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Abstract

On 28 February 1987, a violent tornado (F4) struck Jones
County in southeast Mississippi. The radar echo associated
with this storm exhibited low-level features that only can be
speculated upon, because a volumetric radar scan was not
done. This paper focuses on reasons why examining the
three-dimensional structure of a storm is necessary for issu-
ing effective warnings. The volumetric or ‘‘tilt”” scan also
aids meteorologists in understanding the origins of low-level
features, such as those that will be illustrated in this manu-
script. This strategy will be a routine, automatic part of
warning operations with the Weather Surveillance Radar—
1988 Doppler (WSR-88D) system, so it behooves forecasters
to become familiar with the basic idea. Use of the WSR-
88D system to evaluate the three-dimensional structure of
storms also will be discussed.

1. Introduction

Between 1500 and 1600 (all times UTC) on 28 February
1987, an intense thunderstorm spawned a devastating tor-
nado in southeast Mississippi (Fig. 1). The tornado, rated
F4 on the Fujita intensity scale (Fujita, 1971), was on the
ground for 40 min with an average path width of 400 yards
(370 m), resulting in 6 deaths and 350 injuries. The event
occurred on a Saturday, which was fortunate, since the
Glade, Mississippi elementary school was demolished. An
estimated 28.5 million dollars in damage occurred, with 383
structures destroyed and an additional 270 damaged. As bad
as the damage was, the number of fatalities and property
damage likely would have been significantly worse had the
tornado tracked through a major urban area on a weekday.

This tornadic storm occurred about 50 n mi (93 km) south-
west of the Meridian, Mississippi (MEI) National Weather
Service Office (NWSO) and occurred in their area of warning
responsibility. The National Weather Service Forecast
Office (NWSFO) in Jackson, Mississippi (JAN) also was
monitoring the storm during the time it spawned the tornado,
since the storm had moved through their warning area earlier.
Although a tilt scan was not performed at JAN, a tornado
warning was issued approximately 10 min before the tornado
initially touched down. The warning was issued because a
brief reflectivity hook was noted by an attentive radar opera-
tor; otherwise, JAN echo might not have alerted MEI that
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a tornado warning was necessary for this storm. No other
warnings were issued by JAN in the three Mississippi count-
ies which the storm had moved through prior to this time.

This paper briefly investigates the environment that pro-
duced the event and then describes the evolution of the storm
at low levels (0.5°) as observed by the WSR-57 radar at
JAN. Following the examination of the radar echo, a short
summary delineating the significant storm-structural features
indicative of severe and tornadic storms is included. Lastly,
a brief description of some tilt techniques for use with con-
ventional radars and the Weather Surveillance Radar—1988
Doppler (WSR-88D) system (Alberty et al. 1991) will be pre-
sented.

2. The Synoptic and Mesoscale Environment

We take it as axiomatic that effective warnings for severe
weather begin with a careful examination of the synoptic
and mesoscale structure prior to convection. Anticipating
potential severe convective events during a forecast shift is
a critical part of detection and recognition; one must know
what one is looking for in order to find it. Analysis of such
parameters as shear and buoyancy is extremely critical, but
it is most important to assess how changes in the synoptic
and mesoscale environment will affect these values prior to
the development of the convection.

The synoptic situation on 28 February 1987 was typical of
potentially severe convective situations in the southeastern
United States during the cool months (Davies 1989; Davies-
Jones et al. 1990). As we shall see, even though the atmo-
sphere was only slightly unstable (as measured by, e.g.,
Convective Available Potential Energy (CAPE)), the vertical
wind shear was strong, with impressive helicity values, a
combination favorable for severe weather during the cool
season (Johns et al. 1990).

