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1. INTRODUCTION

Convection initiation often occurs non-uniformly along bound-
ary layer convergence lines, such as gust fronts, which leads to
difficulties in accurate nowcasting of severe local storms.Be-
sides regional variations in thermodynamic stability, kinematic
variability linked to horizontal shear instabilities can produce
wave pattern that produce small scale (<4 km) vertical vortic-
ity maxima refereed to as misocyclones (Fujita 1981). Miso-
cyclone development induced by horizontal shearing instabil-
ities is one manifestation of kinematic variability along such
boundaries that may have an impact on convection initiation.
However, a clear link between convection initiation and miso-
cyclone development along boundaries has not yet been veri-
fied either through observations or numerical simulations.

Early works going back to? investigating the relation-
ship between land–sea breeze associated with the initiation
of deep convection along the Florida Peninsula using a net-
work of anemometers. Since then initiation of convection at
boundary-layer convergence have been intensively investigated
both along the Florida Peninsula, see for instance Cooper etal.
(1982); Watson and Blanchard (1984) and references therein,
the region east of the Colorado Rocky Mountains near Denver
Wilson and Schreiber (1986), or in the eastern United States
Purdom and Marcus (1982) using primarily Doppler radar ob-
servations.

Although the knowledge about processes leading to se-
vere storm outbreaks have been investigated over the last years,
little is known about misocyclone development along lower-
tropospheric boundaries and its relationship to convection initi-
ation. Furthermore, the relationship between misocyclones and
convective initiations has not yet been fully proved by bothnu-
merical simulations and observations.

During the Convection and Precipitation/Electrification
(CaPE) experiment conducted in east-central Florida during
July-August 1991, a series of misocyclones spaced at 3-5 km
intervals were observed along an intense gust front (Kingsmill
1995). Although convergence and vertical velocity maxima
were observed at locations adjacent to each of the misocy-
clones, they were not preferred areas of convection develop-
ment. In contrast, results from numerical simulations of thun-
derstorm outflows indicate that misocyclone locations and their
associated regions of convergence and vertical velocity maxima
were indeed preferred areas of convection development (Lee
and Wilhelmson 1997).

Since fundamentally different conclusions regarding the
importance of horizontal shearing instabilities in convection�Corresponding author address: Katja Friedrich, CIRES, 216
UCB, Boulder, CO 80309-0216; e-mail: katja.friedrich@noaa.gov

initiation exist, this study focuses on a broader analysis of kine-
matic structures along gust fronts observed during CaPE.

2. OBSERVATIONS

For the investigation of kinematic structures associated
with the development of horizontal shearing instabilities
along thunderstorm outflow, observations were analyzed
which were collected during the Convection and precipita-
tion/Electrification (CaPE) experiments at east-central Florida
near Cape Canaveral during July and August 1991. More
information on the CaPE experiment, data sources, and re-
sults of case studies can be found for instance in Atkins et al.
(1995); Frankhauser et al. (1995); Laird et al. (1995); Kingsmill
(1995); Wakimoto and Kingsmill (1995); Yuter and Houze
(1995) and references therein. For more information on bore
formation from colliding density currents during CaPE, authors
refer to Kingsmill and Crook (2003). The observational sys-
tems used for this investigation consist of the C-band Doppler
radar systems, CP3 and CP4, operated by the National Cen-
ter for Atmospheric Research (NCAR), and the Federal Avia-
tion Administration-sponsored FL2. The distances betweenthe
radars ranged from 23.2 km for CP3-CP4, 38.3 km for CP3-
FL2 until 59.2 km for CP4-FL2. The investigation was limited
to eleven cases where gust fronts passed the investigation area
while at least two radar systems were in operation. Location
of the gust front together with the radar systems in operation
are illustrated schematically in Fig. 1. In order to investigate

(a) (b)

