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1 INTRODUCTION

The governing dynamics of supercells has been a
long-standing area of active research, often with a fo-
cus on processes relevant to the developing and ma-
ture stages of the storm (e.g., Klemp et al. 1981; Ro-
tunno and Klemp 1982; Davies-Jones 1984; Droege-
meier et al. 1993; Weisman and Rotunno 2000; Davies-
Jones 2002). Long-lived supercells have been found
to be more likely if they are isolated, or are located
near preexisting boundaries, which help to locally en-
hance storm-relative helicity and increase bulk shear
(e.g., Atkins et al. 1999; Bunkers et al. 2006a; Bunkers
et al. 2006b). Comparatively few studies, however, have
examined the processes associated with supercell demise
(e.g., Bluestein 2008; Ziegler et al. 2010). Supercell de-
cay has often been attributed to movement into cooler,
more stable air (Bluestein 2008), though the mechanisms
at work are less certain. It has been hypothesized that as
the environment cools, the outflow temperature gradient
weakens, thus weakening the storm through stagnation
and retrogression of the cold pool (Ziegler et al. 2010) or
less baroclinic generation of horizontal vorticity, conse-
quently displacing the cold pool from the storm’s updraft
(Bluestein 2008). The extent to which these processes
actually occur during demise, as well as their generality
in all instances of supercell dissipation, is unknown. Ob-
servations of supercell dissipation are scarce (Bluestein
2008), but the recent Verification of the Origins of Rota-
tion in Tornadoes Experiment 2 (VORTEX2) field cam-
paign provides a unique dataset of dense observations
sampled throughout a storm’s lifetime. In order to bet-
ter understand the governing mechanisms behind super-
cell demise, this study examines three cases from VOR-
TEX2: two dissipating supercells (9 June 2009 and 15
May 2010) and one elevated supercell (6 May 2010).
The analysis methods used to examine the supercells will
be presented in Section 2. Next, in Section 3, each case
will be evaluated in terms of the changes in its local envi-
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ronment in relation to its evolution, as well as the poten-
tial processes that may be at work. Section 4 will then
summarize the differences and similarities between the
cases, and discuss future work.

2 ANALYSIS METHODS

Coordinated sampling of each supercell and its
mesoscale environment was achieved with numerous
VORTEX2 instrument platforms. In the present study,
data from select platforms will be utilized to demonstrate
storm-scale morphologies. The inflow environment will
be described by soundings launched using the mobile
GPS advanced upper air sounding system (MGAUS).
During the 2009 field phase, balloons were released in
the near-inflow (~30-40 km from the updraft), while in
2010, launches occurred in the near and far (~70-100
km from the updraft) inflow environment. Soundings
that did not reach the tropopause were modified using
the nearest available sounding in time and space in or-
der to achieve consistent calculations of instability pa-
rameters such as convective available potential energy
(CAPE) and convective inhibtion (CIN).

Insitu observations of the storm’s low-level thermo-
dynamic and kinematic fields were attained via transects
throughout the hook-echo and inflow region by the mo-
bile mesonets (Straka et al. 1996), and the StickNets
(Weiss and Schroeder 2008). Differences in the nature
of the platforms (i.e., mobile vs. stationary), as well
as the response times, provides a challenge in terms
of direct comparability of the instruments, particularly
near strong gradients. However, the use of a time-to-
space conversion may mitigate some of the biases associ-
ated with mobile vs. stationary instrumentation (Skinner
et al. 2010). Each individual instrument also underwent
bias-correction based on data collected during a homo-
geneous period in order to ensure consistent measure-
ments within each platform.

Availability of radar data varied for each case,
though sufficient data was collected such that dual-
Doppler syntheses could be performed for a substan-
tial portion of their lifetimes. The details of each dual-
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Doppler analysis differed according to the radars used
(see Table 1), but each case utilized a two-pass Barnes
scheme (Barnes 1964) and convergence parameter γ =
0.3 (Majcen et al. 2008), as well as a correction for
storm motion based on nearest WSR-88D’s tracking al-
gorithm. The Barnes smoothing parameter κ was con-
sistent between cases and in accordance with the rec-
ommendations of Pauley and Wu (1990) and Trapp and
Doswell (2000). The three-dimensional wind field was
constructed using upward integration of mass continuity
with a lower boundary condition of w = 0. No extrap-
olation of the data was performed in order to prevent er-
rors during the synthesis (i.e., errors due to synthesis of
winds observed from different heights).