A persistent long-wave trough had been quasi-stationary
over the western United States during late February 1987.
However, in response to the amplification of a trough moving
southeastward from the Gulf of Alaska, the western United
States trough began to move slowly eastward on 24 February.
As is generally true of all such systems, several short-wave
troughs were rotating through the long-wave trough. One of
these short-wave troughs moved into the base of the long-
wave trough on the 27th (not shown), and into southeast
Texas on the 28th (Fig. 2). This short-wave trough became
increasingly negatively tilted as it moved northeastward from
the base of the long-wave trough.
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Fig. 1. Map of Jones county tornado track (adapted from Storm Data).
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Fig. 2. 500-mb wind data and analysis at 1200 UTC, 28 February 1987. Solid lines are geopotential height contours (interval 60 dm), thin
dashed lines are isotherms (interval 5°C), and thick dashed lines indicate locations of short-wave troughs.

At 1200 28 February, a surface cold front extended south-
ward into central Louisiana from a complex surface low
pressure system in eastern Oklahoma (Fig. 3). Although it
is difficult to determine from the 1200 surface data alone, a
prefrontal pressure trough was located approximately 50 n
mi (93 km) east of the front and was distinguished by an
accompanying line of thunderstorms. These thunderstorms
had developed the previous evening along the cold front in
central Texas, and had moved ahead of the front during
the night. Three-hourly surface pressure changes (Fig. 4)
depicted a fall/rise couplet that strengthened as it moved
from southwest Louisiana into southern Mississippi. This
couplet appeared to be associated with a northeastward mov-
ing mesolow that developed along the prefrontal trough in
southern Louisiana prior to 1200. A slow moving warm front
extended from the low pressure system in Oklahoma south-
eastward into Mississippi. This warm front was oriented from
the northwest to southeast across southern Mississippi, per-
pendicular to the track of the mesolow. Higher dewpoints
were surging northward to the east of the surface trough and
south of the warm front, which was increasing the instability
in this region.

The Lifted Index value for the 1200 JAN sounding was
—3 (Fig. 5), while at Boothville, Louisiana (BVE), the value
was only — 1. (BVE is located at the site plotted in southeast
Louisiana on Fig. 2.) A more comprehensive measure of
buoyant energy is the CAPE, which is a measure of the
positive area on a sounding located between the Level of
Free Convection (LFC) and Equilibrium Level (EL). Using
the 1500 surface temperture of 66°F (19.4°C) and dewpoint
of 65°F (18.8°C) at Pine Belt, Mississippi (PIB), the CAPEs
at JAN and BVE were 685 m*s~?and 70 m* s 7, respectively.
Considering a surface parcel from further south, at New
Orleans, Louisiana with a temperature of 70°F (21.1°C) and
a dewpoint of 69°F (20.6°C), the CAPE values at JAN and
BVE increased to 1148 m? s™? and 532 m?® s, respectively.
CAPE values from 1500 to 2500 m” s ~* represent significantly
unstable soundings, so it can be seen that this amount of
buoyancy was relatively modest.

The storm-relative helicity in the lowest 2-3 km of the
atmosphere, defined and discussed in Doswell (1991), has
become accepted as a relevant parameter in assessing the
potential for supercell development. Although calculating
helicity was not possible in an operational environment in
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Fig. 3. Surface data and analysis at 1200 UTC, 28 February 1987; (a) isobars of sea level pressure (interval
2 mb), along with conventional frontal symbols and selected surface data, (b) surface data and isotherms
(interval 3°F).
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Fig. 5. 1200 UTC 28 February 1987 sounding from Jackson, Mississippi.

1987, the Skew T/Hodograph Analysis and Research Pro-
gram (SHARP) Workstation (Hart and Korotky 1991) makes
these calculations quickly and allows forecasters to change
the wind data to reflect changes that have occurred since
the last sounding data were obtained. Using the observed
motion of the tornadic storm from 225° at 50 kt 26 m s™'),
the 0-3 km storm-relative helicity for the 1200 BVE wind
profile was 352 m? s~2. This helicity value was greater than
the Davies-Jones et al. (1990). tentative threshold of 300
m® s~* for an environment suited for the development of
mesocyclones and strong tornadoes.