 CP3

 CP4

 FL2

 ORL

 DPK

 CP4

 FL2

 ORL

 DPK

FIG. 1: Map of the investigation area for (a) a three Doppler
radar performance and (b) a two radar performance during the
CaPE field experiment in Florida. Location of radars CP2,
CP3, and FL2; the radiosounding sites at Orlando (ORL) and
at Deer Park (DPK); and the position of the gust fronts are
illustrated for the eleven cases included in the analysis. The
location of the gust front represents the first time step to be
analyzed. Note that both on 24 July and 10 August 1991, the
CP3 radar system was only temporaly in operation.
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low–level convergence and vorticity structures that influence
the organization and development of severe storms, radar ob-
servations at 0.3Æ elevation are utilized. Since only the low-
est elevation level is used, the wind synthesis is restricted to
determine solely the horizontal wind vector. The linear sys-
tem of equations to calculate the horizontal wind componentsu; v is determined exactly in areas labeled as dual-Doppler and
overdetermined in triple-Doppler areas (Fig. 1). Table 1 gives
an overview about each case showing the number of radars in
operation, the number of low–level scans included in the anal-
ysis, the length of the analyzed gust front, and characteristics
of the gust front itself like propagation speed and direction.
The dual–Doppler performance consists always of radars CP4
and FL2 (Fig. 1b). For the wind analysis, time differences be-
tween each radar’s low–level scan were chosen to be below one
minute, while always the closes available time steps was cho-
sen. This means, although more volume scans were performed
by each individual radar, the time difference to the other radar
scans was too large. The difference between two successive
analysis time steps varies between 5 minutes (e.g. 13 Aug) up
to 30 minutes (e.g. 24 Jul) with an average of about 15 minutes.

Table 1: Analysis parameters and pre–collision characteristics
of the gust-front: number of analysis times (# time), number
of Doppler radars for wind analysis (# radars), average anal-
ysed gust-front length�y`, propagation speed and directionUPSPD; UPDIR. Cases with convective cell iniciation after
the gust front passage are highlighted in bold.

Date # time # radars �y` UPSPD UPDIR
(km) (m s�1) (Æ)

15 JUL 2 3 66.0 17.0 60
24 JUL 2 2/3 27.5 4.5 35
25 JUL 1 3 90.0 13.5 119
26 JUL 3 3 96.7 8.5 120
27 JUL 2 2 40.0 7.0 95
2 AUG 3 2 88.3 4.5 115
5 AUG 5 3 98.0 7.0 114
9 AUG 4 3 63.8 10.0 115
10 AUG 3 2/3 70.0 6.0 105
13 AUG 2 3 90.0 9.0 100
15 AUG 5 3 99.0 7.0 130

In the data processing, contamination from ground clut-
ter and second trip echos were removed. Doppler velocity data
were dealiased. Afterwards, data measured at the 0.3Æ elevation
angle with range resolution of about 150 m were interpolated
from a spherical onto a Cartesian coordinate system locatedat
a height of 0.3 km above ground level (AGL) having a hor-
izontal resolution of 600 m using NCAR’s REORDER soft-
ware (Oye and Case 1995). Deriving grid points, a Cressmann
distance dependent weighting scheme was applied (Cressmann
1959). After the spacial interpolation, a multiple–Doppler
radar wind synthesis using the method of least–squares are ap-
plied to derive the horizontal wind fields from the measured
radial Doppler velocities. Wind synthesis was performed using

NCAR’s CEDRIC software package (Mohr et al. 1986).

3. ANALYSIS PERFORMANCE

a Intensity and Distribution of Kinematic Structures

The investigation concentrated on kinematic structures behind,
within, and ahead of the gust-fronts observed during CaPE. Ob-
servational times chosen for this investigation representthe late
mature stage of gust fronts that both were disjointed completely
from the thunderstorms and did not interact with approaching
sea-breezes. In all cases, gust fronts propagated with a speed
between 5 and 17 m s�1 eastwards (Tab. 1). The analysis of
kinematic structures was performed within a coordinate system
having the main axes parallel and orthogonal to the guest front.
In doing so, the Cartesian coordinate system consisting of a
northward distancey and an eastward distancex was rotated to
a system with they0–axis parallel and thex0–axis orthogonal to
the guest front. In order to meet this condition, each gust front
was usually divided into different segments which were then
rotated individually. An example is given in Fig. 2 illustrating
the thunderstorm together with the gust front on the west side
and the sea–breeze front on the east side of the observation do-
main. Fig. 2a portrays the normal meteorological coordinate
system oriented in south-north and west-east direction. For
further analysis of this case, the coordinate system was then
rotated anticlockwise by both 30Æ(Fig. 2b) and 12Æ(Fig. 2c),
respectively, in order to orient the northern and southern gust-
front segment parallel to they0 axis.

The investigation on misocyclone development focused on
three parts:(1) the analysis of temporally and spatially averaged
vertical vorticity and convergence at low–levels within the gust
front; (2) the spatial progress of the wind components parallel
and orthogonal to the gust front; and (3) the impact of the pre–
and post–frontal wind conditions in relation to misocyclone de-
velopment. All calculations based solely on the horizontalwind
vector,Vh, derived from Doppler radar measurements.