3 VORTEX2 CASES

3.1 9 June 2009

The supercell sampled by VORTEX2 on 9 June 2009
formed in southcentral Kansas just to the cool side of a
remnant outflow boundary, quickly maturing and devel-
oping strong low-level rotation. However, as the storm
propagated deeper into the cool air, the updraft was ob-
served to shrink and completely dissipate. Three near
inflow soundings were launched throughout the lifetime
of the supercell, at 2319, 2354 and 0056 UTC, with each
sounding sampling progressively cool, stable air north of
the initiating boundary. Vertical profiles of CAPE, CIN,
and delta-z (defined as the vertical distance between the
parcel height and its level of free convection; used as
a proxy for the amount of lifting required for convec-
tion) in Fig. 1 illustrate the modifications to the thermo-
dynamic environment over time. CAPE remained fairly
consistent throughout the lifetime of the supercell, main-
taining large values sufficient for convection up through
approximately 2 km. In contrast, more meaningful mod-
ifications were present in the CIN profiles. Inhibition
notably increased in the lowest 0.75 km, consistent with
the storm moving deeper into the cool, stable air north of
the remnant outflow boundary, as well as the effects of
diurnal cooling. However, the 1 km layer above 0.75 km
contained inhibition that decreased over time. This ob-
servation, combined with the presence of sufficient insta-
bility above 0.75 km, suggests an elevated environment
favorable for convective maintenance. Furthermore, the
amount of lifting required for parcels to reach their lev-
els of free convection (i.e., delta-z in Fig. 1) was vir-
tually unchanged within the storm’s lifetime, indicating
that no extra work was required for parcels to realize
their potential buoyancy as the storm decayed. An in-
teresting question is why the storm was not sustained as
an elevated supercell as the low-levels cooled and stabil-
ity increased. Furthermore, if the presence of increas-

ing CIN was so inhibitive for maintenance, what was the
role and contribution of dynamic lifting and how did it
evolve? How strong would the dynamic lifting in a su-
percell need to be to overcome CIN? The failure of the
storm to be sustained in an environment with favorable
elevated theromodynamics suggests that other processes
may have also been at work to result in demise.

An examination of the wind profile in the inflow
environment revealed strong modifications within the
storm’s lifetime. Shear and helicity parameters reflected
the evolution of the wind profile, with decreases in 0-6
km bulk shear and effective shear, and strong decreases
in 0-3 km and effective storm-relative helicity (Table
2; effective parameters defined as in Thompson et al.
2007). These changes in shear and helicity could impact
storm maintenance in a few ways: 1) changes to the rate
at which horizontal streamwise vorticity is fluxed into
the supercell and tilted into updraft helicity (i.e., nonlin-
ear forcing described in Rotunno and Klemp 1982); 2)
changes to the dynamical lifting associated with the “up-
draft in shear” effect (i.e., linear forcing); 3) cold pool-
shear interactions that affect lifting along the supercell’s
cold pool.

The extent to which the hypothesized effects of the
wind profile influenced the storm evolution was explored
using dual-Doppler syntheses. The available data sug-
gests that the decreases in shear and helicity (particularly
between 2354 and 0056 UTC) coincided with the sharp
decreases in vertical velocity and updraft helicity (Figs.
2-3). This storm weakening also coincided with a weak-
ening outflow temperature gradient (Fig. 4), which could
impact the strength of low-level lifting (Bluestein 2008;
Ziegler et al. 2010) in conjunction with the increasing
low-level inhibition. In essence, the demise of this su-
percell appears to have been the result of an increasingly
stable environment, in addition to weaker dynamic lift-
ing.

3.2 6 May 2010

The target storm on 6 May 2010 provides an inter-
esting contrast to the supercell sampled on 9 June 2009
due to the fact that the storm formed above a stable post-
frontal airmass, yet persisted for several hours. Two
soundings sampled the near and far inflow environment
(at 0039 and 0106 UTC launched on 7 May 2010, re-
spectively) reveal the clear elevated nature of the convec-
tion with no CAPE in the lowest 1 km (Fig. 5). Addi-
tionally, CIN was quite large in the lowest portion of the
elevated layer, as was the amount of lifting needed for
parcels to reach their LFCs. Despite these inhibitive val-
ues, the supercell persisted well into the evening hours,
even after coordinated sampling of the storm ceased. In
contrast to the 9 June 2009 supercell, the shear and he-



licity parameters in the inflow environment were quite
large, each exhibiting increases over time (Table 3), sug-
gesting that the dynamical lifting was strong enough to
overcome the large inhibition.

