CHAPTER 4

OPERATIONAL APPLICATIONS

4.1 Introduction. This chapter discusses potential operational uses of the WSR-88D products as
well as the structure of certain meteorological phenomena. It provides information on observing
and forecasting meteorological phenomena using WSR-88D products. Also included in the early
sections is a discussion of operationally troublesome radar returns due to such things as ground
clutter and sidelobes. Pictorial representations of some applications have been included.

Basic meteorological skills should be applied to determine the best products to use under different
meteorological situations. The phenomena discussed within this chapter are not all-inclusive and
by no means is the forecaster limited to products talked about in certain situations in the chapter.
As more information continues to become available it will be incorporated in or result in changes
to this chapter.

While the obvious emphasis of this Handbook is the WSR-88D application and use, it is important
to recognize that the WSR-88D is but one tool available to the meteorological practitioner or
scientist. Other tools and data sets include, but are not limited to, atmospheric soundings, surface
and upper air conventional observations and their derived fields, numerical models, satellites,
lightning detection systems, and visual observations. In order to gain the most complete
understanding of the state and evolution of the atmosphere, a synthesis of all observations is
necessary. Thus, while not specifically stated in the following sections, it is assumed that the
reader and radar user recognizes this fundamental concept.

4.2 Non-M eteorological Radar Echoes. This section briefly describes methods of identifying and
assessing the impacts of ground clutter, anomalous propagation (AP), sidelobes, and sunrise and
sunset effects. In addition, recognition methods for and impacts of range folded and incorrectly
dealiased velocity data are discussed.

4.2.1 Ground Clutter. Prior to calculation of reflectivity, velocity, or spectrum width,
return signals from ranges within the radar's normal ground clutter pattern are processed to remove
most of the signal returned from targets that are stationary (Part B of this Handbook). The clutter
signal not removed, called residual clutter or clutter residue, will remain as part of many of the
products. Normally, the clutter residue echoes are weak, in the range of 10 dBZ to 30 dBZ.

4.2.1.1 Recognition of Residual Ground Clutter. A low elevation Reflectivity
product will show ground clutter close to the radar or distant mountainous terrain if intercepted by
the beam. It will normally appear as a cluster of points (having a speckled nature) or as a large area
of contiguous returns (Figure 4-1). Residual clutter is often characterized by relatively weak
echoes, random velocities, and random but usually rather broad spectrum widths. A time lapse of
Reflectivity products will show no movement of these returns. With small, but increasing antenna
elevations, ground clutter returns will very often rapidly disappear.
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Figure 4-1
Residual Ground Clutter

This WSR-88D Reflectivity product (NCDC NEXRAD Viewer) shows "residual" ground
clutter in excess of ~30 dBZ remaining, even after filtering all bins using high suppression.
Range rings are at 25 and 50 km. Radials are at every 45° of azimuth.
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4.2.1.2 Assessing I mpacts of Residual Ground Clutter. Residual ground clutter
near the radar may be recognized by its speckled appearance. When it is imbedded in a weak
meteorological signal over the radar and as a result of the random velocities in the clutter residue,
the Velocity Dealiasing Algorithm may introduce errors in the velocity field due to large radial and
azmuthal gate-to-gate shears greater than the Nyquist velocity. This problem is most likely to
occur in the Clear Air Mode using VCP 31 where the Nyquist velocity is about 10.8 m s™ (21 kts)
and the gate length with the long pulse is 0.75 km (0.4 nm). The net affect of long pulse is in an
apparent increase in radial gate-to-gate shear amplitude and increase in dealiasing failures.
Although less frequent, if this problem occurs in the Precipitation Mode, the induced shears may be
picked up by the legacy Mesocyclone, Mesocyclone Detection Algorithm (MDA), or the TDA, and
carried as a feature.

Clutter residue can also have deleterious affects on other products, as well. For example, in the
Precipitation Mode, the Precipitation Processing algorithms will interpret these echoes as
precipitation and accumulate, over time, large amounts of rainfall where none has fallen.

4.2.2 Ground Clutter Returns from Anomalous Propagation. Anomalous propagation
of the radar beam is caused by non-standard atmospheric temperature or moisture gradients (Part B
of this Handbook). Superrefraction, which is frequently caused by temperature inversions, bends
the beam toward the earth and can cause the radar to detect ground returns from distances far
exceeding the normal ground clutter area. Anomalous propagation surrounding the radars is
especially common in the desert southwest and develops shortly after sunset and during the
nighttime hours because of the rapid cooling of the dry boundary layer and development of a sharp
radiational temperature inversion.

4.2.2.1 Recognition of Ground Clutter Returnsfrom Anomalous Propagation.

Anomalous propagation is characterized by many very small “popcorn echoes” with very high
reflectivity (abnormally high for the small echo size) and extreme reflectivity gradients (Figure 4-
2). Even with small changes but increasing antenna elevation, these returns will usually rapidly
disappear. A time lapse of Reflectivity products may show rapidly changing patterns but without
echo motion. In the absence of precipitation there can be a 20 dBZ., or more, difference between
adjacent returns, mean velocities near zero, and narrow spectrum widths. Ground returns from
anomalous propagation mixed with precipitation may result in large spectrum width values and low
velocities. Erratic movement of ground returns from AP, in comparison with the motion of
precipitation echoes, may also be seen.
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Anomalous Propagation

Norman, OK WSR-88D (KCRI, test bed radar) at 11:45 UTC on 6 June 2005 (CODEview
graphics). The major areas of Anomalous Propagation (AP) are induced by a nocturnal

inversion.
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4222 Assessing Impacts of Ground Clutter Returns from Anomalous
Propagation. Ground returns from AP primarily impacts precipitation accumulation algorithms
wherever the AP is located. But super refraction of the radar beam also frequently occurs behind
the cold air outflow regions of thunderstorms. As in the case of clutter residue, in these instances,
the Precipitation Processing algorithms will often erroneously interpret the ground returns as
precipitation echoes and overestimate the precipitation with these storms. It may also affect other
algorithmic output, e.g., if reflectivity is large, erroneous identification of a storm may occur
(but is rare) and its centroid location (and therefore motion) will be altered. Additionally, it can
be more difficult to interpret reflectivity echoes in the affected areas.

4.2.2.3 Removal of Ground Clutter Returns from Anomalous Propagation.
The Radar Echo Classifier (REC) algorithm has been introduced to remove or flag AP (see Part C
of this Handbook). While the REC assigns a likelihood estimate for echo classification, it offers a
means of identifying AP in real-time. Additionally, the low-level layer of the Layer Composite
Reflectivity product can be selected such that it omits the echoes from the lowest 1.52 km (5000
ft). This is also intended to remove residual ground clutter and AP. Finally, AP can be removed,
to a large extent, by application of the clutter filter to the elevation angles affected. This is
accomplished by overriding the clutter map resident in the RDA through editing of the Clutter
Suppression Regions menu at the MSCF. Up to 15 clutter suppression regions can be edited in
which three levels of suppression can be defined for the reflectivity and Doppler channels. Unit
Radar Committee agreement on the use of the clutter map editor must be developed.

When weather is not a factor, i.e., operating in the Clear Air Mode or ground clutter or anomalous
propagation are in a precipitation-free sector in the Precipitation Mode, it is reasonable to apply the
clutter filter. It is also possible to apply the filter even in precipitation regions. In most conditions
the clutter filter should be applied.

