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1. INTRODUCTION

The second Verification of Rotation in
Tornadoes Experiment (VORTEX 2), a
successor to the original VORTEX program, was
conducted in the spring storm seasons of 2009
and 2010 using the most current and quickly
deployable observing technology. The primary
objective of the project was to obtain
simultaneous wind, precipitation, and
thermodynamic data with the ultimate goal of
obtaining a better understanding of the
processes which differentiate  non-tornadic
supercells from weakly tornadic and violently
tornadic supercells (Wurman et al. 2012). The
project was successful in documenting the pre-
tornadic (Markowski et al. 2012), genesis
(Kosiba et al. 2013), and tornado maintenance
phases of a tornadic supercell with
unprecedented spatial and temporal resolution.
In addition to accomplishing many of the tornado
related objectives, VORTEX2 also observed
some of the first instances of the Low
Reflectivity Ribbon (LRR) (Snyder et al. 2013;
Wurman et al. 2012), with both the Doppler-on-
Wheels (DOW) and UMass X-Pol 3 cm mobile
polarimetric radars.

Snyder et al. (2013) describe the LRR
as a narrow band of locally reduced reflectivity
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and differential reflectivity extending from where
the hook echo intersects the main body of the
storm near the rear of the forward-flank
downdraft (Figure 1). The deficits in reflectivity
and differential reflectivity are often collocated
within the LRR; however, the minimum in
differential reflectivity is sometimes located
slightly west of the minimum in reflectivity.
Although the LRR is most consistently
represented in the reflectivity and differential
reflectivity fields, it also occasionally manifests
itself in the correlation coefficient and differential
phase fields. The typical deficit in reflectivity
observed is on the order of 5-15 dBZ, however,
it has been observed locally in excess of 20 dBZ
in some cases (Snyder et al. 2013). The typical
value of differential reflectivity within the LRR is
on the order of 0-2 dB vyielding relative deficits of
2-5 dB compared to surrounding measurements.
The representation of the LRR in correlation
coefficient and differential phase are
inconsistent from case to case and thus they do
not have typical ranges of values.

Despite the temporal and case-to-case
variation in the LRR, its width usually ranges
from ~300m to ~1 km and it is often most
evident below 2.5-3.0km above radar level
(Snyder et al 2013). The narrow nature of the
LRR makes higher frequency radars uniquely
qualified to sample the feature due to their
higher spatial resolution. In this study, the
authors use data collected from DOW and
UMass-XPol mobile radars to establish
additional kinematic characteristics associated
with the LRR using dual-Doppler analyses.



Additionally, the authors will interrogate data
collected at the surface during VORTEX2 to
establish a thermodynamic signature associated
with the LRR.

2. DATA ANALYSIS

Surface measurements of pressure,
temperature, wind speed, wind direction, and
relative humidity used for this project were
collected during VORTEX2 by a suite of mobile

spatial comparison to be made between the
position of the LRR and equivalent potential
temperature to supplement the temporal
comparison illustrated by the time series.

Dual Doppler and objective analyses of
radar data are performed using the Observation
Processing and Wind Synthesis (OPAWS) code
developed by David Dowell and Lou Wicker.
Documentation for the code can be found at
http://code.google.com/p/opaws/. The objective
analyses of radar data are created using a two-
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devel oped by Texas
Atmospheric Science Group and Wind Science
and Engineering Research Center (Weiss and
Schroeder 2008; Schroeder and Weiss 2008).
Thermodynamic data were collected at 10Hz by
6type A0
(Skinner et al. 2011). GPS positions and
deployment times of the Stick-Net probes have
been matched with radar data from all the
VORTEX2 cases to determine instances in
which surface data were collected concurrently
with the passing of the LRR over the probes.
Presently, the project has identified at least nine
probes which sampled the LRR across three
separate cases.

Once cases are identified, the
temperature, pressure, and relative humidity
data are used to calculate equivalent potential
temperature (d ) using the formula described by
Bolton (1980). Time series of equivalent
potential temperature are compared to radar
data to determine whether any notable changes
occur with the passing of the LRR. Additionally,
overlapping time series of raw variables from the
Stick-Net are used to determine which input
variable is most closely associated with changes
ind 8

Data from an array of Stick Net probes
are converted from time series into spatial data
using an average storm motion estimated via
radar data. These data are then converted into
a gridded two-dimensional field using a two-pass
Barnes objective analysis technique. These
data can then be plotted over the radar image
which temporally aligns with the center of the
window for which time-to-space data are
computed. The time-to-space data allow for a
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spacing of 100m and vertical grid spacing of
250m are chosen for the analysis. Dual Doppler
wind syntheses are calculated using an upward
integrated method.  Output from the dual-
Doppler Gynthegses is Bséd t qoropute 8 wide
variety of kinematic and dynamic fields.

