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ABSTRACT: Two recent articles investigated the evolution of supercell mesocyclone intensity during storm merger
events using radar-indicated azimuthal shear. Both found that initially strong mesocyclones tended to weaken while ini-
tially weak mesocyclones statistically most frequently tended to intensify during the merger. However, these studies did
not include null cases. In this article, random supercell periods are analyzed to test if a similar pattern of mesocyclone in-
tensity variations happens in the absence of mergers. A similar pattern is found, suggesting that these intensity variations
are stochastic rather than linked to merger events. Based on this finding, the datasets and conclusions of the previous two
articles are reevaluated collaboratively.
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1. Introduction

Two recent articles, Flournoy et al. (2022, hereafter F22) and
Lyza and Flournoy (2023, hereafter LF23), have analyzed the
evolution of supercell mesocyclone intensity during storm merger
events. The main finding in both articles was that supercells with
strong mesocyclones tended to weaken over the course of a cell
merger while supercells with weak mesocyclones tended to inten-
sify. Based on their data, the logical conclusion was that the cell
merger was the direct cause for the mesocyclone strengthening or
weakening. However, this implies that suchmesocyclone intensity
variations do not occur naturally, i.e., also in the absence of merg-
ers. In fact, analysis of isolated supercell tornadoes in Fischer and
Dahl (2023) indicated that nonmerger cases also show these in-
tensity changes, but the dataset was relatively small. Hence, fur-
ther analysis is necessary. This article tests the hypothesis of F22
and LF23 by analyzing mesocyclone intensity changes along ran-
dom supercell tracks (section 2). Based on the results, the data-
sets of F22 and LF23 are reexamined (section 3). This comment
article is based on discussions of the first author with the lead au-
thors of F22 and LF23 (second and third author).

2. Random supercell periods in GridRad-severe

a. Methods

As in F22 and LF23, mesocyclone intensity is assessed by
calculating WSR-88D radar azimuthal shear evolution along

supercell tracks. The main difference here is that instead of
analyzing merger events, random periods of random super-
cells were used. The tracks were taken from the 2010 and
2011 GridRad-Severe dataset (Murphy et al. 2023), which in-
cludes objectively defined storm tracks and their properties.
To exclude nonsupercells, the five filter criteria of Homeyer
et al. (2020) (their section 2d) were employed, which resulted in
4385 supercell cases (black tracks in Fig. 1). To keep computa-
tional expense to an acceptable level, only 7 days with intense
supercell activity were selected for further analysis, including
well-studied events such as 12 May 2010 (Markowski et al. 2018),
18 May 2010 (Skinner et al. 2014), and 24 May 2011 (Stratman
and Brewster 2017). The rest of the methodology is mostly iden-
tical to F22 and briefly outlined below.

Although GridRad-Severe includes gridded radar data, azi-
muthal shear was taken from theMYRORSS database (Williams
et al. 2022) to allow for direct comparability with F22 and LF23.
Only the maximum low-level (0–3 km) azimuthal shear is
presented here but the results using midlevel azimuthal shear
(3–6 km) are qualitatively the same. Supercells that did not
spend at least 30 min within 75 km of a radar location were
excluded. Furthermore, 17 cases with obviously erroneous
supercell classification (judging from radar reflectivity and
velocity plots), wrong tracks, or missing MYRORSS data
were filtered out manually. This resulted in 122 cases for the
final analysis (red tracks in Fig. 1), comparable to the number
of cases in F22 and LF23. Random 30-min periods1 of each
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supercell track were selected and for each MYRORSS time
step the maximum azimuthal shear within a 10-km radius of
the track was stored for the analysis below.