4.2.3 Sidelobes. An occasional source of data contamination is simultaneous reception of
signals at comparable power levels through both the main antenna pattern and its sidelobes (Part B
of this Handbook).

4.2.3.1 Recognition of Sidelobes. While obvious WSR-88D sidelobe returns are
rare, they can be found to the right, left, above, and below high reflectivity areas. Potential
interference from sidelobes can be diagnosed by knowing the power difference between the main
beam and the sidelobe. The WSR-88D one-way sidelobe is nominally 29 dB down. The location
of potential sidelobe interference will be slightly offset from the axis of the main beam (Part B of
this Handbook). In most cases, the velocity field of sidelobes will display noisy or erratic values.
Spectrum widths will often be extreme values and are often the best indicator of sidelobe
interference. Typically, two-way reflectivity differences between the mainlobe and the sidelobe
will be 50 to 54 dBZ for sidelobe detection to be a problem. Thus, owing to beamwidth
considerations, strongly reflective storms with very strong reflectivity gradients must be within
moderate ranges of the RDA for sidelobes to be a problem.
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4.2.3.2 Assessing Impacts of Sidelobes. The presence of sidelobes may
indicate erroneously high storm tops or new storm growth where there is none. Sidelobes can
also impact velocities in weak echo by providing noisy or erroneous values that mask true
velocity patterns. Algorithmic output, especially of the TDA and MDA, may be affected in
rare cases.

4.2.4 Solar Effects. Due to the sensitivity of the WSR-88D, anomalous returns near
sunrise or sunset usually appear along one to two radials as the radar scans the sun’s location.
These returns are generated because the sun radiates energy in the same microwave region of
the electromagnetic spectrum that is used by the WSR-88D.

4.2.4.1 Recognition of Solar Effects. When the antenna scans the sun, a long
radial of weak echo return is displayed. These returns are most often observed at both local
sunrise and sunset. These echoes may be expected to appear as continuous returns, in a narrow
"baseball bat" shape, out one or two radials, at the solar altitude. Reflectivity values generally
range between 5 and 20 dBZ, (Figure 4-3) and will typically increase with range. Solar effects
will appear for one or two volume scans at a single elevation of the base products and, in very
rare situations, for up to 30 minutes on a Composite Reflectivity (CR) product.

4.2.4.2 Assessing Impacts of Solar Effects. In the absence of other echoes,
typical reflectivity values from solar effects are from near zero dBZe in close to the radar to 20
dBZe or higher at 460 km (248 nm). The apparent reduction in the sun's signal nearer the radar
is due to the range normalization correction applied to reflectivity. The velocity and spectrum
width fields indicate range-aliased data out to the maximum range of these products, i.e., 230
km (124 nm). Another reflectivity-derived product that will show this contamination is the CR
and, only rarely, the Layer Composite Reflectivity or Echo Tops products. Most
meteorological algorithms will not be affected, since the reflectivity values are below the
significant thresholds and the occurrence is confined to one or two volume scans and one or
two azimuths.

Velocity-derived products that will be contaminated are the SRR and SRM. In very rare
instances and at longer ranges, the contaminated radial may disrupt pattern vectors used to
identify circulations in the MDA and TDA algorithm, where the sun's signal is stronger than
the corresponding storm echo. At close-in ranges, the sun's signal is too weak to impact most
algorithms.
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Figure 4-3
Solar Effects

Mosaic of WSR-88D Composite Reflectivity from 12:34 UTC on 21 April 2003. The streaks
of low reflectivity extending outward to the east northeast from the radar locations are
caused by sunrise effects. That is, the radar is detecting radiation incident from the sun in
the same wavelengths as the radar backscattered power. Source: NWS Meteorological

Development Laboratory.
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4.2.5 Range Folded Data. Range ambiguities in the Doppler velocity and spectrum
width fields caused by the WSR-88D's pulsed Doppler sampling interval (Part B of this
Handbook) can be very significant. For any pulsed Doppler system, the product of the
unambiguous range and the Doppler Nyquist co-interval is a constant function of the
wavelength of the radar and the speed of light. By decreasing the PRF, the unambiguous range
of the radar can be increased; however, the Nyquist velocity range interval will decrease. The
WSR-88D's unambiguous range for Doppler velocity and spectrum width measurements varies
from 120 km (65 nm) (at a Nyquist co-interval of + 31 ms™ (60 kts)) to 174 km (94 nm) (at a
Nyquist co-interval of + 21 ms™ (41 knots)). The reasons for range folding and methods to
dealias the velocities are covered in Part B of this handbook. However, it can be summarized
here.

The WSR-88D scanning strategies combine Doppler waveforms having high PRF and short
unambiguous ranges with a surveillance cut with low PRF and long unambiguous range in order to
attempt to resolve range ambiguities of the Doppler scans. The surveillance waveform is
unambiguous out to a 248 nm range. One dealiasing method uses the “split-cut,” which first scans
an elevation with the surveillance waveform and then scans it a second time using the Doppler cut.

The second method, the “batch cut,” interleaves the surveillance and Doppler waveforms. In
each case the dealiasing algorithm uses the surveillance waveform to do a gate by gate power
comparison of the Doppler waveform multiple “trip” ambiguous ranges. This gate by gate power
comparison will reveal which, if any, of the ambiguous range gates dominates. In cases where
there is potential range ambiguity or overlaid echo, to summarize the algorithm processing, those
gates that dominate in power returned are those range gates determined to be where the Doppler
information is originating. The remaining gates with significantly weaker power returns are
displayed as “overlaid data” and unusable for Doppler measurements. If returns are present, but
none of the ambiguous gates dominate in power, then the data is determined to be range overlaid
for all those gates.

In more detail, the dealiasing algorithm functions in the following manner. The radar interprets the
locations of velocity and spectrum width returns from beyond the unambiguous range as occurring
within that range, as well as beyond. The range-unfolding algorithm has been implemented in the
RDA preprocessing to attempt to replace range-folded Doppler data from as many as four trips to
their proper locations in range. The range-unfolding algorithm compares the return power from all
possible ranges given the Doppler PRF used for that slice. This is done range gate by range gate
for all possible ambiguities. If the power return from one possible range gate exceeds the power
return from all other possible ambiguous or “matching” range gate locations by more than the
defined threshold (TOVER, default 5dB), the Doppler data are assigned to that range and all other
possible ranges are flagged as range obscured (overlaid). If the power return from one possible
range does not exceed the power return from the other possible ranges by the defined threshold
(TOVER), all ranges are considered range obscured (overlaid) and the Doppler data are not
assigned to any of the possible ranges. Range obscured (overlaid) data are flagged as range folded,
treated as missing by all downstream algorithms, and are displayed as purple (adaptable) in the
display (Figure 4-4).
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Figure 4-4
Range Overlaid Echoes

Dodge City, KS WSR-88D Base Radial Velocity Data Array product at 03:00 UTC on 30
May 2004 (AWIPS display). This product depicts significant range obscured (overlaid) or
range folded echoes (color coded purple), mostly northeast through south of the radar. A
strong cold front and associated wind shift is passing the radar.
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4.2.5.1 Recognition of Range Folded Data. Within the WSR-88D, range folding
affects only the Doppler data, that is the velocity, and velocity spectrum width data and products.

However, through the use of the surveillance scan, the affected Doppler data are flagged and color-
coded.