3. THERMODYNAMIC OBSERVATIONS

Time series analyses of thermodynamic
variables from the Stick Net probes indicate that
the LRR is consistently associated with a local
minimum in equivalent potential temperature
(Figure 3). This minimum is most closely
associated with a local minimum in dewpoint
temperature from the raw fields. The strength of
the signal varies from case to case and is
partially buried in a larger scale trend in one or
two instances; however, the signal is
consistently observed by nine different probes
which span three separate cases during
VORTEX2.

The most definitive case documented by
this study was the 11 May 2010 Dumas, Texas
supercell which exhibited multiple LRRs during
its lifecycle. Five separate probes sampled at
least one LRR during their deployments. Each
of the five probes exhibited strong local minima
in d with deficits on the order of a few
degrees K. One probe of particular interest
sampled two separate instances of the LRR
(Figure 4). This probe illustrates the consistency
and predictable nature of the dewpoint and
equivalent potential temperature minimum s.

The Dumas, Texas supercell presented
a unigue opportunity to perform a time-to-space
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conversion on the Stick Net data because of the
large number of samples of the LRR collected.
The time-to-space conversion centered on the
2328 UTC position of the LRR (Figure 5)
illustrates the spatial collocation of the minimum
in d with the LRR. This particular time to space
conversion uses 16 minutes of data from 2320
UTC to 2336 UTC. The narrow time window is
necessary in order for the LRR to manifest itself
in the objective analysis and not be washed out
by storm scale trends. However the time
window is large enough to cover the east-west
extent of ribbon for the center of the window.

The radar overlay illustrates two LRRs
occurring simultaneously. However, these LRRs
merge before being sampled by four of the five
probes, which explains why only one ribbon
manifests  itself in  equivalent potential
temperature. Regardless, this figure illustrates
the sharp and dramatic drop-off which occurs
spatially collocated with the LRR.

4. DUAL DOPPLER OBSERVATIONS

As described the introduction of this
paper, the LRR is very transient in its
representation in the radar variables. The
transiency of the LRR appears to be similarly
true for the dual-Doppler derived kinematic
analyses. One of the fields most representative
of this transiency is vertical velocity (Figure 6).
Early in the time period, the LRR is located in a
region of the supercell that is dominated by
neither updraft nor downdraft. Starting at
approximately 2154 UTC, as the storm become
more organized, the LRR lies within a region
dominated by negative vertical velocities.
However, late in the period, a new LRR forms
entirely in a region of the supercell dominated by
positive vertical velocities.

There does appear to be one potentially
intriguing kinematic characteristic associated
with the LRR. A maximum in the vertical shear
of U velocity is consistently collocated with the
ribbon. This association between the LRR and
vertical wind shear is apparent throughout the
entire 30 minute window of dual-Doppler data
investigated during the Goshen County
supercell. The wind shear maximum is greater

than one kilometer in depth, for which reason
column integrated U velocity shear is used to
concisely illustrate the feature (Figure 7).
Column integrated U velocity shear also further
highlights the feature due to its manifestation in
multiple levels.

The U velocity shear at a single level
also aligns almost perfectly with a developing
LRR during its genesis phase (Figure 8). At
2204 UTC, a narrow ribbon of positive U velocity
shear manifests within the LRR as it first
develops in the forward flank region of the
supercell.  The ribbon positive U shear is
particularly interesting because it is isolated
within a regime of negative U shear. As the
LRR further develops and moves westward
relative to the storm, this narrow region of
positive U shear parallels its movement and
remains collocated with the LRR. The
collocation of the LRR and U shear maximum
persists until the LRR and ribbon maximum U
shear merge with a more storm-scale region of
positive U shear at the end of the analysis
period.

5. SUMMARY AND DISCUSSION

The overall motivation for this project is
to integrate polarimetric, kinematic, and
thermodynamic  characteristics  that are
consistently associated with the LRR. Snyder et
al. (2013) laid the foundation for many of the
polarimetric characteristics that are often
observed with the ribbon. This study establishes
a thermodynamic association between the
ribbon and a minimum in equivalent potential
temperature most closely associated with a
minimum in dew point temperature. The final
step in the process is identifying the kinematic
and dynamic processes that are tied to the
ribbon and are ultimately responsible for the
LRRO&s representation
thermodynamic fields.

The LRR appears to be considerably
transient with respect to most of the kinematic
fields that have been investigated thus far. The
transiency may be a byproduct of the somewhat
limited spatial and temporal resolution of the
dual-Doppler analyses performed or may be
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representative of the LRR itself. This study does
introduce the possibility that the LRR is possibly
associated with a localized maximum in vertical
wind shear. A local maximum in the vertical
gradient of U velocity is consistently collocated
with the LRR during the entire dual-Doppler
analysis period in this study.