The 1200 BVE wind profile, however, was not likely to
be representative of the winds in the lowest one km near the
location of the tornadic event. First, the quasi-stationary
warm front was located north of BVE, near PIB, and sec-
ondly, the mesolow approaching from the southwest was
causing the surface winds to back. South and east of the
mesolow, a significant increase in the surface winds also was
observed, probably due to the isallobaric contribution caused
by the mesolow. Thus, by using the PIB 1500 surface winds
(060° at 7 kt (3.6 m s~')) and adding 10 kt (5 m s™') to the
winds above the surface in the lowest 1 km, the modified
BVE hodograph possessed a 0-3 km storm-relative helicity

of 863 m* s~* (Fig. 6). This far exceeded the Davies-Jones
et al. (1990) empirical storm-relative helicity threshold for
violent tornadoes of 450 m* s~* in the lowest 3 km.

The slow-moving warm front also would provide a possible
focus for intensifying convection (see Maddox et al. 1980).
Thus, forecasters would have to be concerned about the
potential for tornadic storms. It is noteworthy to point out
that environments with marginal CAPEs still can produce
significant supercell events (for example, Korotky (1990)).
The low buoyancy indicated, however, that storms with large
hail were not likely, unless a storm(s) became supercellular
where it has been found that dynamical forcing may contrib-
ute about 60% of the updraft strength (Klemp 1987).

With the strong vertical wind shear and abundant moisture,
if supercells developed, it was possible that they would pos-
sess characteristics of the so-called High Precipitation (HP)
supercell (Moller and Doswell 1988; Moller et al. 1990; and
Doswell et al. 1990). As noted by Moller et al. (1990), such
storms do not always look like the prototypical supercells
(as described in, for example, Browning 1963) when observed
only with a low-level reflectivity slice. Thus, as always, the
use of a tilt scan strategy would be the best technique for
indicating when a storm was becoming severe or tornadic.
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Fig.6. 1200 UTC 28 February 1987 Boothville, Louisiana hodograph,
with the 0-3 km storm-relative helicity shaded. Storm motion is
indicated with a circled ““x" symbol. The hodograph has been modi-
fied in its lowest 1 km to represent the 1500 UTC flow on the north
side of warm front and with stronger winds in the lowest 1 km.

3. The Tornadic Event

On 27 February, the National Severe Storms Forecast
Center (NSSFC) predicted a potential for severe weather
across the lower Mississippi Valley the night of 27-28 Febru-
ary. No severe weather occurred that night in Mississippi,
but thunderstorms moved across mainly the southern half
of the state shortly before dawn. The early morning severe
weather outlook included a moderate risk of severe weather
for the southern half of Mississippi. The discussion portion
of the outlook also stated that tornadoes were possible. A
tornado watch (#22) was issued by NSSFC for much of
central and southern Mississippi at 1100 that was to be in
effect until 1800.

Between 1200 and 1330, the line of thunderstorms along the
prefrontal trough produced some scattered severe weather
(including two tornadoes, one an F1 and the other an F2) in
southern Louisiana. The line moved eastward into southern
Mississippi around 1330. One storm, within the line and
located near the position of the previously mentioned meso-
low, had a storm top around 50,000 ft (15 km), while the
tops of other storms were around 40,000 ft (12.5 km). This
highest top was notable since the EL on the JAN and BVE
soundings was around 36,000 ft (11 km). The presence of the
mesolow and the tall storm top prompted a JAN forecaster to
call several Civil Defense Offices and storm spotters in the
proximity of the storm. At 1430, the Civil Defense Office at
Columbia, MS (Fig. 1) reported gusty winds up to 40 kt (20
m s~"), heavy rainfall, but no hail or damaging winds. Thus,
given these facts, only a Special Weather Statement concern-
ing this storm was issued at that time.