Range overlaid echo is especially a problem when the near-radar ground clutter residue or even
clear air echo is repeated just beyond the edge of the 2™ and 3™ trip echoes. This can account for
substantial range folding in each range interval. Range folding may also occur under conditions of
anomalous propagation where the radar beam is constrained to follow a path close to the Earth's
surface. Range folding is also a significant problem when strong convection occurs beyond the
first trip or within widespread precipitation echo such as with tropical storms.

When possible, the range-unfolding algorithm will place the Doppler velocity and spectrum width
data at the proper range. When this software cannot determine the proper range, i.e., the data is
determined to be overlaid, the data will be flagged and displayed as range folded.

An alternative dealiasing method employs the MPDA (Part C, Chapter 3, of this Handbook),
currently confined to VCP 121. Its primary application is velocity dealiasing, but it is also
effective in range unfolding. The Doppler data for the first PRF are automatically range unfolded
by the RDA. Doppler data for the 2™ and 3™ scans must be range unfolded at the RPG using the
MPDA preprocessor algorithm. This algorithm reduces range folding by 50% to 70%. The
algorithm implements three different PRFs and monitors the changes, if any, of Doppler data
placement. In this way, the correct data placement can be determined.

4.2.5.2 Assessing | mpacts of Range Folded Data. Range folded data can impact
products and algorithms that use velocity data. However, there is essentially no impact on
reflectivity data and products.

The impact of Doppler velocity and spectrum width range folding is significant, both in the
Doppler waveform’s unambiguous range limits and in 2™ or 3" trip areas where significant
velocity data loss due to range obscuration (overlaid) returns also occur. Range obscured
(overlaid) data are flagged as range folded and treated as missing by the velocity-based algorithms
and can, therefore, seriously impact those algorithms. But perhaps more importantly, overlaid data
significantly impacts the human interpretation of the data.

4.2.5.3 Assessing Impacts of Range Folded Data on Velocity Products. The
presence of range folded (overlaid) data on Mean Radial Velocity products is inevitable. The
inability to determine velocity estimates for these sample volumes results from the inability of the
range unfolding algorithm to distinguish between nearly equal power returns from two or more
sample volumes at the same relative location within different trips. Therefore, valid velocity
estimates can be derived for only one corresponding sample volume along each radial if the power
returned from the sample volume dominates. If the power returned from any of the ambiguous
sample volumes fails to dominate, then all will be flagged and color-coded as range overlaid echo.
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The ring of range folded (overlaid) data at the beginning of the second and subsequent trips is
caused by the first trip ground clutter and is a common result of this range unfolding limitation.
The result, as mentioned above, is the inability of either the human or the algorithm to interpret or
use this overlaid velocity or spectrum width data.

4.2.6 Velocity Aliased Data. Velocity aliasing occurs when frequencies too high to be
analyzed with the given sampling interval appear as a frequency less than the Nyquist co-interval.
In other words, wind speeds greater than the unambiguous velocity (Nyquist co-interval) for the
current PRF are wrapped around into the incorrect Nyquist co-interval. A sophisticated velocity
dealiasing technique is implemented in the WSR-88D (Part C of this Handbook). However,
improperly dealiased data (Figure 4-5) occasionally occurs where the first sample volume
intercepted by the radar beam already exceeds the unambiguous velocity or where gate-to-gate
shears are very large. What we deal with is not aliased data, but with incorrectly dealiased data or
dealiasing failures.

4.2.6.1 Recognition of Velocity Dealiasing Failure. Data that are incorrectly
dealiased can often be identified by inspection. Typically aliased velocities that, for some
reason, cannot be dealiased properly are actually passed through as incorrectly dealiased.
Velocities may appear reasonable until the sample volume is encountered where the failure occurs.
Errors are recognizable as wedges or radials having sharp radial discontinuities from adjacent
regions and whose predominant colors differ markedly (Figure 4-5). Errors may also appear as
radial spikes several volume samples in length, whose velocities are shifted toward high positive or
negative values. When it is noted that there is no zero crossing between these high values of
opposite sign along a radial or between this and the adjacent radial, then it is certain that a
dealiasing failure has occurred. Moreover, if the maximum listed velocities in a velocity product
are shown as +/- 62.8 ms™ (122 kts) or +/- 63.2 ms" (123 kts), this often (but not always) signals
that incorrectly dealiased velocities are present somewhere in the product.

Instances of incorrect dealiasing may occur when there are shifts in the inward and outward bound
velocities along the radials of data that do not fit those allowed by the algorithm. In these cases,
the actual values may be off by a factor of twice the unambiguous velocity of the PRF in use at that
time. Typical unambiguous velocities for the WSR-88D, in the Precipitation Mode, range from
20.6 ms™ (40 kts) to 30.9 ms™ (60 kts). Very rarely, groupings of data appear along a small set of
radials that could not be successfully dealiased. These should be obvious. However, the vast
majority of time, velocity data having passed through the dealiasing algorithm is altered to the
point that the non-dealiased data and its actual value are irrevocably lost.
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Figure 4-5
Velocity Dealiasing Errors

Fort Worth, TX WSR-88D 4-panel, Base Velocity Data Array product at 00:07 UTC on 6
April 2003 (AWIPS display). There are extensive areas of velocity dealiasing errors
southwest of the sharp velocity discontinuities from mostly moderate radar inbound (green)
velocities adjacent to the very strong (yellow and pink) outbound velocities. There is no
zero crossing along these radial-aligned velocity discontinuities giving indication that there
is a dealiasing error in that location.
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4.2.6.2 Assessing | mpacts of Velocity Dealiasing Failures. Incorrectly dealiased
velocity data can seriously impact certain WSR-88D algorithms and products. Velocity products
of all types (V, SRM, SRR, VCS, SWV, DV, and ITWSDBYV) will be difficult or impossible to
analyze when contaminated with incorrectly dealiased Doppler data. This will significantly
degrade the front line of human data interpretation. In order to determine the extent of the
dealiasing problem, it is recommended that earlier displays of these products be examined to
determine if there is temporal or spatial continuity. In addition, other elevation angles of the
velocity products may be used to determine if there is vertical continuity.

Algorithms and products that ingest mean radial velocity data can output incorrect results when
such data are used. In the case of the legacy Mesocyclone, MDA, and TDA algorithms, there will
likely be a lack of wvertical continuity of incorrectly dealiased data. Consequently, only
uncorrelated shears should result from using incorrectly dealiased velocity data. In the rare event
of contaminated Mesocyclone, MDA, or TDA output, other products should help verify the
existence of these circulations. However, base products should always be the primary tool for
mesocyclone and Tornado Vortex Signature (TVS) detection in any case. (Algorithm output
should function only as an imperfect “safety net”).

4.3 Non-Precipitation Radar Echoes. The WSR-88D provides the capability to monitor the
atmosphere in the absence of precipitation-size backscattering particles in the optically clear air.
Clear air return is very useful because it will often allow measurement of low-level environmental
winds (i.e., those within the boundary layer) in all but the coldest months in moderate or cold
climates. The capability can also prove important in recognizing early or pre-convective
development, turbulence, and the onset of severe wind events.

