, for example. 

 

Response: This has been clarified in the figure description:  

 

“Fig 3. – Probability distributions from a domain-wide sample of all hourly realizations (n=4392) 

of vertical LLJ wind speed (WS) profiles for: (a) LLJ duration; (b) Height of the jet core. Note 

that LLJ with durations of over 20 hours were identified, but the distribution is truncated at 20 

hours for legibility.” 
 

11. Line 192: "see below". You need to be more specific as to where in the text you are directing 

the reader. Is it to section 3.2? 

 

Response: The reader is now directed to section 3.2: 

“This is likely due to a complex combination of the following factors; (a) the LLJ selection 

criteria is more readily met at lower wind speeds (Section 3.2)…” 



12. Lines 112-113: "The mean winter flow direction for both LLJ and non-LLJ is westerly," The 

arrows don’t contrast much, but it seems that westerly flow direction is for C5 WESD 

Interactive comment Printer-friendly version Discussion paper non-LLJs only, while LLJs 

exhibit much more spatial variability (Figure 5a) 

 

Response: See response in (13). 

 

13. Lines 113-114: "...while easterly flow is more common during the spring months." The arrows 

don’t contrast much, but it seems that that easterly flow direction is for LLJs only, while non-

LLJs seem to come mostly from south and southeast (Figure 5b). 

 

Response: Descriptions for flow directions in both winter and spring have been updated:  

 

“The mean winter flow direction for both LLJs and non-LLJs exhibits a westerly component for 

all grid cells considered, while easterly flow components are more common during the spring 

months. Rotor plane wind directions during LLJ events exhibit more spatial variability than 

during non-LLJ events. Springtime LLJs exhibit less spatial variability in wind direction than 

winter LLJs, coinciding with the increased frequency of winter LLJs compared to spring LLJs.” 

 

14. Lines 212-220: Your cross-reference style is not consistent: Line 212: Figure 5(a) and (b). Line 

218: Figure 5a. Line 220: Figure 5 

 

Response: Cross-reference style is now consistent.  

 

15. Line 221 (figure 5): Would it be possible to use a more contrasting color for LLJ arrows in 

subfigures (a) and (b)? 

 

Response: The color for the LLJ arrows has now been updated to a more contrasting color.  

 

16. Lines 222-224: If the color scale represents elevation and wind vectors are represented with 

arrows, then it is not clear which element in figures 5a and 5b is representing "contours of 

regions of highest 10% of LLJ frequency". 

 

Response: The figure description has now been updated to indicate what represents the regions of 

highest 10% of LLJ frequency and now reads:  

 

“Dec-Feb. Regional elevation (m) with contours of regions of highest 10% of LLJ frequency 

(>.26). Average LLJ (   ) and non-LLJ (white) wind vectors at nominal turbine hub height of 100 

m; (b) – Mar-May. Regional elevation (m) with contours (black, contour values given in white 

markers) of regions of highest 10% of LLJ frequency (>.19). Average LLJ and non-LLJ wind 

vectors at nominal turbine hub height of 100 m; (c) – Dec-Feb. Regional mean LLJ duration; (d) 

– Mar-May. Regional mean LLJ duration. Black markers indicate wind turbine locations.” 

 

17. Lines 277-279: “The median LLJ height is higher by approximately 20 m when the fixed wind 

speed thresholds are applied than in use of any of the variable thresholds. . .” Revise sentence 

grammar. 

 



Response: The sentence has been revised and now reads:  

 

“Usage of a fixed threshold extracts LLJs with higher wind speed maxima overall; across all 

criteria groups, the median LLJ height is higher by approximately 20 m when fixed thresholds are 

applied (Figure 8(a)).” 