Prior to 1430, none of the storms in the line exhibited
low-level reflectivity signatures suggestive of severe storms.
Around 1430, the low-level reflectivity fields indicated that
the storm in the middle of the line was intensifying, while
the others were weakening. The intensifying storm was
located just northeast of the previously mentioned mesolow,
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a position known to be favorable for supercells (Tegtmeier
1974). At 1438 (Fig. 7a), this same storm accelerated east-
ward and briefly took on the appearance of abow echo (Fujita
1978). No severe weather was reported with this bow-shaped
echo.

Note the two numbered pendant echoes associated with
the echo mass at 1438 (Fig. 7a). These pendants were not
shaped like the classic hook echo (Forbes 1981) that has
been observed with supercells (Doswell et al. 1990). The
most western pendant was also evident at 1447 (Fig. 7b).
These pendants also did not rotate cyclonically around the
echo mass, like the structures described by Anderson (1985).
In the absence of volumetric scanning, the origins of these
pendants are unclear because the echo structure above is
unknown. If they were associated with outflows originating
from downdrafts, an elevated tilt would have shown rela-
tively little echo above, with the highest reflectivities located
in the lower levels. However, if these pendants were flanking
lines representing new updrafts, as we suspect, the highest
reflectivities would have been observed above these pen-
dants along with cellular cores, with a storm top located
nearby where the pendants joined the main echo mass. It
also is likely that a Weak Echo Region (WER), and possibly a
Bounded Weak Echo Region (BWER) (Chisholm and Renick
1972) was present in this case. The absence of volumetric
radar data makes it difficult to interpret the significance of
these pendants unambiguously, even well after the event,
which suggests that it would have been quite difficult to do
so in real time.

By 1447 (Fig. 7b), the storm no longer exhibited a bow-
shape, but the low-level reflectivity gradient had tightened
on the west portion of the storm. The reflectivity core, which
had been relatively small and located in the middle of the
storm, had increased in size and shifted toward the western
(backside) portion of the storm. If the storm’s top was located
over the low-level reflectivity gradient and accompanied by
a WER, then the tightening gradient was caused by an inten-
sifying updraft. Nelson (1977), however, showed that a Rear
Flank Downdraft (RFD) also can cause the low-level gradient
to tighten, especially on the rear flank of the echo (relative
to storm motion). Therefore, a tightening low-level gradient
can not be used unambiguously to indicate the presence of
an updraft, and elevated data are usually required to verify
whether the tightening low-level gradient is due to an updraft
or an RFD.

Shortly thereafter, the JAN radar operator detected a hook
echo (‘*J-hook’’) at 1453 as the storm entered Jones County
from the southwest. This J-hook or **S’’ shaped echo was
evident at 1454 (Fig. 7c). The *S’" shaped echo is another
indication of a rotating storm (Nolen 1959; Doswell et al.
1990). This information was relayed to NWSO MEI and a
tornado warning was issued for Jones County at 1458, effec-
tive until 1530. Although this was not a classic hook echo,
it fortuitously triggered a timely warning.

The surface pressure at PIB fell 5.1 mb from 1350 to 1448,
and then rose by the same amount from 1448 to 1454 as the
center portion of **S"’ shaped echo passed over PIB. It should
be noted that tornadic storms can and do occur without any
evidence of surface falls/rises, owing to the spatial resolution
of reporting stations; i.e., about 60 n mi (108 km) apart on
average. As the pressure began to rise very rapidly, the wind
shifted at PIB, from light northeast to southwest at 26 kt
(13 m s~") with gusts to 50 kt (26 m s~'). The strong south-
west winds accompanying the pressure rise may have been
areflection of the RFD (Lemon and Doswell 1979). The **S™
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shaped echo, the magnitude of the pressure fall/rise couplet
and the dramatic change in wind direction indicate that a
mesocyclone may have passed directly over PIB.