These “clear air” returns are associated typically with two target types. The first source of clear air
backscattered power is the refractive index variation or density gradients within the atmosphere.
These are caused by temperature and humidity variations. Reflectivity with these variations is less
than about 5 dBZ. The second source is associated with insects, birds, and sometimes bats (Doviak
and Zrnic, 1984). Reflectivity often varies from 5 dBZ up to over 50 dBZ depending on the size
and concentration of these biological targets. However, there is also smoke, dust (with sufficient
particle size for S-band radar detection), volcanic ash, chaff, and other sources of non-
meteorological echo (Figure 4-6).
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Figure 4-6
Dust Storm Reflectivity

Lubbock, TX WSR-88D Base Reflectivity Data Array product at 19:35 UTC on 19 February
2004 (AWIPS display). A dust storm is responsible (with significant refractivity gradients
and sufficiently large particulates for S-band detection) for this large area of Clear Air Mode
echo. The overlaid surface observations (20:00 UTC) indicate wind gusts ranging from
~15to 25 ms™ (30 to 50 kts), blowing dust, and sky obscuration due to blowing dust.
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4.3.1 Recognition of Non-Precipitation Radar Echoes. Non-precipitation echoes can be
seen in the Precipitation Mode as well as the Clear Air Mode. In the Clear Air Mode non-
precipitating returns will be seen out to about 185 km (100 nm) in extreme cases, depending on
environmental conditions. In the Precipitation Mode, it may be expected that recognition of non-
precipitation echoes will be confined to ranges closer to the antenna (out to ~ 46 km (25 nm) to
extremes of ~ 130 km (70 nm)). In most radar locations insects and birds increase markedly at
sunset and the convective boundary layer is seen to “bloom” on radar. At other times migratory
birds can be detected and even tracked by radar (Kelly et al. 2000; Bruderer 1977a, 1977b, 2000).

Using the WSR-88D, it is possible to attain significant radar measurements in optically clear air.
With enough atmospheric scattering, the WSR-88D can measure a return of -8 dBZ, at a range of
50 km (27 nm) and -28 dBZ. at a range of 5 km (2.7 nm). When operating in the Clear Air Mode,
use can be made of the 16-level R and V products, as well as SW and VAD products.

4.3.2 Considerations. In the Clear Air Mode, the option exists to select either long or
short pulse (VCP 31 or 32, respectively). Operation in the long pulse results in a better signal-to-
noise ratio permitting lower reflectivity levels to be detected (-16 dBZ, at 50 km (27 nm)). The
long pulse, while providing better sensitivity, results in coarser resolution in velocity and spectrum
width fields (~0.75 km (0.4 nm) range gate resolution) and a lower Nyquist velocity value (+ 10.8
ms” (21 kts)). In Clear Air long pulse Mode (VCP 31), the actual pulse width is 0.75 km
(0.4 nm) which restricts velocity and spectrum width product resolutions to 1 km (0.54 nm).
The long pulse mode is best suited to situations where the atmospheric boundary layer is well
mixed, such as during daytime heating. In the short pulse, the sensitivity is only slightly reduced
and the ~250 m (0.13 nm) gate resolution is maintained in the velocity and spectrum width
fields. Since the higher Nyquist velocities are available in the short pulse, this VCP may be
used when strong winds characterize the environment.

4.4 Boundaries. Various airmass or airflow boundaries can readily be seen on the WSR-88D.
Some of these boundaries include: synoptic fronts, gust fronts, pre-frontal trough lines, drylines,
thunderstorm outflows, land and sea breezes, and other convergence zones that may be inherent to
particular regions. While the mechanisms for inducing each of these boundaries may be somewhat
varied, their presentation on the displays are similar enough to discuss them in a broad sense
collectively. Examples can be seen in Figures 4-7 through 4-9.

4.4.1 Recognition of Boundaries. In general, boundaries are characterized by narrow
zones of shifting convergent winds or density differences, or both. They will appear on
Reflectivity (Figure 4-7) and Spectrum Width products (Figure 4-59) as narrow lines of enhanced
values (sometimes called thin lines). The enhanced reflectivity is produced by a combination of
converging particulates, e.g., insects and the birds and sometimes refractive index gradients from
temperature or moisture differences or both. Enhanced spectrum widths are typically produced by
wind shear, changes in wind speed and direction within individual sample volumes.
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Figure 4-7
Dryline Reflectivity

Amarillo, TX WSR-88D Reflectivity product at 00:00 UTC on 6 May 1993 (legacy PUP
display). This product, collected in Precipitation Mode, shows a linear thin-line echo along
the “dryline” just to the west of the radar and convective storms to the north associated with
the boundary. The thin-line echo is likely associated particulates, insects and birds, and
with a change in refractivity associated with the dryline.
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Figure 4-8
Boundaries and Severe Convection Reflectivities

Hastings, NE WSR-88D Base Reflectivity Data Array product at 00:26 UTC on 23 June
2003 (AWIPS display). This product, collected in Precipitation Mode, shows two
boundaries. The thin-line to the left of the radar is along a stationary frontal boundary while
that to the right is along an outflow boundary from earlier thunderstorm activity. The
boundaries are delineated by echoes likely associated with insects, birds, and refractivity
differences. The storm complex to the north northeast of the radar had, shortly before this
image, produced the largest hail ever recorded, measuring 7.0 inches (17.78 cm) in
diameter with an 18.75 inch (47.63 cm) circumference, and weighed 1.33 pounds (0.6 kg).
The complex to the southeast of the radar produced the strongest mesocyclone ever
recorded (Wakimoto et al. 2004).
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Figure 4-9
Dryline — Cold Front Intersection Reflectivity

Oklahoma City, OK WSR-88D Reflectivity product at 22:11 UTC on 24 April 1993 (legacy
PUP display). This product, collected in Clear Air Mode, shows thin-lines associated with a
cold front (northwest of the radar), dryline (east of the radar), and a third boundary-like
feature of unknown origin between the other two. Echo intensities less than about 5 dBZ
are associated with refractive index gradients. Convective echoes soon developed near
the “triple point” of boundary confluence and led to a tornadic supercell storm.
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The changing winds across the boundary will show up on Mean Radial Velocity products as radial
convergence or azimuthal shear, depending on the orientation of the winds with respect to the
radar-viewing angle. When the radar beam is perpendicular to the long axis of the boundary, radial
convergence will be detected. When the beam is parallel to the boundary, the wind shift will
produce a long, narrow zone of azimuthal shear and broadened velocity spectrum width.
Boundaries of sufficient horizontal extent will be defined by a combination of convergence and
shear on the same display.

4.4.2 Considerations. Boundaries will be better detected in the Clear Air Mode as
opposed to the Precipitation Mode because of increased sensitivity with clear air sampling
parameters. This is especially true with the increased sensitivity of the long pulse employed in
VCP 31. At 50 km (27 nm) range, returns of -16 dBZ, can be detected in the Clear Air Mode, but
when in Precipitation Mode the lower bound reflectivity displays are typically limited to 5 dBZ,
and higher using the 16-level Reflectivity product (Figure 4-7). However, using the DR product,
the lower bound reflectivity threshold, even in the Precipitation Mode is -30 dBZ, and is clearly
applicable for boundary detection (Figure 4-8). In the Clear Air Mode, boundaries are best
detected by the 16-level Reflectivity product which, in this mode, as indicated above, has a much
lower threshold than the same product in the Precipitation Mode (Figure 4-9). In the
Precipitation Mode, boundaries can often be detected, but not as well as in the Clear Air Mode;
boundaries away from precipitation areas will most frequently be seen closer to the radar (often
within ~ 55 km (30 nm) or less) unless using the DR product. Gust fronts in association with squall
lines and fronts that are attended by mesoscale precipitation bands most often have reflectivity
factors of +5 to +25 dBZ. and their boundaries will sometimes be detectable at longer range
increments.

