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1. Introduction

There are several unsolved fundamental aspects of the tor-
nado problem. One of these aspects is the uncertainty as
to how kinematic traits of the storm and mesoscale environ-
ment influence tornado longevity. Whereas a few studies (e.g.
Wicker and Wilhelmson 1995; Xue 2004) have discussed the
maintenance of particular mature tornadoes by analyzing the
dynamic/kinematic aspects of the nearby airflow, no analysis
across many observed storms exists. A knowledge of the fac-
tors influencing tornado longevity has obvious forecasting im-
plications, such as determining which storms are likely to sup-
port long-lasting tornadoes.

This study employs single and dual-Doppler mobile radar
observations collected in several supercell thunderstorms in or-
der to determine the mesoscale and storm-scale kinematic fea-
tures that are responsible for maintaining tornadoes and the pro-
cesses that cause their disruption. For example, we seek to test
the hypothesis formulated by Dowell and Bluestein (2002b)
that the maintenance of tornadoes is related to their position
relative to the primary updraft. While the examination of this
and other relevant hypotheses is still ongoing, the preliminary
results indicate that storm-relative advection of the vertical vor-
ticity field causes some of the tornadoes to change their motion
near the time of dissipation, possibly consistent with the re-
sults of Dowell and Bluestein (2002b). Many tornadoes appear
to decay in outflow air that has fully surrounded the low-level
mesocyclone.

2. Method

High-resolution Doppler radar data collected by two Doppler
on Wheels radars (Wurman et al. 1997) during the Radar Ob-
servations of Tornadoes and Thunderstorms Experiment (RO-
TATE 1998 – 2006) are analyzed in four tornadic supercell
storms. Dual-Doppler wind syntheses are available for lim-
ited times in most data sets. Objective analysis is performed
using an isotropic Barnes weighting function with the smooth-
ing parameters chosen such that, when quantitatively compar-
ing common features in multiple data sets, all data sets are
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smoothed equally, based on the largest azimuthal spacing ob-
served out of all of the cases. Otherwise, smoothing is case de-
pendent, and is based on the largest azimuthal spacing observed
in the desired domain of each data set. The position of the ob-
jectively analyzed data is corrected to a central time in each
volume using the horizontal motion of the tornado. The 3-D
wind field is obtained by an upward integration of the anelastic
mass continuity equation with w = 0 at the lower boundary.
An iterative technique was used to adjust the u, v, and w fields
until the change in density-weighted w was less than 0.01 kg
m−2 s−1. Single-Doppler data are used when dual-Doppler
data are not available.

3. Observations

Figure 1 shows the intensity (in terms of the estimated axisy-
metric tangential velocity, Vt, determined by taking one half
the differential of peak inbound and outbound radial velocity
observed in unsmoothed single-Doppler data from the nearest
radar) versus time for the tornadoes examined so far in this
study. The full lifecycle of some of the long-duration tornadoes
analyzed herein is not observed by the radars; hence, the life-
times of these tornadoes are determined using visual evidence
(video and still photographs) and a NOAA-NCDC database of
tornado events. The DOW radars collected data in at least two
long-lived tornadoes (4 June 1999 and 15 May 2003, both last-
ing longer than 20 minutes) at times when their intensity tran-
sitions from a nearly steady state to a permanent state of weak-
ening. We also examine a few short-lived tornadoes (e.g. 5
June 2001 and 30 April 2000, both lasting less than 8 minutes),
where an initial intensification to tornadic intensity is soon fol-
lowed by a state of steady and rapid weakening. As a first step
in understanding tornado longevity, we will examine these tran-
sitions from steady or increasing intensity to dissipation to see
which storm-scale processes are associated with such a change.

a. Tornado decay

Qualitatively, it often appears that the transition to a permanent
weakening trend occurs when the initial occlusion of outflow
air associated with tornadogenesis (e.g. Brandes 1977; Brandes
1978; Lemon and Doswell 1979) progesses such that outflow
air prevents contact between the low-reflectivity, presumably
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FIG. 1. Estimated axisymmetric tangential velocity (Vt) versus time (UTC) in 5 tornadoes observed by the DOWs. Two tornadoes are observed on
15 May 2003 (b). Times when dual-Doppler data are available are indicated in each panel; at other times only single-Doppler data are available.

buoyant, inflow air and the tornado. This progressive occlu-
sion process is consistent with the presence of negatively buoy-
ant air wrapping around the entire mesocyclone at low-levels,
which causes the decay of the primary storm updraft, mesocy-
clone, and tornado in many observed and simulated supercells
(e.g. Wicker and Wilhelmson 1995; Wurman et al. 2006).