The transformation of thunderstorms and their associated
radar echoes into tornadic storms as they interact with pre-
existing thermal boundaries has been noted before (Purdom
1976; Maddox et al. 1980; Doswell 1985). As noted in Purdom
(1989) and Moller et al. (1990), this evolution may well be the
result of the storm’s updraft tilting baroclinically-generated
horizontal vorticity (Klemp 1987), thus enhancing the likeli-
hood of storm-scale rotation. It is not possible, with the data
sets available for this case, to evaluate the validity of this
hypothesis. Nevertheless, it is noteworthy that the greatest
surface pressure falls and tornadogenesis occurred when the
storm apparently interacted with the warm front (see Fig. 8
for the surface analysis nearest the time of the tornado).

The tornado touched down at approximately 1505 about
| n mi (2 km) southeast of PIB (see Fig. 1). The radar echo’s
area and intensity increased substantially at this time (Fig.
7d). The echo diameter was nearly 25 n mi (46 km), with a
VIP 5' core approximately 20 n mi (37 km) in diameter. The
size of the VIP 5 core had increased significantly from 1438.
(Note: the reflectivities were reduced temporarily by about
one VIP level at 1447 (Fig. 7b) and 1454 (Fig. 7¢), owing to
attenuation from a wet radome.) The tornadic storm at this
time possessed characteristics of an HP supercell, with the
probable mesocyclone thoroughly embedded in precipitation
in the lower levels. The low-level reflectivity gradient had
tightened significantly at this time on both the east and west
sides of this large echo. Thus, it was not possible to determine
the updraft flank of the storm without an upper-level tilt to
display the mid-level overhang signifying the updraft flank.
A pendant (again, not a hook echo) also had redeveloped on
the west side of the storm at 1505 (Fig. 7d) and remained
stationary relative to the echo mass. The pendant persisted
for about 10 minutes before it dissipated. It should be noted
that this storm was located about 75 n mi (139 km) southeast
of JAN at 1505. Using the standard refractive index, the
beam center height was about 8,000 ft (2.5 km) AGL. The
2.0° angular beamwidth for the WSR-57 at 75 nm (139 km)
translates to about a 2.5 n mi (4.6 km) beam diameter at that
distance. Since the larger beam diameter was averaging a
large area of reflectivities that were several thousand feet
above the surface, the chances of seeing small-scale, low-
level features suggestive of a rotating storm were decreased.

The tornado increased in size and strength as it moved
northeastward at 50 kt (25 m s™"), reaching a maximum width
of 1.7 n mi (3.1 km) and F4 intensity approximately 3 n mi
(5.5 km) southeast of Laurel, Mississippi at 1515 (Fig. 7e).
At 1519 (Fig. 7f), the echo had taken on a ‘‘kidney bean’
shape, which is one shape Moller et al. (1990) have observed
with HP supercells. Another pendant can be seen on the
southeast side of the echo mass. This pendant, unlike those
observed earlier, quickly rotated cyclonically to the north-
east side of the storm by 1530 (Figs. 7g, 7h and 7i). It is
possible that this pendant is associated with a gust front
rotating around the mesocyclone, but without a tilt sequence,
it is (once again) impossible to verify this hypothesis. The
tornado weakened after it moved out of Jones County and
dissipated around [545.

'"That is, Video Integrator and Processor (VIP) level 5 reflectivity—
50-57 dBZ.

4. Techniques For Examining the Three-
Dimensional Structures of Severe
Thunderstorms

This case, plus examination of radar film from other events
including those at other sites, confirms that most NWSOs
and NWSFOs still are not using some type of a tilt scan
strategy, in spite of Lemon’s (1980) clear demonstrations of
tilt scanning’s operational value. The reasons why operators
are not using a tilt strategy are unclear, but critical warning
information is being missed when the radar is not operated
with volumetric scanning. Integrating a knowledge of the
influential environmental characteristics and identifying
those threé-dimensional storm structure features that have
been observed repeatedly with other tornadic storms (e.g.,
Browning 1963; Browning 1965; Lemon 1980) will increase
significantly the likelihood that a tornado warning will be
issued prior to the initial touchdown of a tornado. Many
supercells, particularly those having HP characteristics, do
not consistently display classic low-level echo configurations
(Doswell et al. 1990). Even though the Jones County tornado
briefly displayed a hook echo (not a classic hook), the next
supercell to spawn a killer tornado may not exhibit low-level
features suggestive of a tornadic storm. A tilt scan, such as
the Lemon Technique (1980), however, will increase the
likelihood that a tornado warning will be issued prior to the
initiation of the event. In this section, a brief review of the
three-dimensional features of severe and tornadic thunder-
storms are presented. Also, tilt strategies for use with con-
ventional radars and the WSR-88D are included.