Display system software that implement “feature tracking” can be used to calculate boundary
motion. Time lapse loops can be used for this purpose, as well. In addition, the intersection or
collision of boundaries, which may lead to further convective development, can often be easily
anticipated or observed by viewing time lapse sequences.

When a boundary passes the radar and a frontal “airmass” covers the radar for some distance, then
the VWP product may be used to detect the cold air depth (typically 1 to 3 km (3,000 to 10,000 feet
deep)), its changes, and vertical frontal structure. The vertical extent of land or sea breezes can
also sometimes be determined using the VWP as an indicator.

4.5 Cloud Layers. Strictly speaking the WSR-88D, because it is an S-Band weather radar, cannot
detect cloud droplets owing their very small size. This is the case with warm clouds that is clouds
above freezing that do not contain precipitation. However, often and under certain circumstances
the sensitivity of the WSR-88D provides the user with the capability of detecting cloud layers due
to precipitation size particulates (~0.1 to 1 mm) or refractive index gradients. The WSR-88D has
revealed that many clouds, even some which are translucent, contain S-band radar detectable
precipitation-size particles. Moreover, refractive index gradients sufficient to create radar returns
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can reveal a variety of other clouds. Smoke plumes and smoke layers (with sufficiently large
particulates) are often revealed in the same way as are volcanic ash plumes. The Reflectivity
products in both Clear Air and Precipitation Modes are commonly used to determine the existence
and extent of the cloud layers. Thus, in this Handbook when referring to WSR-88D “cloud”
detection, we are considering detection of either precipitation-size particles within cloud or cloud-
associated refractive index gradients. This capability is important because it has application to
aviation forecasting, and forecasting or observing the early evolution of precipitation.

The WSR-88D can detect large ice crystals and precipitation size particles that are present in
middle and high-level clouds. Of course, virga descending from these same clouds is also
detectable. Reflectivity may range up to and in excess of +30 dBZ. within these precipitation
bearing clouds. Thunderstorm anvil “blow-off” and middle- and upper-level precipitating cloud
layers associated with stratiform precipitation and warm fronts are prominent examples. Because
these clouds can be easily detected, other aspects of the middle troposphere can be observed. The
VAD algorithm, for example, will use Doppler velocity measurements from middle and high-level
clouds to generate profiles into the middle troposphere. These wind profiles allow the operator /
meteorologist to observe the movement of synoptic and smaller scale waves and troughs and can be
used to monitor numerical model performance.

4.5.1 Recognition of Cloud Layers. With the high sensitivity of the WSR-88D, it is
possible to obtain reflectivity estimates within clouds at all heights which generally reflect at levels
between -12 and +5 dBZ. (Figure 4-10). Moreover, it has been observed that refractive index
gradients within atmospheric layers that are undergoing cooling and lifting prior to actual cloud
formation are also sometimes detectable.

The depth of cold cloud layers may often be inferred from particulate detection and warm cloud
layers from detecting refractive index gradients. Cloud layers very often appear as concentric rings
about the radar location. The inner edge of the ring marks the cloud base while the outer edge
marks the cloud-layer top. Using the Reflectivity product for the elevation that intersects the cloud
layer, place the cursor at the point where the base appears to be and note the azimuth, range, and
height. Then, place the cursor at the apparent top of the cloud layer noting the same information.
This reveals the cloud depth at those points. These layers are, however, often not of uniform depth
and may slope with height (Lemon and Quoetone 1994).

4.5.2 Considerations. In the Clear Air Mode, cloud detection may be best achieved using
VCP 31 due to a better signal-to-noise ratio. As explained above, cloud droplets characterizing
warm clouds (stratus and fog absent of precipitation) are too small to be detected by S-band radars.
Horizontal cloud rolls or cumulus cloud streets can also occasionally be detected with reflectivity
often ranging from -10 dBZ. to +10 dBZ.. This is again because of refractive index gradients or
convergence of particulates such as insects, birds, etc. Gravity waves and undular bores atop an
inversion can also be detected at times in the velocity and reflectivity fields. Gravity waves should
coincide with parallel bands of alternating increases and decreases in reflectivity.
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4.6 Pre-Convective Development. Of importance to all forecast programs is the ability to observe
and forecast development of clouds and convection.

4.6.1 Recognition of Pre-Convective Development. In areas of warm advection, small,
weak, echoes may begin to appear in bands or clusters. These echoes will then increase in numbers
and intensity at various rates. In other cases lines of broken convection become apparent when
these small, weakly reflective echoes rapidly increase and become strong within a few volume
scans. Observations of this can be accomplished in the Clear Air Mode using all three base
moments. At other times in an otherwise noisy field, the user can begin to detect velocity
coherency and low values of spectrum width. Reflectivity returns may appear to be small and
essentially circular in nature.

4.6.2 Considerations. Evidence of convective development will sometimes appear in the
spectrum width and velocity before any significant return is detected in the reflectivity field.
Selection of the long pulse in the Clear Air Mode may produce better results because of increased
sensitivity. For the earliest evidence of convective development, observations at or near the
altitudes of the 0° C to -15° C isotherms are often used.

4.7 Convective Storms. Deep moist convection develops in a conditionally unstable environment
with sufficient moisture and lift. Lift and updraft may be produced in a variety of ways including
by warm advection, low-level convergence, cold advection aloft, jet streaks aloft, orography, etc.
Once precipitation particles form and precipitation drag and evaporation begin, corresponding
downdrafts will soon develop. It is important to realize that convection and convective storms are
compact regions of airflow and heat exchange. These storms and their corresponding radar echoes
are not “things” or objects, but rather four-dimensional airflow processes.

Many of the radar products in the WSR-88D are designed to examine convective storms and the
features that mark them as severe. The WSR-88D is a diagnostic tool in the hands of the
meteorological researcher and practitioner. Through the use of WSR-88D products, characteristics
of single cell, multicell, and supercell storms are investigated with the intent to determine storm
existence, motion, strength, and severity. In this section we discuss WSR-88D detectable storm
features and the analysis methods and products used to discriminate between severe and non-severe
storms. (The user is urged to use not only radar data, but all observations).

4.7.1 Single Cell Storms. Modern concepts of convective storms owe their origin to the
Thunderstorm Project of the 1940’s (Byers and Braham 1949). Of fundamental importance
identified in this project was the basic organizational structure of deep, moist convection that is the
“cell” (Figure 4-11). The meteorological scientific community recognizes the buoyant bubble or
plume of updraft and cumulus cloud as a thunderstorm “cell.” This rising bubble or plume gives
rise to a precipitation ensemble detectable on the radar as an echo center or echo reflectivity core.
As precipitation begins to form and descend a downdraft will quickly result through entrainment of
dry potentially cold air aloft and precipitation drag. In time, this downdraft will spread and in non-
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severe convection will not coexist with the updraft for long periods but will overtake and dominate
the “cell” leading to updraft demise and demise of the cell, leaving only an “orphan anvil.”
Commonly, the life cycle of a single cell ranges from perhaps 20 to 40 minutes.

