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1. INTRODUCTION

Misocyclones are vortices in the horizontal plane
with diameters < 4km (Fujita, 1981). They are often
found along boundaries with horizontal shearing
instability (Wakimoto and Wilson, 1989) such as the
leading edge of thunderstorm outflows (Fujita 1981,
Mueller and Carbone 1987), cold fronts (Wilson 1986),
drylines, and other lines of convergence associated with
a wind shift (Wilson et al., 1992; Crook et al. 1991).

The presence of misocyclones along a boundary
often corresponds to enhanced vertical motion directly
to the north and northwest of the misocyclone and to
the south and southeast of the misocyclone (for a north
to south oriented boundary). Because of this modified
vertical motion, misocyclones are thought to play a role
in convection initiation (Weckwerth and Wakimoto
1992, Kingsmill 1995, Wilson et al. 1992), therefore,
understanding their structure and behavior was one goal
of the International H,O Project (IHOP) (Weckwerth et
al., 2004). Additionally, misocyclones have been shown
to play a key role in the generation of non-supercell
tornadoes (Carbone 1982, 1983, Lee and Wilhelmson
1997b).

Detailed observations of misocyclones are rare,
especially those with temporal continuity sufficient to
verify numerical modeling studies and to show any
relationship between misocyclone characteristics and
boundary organization. This study focuses on high
temporal and spatial resolution radar observations of
misocyclones along three surface boundaries targeted
during IHOP. Section 2 provides background
information regarding misocyclones as determined
from other studies. Section 3 briefly describes the three
data sets and the field instruments used in each for
purposes of this study. Section 4 documents: 1) the
properties of a typical misocyclone from all three data
sets 2) the size, distribution, and motion of
misocyclones along the boundaries, and 3) mergers of
misocyclones. A key example of each is presented.

2. BACKGROUND

Misocyclones shown in past studies possess
rotation that is strongest at the ground and decreases
with height. It is common for ‘S’ shapes or whirls to
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occur in radar reflectivity along the boundary where a
misocyclone is located (Carbone, 1982; Wilson, 1986;
Mueller and Carbone, 1987; Wakimoto and Wilson,
1989) because the misocyclone circulates air east of the
boundary around its northern periphery and air west of
the boundary around its southern periphery (assuming
cyclonic rotation and a north to south oriented
boundary).

Lee and Wilhelmson (1997a) (hereafter LW97a)
provide a thorough survey of the intensification,
motion, mergers, and decay of a population of
misocyclones forming at inflections points on a
simulated outflow boundary. The number of
misocyclones present in their domain decreases in time
due to interactions (including mergers), with the
diameter of each remaining vortex increasing prior to
decay. Such a population exhibits the following
behavior. Initially, discrete vortices are produced from
a linear zone of vorticity along the wind shift boundary
“vortex sheet roll up” stage). These small, discrete
misocyclones then tend to pair up and interact
(“subharmonic interaction” stage). In the next stage,
paired vortices either merge or one becomes dominant
at the expense of the other (“consolidation” stage). The
final stage occurs when individual misocyclones decay
and the inflections on the edge of the boundary occlude
(“dissipation” stage). Misocyclones resulting from the
consolidation stage are larger and typically possess
values of vertical vorticity ({) similar to those of the
parent misocyclones. This results in larger value of
circulation for the resultant misocyclones.

3. CASE DESCRIPTIONS

Convection initiation (CI) studies during THOP
specifically targeted convergence boundaries, therefore,
all three data sets used in this study are CI missions
containing detailed misocyclone observations. On 3
June 2002 the Doppler on Wheels 2 and 3 (DOW?2 and
DOW3) (Wurman 1997) and the X-band Polarimetric
(XPOL) (Wurman 2001) mobile radars observed an
ENE to WSW oriented cold front in the eastern
Oklahoma panhandle. Operations took place from 1500
UTC (all times are UTC) through 0400 20 June. The
data used for this study are from 1615 to 2030.

On 10 June 2002 DOW2, DOW3, XPOL, and the
Shared Mobile Atmospheric Research and Teaching
Radar (SMART-Radar) (Biggerstaff and Guynes 2000)
observed a NE to SW oriented quasi-stationary front
near Ness City, Kansas. Operations took place from



1600 to 0100; however, data used in this study are
limited to those between 1928 and 2118.