For part (1) and part (3), the investigation was carried out
within a boxed region according to the length of each segment
(length refers toy0 extension). The frontal region was defined
as having a width of about 6 km1 centered around the conver-
gence wind line observable also as thin line of enhanced re-
flectivity ranging between 0 and 20 dBZe (cf. middle boxes in
Figs. 2b and c including the 10 dBZe contour lines). The identi-
fication of the frontal zone was based solely on radar signatures
of enhanced reflectivity lines together with lines of enhanced
convergence, vorticity signatures and a change of wind speed
and direction. The gust fronts had a length larger than 10 km
and were present for a minimum of 15 minutes. The average
length of the analyzed gust fronts ranged between 40–100 km
(�y0 in Tab. 1). Post–frontal was defined as the area behind the
gust front region, while pre–frontal covers the area ahead of the
gust fronts‘ leading edge relative to the direction of propaga-
tion. Both the pre– and post–frontal regions having a width of
12 km (width refers tox0 extension) adjoined the frontal zone.
The box size was only minimized when either large parts of

1Based on data derived from radar measurements and mesonet sta-
tions, Wilson and Schreiber (1986) referred to a convergence zone
width ranging between 0.5 and 5 km.
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FIG. 2: Analysis of kinematic structures behind, within, and
ahead of the gust front. (a) Horizontal wind field (m s�1 ;
arrows) underlaid by reflectivity factor field (dBZ) measured
at 2238 UTC on 13 August 1991. Data were sampled by CP3,
CP4, and FL2 radar systems. For clarity of display, the wind
vectors are plotted with a horizontal resolution of 3 km. (b)As
(a) but coordinate system is rotated anticlockwise by 30Æ.
Areas containing 3– or 35–dBZ reflectivity factors are
illustrated, respectively. (c) As (a) but rotated anticlockwise by
12Æ highlighning the 10– or 35 dBZ reflectivity values.
Analysis focuses on the post–frontal gust front area (left box),
within the gust front itself (middle box), and the pre–frontal
area (right box). Distances labeled at the coordintate axisare
related to the position of CP4 located at (0,0).

the thunderstorm or the sea–breeze front itself occurred inthe
12-km box as applied for instance for the post-frontal box at
2238 UTC on 13 Aug 1991 (Fig. 2c). Additionally those data
points were not considered for the post–frontal–area analysis
where the reflectivity value exceeds 30 dBZe (Fig. 2b, south-
west corner of post–frontal box).

In order to investigate misocyclone development along the
frontal zone, the maximum and the averaged maximum vertical
vorticity, �max; ��max, and the minimum and the averaged min-
imum divergence, (r � Vh)min, (r �Vh)min, were evaluated
within the gust–front region (middle boxes in Figs. 2b and c)
for each event. The results of the daily averages are listed in
Tab. 2.

In part (2), bothu0– andv0–component velocities were av-
eraged along eachx0 cross–section. For each cross-section, av-
eraging was assigned to theu0 ’s maximum gradient inx0 direc-
tion or thev0’s absolute minimum value, respectively. An ex-
ample of the averagedu0– andv0–component velocities alongx0 is given in Fig. 3 for measurements taken at 2234 UTC on
13 August 1991. Note that the maximum of�u0=�x and the
minimum ofv0 are located atx0 = 0 km, respectively.

The averaged pre– and post–frontalu0 components,

(a) (b)

FIG. 3: Cross–section perpendicular to the gust front of the
averaged (a)u` and (b)v` wind component measured at
2238 UTC on 13 August 1991. For each case the gust front
width,�x`GF, the average post– and pre–frontal wind
velocities,�u`post, �u`pre, �v`post and �v`pre, respectively, are
evaluated. For thev` component, the post–frontalv`–slope,apost, and thev` difference,�v`GF, are additionally calculated.�u0preand �u0post, were analyzed as illustrated in Fig. 3a in order
to quantify the low–level divergence along the gust–front.The
gust front area itself was hypothesized as the area with a gra-
dient of �u0=�x` larger than 0.2 m s�1 aroundx0 = 0. This
threshold was chosen empirically based on the average shape
of u0 for all cases. Nevertheless, since the width of the gust
front region should not exceed a value of 6 km, the threshold–
derived gust front boundaries had to be varied slightly in some
cases. At 2234 UTC on 13 August 1991, the gust front, how-
ever, was within -3 km� x0 � 2 km as illustrated by�x0GFin
Fig. 3. Based on these boundaries, the post–frontal area wasde-
fined generally 12 km behind of the tail of the gust front, while
pre–frontal was 12 km ahead of the leading edge of the gust
front. The average velocity values,�u0preand �u0postwere calcu-
lated within these areas. Again, only when either large parts of
the thunderstorm or the sea–breeze front itself occurred inthe
12-km box, the 12-km box width was reduced (cp. the post–
frontal region in Figs. 2b, c, and Fig. 3a).