In meteorological operations, the cell concept has been somewhat modified and based on the
primary observing system, that of the radar. The thunderstorm “cell” has come to mean a discreet,
typically low-level, individual convective radar echo (see Part B, Chapter 8, of this Handbook).
Over the years, taxonomy of convective storm types has developed around this concept. Most
recently, convective storms have been seen as “ordinary” and “supercell” convection. However,
here we persist with the former system emphasizing both cell and storm organization. The first, or
fundamental, storm type in this system is the “single cell storm” (Figure 4-12). Arguably, single
cell storms do not, in reality, exist; however, for our operational purposes we will begin with what
is called the single cell storm. (We neglect for now the “new cell” development shown in Figure 4-
12.)

4.7.1.1 Recognition of a Single Cell Storm. The environment for the single cell
storm is normally one of relatively deep moisture, weak wind shear of the horizontal winds with
height, and modest instability. An ordinary, non-severe, single cell storm typically has a
radar pattern in which the reflectivity distribution is vertically aligned; no weak echo region or
echo overhang is present. Displays of successively higher elevation angles of the Reflectivity
product in a 4-panel display should confirm the vertical alignment and a narrowing of the echo
(Figure 4-13). A Reflectivity Cross Section product, generated for an appropriate axis through the
storm, may also confirm this alignment (as in Figure 4-12). Storms having this structure are not
normally severe. They may produce lightning and thunder, brief heavy rain and infrequently small,
non-severe, hail and gusty surface winds. Other products normally used are Mean Radial Velocity;
VIL; STI; HI; and CR with the Combined Attributes Table; and the OHP, THP, and the
STP/Digital Storm Total Precipitation (DSP) accumulation products.

Single cell storms generally move in the direction and with about 70% of the wind speed of the
mean wind through the cloud-bearing layer. With reflectivity values typically above 40 dBZ., and
easily identified storm reflectivity centroids or centroid, the Storm Cell Identification and Tracking
(SCIT) algorithm should adequately track movement of these storm cells. However, with the
storm’s typically abbreviated life cycle, these single-cell storms may be tracked for only 3 to 6
volume scans while the total lifetime of the overall echo will be longer.

4.7.1.2 Considerations. As single cell storms intensify, they invariably become
multicell cluster storms. Moreover, and especially when in a sheared environment, these storms
will often begin to propagate, and occasionally deviate, to the right or left of the mean flow. In this
event, the STI product will be unable to accurately project the change in its movement since a
linear track is assumed.
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Figure 4-11
Ordinary Cell

The three stages of an ordinary cell life cycle, a) towering cumulous, b) mature, ¢)
dissipating are depicted. Features of the figure are labeled showing distributions of cloud
(outlined) encompassing updraft and precipitation encompassing downdraft. (From
Doswell 2001 after Byers and Braham 1949).
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Figure 4-12

Non-Severe Thunderstorm Schematic

Schematic diagram of a non-severe thunderstorm in a sheared environment. In the upper
panel is seen the cloud outline and the radar echo and features as labeled. Placement of
the vertical cross section (A — B) in the lower panel is shown in the upper panel. Vertical

cross section includes dashed echo contours, cloud outline, and low-level inflow and high-

level outflow is indicated by the shaded arrow. After Lemon (1980).
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Figure 4-13
Ordinary Non-Severe Thunderstorm

Norman, OK WSR-88D (test bed radar) 4-panel display of Reflectivity products at 01:30
UTC on 23 June 1989 (legacy PUP display). The white cross at the 0.5° elevation upper
left, 1.5° in upper right, 2.4° in lower left, and Echo Tops product in the lower right is at the
same geographical location. The white cross is at the location of the echo summit and the
high reflectivity echo core aloft of this nearly vertical thunderstorm.
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4.7.2 Multicell Storms. A multicell storm consists of a cluster of single, short-lived cells
in different stages of their life cycle (Figure 4-14). Often, each multicell cluster storm is one
contiguous echo in low-levels on the display but the multicell nature of the echo can be seen in
mid- and upper-levels of the echo. The outflows from each cell frequently combine to produce a
low-level gust front, and the convergence along the boundary triggers new cell development on a
preferred storm flank. This is especially true when the storm is embedded in an environment of
deep layer shear.

4.7.2.1 Recognition of a Multicell Storm. A multicell cluster storm is evident
when two or more (often mid-level) echo cores and/or echo tops become apparent within the echo
mass (Figure 4-12). These cells will usually be in various stages of development, as indicated by
increasing and decreasing values of reflectivity and fluctuating echo tops, over time. A time lapse
of a Reflectivity product should help identify development of new cells on a preferred flank
(“updraft” flank) of the storm. As each new cell develops and matures it becomes the dominant
updraft and cell within the complex only to be replaced by successive new cells and associated
updrafts. As each cell is replaced it moves downstream as it weakens and dissipates.

In a multicell storm, an indication that there is a transition to severe activity is the appearance of a
cell with its first significant echo at higher levels than the earlier cells. However, this is often
difficult to recognize in real time.

In a sheared environment, several changes in the echo may indicate a transition to a severe
thunderstorm. Most of the echo features indicating severity will be discussed in Section 4.7.4., but
a few will be mentioned here. If the multicell storm in a sheared environment becomes severe, a
mid-level echo overhang on the updraft storm flank will develop with a weak echo region beneath.
In low-levels, a strong reflectivity gradient develops on the updraft storm flank. This overhang and
strengthened reflectivity gradient reflects invigoration of the updrafts and the subsequent
enhancement of upper level divergence. This can be recognized by displaying successively higher
elevations of the Reflectivity product in a 4-panel/multi-panel or “all tilts” display, with each panel
centered and magnified identically. This can be done in an automated fashion using Reflectivity
products on the current RPS list. Moreover, in this same fashion V, SRM, or SW can be displayed
revealing the matching kinematic storm structure. The overhang and Weak Echo Region (WER)
features can also be identified using Reflectivity Cross Section (RCS) products, but the axis and
endpoints must be very carefully chosen. In order to be certain that the three-dimensional
reflectivity storm structure has been best delineated, several RCS’s will probably be required and
even then, it cannot be certain that the proper axis was selected. This process and the serious
limitation in placement are not present with a 4-panel, multi-panel, or all tilts Reflectivity product
display. Rather, much of the structural ambiguity is removed through quasi-horizontal display of
Reflectivity multi-panel displays. Therefore, the multi-panel method of product display is
recommended over the vertical cross section method.
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Adapted from Doswell, 1985

Figure 4-14
Multicell Storm Sequence Schematic

Schematic illustrating the evolution of convective cells moving through a multicell storm
over a 20-miute period.
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As each new cell of the multicell cluster storm tends to develop in the up-shear direction, often to
the right of its predecessor, the storm as a whole will usually deviate in the direction of updraft
propagation and move more slowly than the individual cells and the mean wind. At other times
new cell development on the storm front flank may accelerate storm motion. Then again, with
downstream cell motion but upstream cell propagation offsetting each other, the result can be a
stationary storm. There are many and varied combinations of propagation and cell translation. A
time lapse of low-level Reflectivity products will help in showing deviant motion and new cell
development, often in the direction of the updraft storm flank.

When, with a multicell radar echo, the low-level echo core is displaced toward a developing
updraft-flank along with enhanced reflectivity gradients, an echo overhang, and WER aloft, with
the storm top directly above, then that storm is a developing severe storm. The dominant severe
weather phenomena are typically large hail (> 1.9 cm (% inch) hail) and occasionally severe or
damaging surface winds (> 25.7 ms™" (50 kts)). Most often the severe weather occurs in an
episodic manner as each new cell developing on the updraft storm flank matures and begins to
decline.