 

18. Line 287: "...for applied for..." Check grammar 

 

Response: This sentence has been revised and now reads:  

“As in results for an individual grid cell shown in Figure 6, as the absolute threshold applied for 

LLJ detection increases…” 

 

Review Responses – Review 2  

Major Comments 

• Goal 1: to define a climatology one has to use at least a year of data and preferably more (to capture 

all relevant mechanisms). The usual definition of a climatological period is 30 years. Also in the 

context of wind energy the turbine lifetime is generally >20 years. It is quite likely that also summer 

time jets are quite abundant, if not more, than during winter and spring. For example in the cited 

paper of Baas et al. (2009), most LLJs were observed during summer. If you don’t use a full year of 

data the paper is just a case study and in that case I don’t think it contains enough novelty to publish 

the results. 

Response: Numerous recent WRF-simulated LLJ studies have been for very short time periods, around 

24 or 48 hours in total, or investigating a number of 24-hour periods (Squitieri and Gallus, 2016, Tay et 

al., 2020, Gevorgyan, 2018, Smith et al., 2018). This work is unique in that the LLJs have been simulated 

for such a long timeframe (6 months) and with high vertical, horizontal, and temporal resolutions. By 

comparison, a recent publication investigating the mechanisms behind the formation of the Great Plains 

LLJ utilized 5 months of WRF simulation data and used 7 vertical layers (Jiménez-Sánchez et al., 2020). 

Here, two fully simulated seasons were chosen for this analysis to compare regional LLJ/non-LLJ flow 

directions, and LLJ durations and frequencies for a cool and warm season in the contemporary climate. 

The seasonal analyses primary novel focus is in defining the LLJ and non-LLJ rotor plane characteristics 

over long periods rather than focusing on one case study and thereby being able to quantify domain-wide 

LLJ frequencies and durations. We have also presented sensitivity studies showing how the method of 

defining LLJ and resolution of wind speed output impact the results. 

• Goal 3: I agree with the paper that the detection could depend on resolution, but I was expecting to 

see a proposition of a method to help diagnosing the jet independent of resolution. At least something 

better than linear interpolation should be tested (see comment below). 

Response: 

 

This has been implemented and shown to work well – the authors are grateful for the interesting 

suggestion. The following paragraph has been added to explain the process of implementing the 

polynomial interpolation: 



“The usage of a polynomial interpolation to account for lower output resolution when extracting LLJs is 

shown to reduce sensitivity in LLJ characteristics (Table 6). Winter wind speed output at full resolution is 

firstly analyzed for LLJs under the 20% variable criterion. From this, wind speed profiles corresponding 

with identified LLJs are sampled at quarter resolution (resulting in wind speed profiles comprised of 7 

vertical layers). A sixth-degree polynomial is then fit to each of these wind speed profiles to extrapolate 

the non-linear LLJ shape between wind speed values at each layer. After creation of the polynomial, the 

quarter resolution height AGL for each profile is linearly interpolated to that of the full resolution output 

(25 layers). These linearly interpolated height values are then input into the polynomial function for each 

wind speed profile to extrapolate the quarter-resolution output into full-resolution output. These 

extrapolated profiles are then input into the LLJ detection algorithm (20% variable) and resulting 

ensemble characteristics are compared.” 

And, Table 6 has been added to show results of the interpolation. Sentences in the abstract and conclusion 

are included to reflect results from the interpolation. 

 

Further, to clarify that no linear interpolation was used between layers in the output of the sensitivity 

study, the following was added in the text: 

 

“The profiles are not linearly interpolated between vertical layers; the LLJs can only exhibit maxima at 

heights at the 25, 13, and 7 vertical layers considered (to parallel the extraction of LLJ profiles from 

observational data in which there are a number of fixed datapoints).” 

 

And in the description of Figure 10:  

“Note: layers are connected linearly for figure visibility, but the LLJ wind speed maxima can only occur 

at the heights defined at the vertical layers (25, 13, and 7 heights respectively for each resolution).” 

 

Minor Comments 

• l7: I find it a bit confusing that the abbreviation LLJ is both used to indicate singular and plural. 

Maybe better to use LLJ for singular and LLJs for plural? 

Response: This has been changed throughout the manuscript; all instances of plural low-level jets are now 

referred to as “LLJs.” 