Further evidence of the importance of dynamic lift-
ing in this case lies in the mobile mesonet and Sticknet
data collected, revealing that the surface appeared to be
decoupled from the storm aloft (Fig. 6). The lack of
a cold pool at the surface (i.e., no strong temperature
gradients due to the absence of penetrative downdrafts
reaching the surface, not shown) thus implies that par-
cel lifting was completely sustained via the dynamic per-
turbation pressure gradient force, overcoming significant
CIN and allowing parcels to achieve buoyancy. In sum-
mary, this supercell appears to have been supported by
an increasingly favorable inflow environment, with in-
creasing CAPE and an upward trend in bulk shear and
storm-relative helicity in the elevated layer.

3.3 15 May 2010

On 15 May 2010, low-level easterly flow impinged
upon the mountains in southeastern New Mexico, re-
sulting in orographic lifting and a supercell propagating
eastward off of the terrain, eventually dissipating fur-
ther downstream. Similar to the 9 June 2009 case, pro-
files of CAPE in the inflow environment underwent rela-
tively little modification over the lifetime of the storm,
but CIN showed notable increases, particularly in the
~0.75-1.5 km layer (Fig. 7). Much of these modifica-
tions can likely be attributed to inherent environmen-
tal inhomogeneities present near orography (i.e., sink-
ing and drying in the lee of terrain producing increased
CIN), as well as weaker mesoscale lifting by the topog-
raphy farther downstream. Vertical profiles of equiv-
alent potential temperature from the inflow soundings
(not shown) confirm the presence of stronger mesoscale
lifting closer to the terrain and weaker lifting deeper in
the lee, which likely had a negative impact on storm
maintenance in combination with the increases in delta-
z over time (Fig. 7). Idealized simulations of the ef-
fects of orography on supercells have also demonstrated
that mesoscale flows near terrain influence stability pa-
rameters, and consequently the evolution of the storm
(Markowski and Dotzek 2011).

In contrast to the previous two cases, the wind pro-
files on 15 May 2010 appeared to undergo little mod-
ification (Table 4). Though clear kinematic trends are
admittedly somewhat difficult to parse out due to miss-
ing data, there were not any strong decreases in shear
or helicity as were present on 9 June 2009. This sug-
gests that weaker dynamic lifting via linear and nonlin-
ear effects did not contribute to storm demise on this day.
Furthermore, this is consistent with the simulations of

Markowski and Dotzek (2011) that showed that thermo-
dynamic modifications due to orography had a larger in-
fluence on storm evolution than terrain-induced changes
to the wind profile.

Another factor contributing to storm demise may lie
in the evolution of the cold pool. Initial analyses of low-
level insitu thermodynamic measurements suggests that
the storm outflow became more divergent over time to-
wards the end of its life, surging ahead of the storm,
which would consequently weaken low-level lifting nec-
essary to overcome the larger CIN (Fig. 8). Additional
analyses are needed, however, to confirm this trend in the
outflow and its influence on the supercell’s evolution.

4 SUMMARY AND FUTURE WORK

Three supercell cases sampled by VORTEX2 were
evaluated in terms of how their changing mesoscale en-
vironment impacted their maintenance or demise. One
of the similarities between the cases was the pres-
ence of sufficient instability for convective maintenance
throughout the lifetime of each storm. Each environment
also contained varying degrees of convective inhibition;
however, one of the main differences leading to varying
storm evolutions appears to lie in the presence of suffi-
cient lifting. The 9 June 2009 dissipating supercell in-
flow environment contained a sharp downward trend in
bulk shear and storm-relative helicity, suggesting weaker
dynamic lifting that was unable to overcome the increas-
ing low-level CIN. In contrast, bulk shear and helicity
was relatively unchanged on 15 May 2010, but the local-
ized support for convection via orographic lifting weak-
ened as the storm moved further into the lee, coincident
with larger convective inhibition. Low-level lifting was
also weakened in both of these cases as the temperature
gradient across the outflow weakened (9 June 2009) or
surged ahead of the storm (15 May 2010). The impor-
tance of sufficient lifting of parcels for maintenance ap-
pears to be given credence when considering the 6 May
2010 environment. Large CIN in the elevated layer was
able to be overcome due to large shear and storm-relative
helicity, both of which increased over time.

Additional analyses of these cases will be conducted,
including the incorportion of more radar data and other
insitu measurements in order to achieve complete time-
lines of storm evolution for each case. Numerical sim-
ulations are also currently being run to assess the key
physical processes, as well as understand the relative
contributions of thermodynamic and kinematic trends in
the environment to storm maintenance or demise.
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Figure 1: Vertical profiles of CAPE (J kg−1), CIN (J kg−1), and delta-z (vertical distance between parcel height and
level of free convection; m) over time from the inflow soundings on 9 June 2009.