On 19 June 2002, DOW2, DOW3, and XPOL
observed a NNE to SSW oriented dryline near Colby,
Kansas. Mobile radar observations are available from
1921 to 2345, during which time intense misocyclone
activity and a non-supercell tornado were observed.

4.SURVEY OF MISOCYCLONES

4.1 Description of an Average Misocyclone

Figure 1 shows a plan view (Fig.1a) and a vertical
cross section (Fig.1b) of a misocyclone observed on 10
June 2002 that is characteristic of those in all three data
sets. The misocyclone in Fig.1 is located in a radar
reflectivity maximum along a portion of the boundary
where an ‘S’ shape is present in the reflectivity field.
The convergence field surrounding the misocyclone is
consistent with that described in section 1, verifying the
simulations of LW97a.

The axis of maximum vertical vorticity of most
misocyclones in this study is nearly vertical in all stages
of growth with the strongest vorticity at the surface
(Fig.1b). On rare occasions during the dissipation
stage, the region of strongest rotation in a misocyclone
is instead found several hundred meters AGL. A tilt in
the vertical structure of { is most often seen when a
misocyclone is in its dissipation stage or is interacting
with a neighboring vortex. The vortex in Fig.l has
reached maturity, with a weak downdraft evident in its
core. Given the range of this misocyclone from the
closest radars (~12 km) the lowest beam has a height of
approximately 100m and the beam width is
approximately 200 m, thus, it is difficult to say whether
this downdraft truly reaches the surface. A shallow
layer of convergence in the lowest ~150 m, consistent
with LW97a, cannot be ruled out.

In comparing the three observed boundaries, it
appears the average maximum value of { in the
observed misocyclones may be related to the strength of
vertical motion along the boundary. The organization of
vertical motion is the most persistent and the peak
magnitude of vertical motion is the greatest (~8 ms™ at
1 km AGL) along the dryline on 19 June. Misocyclones
on this day possess the largest peak { (often exceeding
20x10° s at 100 m AGL) of all three data sets. On 10
June, peak  reaches 16x10° s in several misocyclones
and vertical motion fields reach peak values near 5
ms”' at 1 km AGL. Peak vertical motion on 3 June
rarely exceeds 2.5ms™ and the most intense misocyclone
on this day reaches a peak { just above 10x107 s™'.

At many times in all three data sets, populations
of misocyclones organize the convergence pattern
along a portion of the boundary in a “stair-step
configuration” of conjoined misocyclone convergence

Fig.1. (a) Plan view of a typical misocyclone at 100 m
AGL nearing its dissipation stage. DOW?2 reflectivity is
colored, { is contoured in white, convergence is
contoured in black, and barbs depict the misocyclone-
relative wind. The minimum contour of convergence is
2.5x107 s with an increment of +1x10® s. Long
wind barb flags are 10 ms™ and short flags are 5ms™.
The dark line corresponds to the vertical cross section
shown in (b). Contours in (b) represent {, while colors
correspond to radar-determined vertical motion in ms™.
For reference, the black contour is w = 0.0 ms™'. Note
that (b) is stretched in the vertical. The minimum
contour of { in (a) and (b) is 4x10” s and the contour
increment is +3x107 s™'.

regions (as in Fig.1a). An example from 19 June is
presented in Fig.2.



Fig.2 Organization of convergence along a boundary
containing a population of misocyclones. Vertical vorticity
(€) is contoured in white, convergence is shaded in units of
x10® s, and streamlines are for wind relative to estimated
misocyclone motion. The minimum contour of { is 4x107 5™,
with a contour interval of +3x107 s

4.2 Population Evolution

The evolution of a misocyclone population from
2121 to 2225 on 19 June 2002 is presented in Fig.3. All
diameters referred to below are with respect to the
7x107 57! vorticity contour at 100 m AGL.

Figure 3a shows the pairing of several small
vortices along the boundary with average diameters of
1.1 km. This is consistent with the “subharmonic
interaction” stage defined by LWO97a. As time
progresses, the paired misocyclones merge into vortices
with larger diameters (e.g. CD, EF, GH). The resultant
misocyclones on the boundary are evenly spaced with
an average separation of approximately 4.0 km
(Fig.3b). This resembles the “consolidation” stage
defined by LW97a. Meanwhile, misocyclones J and K
enter the domain from the south.