4.1 Three-Dimensional Features Suggestive of
Severe Storms

Lemon (1980) used the observed relationship between the
storm top, mid-level and low-level echoes as an indicator of
the updraft strength in a storm. With weak, unsustained
updrafts, the precipitation produced by the updraft trans-
forms the cell into predominately downward motion and the
storm dies rapidly. This results in a storm where the top, mid-
level and low-level reflectivity cores are aligned vertically.
There is no significant low-level gradient and the mid-level
overhang, if any, is negligible.

With a stronger updraft, the storm top shifts away from
the low-level reflectivity core, moving over the strengthening
low-level reflectivity gradient on the storm’s updraft flank.
The tightening low-level gradient results, in part, from the
size sorting of rain and hail by the strong updraft and the
vertical wind shear in the environment (which is an important
ingredient in the strengthening of the updraft and determining
the consequent echo shape). The mid-level echo overhang
forms in part because precipitation develops higher within
the storm’s updraft, resulting in an area of weak or no radar-
detectable precipitation below the mid-level echo. Strong
divergence at the storm top also spreads precipitation later-
ally, further contributing to the WER development. The pres-
ence of the mid-level overhang and storm top located over
the low-level gradient suggests that the updraft is strong
enough to produce severe weather (at least large hail, and
possibly strong surface wind gusts). A severe thunderstorm
warning should be seriously considered when a storm exhib-
its this three-dimensional structure, especially in unstable
environments.

Four reflectivity slices at different elevation angles at 2304
on 26 April 1991 from the Twin Lakes (near Oklahoma City,
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Fig. 7. Annotated radar images at repesentative times, with arrows
pointing to specific features and storm-relative tornado positions
indicated: (a) 1438, arrow shows two pendants at the south end
of the bow echo configuration, (b) 1447, with arrow pointing out
tightening reflectivity gradient, (c) 1454, showing "‘S™ shaped echo,
(d) 1505, showing the west-side pendant and the tornado location
(with an “x"), (e) 1514, again showing the pendant and tornado
location, (f) 1519, with the arrow noting the RFD-related pendant
on the inflow side of the storm and the tornado location, (g) 1524,
showing the progression of the pendant on the inflow side and the
tornado location, (h) 1527, showing the development of a second
outflow pendant, as well as the first one moving to the northeast
side of the echo, as well as the tornado, (i) 1530, near the end of
the tornado’s life cycle, showing the progression of the outflow
pendants.

Oklahoma) WSR-88D depict a storm with a WER (Fig. 9).
(The WSR-88D data levels are in color, but for this manu-
script, a grey scale has been substituted). The four elevation
angles are 0.5°, 1.5°, 2.4° and 4.3° and, -with the storm about
75 n mi (140 km) from the radar, the beam center height
(AGL) for each elevation slice would be around 8,000 ft,
16,000 ft, 24,000 ft and 32,000 ft, respectively. The angular
beam width of the WSR-88D is about 0.9° compared to 1.6°
for the WSR-74C and 2.0° for the WSR-57. The improved
resolution of the WSR-88D will result in small scale features
being observed more often. Note at 0.5° the tight low-level
gradient located within the concavity on the south side of
the storm. This concavity is also evident at 1.5°. At 2.4° and
4.3°, the significant mid-level echo (= 30 dBZ) extends about
3 n mi (5 km) to the south-southeast of the tight gradient at
0.5°. The WER in this storm is located on the south side of
the storm with the mid-level echo extending over the town
of Fairmont, Oklahoma, as a geographical reference.