b. Results

Figure 2a shows the difference in azimuthal shear between
the start and end of the 30-min period as a function of the
starting value, comparable to Figs. 11 and 14a in F22 and
LF23, respectively. Despite the fact that random supercell peri-
ods were analyzed, the azimuthal shear change correlates nega-
tively with the initial azimuthal shear. The slope of the fitting
line and the R2 value are also in a similar range to F22 and
LF23. To make this result more robust, the same analysis was
performed using low-level azimuthal shear directly from
the GridRad-Severe dataset2 for all 4385 cases (black tracks
in Fig. 1). The result is shown in Fig. 2b. It is clear that the
same trend as in the MYRORSS data can also be seen in the
GridRad-Severe data for a very robust number of cases. This
suggests that during random 30-min supercell periods, weak mes-
ocyclones tend to intensify while strong mesocyclones tend to
weaken. This behavior is independent of merger events.

To explain this result, a red shading was added in Fig. 2.
Pairs of values in this range cannot exist because a mesocy-
clone of a given intensity (e.g., 0.01 s21 on the x axis) cannot
weaken by more than this initial value (20.01 s21 on the
y axis).3 Hence, the values on the y axis stay way above the
edge of the red area. No such range exists in the top-right cor-
ner of the plot because strong mesocyclones can theoretically

always intensify. However, there is also a physical limit to me-
socyclone intensity, so strong supercells statistically more often
maintain their intensity or weaken. Likely for these reasons,
the data points are concentrated from the top-left to the
bottom-right areas of the plot, thereby causing a negative cor-
relation. In other words, the main factor for the observed cor-
relation seems that it is statistically more likely for a weak
mesocyclone to intensify and vice versa.

3. Reanalysis of the F22 and LF23 datasets

In light of these findings, we reexamined azimuthal shear
time series from the F22 supercell dataset. Figure 3 shows a
scatterplot of initial azimuthal shear values versus the subse-
quent difference in azimuthal shear for random 30-min peri-
ods during each supercell’s life cycle. Only one 30-min period
from each storm’s time series was included, yielding values
for 321 of the 342 supercells in the dataset. The random selec-
tion of 30-min periods did not depend on merger/no-merger
periods during each supercell’s life cycle. As a result, some of
the final 321 30-min periods in Fig. 3 contained mergers while
others did not. The resulting R2 value is less than those in
Fig. 2a, but the best-fit line contains a slope and x intercept
(around 0.01 s21) similar to those in Fig. 2a.

We also reexamined the dataset from 27 to 28 April 2011
detailed in LF23. We analyzed 92 independent 30-min periods
during which no mergers were observed with the 29 tornadic
supercells to evaluate mesocyclone intensity tendencies dur-
ing periods without mergers and compare them to the tenden-
cies detailed in Fig. 14 of LF23. Figure 4 summarizes the
30-min azimuthal shear changes observed for these indepen-
dent, mergerless periods within the 27–28 April 2011 tornadic
supercells, and Table 1 summarizes these statistics in compari-
son to the azimuthal shear change statistics surrounding indi-
vidual merger, merger clusters, and the combination of all
merger events in LF23. Overall, we note very little difference
between the azimuthal shear tendencies as a function of initial
azimuthal shear surrounding merger events and those within
the 92 nonmerger periods analyzed.

4. Summary

This study tested the hypothesis of F22 and LF23 that
merger events were often the direct cause for the strengthen-
ing of weak mesocyclones, as well as the weakening of strong
mesocyclones. Analysis of randomly selected 30-min periods
of GridRad-Severe supercell tracks do not support the hy-
pothesis. Very similar mesocyclone intensity variations were
observed during the random supercell tracks. Based on this
result, the F22 and LF23 datasets were reexamined using ran-
dom supercell periods instead of merger events, which yielded
the same result. We conclude that mergers cannot indeed be
statistically linked with mesocyclone intensity changes. In
other words, mesocyclone intensity variations are at least par-
tially a stochastic process. Weak mesocyclones often cannot
weaken much further while still remaining supercellular,
whereas strong mesocyclones simply are statistically more
likely to weaken than intensify.