By 2145 (Fig.3c), EF and 1J have grown in size
through mergers with other misocyclones on the
boundary and with small { patches present outside of
the boundary. A large bend on the boundary in the
vicinity of 1J and GH corresponds to their westward
displacement and a reduction in their northeastward
component of propagation. As a result, IJ and K
become sufficiently close for effective interaction.
Misocyclones L and M enter the domain from the south
while A, B, CD, and EF leave the domain to the north
by 2157 (Fig.3d). The westward displacement of GH
results in a pairing with IJK near 2209 (Fig.3e). Only
three misocyclones are in the analysis domain at 2225
(Fig.3f). They are evenly spaced with an average
separation of approximately 8.0 km (twice the spacing

of misocyclones in Fig.3b). At 2225 the average
circular diameter of GHIJK, LM, and N is 1.8 km,
indicating a 60% increase in diameter from the
misocyclones in Fig.3a. The increase in both average
separation distance and diameter of misocyclones in the
population represented in Fig.3 is generally consistent
with the increases simulated in a similar population by
LW97a.

4.3 Merger Evolution

The merger of misocyclones L and M (from Fig.3)
between 2203 and 2234 is shown in Fig.4. While
several mergers are observed in this study, this event is
prototypical as both L and M are clearly defined,
possess intense { fields, and the merger proceeds in a
region void of other major vorticity maxima.

At 2203 (Fig.4a), each misocyclone has its
own associated convergence field, generally similar to
that in Fig.la. The pairing of L and M is evident at
2221 (Fig.4b). While M has maintained its peak value
of , the peak { of L has decreased, making
misocyclone M the dominant vortex. Due to the close
proximity of L and M at 2221, the vorticity pattern
becomes elongated along the merger axis (line
connecting vorticity maxima of each misocyclone). The
convergence field takes on a much more complex
pattern, with the strongest convergence located south of
the merging pair. The ‘S’ shape in reflectivity in Fig.4b,
while similar to that associated with an individual
misocyclone, is elongated along the merger axis, locally
altering the orientation of the boundary. A similar
elongated ‘S’ is observed (not shown) at 2212 during
the merger of vortices GH and 1JK (from Fig.3), with a
slightly different orientation. Conversely, when the
merger axis is parallel to the boundary or when the
original vortices are relatively small (e.g., final vortices
CD, EF, GH in Fig. 3), a convergence pattern similar to
that of Fig.la is maintained relative to the pair as a
whole.

At 2228 (Fig.4c), L and M have fully consolidated.
The elongated ‘S’ in the reflectivity field from Fig.4b
has occluded, but a less elongated inflection in radar
reflectivity is collocated with LM. While there is no
significant difference in the peak { of LM (in Fig.4c)
versus L or M (in Fig.4a), the diameter of LM is larger
than that of L and M. Thus, the circulation of LM is
larger than the circulation of either of them
individually. This is consistent with LW97a.

5. SUMMARY AND CONCLUSIONS

High resolution dual- and multi-Doppler radar
observations of three synoptic boundaries during IHOP
documented many misocyclones that verify numerical
model simulations and several observational studies
regarding structure, behavior, and association with
regions of vertical velocity. The strength of vertical
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Times given are for the

1

is shown. Barbs are misocyclone relative wind. Long flags are 10 ms™, short flags are 5 ms™.
y g tlag g

start of the ~90 second volume.

involved. Vertical vorticity is contoured in increments of 3.0x107 s™! with a minimum contour of 4.0x107*s™. Only positive

Fig.3. An evolution of a misocyclone population from 2124 to 2225 on 19 June 2002. Individual misocyclones are labeled
by letter and misocyclones that result from a merger of two or more vortices are labeled with the letters of all vortices




motion near a misocyclone appears to be related
to the intensity of the misocyclone, at least in this
limited sample. The strength of the misocyclones and
the vertical motion field may depend on larger-scale
boundary properties. =~ A misocyclone population
containing relatively large vortices with fairly regular
spacing is often found to exhibit a “stair-step” pattern
of convergence along the boundary. Through a series of
“subharmonic interaction” and “consolidation” stages, a
population of several small, evenly spaced
misocyclones transforms into a population of larger,
evenly spaced misocyclones. The merger of a pair of
misocyclones produces a larger misocyclone with
similar vertical vorticity and greater circulation. This
larger circulation often creates more elongated
boundary inflections and modified convergence fields
compared to smaller misocyclones. The disruption of
the original convergence pattern by a merger may
depend on the orientation of the merger axis and the
size of the misocyclones involved. It is felt that
enlarged circulations associated with merging
misocyclones might play a unique role in CI by the
redistribution of moisture and convergence fields.
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