The U velocity component of the total
wind is largely perpendicular to the common
north-south orientation of the LRR. The
remaining question is whether the local increase
in U velocity shear is a result of the LRR, or
whether the enhanced vertical shear in U
velocity causes the manifestation of the LRR.
There is only one instance where the column
integrated shear in U velocity does not line up
with the position of the LRR. However, shortly
thereafter, there is a transition in the position
and orientation of the LRR to match the new
region of locally enhanced U velocity shear in
subsequent times (Figure 9 and Figure 10).
Thus, it appears that the LRR does not cause
the shear signature, but rather may be caused
by the locally enhanced shear. If this hypothesis
is correctly, then it is possible that hydrometeor
size sorting similar to what is discussed by
Kumijian and Ryzhkov (2008) may be occurring
within the LRR.

Although it is too early to propose
exactly what is occurring dynamically and
microphysically within the LRR, considerable
progress has been made toward reaching some
initial conclusions. This work is the first to
demonstrate that the LRR exhibits a strong and
consistent thermodynamic signature.
Additionally, this project presents some initial
investigation of the kinematic characteristics of
the LRR. Through continued investigation of
dual Doppler data, it is the intention of the
authors to use the kinematic characteristics of
the LRR to explain both the deficits in equivalent
potential  temperature and dew  point
temperature observed as well as explain the
hydrometeor characteristics that are implied by

the LRR6s representation
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Figure 1- PPI displays of reflectivity (dBZ) and differential reflectivity (dB) observations which illustrate a
low reflectivity ribbon. Figure courtesy of Snyder et al. (2013).

Figure 2-Texas Tec h Un i vweStick-Ndt ghfesvingplatiorm. Figure courtesy of Skinner et al.
(2011).
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Figure 3- Comparison of Stick Net probe 224bd position relative to the manifestation of the low reflectivity
ribbon in differential reflectivity (left). A time series of equivalent potential temperature and dewpoint
temperature measurements taken by Stick Net probe 224b illustrating the thermodynamic deficits
exhibited by the low reflectivity ribbon (right).
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Figure4-Compari son of Stick Net pr obe 2tatidreobtise lop ceflectivity on r el
ribbon in differential reflectivity (top panels). A time series of equivalent potential temperature and
dewpoint temperature measurements taken by Stick-Net probe 224b illustrating the thermodynamic
deficits exhibited by the two separate low reflectivity ribbons (bottom left). A possible third LRR cannot be
ruled out but attenuation prevents its presence in the radar fields from being confirmed.
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Figure 5- Objectively analyzed time-to-space conversion of equivalent potential temperature from the
array of Stick-Net probes deployed near Dumas, TX on 18 May 2010. Overlaid on the plot are the 0 dB
and 20 dBZ contours from the DOW6 mobile Doppler radar. The trough indicates the position of the low
reflectivity ribbon.
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Figure 6- Objectively analyzed reflectivity from DOW?7 (top panels) and dual-Doppler derived vertical
velocity (bottom panels) in Goshen County, Wyoming at 2154 UTC (left panels) and 2208 UTC (right
panels). Arrows indicate the position of the low reflectivity ribbon in each panel.
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Figure 7- Objectively analyzed reflectivity from DOW?7 (top panels) and dual-Doppler derived column
integrated vertical shear of U velocity (bottom panels) in Goshen County, Wyoming at 2150 UTC and
2156 UTC on 5 June 2009. Arrows indicate the position of the low reflectivity ribbon in each panel.
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Figure 8- Dual-Doppler derived vertical shear of U velocity at 2000m during the genesis phase of a new
low reflectivity ribbon on 5 June 2009 in Goshen County, Wyoming. Arrows indicate the position of the

developing ribbon in each panel.



Figure 9- Objectively analyzed reflectivity from DOW?7 (top panels) and dual-Doppler derived column
integrated vertical shear of U velocity (bottom panels) in Goshen County, Wyoming at 2152 UTC (left
panels) and 2156 UTC (right panels) on 5 June 2009 during a positional reorientation of the low
reflectivity ribbon. Arrows indicate the position of the low reflectivity ribbon in each panel.

Figure 10- Objectively analyzed reflectivity from DOW?7 (left) and dual-Doppler derived column integrated
vertical shear of U velocity (right) in Goshen County, Wyoming at 2200 UTC on 5 June 2009 after a
positional reorientation of the low reflectivity ribbon. Arrows indicate the position of the low reflectivity
ribbon in each panel.