If the updraft becomes even stronger, a low-level concav-
ity (or notch) may develop on the inflow flank of the low-level
echo bounded by the strong low-level reflectivity gradient. A
pendant, or hook echo may even become evident. However,
waiting for a hook echo to develop before issuing a tornado
warning may result in a missed event because (1) the hook
echo may never materialize, and (2) if the hook echo does
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materialize, it may do so only after the tornado already has
touched down.

The mid-level overhang and storm top will be positioned
above the concavity, if one is present. If the antenna is
elevated to the middle portions of the storm (approximately
10,000-25,000 ft (3—7 km), depending on the season), an echo
“hole’” of weak reflectivity will be observed, surrounded by
significantly higher reflectivity. The conically shaped, mid-
level reflectivity hole also will be capped above with higher
reflectivity and the storm top. This is the BWER (also called
the echo-free vault by Browning 1963 and others), which has
been associated strongly with mesocyclones, signifying that
the storm has become a supercell. Regardless of the low-level
echo configuration, a tornado warning should be seriously
considered when a BWER is detected in a storm, especially
when the mesoscale environment favors rotating storms (i.e.
high values of storm-relative helicity).

The storm illustrated in Fig. 10 is the same storm presented
in Fig. 9, except this radar image depicts the storm about
25 min later with a BWER. The low-level concavity at 0.5°
has evolved into the classic hook echo. At 1.5° and 2.4°, an
area of weak reflectivity (20-25 dBZ) is located above the
hook echo and surrounded by noticeably higher reflectivity
(= 40 dBZ). The horizontal extent of the mid-level echo
extends about 6 n mi (11 km) south-southeast of the low-level
gradient inside the low-level hook echo. Higher reflectivity at
4.3° is evident above the hook echo and mid-level weak
reflectivity at 1.5° and 2.4°. These three-dimensional storm
structure features comprise a BWER on the south side of
this storm. An F4 intensity tornado with a 66 n mi (122 km)
long track developed about 5 min after this radar photograph.

4.2 Conventional Radar Tilt Strategies

The first step in the Lemon Technique (1980) is to outline
the low-level contour and identify the low-level gradient on
the inflow side of the storm. The mid-level scan is examined
next, searching for at least a VIP 4 echo overhanging the
low-level reflectivity gradient. The next elevated scan
searches for the storm top. After completing the evaluation,
Lemon’s criteria (1980) are used to determine what type of
warning would be recommended, if any.

The full procedure to execute the Lemon Technique may
take too long to conduct when there are several storms to
sample or the storms are moving rapidly. A simpler version
of the Lemon Technique is the Weather Radar Identification
of Severe Thunderstorms (WRIST) Technique proposed by
Lowden (1985). This technique first locates the maximum
top and then compares it with the low-level echo. If the top
is located over or beyond the tight-low level gradient, the
technique is continued by determining the extent of the mid-
level echo. The same criteria as defined by Lemon (1980)
are used to determine the need for severe thunderstorm and
tornado warnings.

An even more time efficient technique than WRIST was
suggested by Imy and Pence (1993). This technique involves
examining the storm for the existence of a tight low-level
reflectivity gradient (if present) and then comparing the hori-
zontal extent of the mid-level echo to the low-level echo to
determine the possible existence of a WER or BWER. The
same Lemon criteria (1980) also apply for determining the
type of warning to be issued. Imy and Pence (1993) used this
technique to depict the three-dimensional features of an HP
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Fig. 9. Four reflectivity slices (0.5°, 1.5° 2.4° and 4.3° elevation angles) from the Twin Lakes (near Oklahoma City, Oklahoma) WSR-88D
system 2304 UTC, 26 April 1991. This storm is exhibiting a WER on the south side of the storm.

supercell, even though a hook echo was never apparent with
the storm.