Dowell and Bluestein (2002a,b), however, describe a process
whereby the tornado moves relative to the main storm updraft,
due to updraft-relative advection of vertical vorticity, and loses
its intensity. Indeed, the motion of the tornadic circulation on 5
June 2001 (shown in Fig. 2) appears to be dictated by the hori-
zontal advection of vertical vorticity. The horizontal advection
term in the vertical vorticity equation dominates over both the
tilting and stretching terms at low-levels (also shown in Fig. 2),
and the motion of the center of circulation approximately fol-
lows the maximum value of advection at each time. Through-
out Fig. 2, the north-south component of motion of the vertical
vorticity maximum changes from due north to due south, then
back to due north. During this sequence, changes in the char-
acter of outflow winds occur that change the position of the
horizontal advection maximum relative to the vertical vorticity
maximum. For example, strong northwesterly outflow just west
and southwest of the center of rotation at 002933 UTC (Fig. 2b)
has maximized horizontal advection south and southeast of the
tornado, causing it to deviate from its northeastward motion.
The strong northwesterly winds weaken a bit by 003416 UTC
(Fig. 2c), and s ‘trong southwesterly winds are evident just east
of the tornado as some of the surging outflow wraps around
it. The tornado, which is beginning to weaken, is advected to

the east-northeast just before it exits the dual-Doppler domain.
Also at this time, the center of rotation is collocated with weak
divergence, suggesting that this causes its eventual dissipation
a few minutes later. This observation of tornado motion ap-
pears to be consistent with the findings of Dowell and Bluestein
(2002b). However, in their study, the tornadoes were advected
rearward into the outflow while the updraft continued. In our
case, dual-Doppler data do not extend sufficiently forward in
time to establish this relationship between the tornado motion
and the updraft motion.

The observation that the outflow behind the rear-flank gust
front (hereafter RFGF) wraps around the dissipating tornado is
not observed in every storm. At the approximate time when a
long-lived tornado on 4 June 1999 begins to steadily and signif-
icantly decay (∼ 0043 UTC), the tornado is in very close prox-
imity to the RFGF and is located near the inflow air. Approx-
imately two minutes before this time, a region of strong storm
inflow exists ahead of the RFGF and in close proximity to the
tornado (Fig. 3b). The RFGF is no longer circling around the
tornado and mesocyclone, but rather, is approximately north-
south oriented indicating a retreat of the RFGF with respect to
the tornado. The reorientation of the RFGF is consistent with
a change in the relative magnitude of low-level outflow and in-
flow across the RFGF. The motion of the tornado (also shown
in Fig. 3), which changes from toward the northeast to toward
the northwest after this time, causes it to migrate toward the
precipitation swath associated with the hook echo of the storm
where it dissipates. This deviation of the tornado motion just to
prior its weakening and eventual dissipation also appears to be
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FIG. 2. Vertical vorticity (shaded), vertical tilting of horizontal vorticity
(blue contours), vertical stretching of vertical vorticity (red contours),
horizontal advection of vertical vorticity (black contours), and ground-
relative wind (vectors) at z = 300 m AGL at 002449 UTC (a), 002933
UTC (b), and 003416 UTC (c) on 5 June 2001. The first (outermost)
contours of tilting, stretching and advection are .001 s−2, incremented
by 0.005 s−2. The position of the tornado is shown in all images as
circles at the times shown in (a).

consistent with Dowell and Bluestein (2002b). Unfortunately,
dual-Doppler data is not available at the time of dissipation on
4 June 1999 to determine exactly where the vertical vorticity
supplying the tornado originates and to determine the position
of the tornado relative to the storm updraft.

b. Nontornadic vertical vorticity maxima

In some of the cases, small (∼ 0.5 – 1.0 km diameter) vertical
vorticity maxima (10−3 s−1 < ζ < 10−1 s−1) are observed
along the RFGF. For example, on 5 June 2001 several positive
vertical vorticity maxima below 300 m AGL spiral inward to-
ward the center of mesoscale rotation (Fig. 4). It is of future
interest to this study to determine if these vorticity maxima
play a role in maintaining an existing tornado. Negative ver-
tical vorticity maxima are also present along some RFGFs, and
in some cases, both positive and negative maxima are present.
This observation, along with the fact that not all tornadoes exist
at times when other vertical vorticity maxima are located along
the RFGF (e.g. the long-lived 4 June 1999 tornado), suggests
that if they do play a role in maintaining tornadoes, they may
only be significant in some storms.

4. Summary and future work

Mobile Doppler radar data are examined in several tornadic su-
percell storms to determine what factors influence the dissipa-
tion of tornadoes. In most cases it is found that the tornadoes
begin to dissipate when outflow air wraps around them and cuts
off low-level inflow to the updraft. The storm-relative position
of the tornado appears to be influenced by trends in the strength
of storm-relative inflow or outflow, and some of the dissipating
tornadoes deviate from their previous motions when they begin
to weaken. This observation might be consistent with some of
the findings of Dowell and Bluestein (2002), as is the relative
significance of horizontal advection to the other terms in the
vertial vorticity equation at low levels.

As this study progresses, we hope to retrieve the 3-D wind
field in single-Doppler cases as well. If successful, we will be
able to locate source regions of vertical vorticity that supply the
tornado over a greater portion of its lifetime than that observed
by dual-Doppler and determine what common storm-scale fea-
tures later disrupt these source regions or prevent trajectories
from passing through them for a sufficiently long time to ac-
quire tornadic intensity. Additionally, the retrieved data will
allow us to test the hypothesis that the updraft-relative position
of the tornado is also a relevant factor in maintaining the tor-
nado at times when dual-Doppler data are not available for such
confirmation. We also hope to retrieve thermodynamic fields in
each storm in order to assess the buoyancy of parcels passing
through the tornadoes.
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