Table 2: Characteristics of kinematic structures presented as
daily averages within the boxed region including the gust
fronts: average maximum vorticity,��max, maximum vorticity,�max, average maximum convergence,r �Vhmax, and maxi-
mum convergencer �Vh;max.

Date ��max �max r �Vhmax r �Vh;max�10�3 s�1 �10�3 s�1
15 JUL 4.35 13.88 4.67 11.65
24 JUL 2.71 5.67 3.96 5.34
13 AUG 2.45 6.41 3.21 6.18
26 JUL 1.65 5.30 3.17 4.90
27 JUL 1.53 3.95 1.76 4.55
9 AUG 1.47 5.52 2.07 4.73
15 AUG 1.42 4.12 2.38 4.34
5 AUG 1.10 3.43 1.17 3.86
10 AUG 1.03 2.77 1.70 3.12
2 AUG 0.94 2.95 1.02 2.55
25 JUL 0.69 2.75 2.24 4.45
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The approach for thev0 component is similar than for theu0 component. The gust front tail is located atx0 = 0, the
leading edge as�v0=�x0 � xxxs�1 . Post– and pre–frontal is
defined in the same way as for theu0 component. Additionally
to the above-discussed parameters, a linear fit is applied tothe
velocities within the post–frontal box (thick, dotted linepost–
frontal region in Fig. 3b) in order to quantify the anti–cyclonic
shear behind the gust front. Again,�v0post and �v0pre, together with
the differences,�v0GFwithin the threshold–defined gust front
area, and the anti–cyclonic shear expressed by the slope,apost,
were calculated (results are listed in Table 3). An illustration
of the analyzed parameters for thev0 component is given in
Fig. 3b.

To investigate the impact of the pre– and post–frontal wind
conditions in relation to the misocyclone development (denoted
as part 3), the averaged pre– and post–frontal wind velocities
and directions were calculated within the pre– and post–frontal
boxes, respectively.

b Convection initiation

In the third analysis step we determined weather or not there
was an apparent causal relationship between misocyclone de-
velopment along gust fronts and initiation of convection. The
analysis of convection initiation focused on newly–developed
precipitation areas that have a reflectivity core higher than
30 dBZe and were not attached to already existing storms. Con-
vective cell initiation was monitored after the gust front pas-
sage. When a single cell evolved into a multicellular storm it
was classified as a single storm. Note that the investigation
concentrated solely on the time period before gust fronts col-
lided with the sea–breeze front. The analysis based on reflec-
tivity factor measurements achieved by the C–band Doppler
radar CP4. Since drops larger than a few hundred microns
in diameter can only be detected by radars with a transmit-
ting wavelength between 10–3 cm, it cannot be distinguished
weather convection was initiated by convergence–line–related
kinematic features or if the depth of existing clouds was inten-
sified after the boundary passed.

4. DISCUSSION

A clear link between misocyclone development and convection
initiation was not found in the cases observed during the CaPE
experiment. Those parameters quantifying the strength of mis-
ocyclones along the gust–fronts are displayed in Tabs. 2, 3,
and Fig. 4. Note that the dates in Tabs. 2, 3 and Figs. 4, 5
are sorted according to the maximum average vertical vorticity.
While the 15–July–case showed by far the strongest misocy-
clone development, only on 24 Jul and 13 Aug strong misocy-
clones were observed with average maximum vorticities rang-
ing between 1.5–4�10�3s�1. Weak misocyclone development
(��max � 1�10�3s�1) was observed on 5 Aug, 10 Aug, 2 Aug,
and 25 Jul (Tab. 2).