4.3 WSR-88D Strategy for Examining Storms

New observational data and computers to deal with radar,
satellite and environmental conditions will be implemented
gradually into future modernized weather offices. Those
forecasters using the WSR-88D system must take advantage
of the exciting new capabilities the system has to offer. The
combination of the better resolution reflectivity data and the
addition of the mean radial velocity will greatly enhance
forecasters’ abilities to warn for dangerous storms. Also,
forecasters will have more time to scrutinize the data, since
the radar will sample several elevation angles automatically
and create displays for each elevation angle sampled. The
WSR-88D system will collect reflectivity and velocity data
at either 9 or 14 different elevation angles every 5 or 6 min.
(Lemon et al. 1992). The operator can display at the Principal
User Processor (PUP; Alberty 1990) the best elevation angles

to examine the low, middle, and upper regions of a storm
and then interpret the data to determine the storm’s potential
severity (as illustrated in Figs. 9 and 10). All of this can be
done easily and repeatedly and in a few seconds through the
use of a User Function (Lemon et al., 1992).

The three-dimensional evaluation of the storm with four
slices of reflectivity and velocity will be the best radar method
to anticipate the development of mesocyclones before the
detection algorithms indicate their presence, as well as vali-
date or refute the algorithm output. The same criteria
described by Lemon (1980) for issuing severe thunderstorm
and tornado warnings can be used with the WSR-88D system,
although the three-dimensional storm structure features are
emphasized rather than the specific values. If one is monitor-
ing the reflectivity structures properly with this system, fore-
casters will be able to watch the three-dimensional reflecti-
vity structure evolve from non-severe to severe storms
before that evolution is evident in the velocity fields (Lemon
and Doswell 1979). The WSR-88D system also will store all
products received at the PUP during the event on an optical
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disk (Crum and Alberty 1992). This will allow meteorologists
to examine the radar data after the event has ended and as
often as desired. In this manner, even if the forecaster did
not consider the three-dimensional structure of a storm dur-
ing the event, the data on the disk can be examined immedi-
ately after the event to ascertain the important kinematic
and reflectivity structure of storms. With the WSR-88D, the
three-dimensional aspects of a storm will no longer be
missed, even if the meteorologist did not examine upper-
level tilts during the event.

5. Summary and Recommendations

Forecasters must examine the three-dimensional features
of storms, rather than examine low-level slices exclusively.
Fuctioning without a tilt scan strategy, such as with the Jones
County storm, continues to be a major deficiency in the
proper operational identification of storm-scale features.
Fortunately, for this event, a transient hook-like feature (a
J-hook) was noted by an alert radar operator, so a timely

tornado warning was issued. However, the potentially tragic
consequences of not utilizing the capability of the radar to
its fullest cannot be underestimated. We believe it is impera-
tive that forecasters also understand the principles behind
the Lemon Technique, so that they can be used fully in
warning situations.

The WSR-88D system will obtain reflectivity and velocity
data automatically at preselected elevation angles every 5
or 6 min when thunderstorms are occurring. The use of
reflectivity and velocity slices concurrently at four different
elevation angles, in conjunction with the use of the Lemon
criteria, will provide essential information for determining
the potential severity of storms. The need to evaluate the
three-dimensional structure of storms subjectively will not be
replaced by the output provided by the WSR-88D algorithms.

The lack of upper-level tilts prevented the resolution of
important questions about the storm-scale processes con-
cerning the Jones County storm. After an episode where
upper level tilts have been used, forecasters should examine
the radar film. Reviewing the radar film will allow forecasters
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to discern features that might have been missed during warn-
ing operations. The upper level tilts will help support or
invalidate the significance of observed low-level features and
enable a station to document identification techniques that
did or did not work during an event. The capabilities of
evaluating storm structures with the WSR-88D system will
be far superior to those used with conventional radars. Fore-
casters also will be able to view all products stored in the
PUP as soon as the event is over. Thus, in depth studies
into the structure of storms will be possible after all signifi-
cant events, even if a forecaster was able to examine only
the lowest elevation slice during the event.
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