• l27: This is usually referred to as baroclincity, please add that term  

Response: The sentence has been rewritten to include baroclinicity, and now reads as:  

“Mechanisms commonly invoked to describe the forcing mechanisms include diurnal variations in 

baroclinicity over sloping terrain (referred to as the Holton mechanism, (Holton, 1967)) and diurnal 

variations in boundary layer friction (referred to as Blackadar mechanism (Blackadar, 1957)).” 

• Table 2: It is not really clear to me whether these criteria are used seperately or together. If they are 

not used together, you should put them in seperate tables.  

Response: Table 2 has now been organized into three tables – Table 2 now describes the format of the 

criteria study and the LLJ frequencies previously included in Table 2 have been moved to Tables 3 and 4 

in the Results section. Tables 3 and 4 are now separate tables because the criteria are used separately. We 

have also written a sentence that clarifies this further in the text:  



“Variable and fixed criteria in each group are studied separately to examine the type of LLJ extracted by 

each unique definition. In other words, in every case, either a fixed or variable criterion is applied; the 

criteria are not used in tandem throughout the study.” 

• l87: To represent a real climatological study one should at least cover all seasons.  

Response: The term “climatology” has been changed to “seasonal analysis” throughout the work.  

• l231: This discussion would be much more interesting with some more physical interpretation. If you 

plot geostrophic wind speed and thermal wind speed in Fig. 5 it becomes clear if this mechanism plays 

a role here. 

Response: The authors agree this would be an interesting contribution and will look into exploring it in 

future work.  

• l261: The explanation of this figure confusining and had to read this section several times to 

understand what was being plotted in Fig. 7. I am I correct that for group 2, approx. 60  

Response: Sentences have been added to this section to clarify the results and methods. The figure 

description has also been modified to improve clarity. The section now reads:  

Despite similarity in the frequency with which LLJs are detected as shown in Tables 3 and 4, the two 

criteria types (even in the least strict criteria group of 1 ms-1 fixed, 10% variable) identify a substantial 

number of different, distinct LLJ events. For the least stringent criteria group (lowest thresholds), of the 

total number of times that a LLJ is identified between the two criteria (the intersection of identified LLJ), 

the criteria extract different LLJ events 20% of the time (i.e. a LLJ is identified by one type of criterion 

but not the other). Thus, the relative frequency of disagreement is 20%. This relative frequency of 

disagreement increases to nearly 40% for the second criteria group (2 ms-1 fixed, 20% variable), in which 

the variable and fixed criteria identify different LLJ profiles 40% of the time (thus they identify the same 

hourly WS profiles as LLJs 60% of the time) (Figure 7). The frequency with which LLJs are identified by 

variable criteria but not by fixed, and vice versa, is relatively equal for the first three criteria groups. 

However, as threshold stringency increases (criteria groups 4 and 5), LLJs are more likely to be identified 

by fixed criteria than when the variable threshold is applied and the identified LLJ events become more 

dissimilar, with the two criteria identifying the same LLJ events only 10% of the time (Figure 7). These 

results indicate that the usage of varying LLJ definitions in literature (a fixed threshold only, or a fixed 

and variable threshold in tandem) potentially results in frequent identification of entirely different LLJ 

events.” 
 

And the caption for Figure 7 now reads: 

“Fig 7. – Relative frequency of disagreement of LLJ identification between analyses using a fixed threshold 

and a variable threshold. In each criteria group, the variable and fixed thresholds are applied separately to 

the same hourly wind speed profiles to generate frequencies of LLJ identification for each type of threshold. 

Bars represent the proportion of LLJ identifications in which one criterion identifies a LLJ while the other 

does not (the relative disagreement in LLJ identification between fixed and variable criteria). Bars are 

shaded by the proportion of disagreements in which: a LLJ is identified by fixed criteria but not variable 

(black), a LLJ is identified by variable criteria but not fixed (green). Calculated from hourly output from 

single grid cell with highest LLJ frequency as indicated by the seasonal analysis (see Figure 1 for location).” 