FIG. 1. Map of the initial 4385 supercells in 2010 and 2011 ob-
tained from the GridRad-Severe dataset (black tracks) and the
subset of 122 supercells for which MYRORSS azimuthal shear
data were analyzed (red tracks). The latter occurred on 12 May
2010, 18 May 2010, 26 May 2010, 10 Jun 2010, 24 May 2011,
27 May 2011, and 20 Jun 2011.

2 Maximum azimuthal shear is available for all tracks in
GridRad-Severe and, therefore, does not have to be explicitly
computed unlike with the gridded MYRORSS data above.

3 The maximum azimuthal shear is never negative (see Fig. 2)
when only cyclonically rotating storms are considered.
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However, the four datasets (Figs. 2–4) yield very similar re-
sults, which gives confidence in the inverse relationship be-
tween initial mesocyclone strength and subsequent evolution
of mesocyclone intensity. In other words, initially weaker meso-
cyclones tend to strengthen, and initially stronger mesocyclones
tend to weaken. This potentially has important implications for
real-time mesocyclone intensity prediction and we are currently
working on a generalization of this relationship.

The conclusions herein do not question the importance of
merger events for supercells and tornadoes in general. It is well

established that such interactions can severely impact observed
mesocyclone intensity (e.g., Flournoy et al. 2022; Fischer and
Dahl 2023; Lyza and Flournoy 2023, and references therein).
For instance, LF23 showed that tornado evolution was linked to
merger occurrence, consistent with Lee et al. (2006). Ultimately,
the relationships between tornadogenesis and tornado cessation
and cell mergers may hold more promise for operational benefit
than the relationship between mesocyclone intensity metrics
and cell mergers, which appear masked behind the stochastic
factors discussed in this study.

FIG. 2. Azimuthal shear change over 30 min as a function of the azimuthal shear value at the
beginning of the period. (a) Each dot represents 1 of 122 supercells (red tracks in Fig. 1) during
seven selected events. (b) Each dot represents 1 of the 4385 supercells (black tracks in Fig. 1)
during 2010 and 2011. All tracks were obtained from the GridRad-Severe dataset as described in
the text. Note that the axis range of azimuthal shear values differs because they were either de-
termined from the MYRORSS [in (a)] or GridRad-Severe [in (b)] datasets and were hence sub-
ject to different processing procedures. The red shading represents an unphysical value range, as
discussed in the text.
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FIG. 3. Scatterplot of initial azimuthal shear values vs the subsequent 30-min difference in azimuthal shear for the
F22 supercell dataset. The best-fit line is shown in orange, and the slope, R2 value, and number of points (supercells)
included in this plot are provided in the top-right corner.

FIG. 4. Scatterplots of 30-min azimuthal shear change as a function of initial azimuthal shear value for (a) 0–3- and
(b) 3–6-km azimuthal shear for the 92 independent no-merger periods analyzed within the life cycles of the
27–28 Apr 2011 tornadic supercells.
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TABLE 1. Summary of slope, y-intercept, x-intercept, Pearson correlation coefficient (r), and coefficient of determination (R2)
statistics for the linear regression relationships between 30-min 0–3-/3–6-km azimuthal shear change as a function of initial azimuthal
shear value for the merger periods detailed in LF23 (individual mergers, merger clusters, and combined individual mergers and
clusters) as compared to the 92 independent no-merger periods analyzed in this study. All azimuthal shear, slope, y-intercept, and
x-intercept values are expressed in units of 1023 s21.

Slope y intercept x intercept r R2

Individual mergers 20.441/20.455 5.452/5.361 12.363/11.782 20.42/20.60 0.18/0.36
Merger clusters 20.342/20.583 4.422/6.989 12.930/11.988 20.29/20.55 0.08/0.31
Combined individual mergers and clusters 20.366/20535 4.723/6.293 12.904/11.763 20.34/20.57 0.11/0.32
No mergers 20.371/20.388 4.211/4.102 11.350/10.752 20.57/20.54 0.33/0.30
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