Only the three strongest cases showed a strong signal in
the spatial progress ofv0 (Fig. 4): Post–frontal the wind blow
mainly perpendicular to the gust front with an average veloc-
ity ranging between -0.26 and 0.73 m s�1 ( �v0post in Tab. 3).
Note the wind analysis within the post–frontal box for the 24–
July–case is limited because convective cells were locatedonly

Table 3: Distribution of the wind component parallel and or-
thogonal to the gust front,v0 and u0 along the gust front.
the analysis includes averaged post– and pre–frontal veloci-
ties, �v0post, �v0pre, �u0post, and �u0pre, respectively; their differences,�v0post�preand �u0post�pre; the linear fit of post–frontalv0, apost, and
the velocity difference within the gust front area�v0GF. Cases
with convective cell iniciation after the gust front passage are
highlighted in bold.

Date �v0post
�v0pre�post apost �v0GF �u0post

�u0pre
�u0 �

m s�1 m s�1 m s�1 km m s�1 m s�1 m s�1 m �1
15 JUL -0.26 6.18 -2.80 9.86 17.18 1.07
24 JUL -4.36 7.94 0.65 6.45 13.48 0.69
13 AUG 0.73 4.11 -0.31 5.28 6.70 -1.00
26 JUL 2.27 0.58 -0.54 2.59 9.52 -0.41
27 JUL 0.17 2.05 -0.28 3.20 4.29 -0.85
9 AUG -1.63 0.99 -0.48 2.71 9.25 4.22
15 AUG 0.71 1.98 -0.10 3.36 7.40 0.74
5 AUG -0.79 3.00 0.06 2.96 4.48 2.87
10 AUG 2.32 1.47 -0.08 1.74 3.52 -1.39
2 AUG 1.47 2.09 -0.03 1.73 5.14 1.25
25 JUL -0.94 0.90 -0.19 0.86 7.86 1.74

3 km behind the gust front. Hence, the analysis areas was re-
duced by about 75% compared to 15 Jul and 13 Aug. Con-
sidering the progress ofv0, the component orthogonal to the
gust front increases up to 8 m s�1 for 24 Jul; 6 m s�1 for 15
Jul; and 4 m s�1 for 13 Aug (Fig. 4 upper panel,�v0pre�post in
Tab. 3). In those weaker cases, where the wind velocity dif-
ferences,�v0pre�postwere about 2 –3 m s�1 (27 Jul, 15 Aug, 5
Aug, 2 Aug), the post–frontalv0–component ranged between�1.5m s�1 (Fig. 4, Tab. 3). Nevertheless, one can observe a
pronounced anticyclonic shear effect, displayed by a rapidloss
of the v0 as illustrated for 15 Jul and 13 Aug in Fig. 4. Anti-
cyclonic shear along the gust front is less pronounced but still
visible on 27 Jul, 5 Aug, and 15 Aug (Fig. 4). The strength
of anticyclonic shear is expressed by the linear fit ofv0 in the
post–frontal area and is visible as velocity drop few kilometers
before the minimum value in Fig. 4. The fitted linear func-
tion decreased mainly with rates ofapostranging between -0.3
to -2.8m s�1 km for the strong and medium cases. Again the
strongest anti–cyclonic shear was observed on 15 Jul. In some
weaker cases (26 Jul, 9 Aug, 10 Aug, and 25 Jul), however, thev0 component stayed at the same level in the pre– and post–
frontal region (Fig. 4, Tab. 3). Note, again the post–frontal re-
gion on 24 Jul cannot be analyzed.

The average convergence for the cases with strong and
medium misocyclone development range between about 2 to
4�10�3s�1 , while the local minimum values of (r �Vh)min
in the cases with strong misocyclone development (15 Jul, 24
Jul, 13 Aug) are much lower with values between -6 and -
12�10�3s�1 (Tab. 2). Again, the 15-Jul-case showed both
the highest average and local value in convergence. In the
analysis of the velocity component parallel to the gust front,u0, one is interested in the relative velocity decrease post–
and pre–frontal. Interestingly, no strong shear with high pos-
itive values post–frontal and high negative values pre–frontal

4



FIG. 4: Daily average of the wind component parallel to the
bounday. The dark black line represents the area where the statistical
analysis was applied.

are visible (Tab. 3). Almost all cases have a pre–frontalu0–
component velocity ranging between�1m s�1. Nevertheless,
huge differences occurred the post–frontalu0–component ve-
locity. Again, high differences were observed for cases with
strong and medium misocyclone development (15 Jul, 24 Jul,
13 Aug, 26 Jul, 15 Aug) with values of�u`post�preranging be-
tween 5 and 16 m s�1 (Fig. 5, Tab. 3). Low convergence with
relativly high vertical velocity was observed on 27 Jul and 8
Aug.