• l294: "differs markedly" -> I can hardly distinguish any differences in Fig. 9. It would be more clear 

with a difference between the two plots, but also then I would probably not call it a marked difference. 

It seems it would be 1-2  

Response: This sentence has been modified to better reflect the differences between the two figures and 

now reads:  

“For criteria group 2 featuring LLJ definitions commonly used in literature separately or in tandem, (2 

ms-1 fixed, 20% variable), the spatial distribution of LLJ frequency is sensitive to the threshold 

employed, particularly in regions of sloping and complex terrain (Figure 9).” 

• l328-330: This description is not very clear to me, maybe an equation would be better. So you 

normalize the wind speed profile by a maximum value in each grid cell and then calculate a frequency 

using the variable threshold and subtract those two frequencies? But then a difference of 0.1 is quite 

big, so it might be worth putting some more emphasis on that result in panel a?  

Response: This has been clarified through the use of additional sentences in the following paragraph, and 

the result has been further explained to emphasize the larger differences that were found (up to ~0.16): 

 

“LLJ characteristics (particularly jet core height) are sensitive to the model output resolution but spatial 

variability appears to be less sensitive. The temporal mean LLJ frequency and duration in each WRF grid 

cell, as extracted from quarter resolution and full resolution output, are normalized relative to their 

respective domain-wide maximum values (Figure 11). This process defines the domain-wide variations in 

LLJ frequency and duration for full resolution and quarter resolution output irrespective of the numerical 

values of each. The resulting normalized LLJ frequency and durations for both resolutions allow for 

comparison of spatial variability. Most regions (irrespective of terrain elevation) display low sensitivity to 

reductions in resolution (Figure 11). Maximum positive and negative differences between normalized 

frequency and duration range from approximately -0.05 to 0.16, respectively. Regions of maximum 

spatial variability differences occur sporadically throughout the domain and do not correspond with 

terrain elevation. Regardless of these areas of high variability difference, the spatial patterns of LLJ 

frequency and duration are comparatively insensitive to the down-sampling of vertical resolution for most 

of the domain. Further, regions identified as having the highest frequency and temporal mean duration 

(the highest 5% of each quantity) of LLJs are similar when the LLJ detection algorithm is applied to 

output at the original vertical resolution and one-quarter vertical resolution (Figure 11(a)). However, there 

is more divergence in spatial variation of LLJ duration than frequency when these contours are considered 

(Figure 11(b)). This potentially indicates that inter-study comparisons of regions of high LLJ frequency 

(and less so duration) may be possible, even under reduced vertical resolution of observational data and/or 

model output.” 

 

• Fig. 10. This analysis requires the authors to use a simple polynomial fit or something similar to 

extrapolate the low-resolution case. Using a linear extrapolation in the points of the wind profile 

clearly does not reflect the non-linear behaviour of a LLJ profile. 

Response: This is addressed in reply to the second major comment. 

 • Conclusion: I was expecting to see some discussion on which method would be better or could be 

more suitable in certain conditions. The paper could benefit from a discussion section at the end of the 

results. 



Response: A deeper explanation of conditions during LLJs extracted with each algorithm has been 

included as further discussion in the sensitivity study section: 

“Higher LLJ speeds in the surveyed region correspond to an atmosphere that is near-neutral and enhanced 

TKE (Aird et al., 2020). It is possible that a fixed criterion is more appropriate than a variable criterion to 

ensure that high speed LLJ are extracted reliably. Shorter duration, higher speed jets with enhanced TKE, 

such as those observed in higher frequency over complex terrain elevation, are less likely to be captured 

with the usage of a variable criterion (Figure 9). In contrast, the variable criterion extracts a higher 

number of LLJ with low-magnitude wind speed maxima and higher duration. The decreased wind speeds 

of the LLJs captured under a variable criterion likely correspond to more stable conditions and decreased 

TKE. These characteristic differences further account for the higher frequency of LLJ extracted under a 

variable criterion in the region of the state with less complex and sloping terrain (Figure 9).” 

 