In a squall line, a linear multicell system, the portion of the line with the most intense updrafts
can be located by using the multi-panel method to identify the area of strongest low-level
reflectivity gradient, displaced low-level echo core, the mid-level echo overhang and WER
beneath, and the displaced echo top. These features, when associated with the squall line, are
normally along the advancing edge and again indicate a severe storm. In fact, as a segment of
the line begins to intensify, the use of the multi-panel or quarter-panel display with appropriate
reflectivity slices may signal this with a shift of echo top from over a storm core to along the
leading edge of the line as the WER develops. As with other storms in a sheared environment,
these same structural features are consistent with a storm producing large hail and sometimes
damaging winds (Figure 4-15). With squall lines, however, damaging winds are a substantially
greater threat than are the very large hailstones.

Further, when squall lines or Bow Echo events are located near the radar (within about 40
miles), damaging winds may be detectable if the viewing angle is largely parallel to these
winds. At longer ranges the “Deep Convergence Zone” (DCZ) (Lemon and Parker 1996) or
the Mid Altitude Radial Convergence (MARC) (Schmocker et al. 1996) signatures can be used
to infer the presence of damaging surface winds.

4.7.2.2 Considerations. While the SCIT algorithm should readily identify the individual
storm cells, incorrect forecast movement by the STI product will occur if a storm begins to change
direction in a nonlinear fashion or, occasionally, when reflectivity components are incorrectly
assigned by the SCIT algorithm. Thus, with several cells in close proximity to each other in a
multicell storm complex, the product may not adequately track storms. When storm cell tracking
may not forecast storm movement as a whole; a time lapse of Reflectivity products will often
provide a better estimation. Correcting these limitations of the SCIT algorithm is the subject of on-
going research.
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Figure 4-15
Severe Thunderstorm Schematic

As in Figure 4-12 except schematic diagram of a severe thunderstorm in a sheared
environment. After Lemon (1980).
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“Deviant” storm movement as compared to the mean wind or motion of most other echoes may
indicate that the storm has become or is becoming severe. This deviant movement will best be
identified using the time lapse capability and specifying a continuous update.

As before, one method of identifying the overall echo structure is to generate a multi-panel display
of different elevation angles of Base Reflectivity centered and magnified on the storm (Figure 4-
13) or via an “all tilts” product. Reflectivity Cross Sections may also be useful, but as emphasized
earlier, placement is critical and several cross sections may need to be generated. This is both time
consuming and of questionable value owing to placement uncertainties. Another method to
determine storm structure is to build a quarter-screen display with four different elevations of
reflectivity, all centered, and magnified at the storm location. Linked cursor readout will then
enable the user to visualize the relationship of weak echo regions, overhang, and other structural
features of interest. Use of typical RPS Reflectivity products in the multi-panel display is superior
to this. In any case, use of the background maps (maps in foreground) with quarter-panel displays
and magnification will aid in WER extent recognition.

Vertically Integrated Liquid can be used for convective storm diagnostics. Rapid changes in VIL
values may signify the onset of severe activity, but gaps in the VCP elevation angles can induce
these changes strictly as an artifact of sampling. For this and other reasons, caution is
recommended in its use.

4.7.3 Supercell Storms. Supercell storms occur in unstable, highly sheared environments,
very often producing large hail, heavy rainfall, high winds, and sometimes strong or violent
tornadoes.  Supercell convective storms are defined by the presence and persistence of a
distinguishing characteristic, that of the deep mesocyclone (vorticity of 1 x 10> s™ or greater)
(Browning 1977). These storms are of great importance due to their disproportional production of
damage and nearly all strong or violent tornadoes. There are arguably three types of supercells
(Doswell and Burgess 1993): Classic, High Precipitation (HP), and Low Precipitation (LP)
Supercell storms. While considerable subjectivity is involved in discrimination of these types and
sampling parameters have a strong influence on radar typing, these supercell types will be
discussed here. Much of the discrimination as to supercell type deals with the location of the
updraft and downdraft, as well as the distribution, intensity, and type of precipitation near and
around the primary updraft. This, in turn, is often a function of storm relative winds over the storm
depth. For example, the so-called “Classic” supercell typically maintains updraft to the right and
rear of the precipitation cascade and downdraft which are positioned on the left storm flank. The
so-called HP Supercell typically maintains a larger and more intense precipitation cascade to the
rear of the front-flank updraft. In both cases there is the very important “Rear Flank Downdraft”
(RFD) across the storm’s rear flank and into the hook echo area. Much of the RFD in the HP case
is within the precipitation cascade region, whereas in the Classic case some of the RFD is within
the hook echo and behind; more is outside the storm echo as a whole. However, these storms, like
the LP supercell, all contain a mesocyclone. It should be noted that there are often attempts to type
supercell storms via visual appearance. However, because distributions of large raindrops and hail
are easily detected by radar, while visually these same hydrometeors often are not, these attempts
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are very often in error and should not be completely relied upon. These three types of supercells
are depicted more clearly by radar.

Again, it is stressed that regardless of which supercell type is being discussed, the fact that a storm
is a supercell (i.e., it possesses a deep, persistent mesocyclone) is very important and fundamental.
As we shall see, this fact has enormous implications concerning the severe weather expected, the
typical lifecycle, and magnitude of storm severity.

4.7.3.1 Classic Supercell Storm. The supercell model was first conceived as a
persistent, quasi-steady state storm consisting of a single cell that may have a lifetime of several
hours while typically propagating continuously to the right of, and more slowly than, the mean
winds. Common characteristics of a mature supercell storm are echo elipticity, an echo diameter of
15 nm or more, a hook echo at times, and the presence of a mesocyclone. With much better
observations we now recognize that while these storms are persistent, they often are not quasi-
steady and they commonly have some multicellular characteristics.

4.7.3.1.1 Recognition of a Classic Supercell Storm. Development of a supercell
storm can be monitored through the use of the 4-panel/multi-panel or all tilts (used in AWIPS)
reflectivity display and velocity displays. Supercell development typically begins as a non-severe
cell in a multicell cluster storm with the reflectivities initially aligned vertically or even with a down-
wind slope. As the updraft strengthens the reflectivity echo core is displaced toward the updraft flank
and the adjacent reflectivity gradient strengthens. Sometimes, the reflectivity pattern will begin to
elongate, with the strongest gradient on the right and rear storm flank. The development and/or
existence of a weak echo region or a bounded weak echo region can be determined from the multi-
panel display of different elevation angles of Reflectivity products (Figures 4-17 and 4-18). With
sufficient radar resolution and with a storm sufficiently close to the radar, a supercell storm will
typically exhibit a bounded weak echo region that will last for an extended period of time, normally
until the collapse phase.