The analysis of the pre– and post–frontal wind velocity
calculated within the rotated coordinate system makes clear,
that both on 25 Jul and 9 Aug the wind shift (less than 60Æ)
was too week to develop strong divergence and strong verti-
cal velocities leading to no convection development (Figure not
shown). The shift in wind direction is the determining factor
for the development of strong convergence and vertical vortic-
ity zones.

For the eleven cases to be investigated only six out of
eleven (55%) showed convective initiation related to low-level
gust fronts. No convective initiation was observed on 15 Jul,
25 Jul, 5 Aug, 9 Aug, and 10 Aug 1991. Note that all cases
with convection initiaiton after the boundary passed are marked
as bold text. Beside wind shear features, the strength and de-
velopment of thunderstorms depend on the static stability of
the environment. Fig. 6 shows the relationship between the
convective available potential energy, CAPE, the divergence,
and the lifted index. CAPE and lifted index were derived from
radiosoundings launched either in Orlando or Deer Park (see
Fig. 1) depending on the location of the gust front. On 25 Jul
and 5 Aug, the environmental conditions within the area where
the gust fronts passed were not favored to produce any con-
vection (Fig. 6a). While on 10 Aug CAPE was very high, the
average divergence was too low to initiate convection.

FIG. 5: As Fig. 4, but for the wind component orthogonal to the
bounday.

5. CONCLUSION

The investigation on a relation between misocyclone develop-
ment and convection initiation so far yield to the conclusion
that misocyclone development can yield to convection initia-
tion but is not a basic requirement as shown on 15 Jul 1991. The
linkage between misocyclone development, strength of conver-
gence, wind shear, and CAPE are summerized in Tab. 4.

The investigations yield to the gerneal conclusions:

(1) Convection initiation depend mainly on static stability and
wind shear, i.e. although CAPE values, the average con-
vergence and vertical vorticities values were in fact suf-
ficient to develop convection on 9 Aug, the shear in wind
direction pre– and post–frontal was too weak to trigger the
initiation. No favoured environmental conditons for con-
vection development (CAPE>300 Jkg�1) were found on
5 Aug, 25 Jul.

(a) (b)
S t r o n g  /  
S e v e r e  T S

T S  
p r o b a b l e

T S  p r o b a b l e ,
t r i g g e r  n e e d e d

M o d e r a t e  T S
W e a k  T S

M o d e r a t e  T S
W e a k  T S

FIG. 6: Convective available potential energy (CAPE) as a
function of (a) the lifted index and (b) the averaged divergence for the
eleven analyzed cases. CAPE and lifted index were derived from the
radiosounding launched at the temporally and spatially closest point
according to the gust front location and time. Divergence was derived
from the Doppler wind information measured by the radar network.
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Table 4: Summary of the cases analyzed from the CaPE ex-
periment, marking the appearance of strong kinematic features
like misocyclone development, convergence, and wind shear
together with stability parameter CAPE.

Date ��max (r �Vh)min dir0post�pre CAPE
15 JUL x x x x
24 JUL x x x x
13 AUG x x x x
26 JUL x x x x
27 JUL x x x
9 AUG x x
15 AUG x x x x
5 AUG x
10 AUG x x
2 AUG x x
25 AUG x

(1) A positive linkage between misocyclone development and
convection initiation was found for five cases (45.5%).
A negative linkage, however, i.e. convection initiated
although no strong misocyclones developed (2Aug), or
strong micocyclones developed but no convection (15 Jul,
9 Aug) was investigated in 27% of the cases.

(2) Wind shear and CAPE are directly linked to convective
iniciation, i.e. if wind shear and CAPE are too low no
convection is initiated as on 9 Aug, 5 Aug, 25 Jul. Con-
trary to that, no convection developed on 10 Aug, although
wind shear and CAPE were favoured.

(3) outlyers are 15 Jul, 10 Aug, 2 Aug

(4) According to (Lee and Wilhelmson 1997), misocyclone
development is a strengthening factor

As a result, convection initiation depend on several parameters.
Misocyclone development is one main parameter that can trig-
ger or enhance convection together with stability parameters.
The linkage between misocyclone development and convective
iniciation does exist as shown by (Lee and Wilhelmson 1997)
and certainly ’play a significant role in deep convection initi-
ation’. On the other hand, this investigations shows that the
results achieved from numerical models can be certainly found
in nature but do not represent the structure along an outflow
boundary. Further statistical analysis will show, if the eleven
cases are representativ.
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