Figure 2: Time series of dual-Doppler derived updraft vertical velocities (m s−1) at several heights on 9 June 2009.



Figure 3: Time series of dual-Doppler derived updraft helicity (m2s−2) on 9 June 2009, calculated in the manner of
Kain et al. (2008).
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Figure 4: Plan view of radar reflectivity and ground-relative wind vectors (500 m above the surface; derived from
SMART-R dual-Doppler syntheses) at 2354 and 0012 UTC 9-10 June 2009, overlaid with time-to-space converted
mobile mesonet and Sticknet tracks. Each track is three minutes in length. Thermodynamic fields (θ or θe, as labeled)
are subjectively analyzed and contoured. The x- and y-axes represent distance in km from the center of the grid (which
is the position of SMART-R1).



Figure 5: As in Fig. 1, but for the soundings launched for the 6 May 2010 case.
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Figure 6: As in Fig. 4, but at 0112 UTC on 7 May 2010. Wind vectors were derived from DOW6/DOW7 dual-Doppler
syntheses and the axes represent distance from the position of DOW7.



Figure 7: As in Fig. 1, but for the soundings launched for the 15 May 2010 case.
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Figure 8: As in Fig. 4, but at 0030 and 0036 UTC on 16 May 2010. Wind vectors were derived from UMass-
XPOL/NOXP dual-Doppler syntheses and the axes represent distance from the position of UMass-XPOL.



9 June 2009 6 May 2010 15 May 2010
Radars used SMART-R1, SMART-R2 DOW6, DOW7 UMass-XPOL, NOXP
Grid dimensions (x× y × z km) 60×60×15 40×40×5 40×40×5
Horizontal, vertical gridspacing (km) 0.5 0.25 0.25
Barnes smoothing parameter κ (km2) 1.9 1.09 0.76

Table 1: Dual-Doppler parameters utilized for each case.

2319 UTC 2354 UTC 0056 UTC
0-6 km shear (m/s) 32.0 29.0 24.2
0-3 km shear (m/s) 14.8 17.7 20.0
0-1 km shear (m/s) 1.8 5.7 5.9
0-3 km SRH (m2/s2) 319 277 124
0-1 km SRH (m2/s2) 47 53 -7
effective layer depth (m) 2120 2130 1910
effective shear (m/s) 18.7 19.5 11.2
effective SRH (m2/s2) 273 215 68

Table 2: Table of shear and helicity parameters for the observed near inflow soundings on 9 June 2009. “Effective”
parameters were defined as in Thompson et al. (2007). Storm-relative parameters were calculated based on storm
motions estimated by the Dodge City, KS WSR-88D tracking algorithm.

Near inflow Far inflow
0039 UTC 0106 UTC

0-6 km shear (m/s) 32.0 35.5
0-3 km shear (m/s) 15.8 14.2
0-1 km shear (m/s) 10.1 12.0
0-3 km SRH (m2/s2) 548 747
0-1 km SRH (m2/s2) 36 167
effective layer depth (m) 1210 1360
effective shear (m/s) 16.6 20.1
effective SRH (m2/s2) 312 385

Table 3: As in Table 2, but for the near and far inflow soundings (as labeled) from the 6 May 2010 case.

Near inflow Far inflow
2355 UTC 0034 UTC

0-6 km shear (m/s) N/A 28.3
0-3 km shear (m/s) N/A 19.5
0-1 km shear (m/s) 2.3 3.4
0-3 km SRH (m2/s2) N/A 154
0-1 km SRH (m2/s2) -1 37
effective layer depth (m) 1910 1570
effective shear (m/s) N/A 10.3
effective SRH (m2/s2) N/A 74

2343 UTC 0037 UTC
0-6 km shear (m/s) N/A 22.8
0-3 km shear (m/s) 13.6 9.7
0-1 km shear (m/s) 2.5 1.3
0-3 km SRH (m2/s2) 154 123
0-1 km SRH (m2/s2) 37 35
effective layer depth (m) 1520 1220
effective shear (m/s) 7.9 5.7
effective SRH (m2/s2) 84 60

Table 4: As in Table 2, but for the near and far inflow soundings (as labeled) from the 15 May 2010 case. Note that
some parameters were unavailable (“N/A”) due to lost GPS signal at a low altitude.