The storm top will shift from over the reflectivity echo core region to a position either above the
strong low-level reflectivity gradient or the WER/Bounded Weak Echo Region (BWER) as the
storm develops those structural features during transition from non-severe to severe (Figures 4-15,
4-16, and 4-17). These characteristics can be seen when comparing the lower elevation slices with
the higher elevations on the 4-panel reflectivity display. A four panel/multi-panel display of
different elevation angles of Storm Relative Mean Radial Velocity products (SRM or SRR) can
provide information on the existence of a mesocyclone. It will also allow the detection and
monitoring of the height of the strongest mesocyclonic shear and rotational velocities. Often, that
strong shear will first appear aloft and, with time, lower toward the surface. When, and if, that
most intense shear is seen to lower near the earth’s surface, tornadogenesis may be imminent.
Moreover, if the storm is within about 102 km (55 nm), the development of possible TVSs can be
monitored by the same multi-panel SRM or SWA velocity products. At other times high shears
within the mesocyclone will develop initially in low-levels or within the boundary layer, Trapp et
al. (1999).
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When the environment is characterized by a linear or unidirectional hodograph with sufficient
shear, as the storm evolves further, splitting may occur with intense “mirror image” supercells on
the left and right flank. The low-level echo may begin to lengthen in a direction normal to the
storm movement as the splitting process begins. In addition, the echo aloft may split into separate
convective cores earlier than at the lower levels. Along with the 4-panel/multi-panel product,
continuous updates of Reflectivity products in a time lapse will aid in recognizing these trends.
The left flank storm typically has the WER/BWER on the forward left storm flank. Note the left-
moving supercell in Figure 4-16. This storm was the left-moving portion of a splitting storm and
the front flank WER and echo overhang are obvious in the 4-panel product. Left-moving
supercells typically move appreciably to the left of the winds in the cloud bearing layer and move
more rapidly than those winds. A deep, persistent anticyclonic circulation (“mesoanticyclone”)
signature is common with the “left-mover.”

Severe weather with the left-mover is typically large hail (sometimes > 5 cm (2 inches) diameter)
and damaging surface winds. Tornadoes are uncommon.

The right-moving counterpart that results from this splitting storm is typically a Classic supercell
that moves to the right of the environmental winds and often produces large hail, damaging winds,
and sometimes tornadoes. When the environmental hodograph is less unidirectional and veers
increasingly with height, the left-splitting storm is suppressed and the right moving storm is
favored.

Large values of VIL may be present with a supercell storm. Rapid increases in VIL values may
signify the initial stages of severe weather activity; rapid decreases in VIL values may indicate
the collapse phase of the storm. However, caution is recommended because gaps in the VCP
may artificially create abrupt and large decreases in VIL simply as an artifact of sampling. In
addition to the use of VIL, the M and TVS products can also be used along with vertical cross
sections (again, when properly placed). Mean Radial Velocity products may be used to
determine the flow patterns in and around severe convective storms. However, the SRR, SRM,
and SWV may all be used more effectively to monitor the kinematic storm structure and the
existence of mesoscale/storm-scale circulations. Storm Relative Motion products, with storm
motion removed, make mesocyclone signature identification easier and should be used to
ascertain a mesocyclone’s presence and rotational velocity.
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Figure 4-16
Left-Moving Severe Thunderstorm Reflectivity

Norman, OK WSR-88D (test bed radar) 4-panel display of Reflectivity products at 22:53
UTC on 8 March 1992 (PUP display). This display shows a left-moving supercell
thunderstorm that developed from a storm split. The front flank Weak Echo Region and
echo overhang is revealed by noting the position of the geographically fixed cursor location
and the storm core as seen in this four elevation angle sampling of the storm. Storm
motion was 200° at 24.7 ms™ (48 kts), which is over 10° to the left and over 9.3 ms™ (18
kts) faster than the mean environmental wind.
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Figure 4-17
Classic Supercell Thunderstorm Schematic

Schematic of a classic supercell storm with vertical cross sections along and at right
angles to storm motion. This cross section schematic shows a BWER as well as the WER,
echo overhang, and low-level hook echo. Note that while there is essentially no tilt in this
schematic, not uncommonly there is some storm tilt. From Chisholm and Rinick (1972).
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Figure 4-18
Supercell Thunderstorm Reflectivity

Aberdeen, SD WSR-88D 4-panel display of Reflectivity products at 00:29 UTC on 24 June
2004 (AWIPS display). This display of a supercell storm has reflectivity slices at 0.5° in the
upper left, 2.4° in the upper right, 6.2° in the lower right, and 10° in the lower left. Note the

boundary across the lower portion of the upper left panel and the storm gust front trailing

from the storm hook echo intersecting. The low-level hook echo partially surrounds, with
height, a BWER.

FEBRUARY 2006 FMH-11-PART-D

4-36



4.7.3.1.2 Considerations. With a single Doppler radar providing velocity data,
only a portion of the flow in and around the storm will be seen. Moreover, velocity data can be
sampled only where and when sufficient tracers are available. Note, as well, that while the M and
MDA algorithms and associated products can be used with some success for mesocyclone and
supercell identification, these algorithms will not identify the mesoanticyclones of left-moving
supercells.

The storm reflectivity and velocity structure must be monitored continuously. This is done most
effectively through the use of the multi-panel reflectivity and velocity products during all
successive volume scans (Figures 4-16 and 4-19). Typically, supercells will have one major
storm top (often among other lesser tops) which will persist for a long period of time. Normally,
the SCIT algorithm will adequately identify and track the storm and provide storm structure
information. However, the forecast movement by the Storm Tracking algorithm will lag motion
changes. Very pronounced veering to the right will sometimes occur during supercell
development. Sometimes pronounced left deviation will occur during weakening.

4.7.3.2 High Precipitation Supercell. High Precipitation (HP) supercells
produce a variety of severe weather, including very large hail and occasional tornadoes, but they
also sometimes produce flash flooding (Moller et al. 1990). An HP supercell, like many
Classics, may exhibit some characteristics of both a multicell cluster and a supercell storm. As
mentioned earlier, the HP supercell typically is characterized by a front-flank updraft and
mesocyclone, as well as heavy precipitation to the rear and partially surrounding the storm’s
primary updraft (Figures 4-19 and 4-20). However, at times a Classic supercell can transition
into an HP as the mesocyclone (and a tornado, if present) becomes embedded in heavy rain.
Thus, for a short period, HP structure may result when a Classic supercell undergoes the collapse
phase. In addition, HPs are often characterized by a highly reflective and broad hook echo when
the hook is present. Visual observations indicate that heavy precipitation exists in areas where
the classic supercell is typically rain-free or includes only limited precipitation. These
characteristics sometimes make HP supercells more difficult to recognize.

4.7.3.2.1 Recognition of a High Precipitation Supercell Storm. The radar
reflectivity pattern of an HP supercell will often indicate a broad, highly reflective (over 50
dBZe) pendant or hook echo. Because HP supercells often have a front flank updraft, the WER
and BWER are generally located on the front flank. In these cases, the high precipitation
supercell has a front flank mesocyclone, in contrast to the right rear flank mesocyclone typically
observed with classic supercells. Occasionally, there may also be a central heavy precipitation
region with very strong or damaging outflow behind a bowing gust front. This region often has
sharp lateral edges to the damaging outflow and is typically to the right of the mesocyclone
center. It is not uncommon for these storms to produce very large hail and very damaging
surface winds. Occasionally, these storms are extremely severe or “high-end” events (Miller and
Johns 2000; Miller et al. 2002).
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Figure 4-19
High Precipitation Supercell Thunderstorm

Oklahoma City, OK WSR-88D 4-panel display of products of a HP Supercell storm at 20:14
UTC on 11 May 1992 (legacy PUP display). The upper left display is 0.5° Base
Reflectivity, the upper right is a 0.5° SRM, the lower left is a 1.5° SRM, and the lower right
is a 2.4° SRM. The mesocyclone velocity couplet is near the white cross (109 km (59 nm)
from the radar) with inbound velocities being green and outbound velocities being red.
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Figure 4-20
Reflectivity and Mean Radial Velocity Display of a High Precipitation Supercell

St Louis, MO WSR-88D 3-panel Re